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As biopharma continues to make progress developing novel and more targeted cancer therapies, 
regulators are responding with innovative and collaborative approaches to reviewing cancer 
products, aiming to resolve questions earlier and review products more quickly. Pink Sheet closely 
covers these programs, helping readers understand the expectations, challenges and opportunities, 
as well as lessons from companies putting policy into practice. Below are a sample of our recent 
articles on special review mechanisms and regulators’ data expectations. Some focus specifically on 
breast cancer but all have impact on breast cancer drug development.

•  A recent Pink Sheet analysis found that at least 10 products with breast cancer-related indications 
were approved under the US Food and Drug Administration’s Real-Time Oncology Review Program, 
which helps cancer products get approved sooner.

•  Several countries are participating in Project Orbis, a US-led scheme that enables regulators to 
simultaneously review new cancer drugs and approve them faster. Gilead’s Trodelvy for advanced 
breast cancer was approved by the MHRA for marketing in Great Britain in September 2021 via 
Project Orbis. But Trodelvy is also an example of patient advocates’ concern that health technology 
assessment for reimbursement may not be keeping pace with the streamlined approvals under 
schemes such as Project Orbis.

•  Novartis’ strategy seeking marketing authorization for its radioligand therapy Pluvicto offers insights 
beyond its prostate cancer indication for sponsors choosing among different regulatory review 
options for novel products.

•  Pink Sheet has been providing ongoing in-depth coverage on FDA officials’ advice to sponsors 
for earlier and comprehensive planning of confirmatory trials if they intend to seek accelerated 
product approval.

•  Developers should also be aware of the US Project Optimus, focused on optimizing cancer drug 
dosing early in drug development.

•  The FDA is also exploring how patient-reported outcomes can best be used in open-label studies.

•  The US FDA is not the only regulator cautioning sponsors about cancer applications dependent on 
trials with only foreign trial data.

introduction
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71

Product Indication Date
Received

Approval
Date

Time to
Approval
(Days)

TAGS:
US FDA Performance Tracker  Drug Approval Standards  Drug Review SHARE  

05 Aug 2022 DATA

Source: Shutterstock, Getty images

ASK THE ANALYST EMAIL PRINT BOOKMARK 

Latest News

New EU Rules Imminent
On Joint Procurement Of
Vaccines & Drugs In
Health Crises

07 Oct 2022

Transferable Exclusivity
Extension Vouchers Are
Viable In Europe, But Back
Up Required

07 Oct 2022

Covis, CDER Lay Out
Arguments Ahead Of
Makena’s Accelerated
Approval Withdrawal
Hearing

06 Oct 2022

FDA Vaccine Advisors Put
Manufacturers On Notice:
New Flu Vax Licensing
Requirements May Be
Coming

06 Oct 2022

SEE ALL

Biomedtracker Datamonitor Healthcare

Meddevicetracker Pharmapremia

Pharmaprojects Report Store

Sitetrove Trialtrove

OTHER PUBLICATIONS

Generics Bulletin

HBW Insight

In Vivo

Medtech Insight

Scrip

OTHER PHARMA & HEALTHCARE PRODUCTS

Home Terms and Conditions Privacy Policy

CCPA Do Not Sell My Personal Information

Copyright © 2022 Pharma Intelligence UK Limited. Pharma Intelligence UK Limited is a company registered in England and Wales with company
number 13787459 whose registered o^ce is Suite 1, 3rd Floor 11 -12 St. James's Square, London, England, SW1Y 4LB. Pharma Intelligence UK

Limited is part of the Pharma Intelligence Group.

FOLLOW US ON SOCIAL MEDIA

! " # $ !



BREAST CANCER AWARENESS MONTH

6

US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.

0

50

100

150

200

250

300

350

400

450

500

2018-08-20

2018-11-16

2019-05-03

2019-05-24

2019-06-27

2019-09-17

2019-11-21

2020-04-21

2020-05-15

2020-05-29

2020-06-30

2020-10-02

2020-11-25

2020-12-18

2021-02-03

2021-03-22

2021-04-13

2021-04-22

2021-05-20

2021-05-28

2021-07-09

2021-07-26

2021-08-13

2021-10-12

2021-10-29

2022-01-25

2022-04-05

2022-05-25

2022-08-05

Ti
m

e 
to

 A
pp

ro
va

l (
Da

ys
)

Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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US FDA’s RTOR Program Produces Approvals About
One Month Sooner Than Priority Review Goal

by Bridget Silverman

bridget.silverman@informa.com

Executive Summary

Novel agents approved under Real-Time Oncology Review posted a median time to approval of
seven months, our Pink Sheet RTOR infographic shows, while other RTOR applications had a
median 4.5 month approval time.

The headlines about extremely fast approval times for products using the FDA’s Real-Time Oncology Review

(RTOR) pathway have faded now that the expedited review program is settling into its fifth year, but a Pink 

Sheet analysis found that RTOR products still reach approval in less time than the Prescription Drug User Fee 
Act allots to priority review applications.

For supplemental applications, the initial target of the RTOR program, the real-time review benefit works out 
to a savings of about 45 days: a median time to approval of 4.5 months (135 days) for RTOR products, compared 
with the six-month PDUFA timeframe for non-novel applications, according to data collected by the Pink 
Sheet’s US FDA Performance Tracker’s User Fee Goal Dates chart.

New molecular entities and novel biologics, which require more extensive reviews including manufacturing 
inspections as well as a full slate of preclinical and clinical safety analyses, see a smaller benefit from the real-
time program, with the median RTOR approval coming in at seven months (210 days), or 30 days less than the 
eight-month PDUFA priority review timeframe for novel agents. (See chart below.)

The FDA’s Oncology Center of Excellence launched the RTOR program in February 2018 to facilitate earlier 
submission of topline clinical efficacy and safety data before the full application is complete; the user fee clock 
does not start until the application is deemed complete.

With at least 58 RTOR approvals under its belt – including 15 novel agents – the FDA issued a draft guidance 
on the program last month. (Also see "US FDA’s Real-Time Oncology Review Program Is No Guarantee For 
Early Approval" - Pink Sheet, 27 Jul, 2022.)

RTOR’s popularity is driving interest in expanding the approach beyond oncology. A negotiated commitment 
under PDUFA VII would establish the Split Real-Time Application Review (STAR) pilot program starting in 
fiscal year 2023, intended for efficacy supplements across all therapeutic areas that treat a serious unmet need 
and do not require foreign manufacturing inspections or elements like Risk Evaluation and Mitigation 
Strategies that require longer review times. (Also see "PDUFA VII Commitment Letter Outlines Real-Time 
Review Expansion, Hiring Goals" - Pink Sheet, 23 Aug, 2021.)

Catching Up With Real-Time Oncology Review
The FDA's Real-Time Oncology Review (RTOR) program was launched in 2018 to foster more efficient reviews
of drugs and certain biologics (without complex manufacturing and product characteristics) that offer
substantial improvement over available therapy. Applications should rest on

straightforward study designs
easily interpreted clinical trial endpoints, such as overall survival and response rates

60
RTOR applications identified, counting paired
applications for each element of a combination therapy
as one application

58
RTOR Approvals 

15
Novel agents approved under RTOR

"The intent of RTOR is to provide
FDA reviewers earlier access to
data, to identify data quality and
potential review issues, and
potentially provide early feedback
to the applicant, which can allow
for a more streamlined and
e@cient review process."
FDA's July 2022 draft guidance on Real-Time

Oncology Review

RTOR Review Times Are Rising
RTOR initially made headlines with very short review times before approval, but as the program has matured
review times have been on an upward trend.
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Approval Date

Time to Approval (Days)

142 days
Median time from submission to approval for all 56 RTOR approvals

210 days
Median time to approval for the 15 novel agents using the RTOR pathway

135 days
Median time to approval for the 41 RTOR approvals going to previously approved molecules 

3 under 30 days
RTOR applications approved in less than a month

11 days
Fastest time from from submission to approval, for Adcetris indication approved 16 Nov 2018

4
Standard review applications using the RTOR pathway, making up just 10% of all RTOR applications

490 days
Longest time to approval, for GSK's Jemperli approval on 22 April 2021

What Kind Of Applications Use RTOR?

60 RTOR Applications

Novel Approvals 25.00%

Pending Novel Applications 3.33%

New Indications 60.00%

Conversion of accelerated to full approval 8.33%
New Dosing Option 1.67%

Expanded ERcacy Labeling 1.67%

New Indications Are The Majority
50% Breakthrough Therapies
30 of 60 RTOR applications hold breakthrough therapy designations (BTD) 

25% Accelerated Approval
15 of the RTOR applications used the accelerated approval pathway

28% Novel Agents
17 novel new molecular entities and novel biologics used the RTOR pipeline, resulting in 15 approvals with 
two applications under review

35% Novel Agents Are First In Class 
6 of 17 new molecular entities and novel biologics using RTOR are deemed first in class by the FDA

33% PD-1/L1 Inhibitors
20 RTOR applications were for PD-1/L1 checkpoint inhibitor immuno-oncologics

Top Cancers Targeted Top Therapy Classes
Reflecting the broader oncology landscape, RTOR is
dominated by targeted therapies, such as the kinase
inhibitor class, and the fast rise of PD-1/L1 inhibitor
immunotherapies. 

Hematologic cancers, indicated in pink, have solid
representation but the RTOR cohort is dominated by
solid tumor cancer indications.
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Who Uses RTOR?
Big Pharma's Big Footprint
RTOR has been extensively used by Merck and Bristol Myers Squibb, but almost all of their applications were
for their respective blockbuster PD-1 inhibitors Keytruda (pembrolizumab) and Opdivo (nivolumab). Merck
has received RTOR approvals for nine Keytruda indications, including two in combination with Eisai's
Lenvima (lenvatinib), along with Welireg (belzutifan); all six of Bristol's RTOR approvals included Opdivo,
including two combinations with Bristol's Yervoy (ipilimumab).

Merck
10

Genentech
6

Bristol Myers Squibb
6

AstraZeneca
4

Johnson & Johnson
4

Novartis
4

AbbVie
3

GlaxoSmithKline
3

A Closer Look At Novel Agents Under RTOR
The RTOR program was launched in February 2018 for supplemental oncology agents only. The first novel
agent to be approved under RTOR was Novartis' Piqray (alpelisib) on 24 May 2019.

First in Class

Big Pharma
Sponsor

Orphan Designation

Breakthrough
Therapy

Accelerated
Approval

Approvals 15

14

14

13

7

6 COVID-19 Effects
The disruption of travel caused by the COVID-19

pandemic complicated the FDA's inspections of

manufacturing facilities. In response, the agency

decided to miss user fee goal dates if no other

issues warranting a complete response letter were

present. Two BLAs using RTOR have been affected;

both are for novel PD-1/L1 inhibitors from China. 
Akeso/Sino's penpulimab, which is still pending
after passing a likely January 2022 goal date
GSK's Jemperli (dostarlimab-gxly), which was
approved on 22 April 2021, 247 days after its 19
August 2020 user fee goal date. The total of 490
days (16.3 months) from submission is the
longest review to date for any RTOR approval

RTOR For The Count: Applications Submitted
Applications using the FDA's Real-Time Oncology Review (RTOR) pilot program, adapted from the 
Pink Sheet's US FDA Performance Tracker. New molecular entities and novel biologics are indicated 
with an asterisk (*).  

GlaxoSmithKline's
Blenrep
(belantamab
mafodotin-blmf*)

Immunoconjugate of an anti-B cell maturation antigen (BCMA)
antibody and the cytotoxic auristatin F for treatment of patients
with relapsed or refractory multiple myeloma who have received
at least four prior therapies including an immunomodulator, a
proteasome inhibitor and an anti-CD38 antibody

2019-12-
05

2020-08-
05 244

GlaxoSmithKline
and AnaptysBio's
Jemperli
(dostarlimab-gxly*)

PD-1 inhibitor for second-line treatment of patients with recurrent
or advanced mismatch repair defcient (dMMR) or microsatellite
instability high (MSI-H) endometrial cancer who have progressed
on or after platinum-based chemotherapy

2019-12-
19

2021-04-
22 490

Y-mAbs
Therapeutics'
Danyelza
(naxitamab-gqgk*)

GD2-targeting antibody for use with GM-CSF for treatment of
pediatric patients one year of age and older and adults with
relapsed or refractory high-risk neuroblastoma in the bone or
bone marrow who have demonstrated a partial response, minor
response, or stable disease to prior therapy

2020-03-
31

2020-11-
25 239

Amgen's Lumakras
(sotorasib*) 

Inhibitor of the RAS GTPase family for treatment of adults with
KRAS G12C-mutated locally advanced or metastatic non-small
cell lung cancer (NSCLC) following at least one prior systemic
therapy

2020-12-
16

2021-05-
28 163

Mirati's adagrasib*

KRAS G12C inhibitor as monotherapy for second-line treatment of
advanced non-small cell lung cancer (NSCLC) patients harboring
the KRAS G12C mutation following at least one prior systemic
therapy

2021-12
2022-12-
14 User
Fee Goal

Pending

Novartis' Scemblix
(asciminib*,
ABL001) 

Specifc allosteric Bcr-Abl kinase (STAMP) inhibitor for treatment
of adults with Philadelphia chromosome-positive chronic myeloid
leukemia in chronic phase (Ph+ CML-CP) previously treated with
two or more tyrosine kinase inhibitors (TKIs) and patients with
Ph+ CML-CP harboring the T315I mutation

2021-06-
24

2021-10-
29 127

EMD Serono's
Tepmetko
(tepotinib*)

MET kinase inhibitor for oral treatment of adults with metastatic
non-small cell lung cancer (NSCLC) harboring mesenchymal-
epithelial transition exon 14 (METex14) skipping alterations

2020-06-
29

2021-02-
03 219

Blueprint Medicines
and Genentech's
Gavreto
(pralsetinib*)

RET receptor tyrosine kinase inhibitor for treatment of adult and
pediatric patients aged 12 years and older with advanced or
metastatic RET-mutant medullary thyroid cancer (MTC) who
require systemic therapy or with advanced or metastatic RET
fusion-positive thyroid cancer who require systemic therapy and
are radioactive iodine-refractory (if appropriate)

2020-06-
30

2020-12-
01 154

Deciphera's Qinlock
(ripretinib*)

Tyrosine kinase switch control inhibitor that inhibits KIT and
PDGFR-alpha mutated kinases for fourth line or later treatment of
patients with advanced gastrointestinal stromal tumors (GIST)
who have received prior treatment with imatinib, sunitinib and
regorafenib

2019-12-
13

2020-05-
15 154

Seattle Genetics'
Tukysa (tucatinib*)

HER2-selective tyrosine kinase inhibitor for use in combination
with trastuzumab and capecitabine for treatment of patients with
locally advanced unresectable or metastatic HER2-positive breast
cancer, including brain metastases, who have received at least
three prior HER2-directed agents

2019-12-
20

2020-04-
17 119

Immunocore's
Kimmtrak
(tebentafusp-tebn*)

Bispecifc gp100 peptide-HLA-directed CD3 T cell engager for
treatment of HLA-A*02:01-positive adults with metastatic uveal
melanoma (mUM)

2021-06-
23

2022-01-
25 216

Sanof (Kadmon)'s
Rezurock
(belumosudil*)

Rho-associated coiled-coil kinase 2 (ROCK2) inhibitor for
treatment of adult and pediatric patients aged 12 years and older
with chronic graft-versus-host disease (cGVHD) after failure of at
least two prior lines of systemic therapy

2020-09-
30

2021-07-
16 289

Akeso and Sino
Biopharmaceutical's
penpulimab* 

PD-1 inhibitor for third-line treatment of patients with metastatic
nasopharyngeal carcinoma

Pending -
Review
continues
past likely
2022-01
goal date

--

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for treatment of advanced endometrial carcinoma
that is not microsatellite instability-high (MSI-H) or mismatch
repair defcient (dMMR) in patients who have disease progression
following prior systemic therapy and are not candidates for
curative surgery or radiation

2019-06-
17

2019-09-
17 92

Novartis' Vijoice
(alpelisib)

New indication for the PI3K inhibitor (marketed as Piqray for
breast cancer) for treatment of adult and pediatric patients 2
years of age and older with severe manifestations of PIK3CA-
related overgrowth spectrum (PROS) who require systemic
therapy

2021-10-
06

2022-04-
05 181

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

New indication for the Trop-2-directed antibody drug conjugate
(ADC) for third-line treatment of patients with metastatic
urothelial carcinoma (mUC) who previously received platinum
chemotherapy and a PD-1/L1 inhibitor

2020-11-
24

2021-04-
13 140

EMD Serono and
Pfzer's Bavencio
(avelumab)

New indication for the PD-L1 inhibitor for frst-line maintenance
treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC)

2020-04-
07

2020-06-
30 84

Genentech's
Tecentriq
(atezolizumab)

New indication for the PD-L1 inhibitor in combination with
bevacizumab (Genetech's Avastin) for treatment of unresectable
or metastatic hepatocellular carcinoma (HCC) patients who have
not received prior systemic therapy

2020-01-
24

2020-05-
29 126

AbbVie and
Genentech's
Venclexta
(venetoclax)

New indication for the BCL-2 inhibitor for use in a chemotherapy-
free, fxed-duration combination with the CD20-binding antibody
Gazyva (obinutuzumab) for treatment of previously untreated
chronic lymphocytic leukemia (CLL) patients with co-existing
medical conditions

2019-03-
06

2019-05-
15 70

Genentech's
Kadcyla (ado-
trastuzumab
emtansine)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for adjuvant treatment of HER2+ early breast cancer (EBC)
patients with residual invasive disease after neoadjuvant taxane
and trastuzumab-based treatment

2019-02-
04

2019-05-
03 88

AstraZeneca's
Tagrisso
(osimertinib)

New indication for the EGFR tyrosine kinase inhibitor for adjuvant
treatment of patients with early-stage (IB, II and IIIA) non-small
cell lung cancer (NSCLC) with EGFR exon 19 deletions or exon 21
L858R mutations

2020-08-
20

2020-12-
18 120

AbbVie and
Genentech's
Venclexta
(venetoclax)

Conversion of accelerated approval received 2018-11-21 to full
approval for use in combination with azacitadine, decitabine or
low-dose cytarabine for treatment of patients with previously
untreated acute myeloid leukemia (AML) who are elderly or
ineligible for intensive chemotherapy

2020-05-
22

2020-10-
16 147

Seattle Genetics'
Adcetris
(brentuximab
vedotin)

New indication for the CD30-directed antibody-drug conjugate
(ADC) for use with chemotherapy for frontline treatment of
patients with CD30-expressing peripheral T-cell lymphoma (PTCL)

2018-11-
05

2018-11-
16 11

Novartis' Kisqali
(ribociclib)

New indications for the selective cyclin dependent kinase
(CDK4/6) inhibitor treatment of hormone receptor (HR)-positive,
HER2-negative advanced or metastatic breast cancer in pre- or
perimenopausal women as part of initial endocrine-based therapy
and in postmenopausal women as initial endocrine therapy or
following disease progression on endocrine therapy

2018-06-
28

2018-07-
18 20

Astellas and
Seagen's Padcev
(enfortumab
vedotin-ejfy) 

Conversion from accelerated approval to full approval of the anti-
Nectin-4 antibody-drug conjugate for treatment of patients with
locally advanced or metastatic urothelial cancer who have
received a PD-1/L1 inhibitor and who have received platinum-
containing chemotherapy in the neoadjuvant/adjuvant, locally
advanced or metastatic setting; full approval adds patients who
have received a PD-1/L1 inhibitor and are ineligible for cisplatin

2021-02-
17

2021-07-
09 142

Gilead's Trodelvy
(sacituzumab
govitecan-hziy) 

Conversion from accelerated approval to full approval of the Trop-
2-directed antibody drug conjugate (ADC) for treatment of
patients with metastatic triple-negative breast cancer (mTNBC)
who previously received at least two prior therapies

2020-11-
23

2021-04-
07 135

Servier's Tibsovo
(ivosidenib)

New indication for the isocitrate dehydrogenase-1 (IDH1) inibitor
for use in combination with azacitidine (Celgene's Vidaza) or as
monotherapy for treatment of newly diagnosed acute myeloid
leukemia (AML) with a susceptible IDH1 mutation in adults aged
75 years or older or who have comorbidities that preclude use of
intensive induction chemotherapy

2022-01-
05

2022-05-
25 140

AstraZeneca's
Calquence
(acalabrutinib)

New indication for the Bruton tyrosine kinase (BTK) inhibitor for
treatment of frst-line or relapsed or refractory chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-09-
24

2019-11-
21 58

Daiichi Sankyo and
AstraZeneca's
Enhertu (fam-
trastuzumab
deruxtecan-nxki) 

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of adults with unresectable or metastatic
HER2-positive breast cancer who have received a prior anti-HER2-
based regimen

2021-11-
17

2022-05-
04 168

QED Therapeutics
(BridgeBio) and
Helsinn's Truseltiq
(infgratinib*)

FGFR1-3 tyrosine kinase inhibitor for treatment of adults with
previously treated, unresectably locally advanced or metastatic
cholangiocarcinoma, or cancer of the bile ducts, with fbroblast
growth factor receptor 2 (FGFR2) gene fusions or other
rearrangement

2020-09-
29

2021-05-
28 241

Novartis' Piqray
(alpelisib*)

Phosphatidylinositol-3-kinase (PI3K) inhibitor for use in
combination with fulvestrant for treatment of postmenopausal
women and men with hormone receptor-positive, HER2-negative,
PIK3CA-mutated advanced or metastatic breast cancer following
progression on or after an endocrine-based regimen

2018-12-
18

2019-05-
24 157

Jazz
Pharmaceuticals'
Rylaze
(asparaginase
erwinia
chrysanthemi
(recombinant)-
rywn*)

Asparagine specifc enzyme as a component of multi-agent
chemotherapy for treatment of acute lymphoblastic leukemia
(ALL) and lymphoblastic lymphoma (LBL) in adult and pediatric
patients 1 month or older who have developed hypersensitivity to
E coli-derived asparaginase

2021-04-
30

2021-06-
30 61

Merck's Welireg
(belzutifan*)

Hypoxia-inducible factor-2 alpha (HIF-2α) inhibitor for treatment
of patients with von Hippel-Lindau (VHL) disease-associated renal
cell carcinoma (RCC) not requiring immediate surgery (approved
indication adds VHL-associated CNS hemangioblastomas or
pancreatic neuroendocrine tumors or pNET not requiring
immediate surgery)

2021-01-
15

2021-08-
13 210

Johnson &
Johnson's Darzalex
Faspro
(daratumumab and
hyaluronidase-fhj)

New indication for the subcutaneous formulation of the CD38-
directed antibody for use in combination with bortezomib,
cyclophosphamide and dexamethasone (D-VCd) for treatment of
adults with newly diagnosed light chain (AL) amyloidosis

2020-09-
10

2021-01-
15 127

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for use in combination with
trastuzumab and ouoropyrimidine- and platinum-containing
chemotherapy for frst-line treatment of patients with locally
advanced unresectable or metastatic HER2-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma

2020-11-
06

2021-05-
05 180

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
high-risk, early-stage triple negative breast cancer (TNBC) in
combination with chemotherapy as neoadjuvant treatment and
then as a single agent as adjuvant treatment after surgery

2020-05-
29

2021-07-
26 423

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for frst-line treatment of
patients with unresectable or metastatic microsatellite instability-
high (MSI-H) or mismatch repair defcient (dMMR) colorectal
cancer

2020-06-
01

2020-06-
29 28

Bristol-Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor along with a limited course of platinum-based
chemotherapy for frst-line treatment of recurrent or metastatic
non-small cell lung cancer (NSCLC) with no EGFR or ALK genomic
tumor aberrations

2020-02-
06

2020-05-
26 110

GlaxoSmithKline's
Zejula (niraparib)

New indication for the PARP inhibitor for monotherapy
maintenance treatment in the frst-line setting for women with
advanced ovarian cancer who responded to platinum
chemotherapy regardless of biomarker status

2019-12-
23

2020-04-
29 128

Johnson & Johnson
and AbbVie's
Imbruvica (ibrutinib)

New indication for the Bruton's tyrosine kinase inhibitor for use in
combination with rituximab for frst-line treatment of chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma
(SLL)

2019-11-
07

2020-04-
21 166

Johnson &
Johnson's Erleada
(apalutamide)

New indication for the androgen receptor inhibitor for treatment
of patients with metastatic castration-sensitive prostate cancer
(mCSPC)

2019-04-
29

2019-09-
17 141

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for treatment of patients with
recurrent locally advanced or metastatic squamous cell
carcinoma of the esophagus whose tumors express PD-L1 (CPS
≥10) as determined by an FDA-approved test, with disease
progression after one or more prior lines of systemic therapy

2019-01-
30

2019-07-
30 181

Astellas and
Kotobuki's Xospata
(gilteritinib)

Expanded labeling for the targeted inhibitor of internal tandem
duplication (ITD) and tyrosine kinase domain (TKD) to include
overall survival data from the fnal analysis of the ADMIRAL trial
for treatment of adults with FLT3 mutation-positive relapsed or
refractory acute myeloid leukemia (AML)

2019-02-
22

2019-05-
29 96

Amgen's Kyprolis
(carflzomib)

Expanded label for proteasome inhibitor to include once-weekly
dosing option in combination with dexamethasone for patients
with relapsed or refractory multiple myeloma

2018-08-
24

2018-09-
28 35

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
adult and pediatric patients 12 years and older with stage IIB or
IIC melanoma following complete resection

2021-06-
04

2021-12-
03 182

Bristol Myers
Squibb's Opdivo
(nivolumab) and
Yervoy (ipilimumab)

Combination immunotherapy regimen of the PD-1 inhibitor and
the CTLA4 inhibitor for frst-line treatment of adults with
unresectable malignant pleural mesothelioma

2020-08-
24

2020-10-
02 39

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
platinum doublet chemotherapy for neoadjuvant treatment of
adults with resectable non-small cell lung cancer (NSCLC)

2022-01-
13

2022-03-
04 50

Genentech's
Tecentriq
(atezolizumab) 

New indication for the PD-L1 inhibitor for adjuvant treatment
following surgery and platinum-based chemotherapy for people
with non-small cell lung cancer (NSCLC) whose tumors express
PD-L1≥1%

2021-06-
01

2021-10-
15 136

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with resected esophageal or gastroesophageal junction
(GEJ) cancer after neoadjuvant chemoradiation therapy (CRT)

2020-11-
20

2021-05-
20 181

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for use in combination with
ouoropyrimidine- and platinum-containing chemotherapy for frst-
line treatment of patients with advanced or metastatic gastric
cancer, gastroesophageal junction cancer (GEJC) or esophageal
adenocarcinoma (EAC)

2020-11-
25

2021-04-
16 142

Merck's Keytruda
(pembrolizumab)

New indication for the PD-1 inhibitor in combination with platinum
and ouoropyrimidine based chemotherapy for frst-line treatment
of patients with locally advanced or metastatic carcinoma of the
esophagus or gastroesophageal junction (GEJ) who are not
candidates for surgical resection or defnitive chemoradiation

2020-10-
13

2021-03-
22 160

Pfzer's Lorbrena
(lorlatinib)

Conversion from accelerated to full approval of the anaplastic
lymphoma kinase (ALK) inhibitor for treatment of ALK-positive
metastatic non-small cell lung cancer (NSCLC) patients previously
treated with an ALK inhibitor and expansion of the indication to
include frst-line treatment of advanced ALK-positive NSCLC

2020-10-
30

2021-03-
03 124

Merck's Keytruda
(pembrolizumab)
and Eisai's Lenvima
(lenvatinib)

New indication for the combination of the PD-1 inhibitor and the
kinase inhibitor for frst-line treatment of adults with advanced
renal cell carcinoma (RCC)

2021-02-
26

2021-08-
10 165

Johnson & Johnson
and Genmab's
Darzalex
(daratumumab)

New indication for the CD38-directed monoclonal antibody for
use in combination with with lenalidomide (Celgene's Revlimid)
and dexamethasone (Rd therapy) for treatment of patients with
newly diagnosed multiple myeloma who are ineligible for
autologous stem cell transplant (ASCT)

2019-03-
12

2019-06-
27 107

Agios' Tibsovo
(ivosidenib)

New indication for the targeted inhibitor of mutant isocitrate
dehydrogenase 1 (mIDH1) enzyme as monotherapy for treatment
of newly diagnosed acute myeloid leukemia (AML) patients with
an IDH1 mutation who are not eligible for standard therapy

2018-12-
21

2019-05-
02 132

Merck's Keytruda
(pembrolizumab)

Conversion from accelerated to full approval for the PD-1 inhibitor
immunotherapy in combination with pemetrexed and platinum
chemotherapy for frst-line treatment of patients with metastatic
nonsquamous non-small cell lung cancer (NSCLC); updated
indication specifes use in patients with no EGFR or ALK genomic
tumor aberrations

2018-03-
18

2018-08-
20 155

Lilly's Verzenio
(abemaciclib) 

New indication for the cyclin-dependent kinase (CDK) 4 and 6
inhibitor for use in combination with endocrine therapy for
adjuvant treatment of adults with hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative (HER2-
), node-positive early breast cancer at high risk of recurrence and
a Ki-67 score ≥20%

2020-12-
17

2021-10-
12 299

Bristol Myers
Squibb's Opdivo
(nivolumab)

New indication for the PD-1 inhibitor for adjuvant treatment of
patients with urothelial carcinoma (UC) who are at high risk of
recurrence after undergoing radical resection, regardless of prior
neoadjuvant chemotherapy, nodal involvement or PD-L1 status

2021-03-
03

2021-08-
19 169

Bayer and Orion's
Nubeqa
(darolutamide)

New indication for the oral androgen receptor inhibitor (ARi) in
combination with docetaxel for treatment of metastatic hormone-
sensitive prostate cancer (mHSPC)

2022-08-
05

2022-03-
09 149

AstraZeneca and
Daiichi Sankyo's
Enhertu (fam-
trastuzumab
deruxtecan-nxki)

New indication for the HER2-targeting antibody-drug conjugate
(ADC) for treatment of patients with unresectable or metastatic
HER2-low (IHC 1+ or IHC 2+/ISH‑) breast cancer who have
received a prior chemotherapy in the metastatic setting or had
recurrence within six months of adjuvant chemotherapy

2022-08-
05

2022-05-
26 71
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New Pricing Deals Pave Way For Piqray & Trodelvy
Reimbursement In England

by Neena Brizmohun

 neena.brizmohun@informa.com

Executive Summary

Health technology assessment body NICE has reversed its previous rejections of Novartis’s Piqray
and Gilead’s Trodelvy, both for treating advanced breast cancer. Meanwhile, there are calls to
speed up reimbursement decisions for breast cancer drugs.

Piqray (alpelisib), from Novartis, and Gilead Sciences' Trodelvy (sacituzumab govitecan) are to be funded by the 
National Health Service in England and Wales for treating patients with advanced breast cancer, after the 
companies agreed to drop the price they were each asking for their products.

An agreement with the companies on the price of these treatments has “paved the way” for them to be made 
available immediately to around 3,450 people via the NHS, said health technology assessment institute NICE, 
which had initially rejected both drugs earlier this year.

NICE issued a final appraisal document (FAD) for each product on 14 July, recommending their routine use on 
the NHS. The prices the companies agreed to are confidential.

The FADs follow consultations this year on draft appraisal documents in which the institute had provisionally 
rejected both drugs because it was concerned about their cost effectiveness. At that time, Novartis and Gilead 
pledged to work with NICE to overturn the rejections (see sidebar. (Also see
"NICE Overturns Bavencio Rejection After Merck/Pfizer Win Appeal On English Funding" - Pink Sheet, 8 Apr, 2022.)

NICE said it was “pleased that the companies… have been able to work so constructively with us and NHS 
England to agree deals which mean we can make both available routinely on the NHS.” It estimated both available 
that around 2,800 people were eligible for treatment with Piqray plus fulvestrant, and 650 people were eligible 
for treatment with Trodelvy.

UK charity Breast Cancer Now welcomed NICE’s recommendations but said that work was needed to ensure that 
positive reimbursement decisions for breast cancer drugs were reached faster. 

The Recommendations
NICE has recommended Piqray for use in combination with fulvestrant for the treatment of postmenopausal 
women, and men, with hormone receptor positive (HR+), human epidermal growth factor receptor 2 negative 
(HER2-), locally advanced or metastatic breast cancer with a PIK3CA mutation after disease progression 
following endocrine-based therapy.

In April, testing for variants in the PIK3CA gene was added to the National Genomic Test Directory for Cancer 
for patients with breast cancer where molecular assessment will aid in diagnosis or management, Novartis said. 
“This change ensures patients have routine commissioned access to PIK3CA mutation testing in England and 
Wales.”

The Piqray combination will be the “first targeted treatment option available for certain patients with a PIK3CA 
mutation which is estimated to be found in around 30-40% of oestrogen receptor positive, HER2 negative breast 
cancers,” noted Delyth Morgan, Baroness Morgan of Drefelin and chief executive at Breast Cancer Now.

“Importantly, clinical evidence suggests that alpelisib with fulvestrant is more effective than the current 
standard treatment option – everolimus with exemestane – and is another step in delaying chemotherapy for 
patients, which can be associated with grueling side effects,” she added.

As for Trodelvy, NICE has recommended the drug for treating unresectable triple-negative locally advanced or 
metastatic breast cancer in adults after two or more systemic therapies, at least one of which was for advanced 
disease.

Gilead said its treatment had “the potential to slow progression of the disease by several months and extend 
survival compared to existing therapies.”

Call For Faster Reimbursements
Baroness Morgan said that while NICE’s recommendation for the Gilead drug marked “a momentous and hugely 
anticipated milestone for certain women living with incurable triple negative secondary breast cancer,” it took 
too long to secure the reimbursement.

“We must… recognize the unacceptably difficult journey to get to this point for those affected; ten agonising 
months since Trodelvy was licensed by [UK regulator] the MHRA,” she said. “Patients living with incurable 
secondary breast cancer deserve better. Crucial lessons must be learnt to avoid scenarios like this happening 
again, and we’ll continue to demand more for people affected by breast cancer, working with the Government, 
NHS England, NICE and pharmaceutical companies to ensure new, clinically effective treatments reach patients 
as quickly as possible, at a fair price for the NHS.”

“Far too often, breast cancer drugs are receiving initial provisional rejections for use on the NHS and requiring 
multiple committee meetings, and there is urgent work to be done to ensure positive outcomes are reached far 
quicker for people living with breast cancer,” she said.

Trodelvy was approved for marketing in Great Britain by the MHRA in September 2021 through the Project 
Orbis scheme, which is led by the US Food and Drug Administration and allows the concurrent review of new 
cancer drugs by participating international agencies.

Gilead has previously pointed out that England has been slower to reimburse Trodelvy than the other markets 
that took part in the Project Orbis assessment of the drug.

Trodelvy was made available by the Scottish Medicines Consortium for use on the NHS in Scotland in March 
2022.

Broader Use For Piqray
The MHRA’s approval of Piqray in combination with fulvestrant was announced in December 2021. The approval 
extended the EU approved indication that was granted in 2020, covering a broader patient population and 
targeting a more meaningful place in the relevant treatment pathway for patients – those previously treated 
with CDK 4/6 inhibitors.

Treatment with a CDK 4/6 inhibitor in combination with hormone therapy has become the treatment of choice 
in recent years for patients whose cancer has progressed on endocrine therapy. Most of the patients who would 
be candidates for treatment with Piqray are those who are on a CDK 4/6 inhibitor.

Under the EU approval, the combination treatment is limited to use in patients whose disease has progressed 
following endocrine therapy as monotherapy, and the licence does not include patients that have received prior 
endocrine and CDK4/6 inhibitor combination treatment. (Also see "Piqray: German Withdrawal, European 
Reimbursement Deals & Broader Indication Plans" - Pink Sheet, 6 May, 2021.)

Novartis said it worked to secure greater access for all eligible patients in Great Britain by proceeding with the 
national approval process and securing a broader licence through the MHRA.

Piqray is under review by the Scottish Medicines Consortium for its potential reimbursement in Scotland, and a 
decision is expected later this year.

Pricing
Novartis and Gilead each agreed to a commercial arrangement that makes their respective drugs available to the 
NHS in England with a confidential discount.

The list price of Piqray is £4,082.14 ($5,816) per 56-pack of 150mg film-coated tablets. The average cost of a 
course of combination treatment at list price is £6,170.70 for the loading dose and £5,126.42 for the following 
cycles.

Trodelvy’s list price is £793.00 per 180 mg vial (excluding VAT).

When a NICE technology appraisal recommends the use of a drug or treatment, or other technology, the NHS in 
Wales must usually provide funding and resources for it within two months of the first publication of the final 
appraisal document.

The FADs for Piqray and Trodelvy are each subject to a short appeal period and are expected to be published on 
10 August and 17 August respectively.
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New Pricing Deals Pave Way For Piqray & Trodelvy
Reimbursement In England

by Neena Brizmohun

 neena.brizmohun@informa.com

Executive Summary

Health technology assessment body NICE has reversed its previous rejections of Novartis’s Piqray
and Gilead’s Trodelvy, both for treating advanced breast cancer. Meanwhile, there are calls to
speed up reimbursement decisions for breast cancer drugs.

Piqray (alpelisib), from Novartis, and Gilead Sciences' Trodelvy (sacituzumab govitecan) are to be funded by the 
National Health Service in England and Wales for treating patients with advanced breast cancer, after the 
companies agreed to drop the price they were each asking for their products.

An agreement with the companies on the price of these treatments has “paved the way” for them to be made 
available immediately to around 3,450 people via the NHS, said health technology assessment institute NICE, 
which had initially rejected both drugs earlier this year.

NICE issued a final appraisal document (FAD) for each product on 14 July, recommending their routine use on 
the NHS. The prices the companies agreed to are confidential.

The FADs follow consultations this year on draft appraisal documents in which the institute had provisionally 
rejected both drugs because it was concerned about their cost effectiveness. At that time, Novartis and Gilead 
pledged to work with NICE to overturn the rejections (see sidebar. (Also see
"NICE Overturns Bavencio Rejection After Merck/Pfizer Win Appeal On English Funding" - Pink Sheet, 8 Apr, 2022.)

NICE said it was “pleased that the companies… have been able to work so constructively with us and NHS 
England to agree deals which mean we can make both available routinely on the NHS.” It estimated both available 
that around 2,800 people were eligible for treatment with Piqray plus fulvestrant, and 650 people were eligible 
for treatment with Trodelvy.

UK charity Breast Cancer Now welcomed NICE’s recommendations but said that work was needed to ensure that 
positive reimbursement decisions for breast cancer drugs were reached faster. 

The Recommendations
NICE has recommended Piqray for use in combination with fulvestrant for the treatment of postmenopausal 
women, and men, with hormone receptor positive (HR+), human epidermal growth factor receptor 2 negative 
(HER2-), locally advanced or metastatic breast cancer with a PIK3CA mutation after disease progression 
following endocrine-based therapy.

In April, testing for variants in the PIK3CA gene was added to the National Genomic Test Directory for Cancer 
for patients with breast cancer where molecular assessment will aid in diagnosis or management, Novartis said. 
“This change ensures patients have routine commissioned access to PIK3CA mutation testing in England and 
Wales.”

The Piqray combination will be the “first targeted treatment option available for certain patients with a PIK3CA 
mutation which is estimated to be found in around 30-40% of oestrogen receptor positive, HER2 negative breast 
cancers,” noted Delyth Morgan, Baroness Morgan of Drefelin and chief executive at Breast Cancer Now.

“Importantly, clinical evidence suggests that alpelisib with fulvestrant is more effective than the current 
standard treatment option – everolimus with exemestane – and is another step in delaying chemotherapy for 
patients, which can be associated with grueling side effects,” she added.

As for Trodelvy, NICE has recommended the drug for treating unresectable triple-negative locally advanced or 
metastatic breast cancer in adults after two or more systemic therapies, at least one of which was for advanced 
disease.

Gilead said its treatment had “the potential to slow progression of the disease by several months and extend 
survival compared to existing therapies.”

Call For Faster Reimbursements
Baroness Morgan said that while NICE’s recommendation for the Gilead drug marked “a momentous and hugely 
anticipated milestone for certain women living with incurable triple negative secondary breast cancer,” it took 
too long to secure the reimbursement.

“We must… recognize the unacceptably difficult journey to get to this point for those affected; ten agonising 
months since Trodelvy was licensed by [UK regulator] the MHRA,” she said. “Patients living with incurable 
secondary breast cancer deserve better. Crucial lessons must be learnt to avoid scenarios like this happening 
again, and we’ll continue to demand more for people affected by breast cancer, working with the Government, 
NHS England, NICE and pharmaceutical companies to ensure new, clinically effective treatments reach patients 
as quickly as possible, at a fair price for the NHS.”

“Far too often, breast cancer drugs are receiving initial provisional rejections for use on the NHS and requiring 
multiple committee meetings, and there is urgent work to be done to ensure positive outcomes are reached far 
quicker for people living with breast cancer,” she said.

Trodelvy was approved for marketing in Great Britain by the MHRA in September 2021 through the Project 
Orbis scheme, which is led by the US Food and Drug Administration and allows the concurrent review of new 
cancer drugs by participating international agencies.

Gilead has previously pointed out that England has been slower to reimburse Trodelvy than the other markets 
that took part in the Project Orbis assessment of the drug.

Trodelvy was made available by the Scottish Medicines Consortium for use on the NHS in Scotland in March 
2022.

Broader Use For Piqray
The MHRA’s approval of Piqray in combination with fulvestrant was announced in December 2021. The approval 
extended the EU approved indication that was granted in 2020, covering a broader patient population and 
targeting a more meaningful place in the relevant treatment pathway for patients – those previously treated 
with CDK 4/6 inhibitors.

Treatment with a CDK 4/6 inhibitor in combination with hormone therapy has become the treatment of choice 
in recent years for patients whose cancer has progressed on endocrine therapy. Most of the patients who would 
be candidates for treatment with Piqray are those who are on a CDK 4/6 inhibitor.

Under the EU approval, the combination treatment is limited to use in patients whose disease has progressed 
following endocrine therapy as monotherapy, and the licence does not include patients that have received prior 
endocrine and CDK4/6 inhibitor combination treatment. (Also see "Piqray: German Withdrawal, European 
Reimbursement Deals & Broader Indication Plans" - Pink Sheet, 6 May, 2021.)

Novartis said it worked to secure greater access for all eligible patients in Great Britain by proceeding with the 
national approval process and securing a broader licence through the MHRA.

Piqray is under review by the Scottish Medicines Consortium for its potential reimbursement in Scotland, and a 
decision is expected later this year.

Pricing
Novartis and Gilead each agreed to a commercial arrangement that makes their respective drugs available to the 
NHS in England with a confidential discount.

The list price of Piqray is £4,082.14 ($5,816) per 56-pack of 150mg film-coated tablets. The average cost of a 
course of combination treatment at list price is £6,170.70 for the loading dose and £5,126.42 for the following 
cycles.

Trodelvy’s list price is £793.00 per 180 mg vial (excluding VAT).

When a NICE technology appraisal recommends the use of a drug or treatment, or other technology, the NHS in 
Wales must usually provide funding and resources for it within two months of the first publication of the final 
appraisal document.

The FADs for Piqray and Trodelvy are each subject to a short appeal period and are expected to be published on 
10 August and 17 August respectively.
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by Neena Brizmohun
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Executive Summary

Health technology assessment body NICE has reversed its previous rejections of Novartis’s Piqray
and Gilead’s Trodelvy, both for treating advanced breast cancer. Meanwhile, there are calls to
speed up reimbursement decisions for breast cancer drugs.

Piqray (alpelisib), from Novartis, and Gilead Sciences' Trodelvy (sacituzumab govitecan) are to be funded by the 
National Health Service in England and Wales for treating patients with advanced breast cancer, after the 
companies agreed to drop the price they were each asking for their products.

An agreement with the companies on the price of these treatments has “paved the way” for them to be made 
available immediately to around 3,450 people via the NHS, said health technology assessment institute NICE, 
which had initially rejected both drugs earlier this year.

NICE issued a final appraisal document (FAD) for each product on 14 July, recommending their routine use on 
the NHS. The prices the companies agreed to are confidential.

The FADs follow consultations this year on draft appraisal documents in which the institute had provisionally 
rejected both drugs because it was concerned about their cost effectiveness. At that time, Novartis and Gilead 
pledged to work with NICE to overturn the rejections (see sidebar. (Also see
"NICE Overturns Bavencio Rejection After Merck/Pfizer Win Appeal On English Funding" - Pink Sheet, 8 Apr, 2022.)

NICE said it was “pleased that the companies… have been able to work so constructively with us and NHS 
England to agree deals which mean we can make both available routinely on the NHS.” It estimated both available 
that around 2,800 people were eligible for treatment with Piqray plus fulvestrant, and 650 people were eligible 
for treatment with Trodelvy.

UK charity Breast Cancer Now welcomed NICE’s recommendations but said that work was needed to ensure that 
positive reimbursement decisions for breast cancer drugs were reached faster. 

The Recommendations
NICE has recommended Piqray for use in combination with fulvestrant for the treatment of postmenopausal 
women, and men, with hormone receptor positive (HR+), human epidermal growth factor receptor 2 negative 
(HER2-), locally advanced or metastatic breast cancer with a PIK3CA mutation after disease progression 
following endocrine-based therapy.

In April, testing for variants in the PIK3CA gene was added to the National Genomic Test Directory for Cancer 
for patients with breast cancer where molecular assessment will aid in diagnosis or management, Novartis said. 
“This change ensures patients have routine commissioned access to PIK3CA mutation testing in England and 
Wales.”

The Piqray combination will be the “first targeted treatment option available for certain patients with a PIK3CA 
mutation which is estimated to be found in around 30-40% of oestrogen receptor positive, HER2 negative breast 
cancers,” noted Delyth Morgan, Baroness Morgan of Drefelin and chief executive at Breast Cancer Now.

“Importantly, clinical evidence suggests that alpelisib with fulvestrant is more effective than the current 
standard treatment option – everolimus with exemestane – and is another step in delaying chemotherapy for 
patients, which can be associated with grueling side effects,” she added.

As for Trodelvy, NICE has recommended the drug for treating unresectable triple-negative locally advanced or 
metastatic breast cancer in adults after two or more systemic therapies, at least one of which was for advanced 
disease.

Gilead said its treatment had “the potential to slow progression of the disease by several months and extend 
survival compared to existing therapies.”

Call For Faster Reimbursements
Baroness Morgan said that while NICE’s recommendation for the Gilead drug marked “a momentous and hugely 
anticipated milestone for certain women living with incurable triple negative secondary breast cancer,” it took 
too long to secure the reimbursement.

“We must… recognize the unacceptably difficult journey to get to this point for those affected; ten agonising 
months since Trodelvy was licensed by [UK regulator] the MHRA,” she said. “Patients living with incurable 
secondary breast cancer deserve better. Crucial lessons must be learnt to avoid scenarios like this happening 
again, and we’ll continue to demand more for people affected by breast cancer, working with the Government, 
NHS England, NICE and pharmaceutical companies to ensure new, clinically effective treatments reach patients 
as quickly as possible, at a fair price for the NHS.”

“Far too often, breast cancer drugs are receiving initial provisional rejections for use on the NHS and requiring 
multiple committee meetings, and there is urgent work to be done to ensure positive outcomes are reached far 
quicker for people living with breast cancer,” she said.

Trodelvy was approved for marketing in Great Britain by the MHRA in September 2021 through the Project 
Orbis scheme, which is led by the US Food and Drug Administration and allows the concurrent review of new 
cancer drugs by participating international agencies.

Gilead has previously pointed out that England has been slower to reimburse Trodelvy than the other markets 
that took part in the Project Orbis assessment of the drug.

Trodelvy was made available by the Scottish Medicines Consortium for use on the NHS in Scotland in March 
2022.

Broader Use For Piqray
The MHRA’s approval of Piqray in combination with fulvestrant was announced in December 2021. The approval 
extended the EU approved indication that was granted in 2020, covering a broader patient population and 
targeting a more meaningful place in the relevant treatment pathway for patients – those previously treated 
with CDK 4/6 inhibitors.

Treatment with a CDK 4/6 inhibitor in combination with hormone therapy has become the treatment of choice 
in recent years for patients whose cancer has progressed on endocrine therapy. Most of the patients who would 
be candidates for treatment with Piqray are those who are on a CDK 4/6 inhibitor.

Under the EU approval, the combination treatment is limited to use in patients whose disease has progressed 
following endocrine therapy as monotherapy, and the licence does not include patients that have received prior 
endocrine and CDK4/6 inhibitor combination treatment. (Also see "Piqray: German Withdrawal, European 
Reimbursement Deals & Broader Indication Plans" - Pink Sheet, 6 May, 2021.)

Novartis said it worked to secure greater access for all eligible patients in Great Britain by proceeding with the 
national approval process and securing a broader licence through the MHRA.

Piqray is under review by the Scottish Medicines Consortium for its potential reimbursement in Scotland, and a 
decision is expected later this year.

Pricing
Novartis and Gilead each agreed to a commercial arrangement that makes their respective drugs available to the 
NHS in England with a confidential discount.

The list price of Piqray is £4,082.14 ($5,816) per 56-pack of 150mg film-coated tablets. The average cost of a 
course of combination treatment at list price is £6,170.70 for the loading dose and £5,126.42 for the following 
cycles.

Trodelvy’s list price is £793.00 per 180 mg vial (excluding VAT).

When a NICE technology appraisal recommends the use of a drug or treatment, or other technology, the NHS in 
Wales must usually provide funding and resources for it within two months of the first publication of the final 
appraisal document.

The FADs for Piqray and Trodelvy are each subject to a short appeal period and are expected to be published on 
10 August and 17 August respectively.
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Executive Summary

Health technology assessment body NICE has reversed its previous rejections of Novartis’s Piqray
and Gilead’s Trodelvy, both for treating advanced breast cancer. Meanwhile, there are calls to
speed up reimbursement decisions for breast cancer drugs.

Piqray (alpelisib), from Novartis, and Gilead Sciences' Trodelvy (sacituzumab govitecan) are to be funded by the 
National Health Service in England and Wales for treating patients with advanced breast cancer, after the 
companies agreed to drop the price they were each asking for their products.

An agreement with the companies on the price of these treatments has “paved the way” for them to be made 
available immediately to around 3,450 people via the NHS, said health technology assessment institute NICE, 
which had initially rejected both drugs earlier this year.

NICE issued a final appraisal document (FAD) for each product on 14 July, recommending their routine use on 
the NHS. The prices the companies agreed to are confidential.

The FADs follow consultations this year on draft appraisal documents in which the institute had provisionally 
rejected both drugs because it was concerned about their cost effectiveness. At that time, Novartis and Gilead 
pledged to work with NICE to overturn the rejections (see sidebar. (Also see
"NICE Overturns Bavencio Rejection After Merck/Pfizer Win Appeal On English Funding" - Pink Sheet, 8 Apr, 2022.)

NICE said it was “pleased that the companies… have been able to work so constructively with us and NHS 
England to agree deals which mean we can make both available routinely on the NHS.” It estimated both available 
that around 2,800 people were eligible for treatment with Piqray plus fulvestrant, and 650 people were eligible 
for treatment with Trodelvy.

UK charity Breast Cancer Now welcomed NICE’s recommendations but said that work was needed to ensure that 
positive reimbursement decisions for breast cancer drugs were reached faster. 

The Recommendations
NICE has recommended Piqray for use in combination with fulvestrant for the treatment of postmenopausal 
women, and men, with hormone receptor positive (HR+), human epidermal growth factor receptor 2 negative 
(HER2-), locally advanced or metastatic breast cancer with a PIK3CA mutation after disease progression 
following endocrine-based therapy.

In April, testing for variants in the PIK3CA gene was added to the National Genomic Test Directory for Cancer 
for patients with breast cancer where molecular assessment will aid in diagnosis or management, Novartis said. 
“This change ensures patients have routine commissioned access to PIK3CA mutation testing in England and 
Wales.”

The Piqray combination will be the “first targeted treatment option available for certain patients with a PIK3CA 
mutation which is estimated to be found in around 30-40% of oestrogen receptor positive, HER2 negative breast 
cancers,” noted Delyth Morgan, Baroness Morgan of Drefelin and chief executive at Breast Cancer Now.

“Importantly, clinical evidence suggests that alpelisib with fulvestrant is more effective than the current 
standard treatment option – everolimus with exemestane – and is another step in delaying chemotherapy for 
patients, which can be associated with grueling side effects,” she added.

As for Trodelvy, NICE has recommended the drug for treating unresectable triple-negative locally advanced or 
metastatic breast cancer in adults after two or more systemic therapies, at least one of which was for advanced 
disease.

Gilead said its treatment had “the potential to slow progression of the disease by several months and extend 
survival compared to existing therapies.”

Call For Faster Reimbursements
Baroness Morgan said that while NICE’s recommendation for the Gilead drug marked “a momentous and hugely 
anticipated milestone for certain women living with incurable triple negative secondary breast cancer,” it took 
too long to secure the reimbursement.

“We must… recognize the unacceptably difficult journey to get to this point for those affected; ten agonising 
months since Trodelvy was licensed by [UK regulator] the MHRA,” she said. “Patients living with incurable 
secondary breast cancer deserve better. Crucial lessons must be learnt to avoid scenarios like this happening 
again, and we’ll continue to demand more for people affected by breast cancer, working with the Government, 
NHS England, NICE and pharmaceutical companies to ensure new, clinically effective treatments reach patients 
as quickly as possible, at a fair price for the NHS.”

“Far too often, breast cancer drugs are receiving initial provisional rejections for use on the NHS and requiring 
multiple committee meetings, and there is urgent work to be done to ensure positive outcomes are reached far 
quicker for people living with breast cancer,” she said.

Trodelvy was approved for marketing in Great Britain by the MHRA in September 2021 through the Project 
Orbis scheme, which is led by the US Food and Drug Administration and allows the concurrent review of new 
cancer drugs by participating international agencies.

Gilead has previously pointed out that England has been slower to reimburse Trodelvy than the other markets 
that took part in the Project Orbis assessment of the drug.

Trodelvy was made available by the Scottish Medicines Consortium for use on the NHS in Scotland in March 
2022.

Broader Use For Piqray
The MHRA’s approval of Piqray in combination with fulvestrant was announced in December 2021. The approval 
extended the EU approved indication that was granted in 2020, covering a broader patient population and 
targeting a more meaningful place in the relevant treatment pathway for patients – those previously treated 
with CDK 4/6 inhibitors.

Treatment with a CDK 4/6 inhibitor in combination with hormone therapy has become the treatment of choice 
in recent years for patients whose cancer has progressed on endocrine therapy. Most of the patients who would 
be candidates for treatment with Piqray are those who are on a CDK 4/6 inhibitor.

Under the EU approval, the combination treatment is limited to use in patients whose disease has progressed 
following endocrine therapy as monotherapy, and the licence does not include patients that have received prior 
endocrine and CDK4/6 inhibitor combination treatment. (Also see "Piqray: German Withdrawal, European 
Reimbursement Deals & Broader Indication Plans" - Pink Sheet, 6 May, 2021.)

Novartis said it worked to secure greater access for all eligible patients in Great Britain by proceeding with the 
national approval process and securing a broader licence through the MHRA.

Piqray is under review by the Scottish Medicines Consortium for its potential reimbursement in Scotland, and a 
decision is expected later this year.

Pricing
Novartis and Gilead each agreed to a commercial arrangement that makes their respective drugs available to the 
NHS in England with a confidential discount.

The list price of Piqray is £4,082.14 ($5,816) per 56-pack of 150mg film-coated tablets. The average cost of a 
course of combination treatment at list price is £6,170.70 for the loading dose and £5,126.42 for the following 
cycles.

Trodelvy’s list price is £793.00 per 180 mg vial (excluding VAT).

When a NICE technology appraisal recommends the use of a drug or treatment, or other technology, the NHS in 
Wales must usually provide funding and resources for it within two months of the first publication of the final 
appraisal document.

The FADs for Piqray and Trodelvy are each subject to a short appeal period and are expected to be published on 
10 August and 17 August respectively.
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Why Novartis Rejected Access Consortium In Favor
Of Direct UK Radioligand Filing

by Francesca Bruce

 Francesca.bruce@informa.com

Executive Summary

A direct marketing authorization application to the UK medicines regulator offered a quicker route
to approval for Novartis’ prostate cancer treatment Pluvicto than following the international
Access Consortium process, because of the novel nature of the therapy, according to the company.

Novartis AG decided against using the international Access Consortium work-sharing procedure to obtain a
marketing authorization for its radioligand therapy Pluvicto in Great Britain because it felt that a direct
application to the UK regulator, the MHRA, would be faster.

The Access Consortium had not yet assessed a radioligand therapy (RLT), which is an emerging treatment
approach, so it was felt that the consortium process would have been slower to deliver an approval than going
direct to MHRA, Novartis told the Pink Sheet. 

In August, the MHRA became the first regulator in Europe to authorize Pluvicto (lutetium (177Lu) vipivotide
tetraxetan). The product is for adults with prostate-specific membrane antigen (PSMA)-positive metastatic
castration-resistant prostate cancer (mCRPC) who have been treated with androgen receptor pathway
inhibition and taxane-based chemotherapy or who are not medically suitable for taxanes.

The authorization is valid in England, Scotland and Wales, but not Northern Ireland, which is subject to EU
medicines regulations. The applicant for the product was the Novartis company, Advanced Accelerator
Applications SA.

The MHRA approval came after the company “took the decision to step out of the Access regulatory process,
which involves several countries, and chose to instead pursue MHRA approval alone.” The move “allowed the
team to both accelerate timelines and take a different approach to our indication to enable wider access for
patients in Great Britain,” Novartis noted.

The Access Consortium is a coalition of five regulators: the MHRA, the Australian Therapeutic Goods
Administration, Health Canada, Singapore's HSA, and Swissmedic. It aims to improve international cooperation
between partners, reduce duplication and increase the agencies’ capacity to provide timely access to safe and
effective treatments.

Novartis has used the Access process before, notably for its chronic myeloid leukemia drug Scemblix
(asciminib), which is one of only two products to have been approved by all five regulators in the consortium.
(Also see "Faricimab & Asciminib Are First Products To Be Approved By All Access Consortium Regulators" -
Pink Sheet, 7 Sep, 2022.)

However, in the case of Pluvicto, Novartis said it considered a direct MHRA application to be “the most efficient
and straightforward process.” The company explained that no radioligand therapies had been assessed through
the Access Consortium pathway when the Pluvicto marketing authorization application (MAA) dossier was
ready, which meant that the review process would likely require additional time.

Furthermore, all participating countries involved in the Access pathway need to agree timelines, which
“introduces a further step prior to MAA submission.” Submission of the dossier through the Access Consortium
would therefore have been months slower than a direct submission to the MHRA, said Novartis.

EU and US
The company also noted that it filed an MAA with the European Medicines Agency earlier this year, and that it
expected an opinion on the product from the agency’s human drugs committee, the CHMP, later this year. It
said it was currently addressing outstanding issues raised at the July CHMP meeting, but declined to comment
on what these might be.

Pluvicto won US Food and Drug Administration approval in March for patients with PSMA-positive mCRPC
who have been treated with androgen receptor pathway inhibition and taxane-based chemotherapy.

The FDA-approved indication is narrower than the one approved by the MHRA, which includes patients not
medically suitable for taxanes. Such patients have very few treatment options, said Novartis.

Under Assessment By NICE
Meanwhile, back in Great Britain, an assessment by NICE, the health technology appraisal (HTA) body for
England and Wales, is underway. An appraisal committee meeting is scheduled to take place on 15 September,
according to the NICE website. The company has also made a submission to the SMC, the Scottish HTA body, it
said.

“Currently, 22 specialist centers in the UK can administer RLT, Novartis is committed to working with the NHS
to support healthcare system readiness and reduce healthcare inequalities for eligible patients to lutetium
(177Lu) vipivotide tetraxetan.”

Radioligand Therapy
Radioligand therapy is an emerging approach to treating cancer that offers a more targeted option than
external beam radiation, which directs high doses of radiation to a cancer from outside the body. This type of
radio therapy only works on larger tumor masses and affects healthy tissue as well as cancer cells. It therefore
cannot reach smaller metastases and patients can suffer severe side effects.

In contrast, radioligand therapy combines a targeting compound (the ligand) with a therapeutic radioactive
atom and is administered through the blood stream to deliver targeted radiation to cancer cells.

Pluvicto binds to cells that express PMSA – a transmembrane protein highly expressed in the tumor of more
than 80% of men with prostate cancer, says Novartis. Once bound to the target, energy emissions from the
radioisotope damage tumor cells and disrupt their ability to replicate or trigger cell death. The radiation works
over very short distances to limit damage to surrounding tissues.

Some 38 radioligand candidates are in the pipeline, 17 of which are in the clinic, according to Pharmaprojects,
the Citeline database. (Also see "Radioligands Advance Radiotherapy Premise With Greater Precision" - In Vivo,
11 Aug, 2022.)

Novartis also markets the neuroendocrine tumor drug Lutathera (lutetium Lu177 dotatate).

Diagnostic Approval
The MHRA has also authorized Novartis’ gozetotide, a radioactive diagnostic for identifying PSMA-positive
legions using positron emission tomography in prostate cancer patients. It is the first diagnostic PSMA
imaging tracer to be licensed in Great Britain, the company said.

However, it confirmed that patient selection for the use of Pluvicto does not depend on the use of gozetotide.
“Any PSMA-radiotracer can be used to establish that a patient has PSMA-positive disease, widening possible
access to the treatment,” it said.
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Why Novartis Rejected Access Consortium In Favor
Of Direct UK Radioligand Filing

by Francesca Bruce

 Francesca.bruce@informa.com

Executive Summary

A direct marketing authorization application to the UK medicines regulator offered a quicker route
to approval for Novartis’ prostate cancer treatment Pluvicto than following the international
Access Consortium process, because of the novel nature of the therapy, according to the company.

Novartis AG decided against using the international Access Consortium work-sharing procedure to obtain a
marketing authorization for its radioligand therapy Pluvicto in Great Britain because it felt that a direct
application to the UK regulator, the MHRA, would be faster.

The Access Consortium had not yet assessed a radioligand therapy (RLT), which is an emerging treatment
approach, so it was felt that the consortium process would have been slower to deliver an approval than going
direct to MHRA, Novartis told the Pink Sheet. 

In August, the MHRA became the first regulator in Europe to authorize Pluvicto (lutetium (177Lu) vipivotide
tetraxetan). The product is for adults with prostate-specific membrane antigen (PSMA)-positive metastatic
castration-resistant prostate cancer (mCRPC) who have been treated with androgen receptor pathway
inhibition and taxane-based chemotherapy or who are not medically suitable for taxanes.

The authorization is valid in England, Scotland and Wales, but not Northern Ireland, which is subject to EU
medicines regulations. The applicant for the product was the Novartis company, Advanced Accelerator
Applications SA.

The MHRA approval came after the company “took the decision to step out of the Access regulatory process,
which involves several countries, and chose to instead pursue MHRA approval alone.” The move “allowed the
team to both accelerate timelines and take a different approach to our indication to enable wider access for
patients in Great Britain,” Novartis noted.

The Access Consortium is a coalition of five regulators: the MHRA, the Australian Therapeutic Goods
Administration, Health Canada, Singapore's HSA, and Swissmedic. It aims to improve international cooperation
between partners, reduce duplication and increase the agencies’ capacity to provide timely access to safe and
effective treatments.

Novartis has used the Access process before, notably for its chronic myeloid leukemia drug Scemblix
(asciminib), which is one of only two products to have been approved by all five regulators in the consortium.
(Also see "Faricimab & Asciminib Are First Products To Be Approved By All Access Consortium Regulators" -
Pink Sheet, 7 Sep, 2022.)

However, in the case of Pluvicto, Novartis said it considered a direct MHRA application to be “the most efficient
and straightforward process.” The company explained that no radioligand therapies had been assessed through
the Access Consortium pathway when the Pluvicto marketing authorization application (MAA) dossier was
ready, which meant that the review process would likely require additional time.

Furthermore, all participating countries involved in the Access pathway need to agree timelines, which
“introduces a further step prior to MAA submission.” Submission of the dossier through the Access Consortium
would therefore have been months slower than a direct submission to the MHRA, said Novartis.

EU and US
The company also noted that it filed an MAA with the European Medicines Agency earlier this year, and that it
expected an opinion on the product from the agency’s human drugs committee, the CHMP, later this year. It
said it was currently addressing outstanding issues raised at the July CHMP meeting, but declined to comment
on what these might be.

Pluvicto won US Food and Drug Administration approval in March for patients with PSMA-positive mCRPC
who have been treated with androgen receptor pathway inhibition and taxane-based chemotherapy.

The FDA-approved indication is narrower than the one approved by the MHRA, which includes patients not
medically suitable for taxanes. Such patients have very few treatment options, said Novartis.

Under Assessment By NICE
Meanwhile, back in Great Britain, an assessment by NICE, the health technology appraisal (HTA) body for
England and Wales, is underway. An appraisal committee meeting is scheduled to take place on 15 September,
according to the NICE website. The company has also made a submission to the SMC, the Scottish HTA body, it
said.

“Currently, 22 specialist centers in the UK can administer RLT, Novartis is committed to working with the NHS
to support healthcare system readiness and reduce healthcare inequalities for eligible patients to lutetium
(177Lu) vipivotide tetraxetan.”

Radioligand Therapy
Radioligand therapy is an emerging approach to treating cancer that offers a more targeted option than
external beam radiation, which directs high doses of radiation to a cancer from outside the body. This type of
radio therapy only works on larger tumor masses and affects healthy tissue as well as cancer cells. It therefore
cannot reach smaller metastases and patients can suffer severe side effects.

In contrast, radioligand therapy combines a targeting compound (the ligand) with a therapeutic radioactive
atom and is administered through the blood stream to deliver targeted radiation to cancer cells.

Pluvicto binds to cells that express PMSA – a transmembrane protein highly expressed in the tumor of more
than 80% of men with prostate cancer, says Novartis. Once bound to the target, energy emissions from the
radioisotope damage tumor cells and disrupt their ability to replicate or trigger cell death. The radiation works
over very short distances to limit damage to surrounding tissues.

Some 38 radioligand candidates are in the pipeline, 17 of which are in the clinic, according to Pharmaprojects,
the Citeline database. (Also see "Radioligands Advance Radiotherapy Premise With Greater Precision" - In Vivo,
11 Aug, 2022.)

Novartis also markets the neuroendocrine tumor drug Lutathera (lutetium Lu177 dotatate).

Diagnostic Approval
The MHRA has also authorized Novartis’ gozetotide, a radioactive diagnostic for identifying PSMA-positive
legions using positron emission tomography in prostate cancer patients. It is the first diagnostic PSMA
imaging tracer to be licensed in Great Britain, the company said.

However, it confirmed that patient selection for the use of Pluvicto does not depend on the use of gozetotide.
“Any PSMA-radiotracer can be used to establish that a patient has PSMA-positive disease, widening possible
access to the treatment,” it said.
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Why Novartis Rejected Access Consortium In Favor
Of Direct UK Radioligand Filing

by Francesca Bruce

 Francesca.bruce@informa.com

Executive Summary

A direct marketing authorization application to the UK medicines regulator offered a quicker route
to approval for Novartis’ prostate cancer treatment Pluvicto than following the international
Access Consortium process, because of the novel nature of the therapy, according to the company.

Novartis AG decided against using the international Access Consortium work-sharing procedure to obtain a
marketing authorization for its radioligand therapy Pluvicto in Great Britain because it felt that a direct
application to the UK regulator, the MHRA, would be faster.

The Access Consortium had not yet assessed a radioligand therapy (RLT), which is an emerging treatment
approach, so it was felt that the consortium process would have been slower to deliver an approval than going
direct to MHRA, Novartis told the Pink Sheet. 

In August, the MHRA became the first regulator in Europe to authorize Pluvicto (lutetium (177Lu) vipivotide
tetraxetan). The product is for adults with prostate-specific membrane antigen (PSMA)-positive metastatic
castration-resistant prostate cancer (mCRPC) who have been treated with androgen receptor pathway
inhibition and taxane-based chemotherapy or who are not medically suitable for taxanes.

The authorization is valid in England, Scotland and Wales, but not Northern Ireland, which is subject to EU
medicines regulations. The applicant for the product was the Novartis company, Advanced Accelerator
Applications SA.

The MHRA approval came after the company “took the decision to step out of the Access regulatory process,
which involves several countries, and chose to instead pursue MHRA approval alone.” The move “allowed the
team to both accelerate timelines and take a different approach to our indication to enable wider access for
patients in Great Britain,” Novartis noted.

The Access Consortium is a coalition of five regulators: the MHRA, the Australian Therapeutic Goods
Administration, Health Canada, Singapore's HSA, and Swissmedic. It aims to improve international cooperation
between partners, reduce duplication and increase the agencies’ capacity to provide timely access to safe and
effective treatments.

Novartis has used the Access process before, notably for its chronic myeloid leukemia drug Scemblix
(asciminib), which is one of only two products to have been approved by all five regulators in the consortium.
(Also see "Faricimab & Asciminib Are First Products To Be Approved By All Access Consortium Regulators" -
Pink Sheet, 7 Sep, 2022.)

However, in the case of Pluvicto, Novartis said it considered a direct MHRA application to be “the most efficient
and straightforward process.” The company explained that no radioligand therapies had been assessed through
the Access Consortium pathway when the Pluvicto marketing authorization application (MAA) dossier was
ready, which meant that the review process would likely require additional time.

Furthermore, all participating countries involved in the Access pathway need to agree timelines, which
“introduces a further step prior to MAA submission.” Submission of the dossier through the Access Consortium
would therefore have been months slower than a direct submission to the MHRA, said Novartis.

EU and US
The company also noted that it filed an MAA with the European Medicines Agency earlier this year, and that it
expected an opinion on the product from the agency’s human drugs committee, the CHMP, later this year. It
said it was currently addressing outstanding issues raised at the July CHMP meeting, but declined to comment
on what these might be.

Pluvicto won US Food and Drug Administration approval in March for patients with PSMA-positive mCRPC
who have been treated with androgen receptor pathway inhibition and taxane-based chemotherapy.

The FDA-approved indication is narrower than the one approved by the MHRA, which includes patients not
medically suitable for taxanes. Such patients have very few treatment options, said Novartis.

Under Assessment By NICE
Meanwhile, back in Great Britain, an assessment by NICE, the health technology appraisal (HTA) body for
England and Wales, is underway. An appraisal committee meeting is scheduled to take place on 15 September,
according to the NICE website. The company has also made a submission to the SMC, the Scottish HTA body, it
said.

“Currently, 22 specialist centers in the UK can administer RLT, Novartis is committed to working with the NHS
to support healthcare system readiness and reduce healthcare inequalities for eligible patients to lutetium
(177Lu) vipivotide tetraxetan.”

Radioligand Therapy
Radioligand therapy is an emerging approach to treating cancer that offers a more targeted option than
external beam radiation, which directs high doses of radiation to a cancer from outside the body. This type of
radio therapy only works on larger tumor masses and affects healthy tissue as well as cancer cells. It therefore
cannot reach smaller metastases and patients can suffer severe side effects.

In contrast, radioligand therapy combines a targeting compound (the ligand) with a therapeutic radioactive
atom and is administered through the blood stream to deliver targeted radiation to cancer cells.

Pluvicto binds to cells that express PMSA – a transmembrane protein highly expressed in the tumor of more
than 80% of men with prostate cancer, says Novartis. Once bound to the target, energy emissions from the
radioisotope damage tumor cells and disrupt their ability to replicate or trigger cell death. The radiation works
over very short distances to limit damage to surrounding tissues.

Some 38 radioligand candidates are in the pipeline, 17 of which are in the clinic, according to Pharmaprojects,
the Citeline database. (Also see "Radioligands Advance Radiotherapy Premise With Greater Precision" - In Vivo,
11 Aug, 2022.)

Novartis also markets the neuroendocrine tumor drug Lutathera (lutetium Lu177 dotatate).

Diagnostic Approval
The MHRA has also authorized Novartis’ gozetotide, a radioactive diagnostic for identifying PSMA-positive
legions using positron emission tomography in prostate cancer patients. It is the first diagnostic PSMA
imaging tracer to be licensed in Great Britain, the company said.

However, it confirmed that patient selection for the use of Pluvicto does not depend on the use of gozetotide.
“Any PSMA-radiotracer can be used to establish that a patient has PSMA-positive disease, widening possible
access to the treatment,” it said.
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‘On-And Off-Ramps’ For Cancer Accelerated
Approvals: FDA Suggests Earlier Randomized Trials

by Brenda Sandburg

 Brenda.Sandburg@informa.com

Executive Summary

Leaders of FDA’s oncology center say sponsors could initiate a single randomized trial prior to
receiving accelerated approval or conduct a single-group AA study concurrently with a randomized
trial. FDA and sponsor could agree in advance on criteria for approval and withdrawal.

Leaders of the US Food and Drug Administration’s Oncology Center of Excellence say sponsors can more
readily obtain evidence to confirm or refute the clinical benefit of drugs granted accelerated approval by
conducting a randomized trial prior to obtaining approval.

In a New England Journal of Medicine perspective piece published on 21 September, they note that oncology
drug sponsors have typically conducted a single-group study to support accelerated approval (AA) and
subsequently conducted a randomized, controlled trial evaluating a long-term outcome, such as survival, to
verify clinical benefit.

“Although the FDA has recommended that confirmatory trials be well under way, if not fully enrolled, at the
time of the AA, sponsors frequently delay initiating these trials until the single-group study is completed or AA
has been granted,” they state. “Rather than waiting to initiate the trial after AA, sponsors could pursue a single
randomized trial, potentially in an earlier treatment setting, that could both support AA and subsequently
verify clinical benefit.”

Alternatively, the agency officials say sponsors could conduct two concurrent studies: a single-group AA study
examining the overall response rate in patients without other available therapies, and a randomized trial with
the potential to demonstrate clinical benefit in patients who have received fewer treatments.

“If these studies enrolled patients around the same time, an interim analysis of safety and overall response rate
in the confirmatory trial could provide supportive evidence and greater confidence for the AA based on the
single-group study,” they state. “A clinically meaningful effect on overall response rate in this interim or a
subsequent analysis could support an additional AA indication for the randomized trial population.”

In this scenario, they say, the FDA and the sponsor would agree in advance on the criteria for attaining AA and
for withdrawing the indication.

Elements Of A Comprehensive Strategy
The piece, “The On- and Off-Ramps of Oncology Accelerated Approval,” was written by lead author Lola
Fashoyin-Aje, OCE deputy division director and associate director of science and policy; Gautam Mehta,
medical officer in the OCE Division of Oncology 2; Julia Beaver, OCE chief of medical oncology; and OCE
Director Richard Pazdur. They note the need to have a comprehensive strategy for accelerated approval that
equally looks at the “on-ramp” and “off-ramp” considerations for AA.

The on-ramp considerations include trial design, endpoints, study population, and timelines for obtaining data
to support the AA and to confirm clinical benefit. The off-ramp considerations include confirmation of clinical
benefit leading to granting of traditional approval and removal of indications if clinical benefit is not verified.

The commentary clarifies OCE’s views on the accelerated approval pathway, which has gotten increased
scrutiny since the agency began cracking down on accelerated approvals that have not confirmed clinical
benefit. (Also see "‘Dangling’ Accelerated Approvals: US FDA Flags Concerns About ‘Marginal’ Response Rates"
- Pink Sheet, 22 Apr, 2021.) and (Also see "‘Dangling’ Cancer Indications In US: New Year Brings New
Withdrawals Of Accelerated Approvals" - Pink Sheet, 18 Jan, 2022.)

Pazdur has previously discussed the benefit of sponsors conducting the accelerated approval study at the same
time that they conduct the confirmatory study. Last year, he noted that the agency had begun asking sponsors
to adopt a comprehensive accelerated approval development plan approach with concurrent rather than
sequential studies. (Also see "Accelerated Approval: US FDA Wants Comprehensive Development Plan From
Oncology Sponsors" - Pink Sheet, 21 Sep, 2021.)

At the American Society of Clinical Oncology’s annual meeting in June, Pazdur said he and his colleagues were
in the process of writing papers on a two-stage approach where sponsors would simultaneously conduct a
smaller-arm study and a randomized study that the agency could review at the same time.

Pazdur said one could envision having two accelerated approvals, one on the basis of the randomized trials and
the earlier disease setting, and then an approval on the single-arm study in the later disease-setting. (Also see
"Cancer And Accelerated Approval: FDA To Crack Down On Single-Arm Trials, Refractory Disease Focus" - Pink
Sheet, 10 Jun, 2022.)

Time To Off-Ramp
The NEJM piece also addresses the length of time between accelerated approval and verification or refutation
of clinical benefit. The authors note that among oncology indications that have been granted AAs, the median
time to off-ramp action was longer if the confirmatory trial was initiated after the approval.

The difference was most striking among withdrawn indications, where the median time to withdrawal was 3.8
years if the confirmatory trial was ongoing at the time of AA and 7.3 years if the trial had not been initiated.

OCE’s “Project Confirm” found that conversion to a regular approval takes an average of three years versus 4.9
years if a confirmatory trial has not commenced at the time of initial accelerated approval. (Also see
"Accelerated Approvals Convert Much Faster If Confirmatory Trial Already Underway, FDA Cancer Data Shows"
- Pink Sheet, 14 Jul, 2022.)

The authors say the pathway’s success should be measured in part by the length of time between accelerated
approval and a determination of clinical benefit.

They note that withdrawing an AA indication when confirmatory trials have failed to demonstrate clinical
benefit, and when sponsors do not voluntarily remove the indication, involves a complicated hearing process.
They observe that this process has been used only once in oncology to withdraw the metastatic breast cancer
indication for Genentech, Inc.’s Avastin (bevacizumab), and took 16 months from the time the agency’s
Oncologic Drugs Advisory Committee recommended removal of the indication.

The two-day hearing on withdrawal of Avastin’s accelerated approval took place in June 2011. Internal emails
show the hearing was taxing for FDA employees, who had to deal with a number of novel issues. (Also see
"Avastin Withdrawal Showed Accelerated Approval Hearing Process No Easy Task For US FDA" - Pink Sheet, 19
Jan, 2022.)
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‘On-And Off-Ramps’ For Cancer Accelerated
Approvals: FDA Suggests Earlier Randomized Trials

by Brenda Sandburg

 Brenda.Sandburg@informa.com

Executive Summary

Leaders of FDA’s oncology center say sponsors could initiate a single randomized trial prior to
receiving accelerated approval or conduct a single-group AA study concurrently with a randomized
trial. FDA and sponsor could agree in advance on criteria for approval and withdrawal.

Leaders of the US Food and Drug Administration’s Oncology Center of Excellence say sponsors can more
readily obtain evidence to confirm or refute the clinical benefit of drugs granted accelerated approval by
conducting a randomized trial prior to obtaining approval.

In a New England Journal of Medicine perspective piece published on 21 September, they note that oncology
drug sponsors have typically conducted a single-group study to support accelerated approval (AA) and
subsequently conducted a randomized, controlled trial evaluating a long-term outcome, such as survival, to
verify clinical benefit.

“Although the FDA has recommended that confirmatory trials be well under way, if not fully enrolled, at the
time of the AA, sponsors frequently delay initiating these trials until the single-group study is completed or AA
has been granted,” they state. “Rather than waiting to initiate the trial after AA, sponsors could pursue a single
randomized trial, potentially in an earlier treatment setting, that could both support AA and subsequently
verify clinical benefit.”

Alternatively, the agency officials say sponsors could conduct two concurrent studies: a single-group AA study
examining the overall response rate in patients without other available therapies, and a randomized trial with
the potential to demonstrate clinical benefit in patients who have received fewer treatments.

“If these studies enrolled patients around the same time, an interim analysis of safety and overall response rate
in the confirmatory trial could provide supportive evidence and greater confidence for the AA based on the
single-group study,” they state. “A clinically meaningful effect on overall response rate in this interim or a
subsequent analysis could support an additional AA indication for the randomized trial population.”

In this scenario, they say, the FDA and the sponsor would agree in advance on the criteria for attaining AA and
for withdrawing the indication.

Elements Of A Comprehensive Strategy
The piece, “The On- and Off-Ramps of Oncology Accelerated Approval,” was written by lead author Lola
Fashoyin-Aje, OCE deputy division director and associate director of science and policy; Gautam Mehta,
medical officer in the OCE Division of Oncology 2; Julia Beaver, OCE chief of medical oncology; and OCE
Director Richard Pazdur. They note the need to have a comprehensive strategy for accelerated approval that
equally looks at the “on-ramp” and “off-ramp” considerations for AA.

The on-ramp considerations include trial design, endpoints, study population, and timelines for obtaining data
to support the AA and to confirm clinical benefit. The off-ramp considerations include confirmation of clinical
benefit leading to granting of traditional approval and removal of indications if clinical benefit is not verified.

The commentary clarifies OCE’s views on the accelerated approval pathway, which has gotten increased
scrutiny since the agency began cracking down on accelerated approvals that have not confirmed clinical
benefit. (Also see "‘Dangling’ Accelerated Approvals: US FDA Flags Concerns About ‘Marginal’ Response Rates"
- Pink Sheet, 22 Apr, 2021.) and (Also see "‘Dangling’ Cancer Indications In US: New Year Brings New
Withdrawals Of Accelerated Approvals" - Pink Sheet, 18 Jan, 2022.)

Pazdur has previously discussed the benefit of sponsors conducting the accelerated approval study at the same
time that they conduct the confirmatory study. Last year, he noted that the agency had begun asking sponsors
to adopt a comprehensive accelerated approval development plan approach with concurrent rather than
sequential studies. (Also see "Accelerated Approval: US FDA Wants Comprehensive Development Plan From
Oncology Sponsors" - Pink Sheet, 21 Sep, 2021.)

At the American Society of Clinical Oncology’s annual meeting in June, Pazdur said he and his colleagues were
in the process of writing papers on a two-stage approach where sponsors would simultaneously conduct a
smaller-arm study and a randomized study that the agency could review at the same time.

Pazdur said one could envision having two accelerated approvals, one on the basis of the randomized trials and
the earlier disease setting, and then an approval on the single-arm study in the later disease-setting. (Also see
"Cancer And Accelerated Approval: FDA To Crack Down On Single-Arm Trials, Refractory Disease Focus" - Pink
Sheet, 10 Jun, 2022.)

Time To Off-Ramp
The NEJM piece also addresses the length of time between accelerated approval and verification or refutation
of clinical benefit. The authors note that among oncology indications that have been granted AAs, the median
time to off-ramp action was longer if the confirmatory trial was initiated after the approval.

The difference was most striking among withdrawn indications, where the median time to withdrawal was 3.8
years if the confirmatory trial was ongoing at the time of AA and 7.3 years if the trial had not been initiated.

OCE’s “Project Confirm” found that conversion to a regular approval takes an average of three years versus 4.9
years if a confirmatory trial has not commenced at the time of initial accelerated approval. (Also see
"Accelerated Approvals Convert Much Faster If Confirmatory Trial Already Underway, FDA Cancer Data Shows"
- Pink Sheet, 14 Jul, 2022.)

The authors say the pathway’s success should be measured in part by the length of time between accelerated
approval and a determination of clinical benefit.

They note that withdrawing an AA indication when confirmatory trials have failed to demonstrate clinical
benefit, and when sponsors do not voluntarily remove the indication, involves a complicated hearing process.
They observe that this process has been used only once in oncology to withdraw the metastatic breast cancer
indication for Genentech, Inc.’s Avastin (bevacizumab), and took 16 months from the time the agency’s
Oncologic Drugs Advisory Committee recommended removal of the indication.

The two-day hearing on withdrawal of Avastin’s accelerated approval took place in June 2011. Internal emails
show the hearing was taxing for FDA employees, who had to deal with a number of novel issues. (Also see
"Avastin Withdrawal Showed Accelerated Approval Hearing Process No Easy Task For US FDA" - Pink Sheet, 19
Jan, 2022.)
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‘On-And Off-Ramps’ For Cancer Accelerated
Approvals: FDA Suggests Earlier Randomized Trials

by Brenda Sandburg

 Brenda.Sandburg@informa.com

Executive Summary

Leaders of FDA’s oncology center say sponsors could initiate a single randomized trial prior to
receiving accelerated approval or conduct a single-group AA study concurrently with a randomized
trial. FDA and sponsor could agree in advance on criteria for approval and withdrawal.

Leaders of the US Food and Drug Administration’s Oncology Center of Excellence say sponsors can more
readily obtain evidence to confirm or refute the clinical benefit of drugs granted accelerated approval by
conducting a randomized trial prior to obtaining approval.

In a New England Journal of Medicine perspective piece published on 21 September, they note that oncology
drug sponsors have typically conducted a single-group study to support accelerated approval (AA) and
subsequently conducted a randomized, controlled trial evaluating a long-term outcome, such as survival, to
verify clinical benefit.

“Although the FDA has recommended that confirmatory trials be well under way, if not fully enrolled, at the
time of the AA, sponsors frequently delay initiating these trials until the single-group study is completed or AA
has been granted,” they state. “Rather than waiting to initiate the trial after AA, sponsors could pursue a single
randomized trial, potentially in an earlier treatment setting, that could both support AA and subsequently
verify clinical benefit.”

Alternatively, the agency officials say sponsors could conduct two concurrent studies: a single-group AA study
examining the overall response rate in patients without other available therapies, and a randomized trial with
the potential to demonstrate clinical benefit in patients who have received fewer treatments.

“If these studies enrolled patients around the same time, an interim analysis of safety and overall response rate
in the confirmatory trial could provide supportive evidence and greater confidence for the AA based on the
single-group study,” they state. “A clinically meaningful effect on overall response rate in this interim or a
subsequent analysis could support an additional AA indication for the randomized trial population.”

In this scenario, they say, the FDA and the sponsor would agree in advance on the criteria for attaining AA and
for withdrawing the indication.

Elements Of A Comprehensive Strategy
The piece, “The On- and Off-Ramps of Oncology Accelerated Approval,” was written by lead author Lola
Fashoyin-Aje, OCE deputy division director and associate director of science and policy; Gautam Mehta,
medical officer in the OCE Division of Oncology 2; Julia Beaver, OCE chief of medical oncology; and OCE
Director Richard Pazdur. They note the need to have a comprehensive strategy for accelerated approval that
equally looks at the “on-ramp” and “off-ramp” considerations for AA.

The on-ramp considerations include trial design, endpoints, study population, and timelines for obtaining data
to support the AA and to confirm clinical benefit. The off-ramp considerations include confirmation of clinical
benefit leading to granting of traditional approval and removal of indications if clinical benefit is not verified.

The commentary clarifies OCE’s views on the accelerated approval pathway, which has gotten increased
scrutiny since the agency began cracking down on accelerated approvals that have not confirmed clinical
benefit. (Also see "‘Dangling’ Accelerated Approvals: US FDA Flags Concerns About ‘Marginal’ Response Rates"
- Pink Sheet, 22 Apr, 2021.) and (Also see "‘Dangling’ Cancer Indications In US: New Year Brings New
Withdrawals Of Accelerated Approvals" - Pink Sheet, 18 Jan, 2022.)

Pazdur has previously discussed the benefit of sponsors conducting the accelerated approval study at the same
time that they conduct the confirmatory study. Last year, he noted that the agency had begun asking sponsors
to adopt a comprehensive accelerated approval development plan approach with concurrent rather than
sequential studies. (Also see "Accelerated Approval: US FDA Wants Comprehensive Development Plan From
Oncology Sponsors" - Pink Sheet, 21 Sep, 2021.)

At the American Society of Clinical Oncology’s annual meeting in June, Pazdur said he and his colleagues were
in the process of writing papers on a two-stage approach where sponsors would simultaneously conduct a
smaller-arm study and a randomized study that the agency could review at the same time.

Pazdur said one could envision having two accelerated approvals, one on the basis of the randomized trials and
the earlier disease setting, and then an approval on the single-arm study in the later disease-setting. (Also see
"Cancer And Accelerated Approval: FDA To Crack Down On Single-Arm Trials, Refractory Disease Focus" - Pink
Sheet, 10 Jun, 2022.)

Time To Off-Ramp
The NEJM piece also addresses the length of time between accelerated approval and verification or refutation
of clinical benefit. The authors note that among oncology indications that have been granted AAs, the median
time to off-ramp action was longer if the confirmatory trial was initiated after the approval.

The difference was most striking among withdrawn indications, where the median time to withdrawal was 3.8
years if the confirmatory trial was ongoing at the time of AA and 7.3 years if the trial had not been initiated.

OCE’s “Project Confirm” found that conversion to a regular approval takes an average of three years versus 4.9
years if a confirmatory trial has not commenced at the time of initial accelerated approval. (Also see
"Accelerated Approvals Convert Much Faster If Confirmatory Trial Already Underway, FDA Cancer Data Shows"
- Pink Sheet, 14 Jul, 2022.)

The authors say the pathway’s success should be measured in part by the length of time between accelerated
approval and a determination of clinical benefit.

They note that withdrawing an AA indication when confirmatory trials have failed to demonstrate clinical
benefit, and when sponsors do not voluntarily remove the indication, involves a complicated hearing process.
They observe that this process has been used only once in oncology to withdraw the metastatic breast cancer
indication for Genentech, Inc.’s Avastin (bevacizumab), and took 16 months from the time the agency’s
Oncologic Drugs Advisory Committee recommended removal of the indication.

The two-day hearing on withdrawal of Avastin’s accelerated approval took place in June 2011. Internal emails
show the hearing was taxing for FDA employees, who had to deal with a number of novel issues. (Also see
"Avastin Withdrawal Showed Accelerated Approval Hearing Process No Easy Task For US FDA" - Pink Sheet, 19
Jan, 2022.)
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US FDA Uses PI3K Inhibitor Experience To Spell Out
What It Wants In Dose Optimization Studies

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Advisory committee review of safety issues with the PI3K inhibitor class of drugs for hematologic
malignancies served as a platform for the Oncology Center of Excellence’s Project Optimus
initiative, which emphasizes an earlier and more thorough assessment of different doses, including
through randomized trials.

The US Food and Drug Administration’s Oncology Center of Excellence used the recent advisory committee
review of safety concerns with phosphatidylinositol 3-kinase (PI3K) inhibitors to publicly spell out its
expectations for dose optimization studies under Project Optimus.

Those expectations include more comprehensive dose escalation studies with more patients and longer periods
of observation, to be followed by randomized, parallel dose response trials and, potentially, inclusion of
multiple doses as a part of a registration trial.

For combination therapies, the agency wants sponsors to refrain from simply taking the approved
monotherapy dose and applying it in a combination. It also wants the safety, efficacy, pharmacokinetics and
exposure-response for efficacy and safety evaluated for each product in the combination alone as an initial
step.

“The investments that are made in finding the right dose … improve
outcomes for patients, and then it results in a better product in the end.
That allows us to have confidence in the results from the studies.” – FDA’s
Nicole Gormley

OCE’s recommended strategies for dose optimization likely will be included in a Project Optimus guidance
currently under development. Nevertheless, the oncology office used the PI3K inhibitor experience to highlight
shortfalls with the historical approach to dose selection based on maximum tolerated dose.

“Dose optimization does require additional resources, and it does require additional time,” said Nicole
Gormley, director of the Division of Hematologic Malignancies II. “In our experience, though, and what we're
seeing here in the PI3 kinase inhibitors and in other areas, is that it's time well spent. The investments that are
made in finding the right dose … improve outcomes for patients, and then it results in a better product in the
end. That allows us to have confidence in the results from the studies.”

Although the FDA does not have authority to require dose optimization studies, “it's something that we
strongly recommend and encourage,” Gormley said.

Shortfalls Of The MTD Approach
At its 21 April meeting, the Oncologic Drugs Advisory Committee overwhelmingly agreed with FDA oncology
review staff that a new development paradigm is needed for PI3K inhibitors.

The drug class has been the focus of recent withdrawals of accelerated approval indications after several
randomized trials demonstrated adverse survival trends. The advisory committee said future approvals in the
class for hematologic malignancies should be supported by randomized data, rather than single-arm studies.
(Also see "PI3K Inhibitors For Hematology Indications Need Randomized Data, FDA Panel Says" - Pink Sheet,
21 Apr, 2022.)

Given beneficial responses on efficacy endpoints in the randomized studies, the FDA has concluded that the
adverse survival trends are a safety issue resulting from the drugs’ well-recognized toxicities. Although dose
optimization is particularly important for drugs like PI3K inhibitors, which have a narrow range between
effective and toxic doses, dose optimization was not achieved for this class of drugs, in part, because sponsors
were focused on trying to determine maximum tolerated dose. (Also see "PI3K Inhibitors: Overall Survival,
Adverse Events And Dose Optimization Top US FDA’s Concerns" - Pink Sheet, 19 Apr, 2022.)

MTD has been the approach historically used for dose selection in oncology drug development. However, it is
out of sync with the highly targeted nature of newer drug classes, the FDA said.

“With respect to dose selection for oncology, we've generally pursued an MTD approach. However, we have
many examples of oncology drugs with significant toxicities, including the PI3K inhibitors, that require dose
modifications or dose interruptions in the postapproval setting,” said Brian Booth, director of the Division of
Cancer Pharmacology I. “We need to reconsider our approach to dose selection and to think more about dose
optimization for oncology drugs, especially with the current therapeutic options that are available such as
targeted therapies.”

Cytotoxic chemotherapies typically have parallel curves for toxicity and efficacy. However, for targeted
therapies such as the PI3Ks, the curves differ – with an earlier plateau for efficacy followed by a more gradual
increase in toxicity. For these drugs, it may be possible to reduce the dose, sparing some toxicities in the
process, without significantly impacting efficacy, Booth said.

Project Optimus
OCE’s Project Optimus was initiated based on a recognition that many oncology drugs require dose
adjustment, which may lead to suboptimal therapy. The program is aimed at ensuring that cancer drug doses
are optimized to maximize efficacy, safety and tolerability. (Also see "US FDA’s ‘Project Optimus’ Will
Encourage Move Away From Conventional Dose-Finding For Modern Cancer Therapies" - Pink Sheet, 26 May,
2021.)

Under the initiative, the FDA will communicate its expectations for dose finding and dose optimization through
guidance documents, workshops and public meetings, and drug developers are encouraged to meet with
oncology review divisions early in development to discuss such studies.

Another aim of Project Optimus is to develop strategies for dose finding and optimization that leverage
nonclinical and clinical data in dose selection, including randomized evaluations of a range of doses. These
studies should be performed as early as possible in the development program.

The traditional 3x3 approach to dose escalation and selection is used to identify an MTD, which is then carried
forward into registration studies. However, this approach involves few patients at each dose, a short
observation period for dose-limiting toxicities (DLT), and an emphasis on DLTs but not on other safety, Booth
said.

An optimized dose selection strategy begins with the same dose escalation design, but with the purpose of
better understanding the pharmacokinetics, pharmacodynamics, safety and efficacy at each dose level, Booth
said. This will often include expansion of several dose cohorts to generate these additional data at promising
dose levels. In addition, longer periods of observation are incorporated to assess adverse events, including the
onset of delayed toxicities.

In addition, consideration should be given to nonclinical data, such as in vitro or in vivo receptor
occupancy/target engagement data, Booth said. In early trials, PK sampling in a sufficient number of patients
should be performed to characterize the drug’s PK after multiple doses, and PK/PD relationships should be
considered with biomarker and study outcomes.

This dose escalation phase could be followed by randomized, parallel dose response trials of multiple doses
when feasible. In addition, multiple doses could be compared in registration trials.

Combination Strategies
Booth also described some general recommendations on dose optimization strategies for combinations, which
he said “can get quite complicated”:

Do not simply use the approved monotherapy dose in the combination;

Evaluate safety, efficacy, PK and exposure-response for efficacy and safety for each product alone first;

For two new drugs, study multiple doses of both drugs, especially the more active or toxic drug;

Use small dose escalation increments in the combination setting;

Evaluate exposure-response for efficacy and safety for the combination regimen; and

Assess potential drug-drug interactions that may increase systemic exposures higher than the
monotherapy, especially at steady state.

Gormley said dose optimization should be both indication-specific and molecule-specific. A dose that is
optimal for an acute myeloid leukemia population may be different from what is needed for an indolent
follicular lymphoma population, she said. “When new indications are explored, information from prior studies
… should be incorporated into those dose optimization studies.”

In the case of the PI3K inhibitors, there are some data for each of the four approved products to suggest that
lower doses may have been equally effective to those selected for marketing, Gormley said.

But “the issue that we find ourselves with across the class generally is that we don’t have lots of data or robust
data at the lower doses. And I think that’s where a randomized dose finding trial or randomized Phase II trial
could really be helpful, spending a little bit more time at dose optimization where you’re collecting more
robust data at lower doses compared to the higher doses” for efficacy, safety and tolerability.

ODAC Members Weigh In
Louis Diehl, professor of medicine at Duke University, asked how, in a situation where two doses are tested in a
parallel dose randomized trial, one would know that the optimal dose is actually one of the two selected for the
study.

For whatever dose optimization study design is proposed, “I think that
some degree of quantification of the uncertainty in the results of that
design would be very useful.” – University of Virginia’s Mark Conaway

“You may never perfectly know that you have the best dose possible, but I think we would have more
information than what we currently have,” Gormley said, adding that dose optimization is a process that
should continue throughout a drug’s lifecycle. “I think we'd be in a much better situation than where we are
now.”

Mark Conaway, professor and director of translational research at the University of Virginia, said the need for
dose optimization is important and “I think really the central issue here is the choice of dose that went into
some of the early studies” of the PI3K inhibitors.

Although the FDA cannot mandate specific dose optimization studies, Conaway suggested requiring sponsors
to quantify the degree of uncertainty in the study designs that lead to the doses selected for further
development. For whatever design is proposed, “I think that some degree of quantification of the uncertainty
in the results of that design would be very useful,” he said.
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US FDA Uses PI3K Inhibitor Experience To Spell Out
What It Wants In Dose Optimization Studies

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Advisory committee review of safety issues with the PI3K inhibitor class of drugs for hematologic
malignancies served as a platform for the Oncology Center of Excellence’s Project Optimus
initiative, which emphasizes an earlier and more thorough assessment of different doses, including
through randomized trials.

The US Food and Drug Administration’s Oncology Center of Excellence used the recent advisory committee
review of safety concerns with phosphatidylinositol 3-kinase (PI3K) inhibitors to publicly spell out its
expectations for dose optimization studies under Project Optimus.

Those expectations include more comprehensive dose escalation studies with more patients and longer periods
of observation, to be followed by randomized, parallel dose response trials and, potentially, inclusion of
multiple doses as a part of a registration trial.

For combination therapies, the agency wants sponsors to refrain from simply taking the approved
monotherapy dose and applying it in a combination. It also wants the safety, efficacy, pharmacokinetics and
exposure-response for efficacy and safety evaluated for each product in the combination alone as an initial
step.

“The investments that are made in finding the right dose … improve
outcomes for patients, and then it results in a better product in the end.
That allows us to have confidence in the results from the studies.” – FDA’s
Nicole Gormley

OCE’s recommended strategies for dose optimization likely will be included in a Project Optimus guidance
currently under development. Nevertheless, the oncology office used the PI3K inhibitor experience to highlight
shortfalls with the historical approach to dose selection based on maximum tolerated dose.

“Dose optimization does require additional resources, and it does require additional time,” said Nicole
Gormley, director of the Division of Hematologic Malignancies II. “In our experience, though, and what we're
seeing here in the PI3 kinase inhibitors and in other areas, is that it's time well spent. The investments that are
made in finding the right dose … improve outcomes for patients, and then it results in a better product in the
end. That allows us to have confidence in the results from the studies.”

Although the FDA does not have authority to require dose optimization studies, “it's something that we
strongly recommend and encourage,” Gormley said.

Shortfalls Of The MTD Approach
At its 21 April meeting, the Oncologic Drugs Advisory Committee overwhelmingly agreed with FDA oncology
review staff that a new development paradigm is needed for PI3K inhibitors.

The drug class has been the focus of recent withdrawals of accelerated approval indications after several
randomized trials demonstrated adverse survival trends. The advisory committee said future approvals in the
class for hematologic malignancies should be supported by randomized data, rather than single-arm studies.
(Also see "PI3K Inhibitors For Hematology Indications Need Randomized Data, FDA Panel Says" - Pink Sheet,
21 Apr, 2022.)

Given beneficial responses on efficacy endpoints in the randomized studies, the FDA has concluded that the
adverse survival trends are a safety issue resulting from the drugs’ well-recognized toxicities. Although dose
optimization is particularly important for drugs like PI3K inhibitors, which have a narrow range between
effective and toxic doses, dose optimization was not achieved for this class of drugs, in part, because sponsors
were focused on trying to determine maximum tolerated dose. (Also see "PI3K Inhibitors: Overall Survival,
Adverse Events And Dose Optimization Top US FDA’s Concerns" - Pink Sheet, 19 Apr, 2022.)

MTD has been the approach historically used for dose selection in oncology drug development. However, it is
out of sync with the highly targeted nature of newer drug classes, the FDA said.

“With respect to dose selection for oncology, we've generally pursued an MTD approach. However, we have
many examples of oncology drugs with significant toxicities, including the PI3K inhibitors, that require dose
modifications or dose interruptions in the postapproval setting,” said Brian Booth, director of the Division of
Cancer Pharmacology I. “We need to reconsider our approach to dose selection and to think more about dose
optimization for oncology drugs, especially with the current therapeutic options that are available such as
targeted therapies.”

Cytotoxic chemotherapies typically have parallel curves for toxicity and efficacy. However, for targeted
therapies such as the PI3Ks, the curves differ – with an earlier plateau for efficacy followed by a more gradual
increase in toxicity. For these drugs, it may be possible to reduce the dose, sparing some toxicities in the
process, without significantly impacting efficacy, Booth said.

Project Optimus
OCE’s Project Optimus was initiated based on a recognition that many oncology drugs require dose
adjustment, which may lead to suboptimal therapy. The program is aimed at ensuring that cancer drug doses
are optimized to maximize efficacy, safety and tolerability. (Also see "US FDA’s ‘Project Optimus’ Will
Encourage Move Away From Conventional Dose-Finding For Modern Cancer Therapies" - Pink Sheet, 26 May,
2021.)

Under the initiative, the FDA will communicate its expectations for dose finding and dose optimization through
guidance documents, workshops and public meetings, and drug developers are encouraged to meet with
oncology review divisions early in development to discuss such studies.

Another aim of Project Optimus is to develop strategies for dose finding and optimization that leverage
nonclinical and clinical data in dose selection, including randomized evaluations of a range of doses. These
studies should be performed as early as possible in the development program.

The traditional 3x3 approach to dose escalation and selection is used to identify an MTD, which is then carried
forward into registration studies. However, this approach involves few patients at each dose, a short
observation period for dose-limiting toxicities (DLT), and an emphasis on DLTs but not on other safety, Booth
said.

An optimized dose selection strategy begins with the same dose escalation design, but with the purpose of
better understanding the pharmacokinetics, pharmacodynamics, safety and efficacy at each dose level, Booth
said. This will often include expansion of several dose cohorts to generate these additional data at promising
dose levels. In addition, longer periods of observation are incorporated to assess adverse events, including the
onset of delayed toxicities.

In addition, consideration should be given to nonclinical data, such as in vitro or in vivo receptor
occupancy/target engagement data, Booth said. In early trials, PK sampling in a sufficient number of patients
should be performed to characterize the drug’s PK after multiple doses, and PK/PD relationships should be
considered with biomarker and study outcomes.

This dose escalation phase could be followed by randomized, parallel dose response trials of multiple doses
when feasible. In addition, multiple doses could be compared in registration trials.

Combination Strategies
Booth also described some general recommendations on dose optimization strategies for combinations, which
he said “can get quite complicated”:

Do not simply use the approved monotherapy dose in the combination;

Evaluate safety, efficacy, PK and exposure-response for efficacy and safety for each product alone first;

For two new drugs, study multiple doses of both drugs, especially the more active or toxic drug;

Use small dose escalation increments in the combination setting;

Evaluate exposure-response for efficacy and safety for the combination regimen; and

Assess potential drug-drug interactions that may increase systemic exposures higher than the
monotherapy, especially at steady state.

Gormley said dose optimization should be both indication-specific and molecule-specific. A dose that is
optimal for an acute myeloid leukemia population may be different from what is needed for an indolent
follicular lymphoma population, she said. “When new indications are explored, information from prior studies
… should be incorporated into those dose optimization studies.”

In the case of the PI3K inhibitors, there are some data for each of the four approved products to suggest that
lower doses may have been equally effective to those selected for marketing, Gormley said.

But “the issue that we find ourselves with across the class generally is that we don’t have lots of data or robust
data at the lower doses. And I think that’s where a randomized dose finding trial or randomized Phase II trial
could really be helpful, spending a little bit more time at dose optimization where you’re collecting more
robust data at lower doses compared to the higher doses” for efficacy, safety and tolerability.

ODAC Members Weigh In
Louis Diehl, professor of medicine at Duke University, asked how, in a situation where two doses are tested in a
parallel dose randomized trial, one would know that the optimal dose is actually one of the two selected for the
study.

For whatever dose optimization study design is proposed, “I think that
some degree of quantification of the uncertainty in the results of that
design would be very useful.” – University of Virginia’s Mark Conaway

“You may never perfectly know that you have the best dose possible, but I think we would have more
information than what we currently have,” Gormley said, adding that dose optimization is a process that
should continue throughout a drug’s lifecycle. “I think we'd be in a much better situation than where we are
now.”

Mark Conaway, professor and director of translational research at the University of Virginia, said the need for
dose optimization is important and “I think really the central issue here is the choice of dose that went into
some of the early studies” of the PI3K inhibitors.

Although the FDA cannot mandate specific dose optimization studies, Conaway suggested requiring sponsors
to quantify the degree of uncertainty in the study designs that lead to the doses selected for further
development. For whatever design is proposed, “I think that some degree of quantification of the uncertainty
in the results of that design would be very useful,” he said.
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US FDA Uses PI3K Inhibitor Experience To Spell Out
What It Wants In Dose Optimization Studies

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Advisory committee review of safety issues with the PI3K inhibitor class of drugs for hematologic
malignancies served as a platform for the Oncology Center of Excellence’s Project Optimus
initiative, which emphasizes an earlier and more thorough assessment of different doses, including
through randomized trials.

The US Food and Drug Administration’s Oncology Center of Excellence used the recent advisory committee
review of safety concerns with phosphatidylinositol 3-kinase (PI3K) inhibitors to publicly spell out its
expectations for dose optimization studies under Project Optimus.

Those expectations include more comprehensive dose escalation studies with more patients and longer periods
of observation, to be followed by randomized, parallel dose response trials and, potentially, inclusion of
multiple doses as a part of a registration trial.

For combination therapies, the agency wants sponsors to refrain from simply taking the approved
monotherapy dose and applying it in a combination. It also wants the safety, efficacy, pharmacokinetics and
exposure-response for efficacy and safety evaluated for each product in the combination alone as an initial
step.

“The investments that are made in finding the right dose … improve
outcomes for patients, and then it results in a better product in the end.
That allows us to have confidence in the results from the studies.” – FDA’s
Nicole Gormley

OCE’s recommended strategies for dose optimization likely will be included in a Project Optimus guidance
currently under development. Nevertheless, the oncology office used the PI3K inhibitor experience to highlight
shortfalls with the historical approach to dose selection based on maximum tolerated dose.

“Dose optimization does require additional resources, and it does require additional time,” said Nicole
Gormley, director of the Division of Hematologic Malignancies II. “In our experience, though, and what we're
seeing here in the PI3 kinase inhibitors and in other areas, is that it's time well spent. The investments that are
made in finding the right dose … improve outcomes for patients, and then it results in a better product in the
end. That allows us to have confidence in the results from the studies.”

Although the FDA does not have authority to require dose optimization studies, “it's something that we
strongly recommend and encourage,” Gormley said.

Shortfalls Of The MTD Approach
At its 21 April meeting, the Oncologic Drugs Advisory Committee overwhelmingly agreed with FDA oncology
review staff that a new development paradigm is needed for PI3K inhibitors.

The drug class has been the focus of recent withdrawals of accelerated approval indications after several
randomized trials demonstrated adverse survival trends. The advisory committee said future approvals in the
class for hematologic malignancies should be supported by randomized data, rather than single-arm studies.
(Also see "PI3K Inhibitors For Hematology Indications Need Randomized Data, FDA Panel Says" - Pink Sheet,
21 Apr, 2022.)

Given beneficial responses on efficacy endpoints in the randomized studies, the FDA has concluded that the
adverse survival trends are a safety issue resulting from the drugs’ well-recognized toxicities. Although dose
optimization is particularly important for drugs like PI3K inhibitors, which have a narrow range between
effective and toxic doses, dose optimization was not achieved for this class of drugs, in part, because sponsors
were focused on trying to determine maximum tolerated dose. (Also see "PI3K Inhibitors: Overall Survival,
Adverse Events And Dose Optimization Top US FDA’s Concerns" - Pink Sheet, 19 Apr, 2022.)

MTD has been the approach historically used for dose selection in oncology drug development. However, it is
out of sync with the highly targeted nature of newer drug classes, the FDA said.

“With respect to dose selection for oncology, we've generally pursued an MTD approach. However, we have
many examples of oncology drugs with significant toxicities, including the PI3K inhibitors, that require dose
modifications or dose interruptions in the postapproval setting,” said Brian Booth, director of the Division of
Cancer Pharmacology I. “We need to reconsider our approach to dose selection and to think more about dose
optimization for oncology drugs, especially with the current therapeutic options that are available such as
targeted therapies.”

Cytotoxic chemotherapies typically have parallel curves for toxicity and efficacy. However, for targeted
therapies such as the PI3Ks, the curves differ – with an earlier plateau for efficacy followed by a more gradual
increase in toxicity. For these drugs, it may be possible to reduce the dose, sparing some toxicities in the
process, without significantly impacting efficacy, Booth said.

Project Optimus
OCE’s Project Optimus was initiated based on a recognition that many oncology drugs require dose
adjustment, which may lead to suboptimal therapy. The program is aimed at ensuring that cancer drug doses
are optimized to maximize efficacy, safety and tolerability. (Also see "US FDA’s ‘Project Optimus’ Will
Encourage Move Away From Conventional Dose-Finding For Modern Cancer Therapies" - Pink Sheet, 26 May,
2021.)

Under the initiative, the FDA will communicate its expectations for dose finding and dose optimization through
guidance documents, workshops and public meetings, and drug developers are encouraged to meet with
oncology review divisions early in development to discuss such studies.

Another aim of Project Optimus is to develop strategies for dose finding and optimization that leverage
nonclinical and clinical data in dose selection, including randomized evaluations of a range of doses. These
studies should be performed as early as possible in the development program.

The traditional 3x3 approach to dose escalation and selection is used to identify an MTD, which is then carried
forward into registration studies. However, this approach involves few patients at each dose, a short
observation period for dose-limiting toxicities (DLT), and an emphasis on DLTs but not on other safety, Booth
said.

An optimized dose selection strategy begins with the same dose escalation design, but with the purpose of
better understanding the pharmacokinetics, pharmacodynamics, safety and efficacy at each dose level, Booth
said. This will often include expansion of several dose cohorts to generate these additional data at promising
dose levels. In addition, longer periods of observation are incorporated to assess adverse events, including the
onset of delayed toxicities.

In addition, consideration should be given to nonclinical data, such as in vitro or in vivo receptor
occupancy/target engagement data, Booth said. In early trials, PK sampling in a sufficient number of patients
should be performed to characterize the drug’s PK after multiple doses, and PK/PD relationships should be
considered with biomarker and study outcomes.

This dose escalation phase could be followed by randomized, parallel dose response trials of multiple doses
when feasible. In addition, multiple doses could be compared in registration trials.

Combination Strategies
Booth also described some general recommendations on dose optimization strategies for combinations, which
he said “can get quite complicated”:

Do not simply use the approved monotherapy dose in the combination;

Evaluate safety, efficacy, PK and exposure-response for efficacy and safety for each product alone first;

For two new drugs, study multiple doses of both drugs, especially the more active or toxic drug;

Use small dose escalation increments in the combination setting;

Evaluate exposure-response for efficacy and safety for the combination regimen; and

Assess potential drug-drug interactions that may increase systemic exposures higher than the
monotherapy, especially at steady state.

Gormley said dose optimization should be both indication-specific and molecule-specific. A dose that is
optimal for an acute myeloid leukemia population may be different from what is needed for an indolent
follicular lymphoma population, she said. “When new indications are explored, information from prior studies
… should be incorporated into those dose optimization studies.”

In the case of the PI3K inhibitors, there are some data for each of the four approved products to suggest that
lower doses may have been equally effective to those selected for marketing, Gormley said.

But “the issue that we find ourselves with across the class generally is that we don’t have lots of data or robust
data at the lower doses. And I think that’s where a randomized dose finding trial or randomized Phase II trial
could really be helpful, spending a little bit more time at dose optimization where you’re collecting more
robust data at lower doses compared to the higher doses” for efficacy, safety and tolerability.

ODAC Members Weigh In
Louis Diehl, professor of medicine at Duke University, asked how, in a situation where two doses are tested in a
parallel dose randomized trial, one would know that the optimal dose is actually one of the two selected for the
study.

For whatever dose optimization study design is proposed, “I think that
some degree of quantification of the uncertainty in the results of that
design would be very useful.” – University of Virginia’s Mark Conaway

“You may never perfectly know that you have the best dose possible, but I think we would have more
information than what we currently have,” Gormley said, adding that dose optimization is a process that
should continue throughout a drug’s lifecycle. “I think we'd be in a much better situation than where we are
now.”

Mark Conaway, professor and director of translational research at the University of Virginia, said the need for
dose optimization is important and “I think really the central issue here is the choice of dose that went into
some of the early studies” of the PI3K inhibitors.

Although the FDA cannot mandate specific dose optimization studies, Conaway suggested requiring sponsors
to quantify the degree of uncertainty in the study designs that lead to the doses selected for further
development. For whatever design is proposed, “I think that some degree of quantification of the uncertainty
in the results of that design would be very useful,” he said.
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US FDA Uses PI3K Inhibitor Experience To Spell Out
What It Wants In Dose Optimization Studies

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Advisory committee review of safety issues with the PI3K inhibitor class of drugs for hematologic
malignancies served as a platform for the Oncology Center of Excellence’s Project Optimus
initiative, which emphasizes an earlier and more thorough assessment of different doses, including
through randomized trials.

The US Food and Drug Administration’s Oncology Center of Excellence used the recent advisory committee
review of safety concerns with phosphatidylinositol 3-kinase (PI3K) inhibitors to publicly spell out its
expectations for dose optimization studies under Project Optimus.

Those expectations include more comprehensive dose escalation studies with more patients and longer periods
of observation, to be followed by randomized, parallel dose response trials and, potentially, inclusion of
multiple doses as a part of a registration trial.

For combination therapies, the agency wants sponsors to refrain from simply taking the approved
monotherapy dose and applying it in a combination. It also wants the safety, efficacy, pharmacokinetics and
exposure-response for efficacy and safety evaluated for each product in the combination alone as an initial
step.

“The investments that are made in finding the right dose … improve
outcomes for patients, and then it results in a better product in the end.
That allows us to have confidence in the results from the studies.” – FDA’s
Nicole Gormley

OCE’s recommended strategies for dose optimization likely will be included in a Project Optimus guidance
currently under development. Nevertheless, the oncology office used the PI3K inhibitor experience to highlight
shortfalls with the historical approach to dose selection based on maximum tolerated dose.

“Dose optimization does require additional resources, and it does require additional time,” said Nicole
Gormley, director of the Division of Hematologic Malignancies II. “In our experience, though, and what we're
seeing here in the PI3 kinase inhibitors and in other areas, is that it's time well spent. The investments that are
made in finding the right dose … improve outcomes for patients, and then it results in a better product in the
end. That allows us to have confidence in the results from the studies.”

Although the FDA does not have authority to require dose optimization studies, “it's something that we
strongly recommend and encourage,” Gormley said.

Shortfalls Of The MTD Approach
At its 21 April meeting, the Oncologic Drugs Advisory Committee overwhelmingly agreed with FDA oncology
review staff that a new development paradigm is needed for PI3K inhibitors.

The drug class has been the focus of recent withdrawals of accelerated approval indications after several
randomized trials demonstrated adverse survival trends. The advisory committee said future approvals in the
class for hematologic malignancies should be supported by randomized data, rather than single-arm studies.
(Also see "PI3K Inhibitors For Hematology Indications Need Randomized Data, FDA Panel Says" - Pink Sheet,
21 Apr, 2022.)

Given beneficial responses on efficacy endpoints in the randomized studies, the FDA has concluded that the
adverse survival trends are a safety issue resulting from the drugs’ well-recognized toxicities. Although dose
optimization is particularly important for drugs like PI3K inhibitors, which have a narrow range between
effective and toxic doses, dose optimization was not achieved for this class of drugs, in part, because sponsors
were focused on trying to determine maximum tolerated dose. (Also see "PI3K Inhibitors: Overall Survival,
Adverse Events And Dose Optimization Top US FDA’s Concerns" - Pink Sheet, 19 Apr, 2022.)

MTD has been the approach historically used for dose selection in oncology drug development. However, it is
out of sync with the highly targeted nature of newer drug classes, the FDA said.

“With respect to dose selection for oncology, we've generally pursued an MTD approach. However, we have
many examples of oncology drugs with significant toxicities, including the PI3K inhibitors, that require dose
modifications or dose interruptions in the postapproval setting,” said Brian Booth, director of the Division of
Cancer Pharmacology I. “We need to reconsider our approach to dose selection and to think more about dose
optimization for oncology drugs, especially with the current therapeutic options that are available such as
targeted therapies.”

Cytotoxic chemotherapies typically have parallel curves for toxicity and efficacy. However, for targeted
therapies such as the PI3Ks, the curves differ – with an earlier plateau for efficacy followed by a more gradual
increase in toxicity. For these drugs, it may be possible to reduce the dose, sparing some toxicities in the
process, without significantly impacting efficacy, Booth said.

Project Optimus
OCE’s Project Optimus was initiated based on a recognition that many oncology drugs require dose
adjustment, which may lead to suboptimal therapy. The program is aimed at ensuring that cancer drug doses
are optimized to maximize efficacy, safety and tolerability. (Also see "US FDA’s ‘Project Optimus’ Will
Encourage Move Away From Conventional Dose-Finding For Modern Cancer Therapies" - Pink Sheet, 26 May,
2021.)

Under the initiative, the FDA will communicate its expectations for dose finding and dose optimization through
guidance documents, workshops and public meetings, and drug developers are encouraged to meet with
oncology review divisions early in development to discuss such studies.

Another aim of Project Optimus is to develop strategies for dose finding and optimization that leverage
nonclinical and clinical data in dose selection, including randomized evaluations of a range of doses. These
studies should be performed as early as possible in the development program.

The traditional 3x3 approach to dose escalation and selection is used to identify an MTD, which is then carried
forward into registration studies. However, this approach involves few patients at each dose, a short
observation period for dose-limiting toxicities (DLT), and an emphasis on DLTs but not on other safety, Booth
said.

An optimized dose selection strategy begins with the same dose escalation design, but with the purpose of
better understanding the pharmacokinetics, pharmacodynamics, safety and efficacy at each dose level, Booth
said. This will often include expansion of several dose cohorts to generate these additional data at promising
dose levels. In addition, longer periods of observation are incorporated to assess adverse events, including the
onset of delayed toxicities.

In addition, consideration should be given to nonclinical data, such as in vitro or in vivo receptor
occupancy/target engagement data, Booth said. In early trials, PK sampling in a sufficient number of patients
should be performed to characterize the drug’s PK after multiple doses, and PK/PD relationships should be
considered with biomarker and study outcomes.

This dose escalation phase could be followed by randomized, parallel dose response trials of multiple doses
when feasible. In addition, multiple doses could be compared in registration trials.

Combination Strategies
Booth also described some general recommendations on dose optimization strategies for combinations, which
he said “can get quite complicated”:

Do not simply use the approved monotherapy dose in the combination;

Evaluate safety, efficacy, PK and exposure-response for efficacy and safety for each product alone first;

For two new drugs, study multiple doses of both drugs, especially the more active or toxic drug;

Use small dose escalation increments in the combination setting;

Evaluate exposure-response for efficacy and safety for the combination regimen; and

Assess potential drug-drug interactions that may increase systemic exposures higher than the
monotherapy, especially at steady state.

Gormley said dose optimization should be both indication-specific and molecule-specific. A dose that is
optimal for an acute myeloid leukemia population may be different from what is needed for an indolent
follicular lymphoma population, she said. “When new indications are explored, information from prior studies
… should be incorporated into those dose optimization studies.”

In the case of the PI3K inhibitors, there are some data for each of the four approved products to suggest that
lower doses may have been equally effective to those selected for marketing, Gormley said.

But “the issue that we find ourselves with across the class generally is that we don’t have lots of data or robust
data at the lower doses. And I think that’s where a randomized dose finding trial or randomized Phase II trial
could really be helpful, spending a little bit more time at dose optimization where you’re collecting more
robust data at lower doses compared to the higher doses” for efficacy, safety and tolerability.

ODAC Members Weigh In
Louis Diehl, professor of medicine at Duke University, asked how, in a situation where two doses are tested in a
parallel dose randomized trial, one would know that the optimal dose is actually one of the two selected for the
study.

For whatever dose optimization study design is proposed, “I think that
some degree of quantification of the uncertainty in the results of that
design would be very useful.” – University of Virginia’s Mark Conaway

“You may never perfectly know that you have the best dose possible, but I think we would have more
information than what we currently have,” Gormley said, adding that dose optimization is a process that
should continue throughout a drug’s lifecycle. “I think we'd be in a much better situation than where we are
now.”

Mark Conaway, professor and director of translational research at the University of Virginia, said the need for
dose optimization is important and “I think really the central issue here is the choice of dose that went into
some of the early studies” of the PI3K inhibitors.

Although the FDA cannot mandate specific dose optimization studies, Conaway suggested requiring sponsors
to quantify the degree of uncertainty in the study designs that lead to the doses selected for further
development. For whatever design is proposed, “I think that some degree of quantification of the uncertainty
in the results of that design would be very useful,” he said.
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Patient-Reported Outcomes: Open-Label Trials Can
Be Designed To Minimize Bias, US FDA Says

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

With the expectation for increasing amounts of patient experience data comes the need for the
FDA and sponsors to consider, and account for, the degree to which open-label bias influences
oncology trial PROs; agency staff suggest trial design elements and analytic approaches for dealing
with bias at a meeting on cancer clinical outcomes assessments.

Open-label studies may carry a risk of potential bias in patient-reported outcomes. However, this should not
preclude PRO data collection in open-label cancer drug studies, and there are designs and analytic approaches
to identify and minimize bias in such data, US Food and Drug Administration staff and other experts said at a
29 June meeting.

The agency’s seventh annual clinical outcomes assessment in cancer clinical trials workshop focused on use of
PROs in open-label trials. Although open-label or single-arm designs are frequently used in the cancer setting,
such approaches can create the potential for biased PRO data because patients know they are receiving an
investigational drug.

Nevertheless, in this era of patient-focused drug development, the FDA’s Oncology Center of Excellence has
been pushing sponsors to systematically collect patient experience data in various types of cancer drug studies.

In a June 2021 guidance, the FDA described five core types of PRO data that sponsors should collect in
registrational trials for anti-cancer therapies intended to demonstrate an effect on survival, tumor response or
delay progression. (Also see "Cancer Trials: Patient-Reported Outcomes Should Measure Five Core Concepts,
US FDA Says" - Pink Sheet, 9 Jun, 2021.)

In addition, OCE, under the Project Optimus initiative, is encouraging use of PROs in earlier stage studies to
better inform dose selection and optimization.  (Also see "Build Patient-Reported Outcomes Into Cancer Drug
Dose Optimization, US FDA Says" - Pink Sheet, 9 May, 2022.)

Over the last 10 years, there have been 13 examples of PROs included in oncology drug labeling, said Vishal
Bhatnagar, OCE’s associate director for patient outcomes. However, the FDA expects to received increasing
amounts of patient-reported symptom and function data collected from open-label trials because of initiatives
like Project Optimus, he said.

Important To Hear The Patient Voice
With the expectation for increasing amounts of PRO data comes the need for the FDA and sponsors to consider,
and account for, the degree to which open-label bias influences oncology trial PROs.

Some stakeholders at the meeting cast doubt on the idea that PRO data from open-label trials are inherently
biased. They noted that even in blinded oncology studies, patients can be inadvertently unblinded due to drug
toxicities. In addition, there can be bias in clinician reporting of symptoms and adverse events, and those
reports are not always in line with the patient’s actual experience.

“My belief, based on the available published data, is that in the setting of
oncology trials, unblinding or knowledge of treatment arm allocation or
an open-label study does not meaningfully impact or influence patient
reporting of PROs.” – University of North Carolina’s Ethan Basch

“My belief, based on the available published data, is that in the setting of oncology trials, unblinding or
knowledge of treatment arm allocation or an open-label study does not meaningfully impact or influence
patient reporting of PROs,” said Ethan Basch, chief of oncology at University of North Carolina. “It is my belief
based on … the available evidence that we shouldn't be worrying about this anymore, and that the patient voice
should be considered valid and meaningful in any context, whether that's looking at comparative efficacy,
comparative tolerability or at descriptive tolerability.”

Basch said PROs should be included in all cancer trials related to drug development, at the very least to provide
descriptive information about a drug’s tolerability. Descriptive tolerability is essentially asking patients or
investigators to report on adverse events, and then reporting that information descriptively, without statistical
testing, he said.

In contrast, comparative tolerability is a higher bar. “It's taking a tolerability endpoint, but looking at it using
statistical testing and methodological rigor to try to delineate between study arms,” Basch said.

He suggested that any cancer clinical trial where the Common Terminology Criteria for Adverse Events
(CTCAE) is used for clinician-reported AEs, the patient-reported outcomes version of the instrument (PRO-
CTCAE) or another PRO tool that captures adverse events also should be applied. “Without including a PRO
tool for capturing adverse events and only using CTCAE or investigator reporting, we will have an inadequate
understanding of the tolerability of that product,” Basch said.

Decreasing Regulatory Risk
Martha Donoghue, deputy director for the Division of Oncology 2 and OCE’s acting associate director for
pediatric and rare cancer drug development, said PRO data can provide much-needed context to clinician-
reported data.

“Our approach at the FDA to using PRO data in our review processes has evolved over the past several years,”
Donoghue said. “In general, when we receive PRO data that are rigorously collected and using the appropriate
instruments … we do consider these data as part of our overall risk-benefit assessment when we're reviewing
the application to help us in our evaluation and determination of whether the benefits of the drug outweigh
the risks to the patient.”

This is the case regardless of whether the PRO data come from trials that are open-label, truly blinded or
inadvertently unblinded, she said.

“When we as regulators are looking at an application and we see a safety
signal, if we don't have complementary patient information to help us
interpret that safety signal, oftentimes we're going to be more
conservative in our assessment of how likely that is to impact patients.” –
FDA’s Martha Donoghue

Donoghue was asked whether collecting PRO data in open-label trials increases or decreases regulatory risk.

“For me, regulatory risk means what is the risk that when we're making a decision about whether or not to
approve a drug, that we're making the wrong decision based upon inaccurate information or incomplete
information,” she said. “If that is the definition of regulatory risk, then I would say that collection of patient-
reported outcomes data from open-label trials decreases regulatory risk, because it gives us that opportunity to
learn, have a more complete picture of the patient experience. What is this drug actually doing? How is it
affecting the patient?”

She also suggested that well-collected PRO data can help put a potentially concerning safety signal into
context.

“I think the other risk is that when we as regulators are looking at an application and we see a safety signal, if
we don't have complementary patient information to help us interpret that safety signal, oftentimes we're
going to be more conservative in our assessment of how likely that is to impact patients,” she said. “Hearing
about what the patient's take is regarding that particular adverse event would be really helpful to us and I think
be more likely to result in a more favorable assessment if we feel more confident that we're getting the full
picture regarding certain big safety signals that can come up during drug development.”

How PRO data are used for a given drug application also influences the level of scrutiny reviewers pay in terms
of determining whether there is bias.

When thinking about use of PRO data for tolerability, there is less concern about the impact of any open-label
bias, she said. “Whereas if that PRO data is being used to actually support drug effectiveness in a labeling
claim, then certainly I would pay a higher degree of scrutiny and want to have a better understanding to what
extent, if any, bias might be playing into the assessment of that endpoint.”

Study Design And Analytical Considerations
FDA staff laid out an array of study designs and elements that can help to mitigate bias in PRO data from open-
label trials, as well as analytical approaches to assess the impact of any bias.

Selena Daniels, team leader in the Division of Clinical Outcome Assessment, said use of entry or exit
interviews or surveys could help determine if PRO data coming out of a trial might be biased.

“Entry interviews or surveys could be used to assess patients’ expectations with a study treatment prior to the
clinical trial, whereas exit interviews or surveys could be used to explore whether patients’ knowledge of their
treatment assignment affect their responses to the PRO measures,” Daniels said, adding that such interviews or
surveys could function as a potential quality control mechanism.

“Another approach may be to include an instrument within the study that measures a concept that you may not
expect to improve … and examine those responses,” she said.

Entry and exit interviews or surveys could function as a potential quality
control check for PRO responses, FDA’s Selena Daniels said.

Findings on other endpoints, or sensitivity or subgroup analyses, that are consistent with the PRO results also
can help to rule out any bias, Daniels said. “For example, sometimes we see sponsors assessing pain intensity,
and when we see reduction in pain intensity sometimes that is further supported by seeing reduced analgesic
use.”

Along those lines, PRO data could be compared with results from other clinical outcome assessments that are
less subjective, such as performance outcome assessments or digital health technology readings, she said.

“Additionally, one can explore measuring other aspects of a concept, for instance, assessing both symptom
intensity and symptom frequency if these are important attributes for a particular indication and we expect
them to improve and then comparing these results to see if there's any differences between those two
endpoints,” Daniels said.

Daniels also suggested looking at the patterns of patients' response. “For example, examining temporal
patterns and how it holds against a drug’s mechanism of action, or even pharmacokinetic and
pharmacodynamic profile. In other words, would we actually expect that PRO response at that timepoint for
that particular drug product?”

Another study design approach, if feasible and ethical, would be to include a randomized withdrawal phase,
whereby patients who are considered responders are re-randomized to continue treatment or to placebo or
best supportive care. Patient symptoms would be assessed after re-randomization to look for changes in
symptom assessment responses, she said.

Mallorie Fiero, lead mathematical statistician in the Office of Biostatistics, said another approach to evaluating
bias is to have a double-blind phase followed by an open-label extension. This would allow for an assessment
of whether PRO results differ based upon blinding, she said.

Fiero said that when she is reviewing PRO data from oncology trials and trying to assess the degree of bias,
“one of the main things that we might first look at is patient attrition, because in open-label studies one
concern could be that once patients are unblinded to their treatment, that they could be withdrawing consent
at a faster rate for the control arm compared to the treatment arm, and something like this would impact how
we would interpret patient-reported outcomes.”

Furthermore, if the investigational drug demonstrates a large treatment effect, this may mitigate any concerns
about open-label bias with the PRO data, Fiero said.

GVHD Case Studies
In the case of three treatments for chronic graft-versus-host disease, having clinician-reported efficacy
assessments that complemented patient-reported data eased agency reviewers’ concerns about potential bias
in the open-label trials, said Angelo de Claro, director of the Division of Hematologic Malignancies 1.

De Claro review the FDA’s approvals of three cGVHD treatments: Pharmacyclics, Inc.'s Imbruvica (ibrutinib) in
2017, and Incyte Corporation’s Jakafi (ruxolitinib) and Kadmon Pharmaceuticals’ Rezurock (belumosudil) in
2021. All three drugs were approved on the basis of clinician-assessed overall response rates ranging from
67%-75% in open-label trials.

The primary efficacy endpoints were supported by PRO data using the cGVHD Lee Symptom Scale score, or a
modified version of the instrument. A clinically relevant decrease in the score was achieved by 24%-52% of
patients across the studies.

The open-label label nature of the studies did create a concern for the review teams about potential bias in
PRO reporting, de Claro said. However, factors that facilitated the use of PRO efficacy data for these drugs
included: the availability of a clinician-assessed response endpoint; an established PRO instrument;
prespecified timepoints for PRO data collection and a prespecified analysis plan; and experience across
multiple approvals.

Having a complementary clinician assessment that generally moved in the same direction as the PRO data
“provided assurance that what was being reported by the patients was also being observed by clinicians,” de
Claro said. “I think these sort of cross-check each other and also provide you a better context of the treatment
effect from an efficacy perspective.”

De Claro noted that the PRO endpoint response rates were actually lower than the clinician-assessed responses
for the same disease, mitigating any concern that the patient outcome measures were over-estimating the
treatment effect.

“I think it's how you set up the analyses. Initially we had multiple internal discussions like should we do this?
And I think looking back, it's good that we did because I think this has helped further develop the field,” de
Claro said. “We have high-quality data that we're able to review and share experience with [and] see how this
could be applied in other settings.”

TAGS: Drug Review  Clinical Trials  Regulation SHARE

22 Jul 2022 NEWS

@PinkSheetSutter

EVEN IN AN OPEN-LABEL TRIALS, PATIENTS SHOULD BE ASKED ABOUT THEIR

EXPERIENCE WITH A CANCER DRUG.

Source: Shutterstock

ASK THE ANALYST EMAIL PRINT BOOKMARK 

Latest News

New EU Rules Imminent
On Joint Procurement Of
Vaccines & Drugs In
Health Crises

07 Oct 2022

Transferable Exclusivity
Extension Vouchers Are
Viable In Europe, But Back
Up Required

07 Oct 2022

Covis, CDER Lay Out
Arguments Ahead Of
Makena’s Accelerated
Approval Withdrawal
Hearing

06 Oct 2022

FDA Vaccine Advisors Put
Manufacturers On Notice:
New Flu Vax Licensing
Requirements May Be
Coming

06 Oct 2022

SEE ALL

Biomedtracker Datamonitor Healthcare

Meddevicetracker Pharmapremia

Pharmaprojects Report Store

Sitetrove Trialtrove

OTHER PUBLICATIONS

Generics Bulletin

HBW Insight

In Vivo

Medtech Insight

Scrip

OTHER PHARMA & HEALTHCARE PRODUCTS

Home Terms and Conditions Privacy Policy

CCPA Do Not Sell My Personal Information

Copyright © 2022 Pharma Intelligence UK Limited. Pharma Intelligence UK Limited is a company registered in England and Wales with company
number 13787459 whose registered oace is Suite 1, 3rd Floor 11 -12 St. James's Square, London, England, SW1Y 4LB. Pharma Intelligence UK

Limited is part of the Pharma Intelligence Group.

FOLLOW US ON SOCIAL MEDIA

! " # $ !

Patient-Reported Outcomes: 
Open-Label Trials Can Be Designed 
To Minimize Bias, US FDA Says



BREAST CANCER AWARENESS MONTH

29

Patient-Reported Outcomes: Open-Label Trials Can
Be Designed To Minimize Bias, US FDA Says

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

With the expectation for increasing amounts of patient experience data comes the need for the
FDA and sponsors to consider, and account for, the degree to which open-label bias influences
oncology trial PROs; agency staff suggest trial design elements and analytic approaches for dealing
with bias at a meeting on cancer clinical outcomes assessments.

Open-label studies may carry a risk of potential bias in patient-reported outcomes. However, this should not
preclude PRO data collection in open-label cancer drug studies, and there are designs and analytic approaches
to identify and minimize bias in such data, US Food and Drug Administration staff and other experts said at a
29 June meeting.

The agency’s seventh annual clinical outcomes assessment in cancer clinical trials workshop focused on use of
PROs in open-label trials. Although open-label or single-arm designs are frequently used in the cancer setting,
such approaches can create the potential for biased PRO data because patients know they are receiving an
investigational drug.

Nevertheless, in this era of patient-focused drug development, the FDA’s Oncology Center of Excellence has
been pushing sponsors to systematically collect patient experience data in various types of cancer drug studies.

In a June 2021 guidance, the FDA described five core types of PRO data that sponsors should collect in
registrational trials for anti-cancer therapies intended to demonstrate an effect on survival, tumor response or
delay progression. (Also see "Cancer Trials: Patient-Reported Outcomes Should Measure Five Core Concepts,
US FDA Says" - Pink Sheet, 9 Jun, 2021.)

In addition, OCE, under the Project Optimus initiative, is encouraging use of PROs in earlier stage studies to
better inform dose selection and optimization.  (Also see "Build Patient-Reported Outcomes Into Cancer Drug
Dose Optimization, US FDA Says" - Pink Sheet, 9 May, 2022.)

Over the last 10 years, there have been 13 examples of PROs included in oncology drug labeling, said Vishal
Bhatnagar, OCE’s associate director for patient outcomes. However, the FDA expects to received increasing
amounts of patient-reported symptom and function data collected from open-label trials because of initiatives
like Project Optimus, he said.

Important To Hear The Patient Voice
With the expectation for increasing amounts of PRO data comes the need for the FDA and sponsors to consider,
and account for, the degree to which open-label bias influences oncology trial PROs.

Some stakeholders at the meeting cast doubt on the idea that PRO data from open-label trials are inherently
biased. They noted that even in blinded oncology studies, patients can be inadvertently unblinded due to drug
toxicities. In addition, there can be bias in clinician reporting of symptoms and adverse events, and those
reports are not always in line with the patient’s actual experience.

“My belief, based on the available published data, is that in the setting of
oncology trials, unblinding or knowledge of treatment arm allocation or
an open-label study does not meaningfully impact or influence patient
reporting of PROs.” – University of North Carolina’s Ethan Basch

“My belief, based on the available published data, is that in the setting of oncology trials, unblinding or
knowledge of treatment arm allocation or an open-label study does not meaningfully impact or influence
patient reporting of PROs,” said Ethan Basch, chief of oncology at University of North Carolina. “It is my belief
based on … the available evidence that we shouldn't be worrying about this anymore, and that the patient voice
should be considered valid and meaningful in any context, whether that's looking at comparative efficacy,
comparative tolerability or at descriptive tolerability.”

Basch said PROs should be included in all cancer trials related to drug development, at the very least to provide
descriptive information about a drug’s tolerability. Descriptive tolerability is essentially asking patients or
investigators to report on adverse events, and then reporting that information descriptively, without statistical
testing, he said.

In contrast, comparative tolerability is a higher bar. “It's taking a tolerability endpoint, but looking at it using
statistical testing and methodological rigor to try to delineate between study arms,” Basch said.

He suggested that any cancer clinical trial where the Common Terminology Criteria for Adverse Events
(CTCAE) is used for clinician-reported AEs, the patient-reported outcomes version of the instrument (PRO-
CTCAE) or another PRO tool that captures adverse events also should be applied. “Without including a PRO
tool for capturing adverse events and only using CTCAE or investigator reporting, we will have an inadequate
understanding of the tolerability of that product,” Basch said.

Decreasing Regulatory Risk
Martha Donoghue, deputy director for the Division of Oncology 2 and OCE’s acting associate director for
pediatric and rare cancer drug development, said PRO data can provide much-needed context to clinician-
reported data.

“Our approach at the FDA to using PRO data in our review processes has evolved over the past several years,”
Donoghue said. “In general, when we receive PRO data that are rigorously collected and using the appropriate
instruments … we do consider these data as part of our overall risk-benefit assessment when we're reviewing
the application to help us in our evaluation and determination of whether the benefits of the drug outweigh
the risks to the patient.”

This is the case regardless of whether the PRO data come from trials that are open-label, truly blinded or
inadvertently unblinded, she said.

“When we as regulators are looking at an application and we see a safety
signal, if we don't have complementary patient information to help us
interpret that safety signal, oftentimes we're going to be more
conservative in our assessment of how likely that is to impact patients.” –
FDA’s Martha Donoghue

Donoghue was asked whether collecting PRO data in open-label trials increases or decreases regulatory risk.

“For me, regulatory risk means what is the risk that when we're making a decision about whether or not to
approve a drug, that we're making the wrong decision based upon inaccurate information or incomplete
information,” she said. “If that is the definition of regulatory risk, then I would say that collection of patient-
reported outcomes data from open-label trials decreases regulatory risk, because it gives us that opportunity to
learn, have a more complete picture of the patient experience. What is this drug actually doing? How is it
affecting the patient?”

She also suggested that well-collected PRO data can help put a potentially concerning safety signal into
context.

“I think the other risk is that when we as regulators are looking at an application and we see a safety signal, if
we don't have complementary patient information to help us interpret that safety signal, oftentimes we're
going to be more conservative in our assessment of how likely that is to impact patients,” she said. “Hearing
about what the patient's take is regarding that particular adverse event would be really helpful to us and I think
be more likely to result in a more favorable assessment if we feel more confident that we're getting the full
picture regarding certain big safety signals that can come up during drug development.”

How PRO data are used for a given drug application also influences the level of scrutiny reviewers pay in terms
of determining whether there is bias.

When thinking about use of PRO data for tolerability, there is less concern about the impact of any open-label
bias, she said. “Whereas if that PRO data is being used to actually support drug effectiveness in a labeling
claim, then certainly I would pay a higher degree of scrutiny and want to have a better understanding to what
extent, if any, bias might be playing into the assessment of that endpoint.”

Study Design And Analytical Considerations
FDA staff laid out an array of study designs and elements that can help to mitigate bias in PRO data from open-
label trials, as well as analytical approaches to assess the impact of any bias.

Selena Daniels, team leader in the Division of Clinical Outcome Assessment, said use of entry or exit
interviews or surveys could help determine if PRO data coming out of a trial might be biased.

“Entry interviews or surveys could be used to assess patients’ expectations with a study treatment prior to the
clinical trial, whereas exit interviews or surveys could be used to explore whether patients’ knowledge of their
treatment assignment affect their responses to the PRO measures,” Daniels said, adding that such interviews or
surveys could function as a potential quality control mechanism.

“Another approach may be to include an instrument within the study that measures a concept that you may not
expect to improve … and examine those responses,” she said.

Entry and exit interviews or surveys could function as a potential quality
control check for PRO responses, FDA’s Selena Daniels said.

Findings on other endpoints, or sensitivity or subgroup analyses, that are consistent with the PRO results also
can help to rule out any bias, Daniels said. “For example, sometimes we see sponsors assessing pain intensity,
and when we see reduction in pain intensity sometimes that is further supported by seeing reduced analgesic
use.”

Along those lines, PRO data could be compared with results from other clinical outcome assessments that are
less subjective, such as performance outcome assessments or digital health technology readings, she said.

“Additionally, one can explore measuring other aspects of a concept, for instance, assessing both symptom
intensity and symptom frequency if these are important attributes for a particular indication and we expect
them to improve and then comparing these results to see if there's any differences between those two
endpoints,” Daniels said.

Daniels also suggested looking at the patterns of patients' response. “For example, examining temporal
patterns and how it holds against a drug’s mechanism of action, or even pharmacokinetic and
pharmacodynamic profile. In other words, would we actually expect that PRO response at that timepoint for
that particular drug product?”

Another study design approach, if feasible and ethical, would be to include a randomized withdrawal phase,
whereby patients who are considered responders are re-randomized to continue treatment or to placebo or
best supportive care. Patient symptoms would be assessed after re-randomization to look for changes in
symptom assessment responses, she said.

Mallorie Fiero, lead mathematical statistician in the Office of Biostatistics, said another approach to evaluating
bias is to have a double-blind phase followed by an open-label extension. This would allow for an assessment
of whether PRO results differ based upon blinding, she said.

Fiero said that when she is reviewing PRO data from oncology trials and trying to assess the degree of bias,
“one of the main things that we might first look at is patient attrition, because in open-label studies one
concern could be that once patients are unblinded to their treatment, that they could be withdrawing consent
at a faster rate for the control arm compared to the treatment arm, and something like this would impact how
we would interpret patient-reported outcomes.”

Furthermore, if the investigational drug demonstrates a large treatment effect, this may mitigate any concerns
about open-label bias with the PRO data, Fiero said.

GVHD Case Studies
In the case of three treatments for chronic graft-versus-host disease, having clinician-reported efficacy
assessments that complemented patient-reported data eased agency reviewers’ concerns about potential bias
in the open-label trials, said Angelo de Claro, director of the Division of Hematologic Malignancies 1.

De Claro review the FDA’s approvals of three cGVHD treatments: Pharmacyclics, Inc.'s Imbruvica (ibrutinib) in
2017, and Incyte Corporation’s Jakafi (ruxolitinib) and Kadmon Pharmaceuticals’ Rezurock (belumosudil) in
2021. All three drugs were approved on the basis of clinician-assessed overall response rates ranging from
67%-75% in open-label trials.

The primary efficacy endpoints were supported by PRO data using the cGVHD Lee Symptom Scale score, or a
modified version of the instrument. A clinically relevant decrease in the score was achieved by 24%-52% of
patients across the studies.

The open-label label nature of the studies did create a concern for the review teams about potential bias in
PRO reporting, de Claro said. However, factors that facilitated the use of PRO efficacy data for these drugs
included: the availability of a clinician-assessed response endpoint; an established PRO instrument;
prespecified timepoints for PRO data collection and a prespecified analysis plan; and experience across
multiple approvals.

Having a complementary clinician assessment that generally moved in the same direction as the PRO data
“provided assurance that what was being reported by the patients was also being observed by clinicians,” de
Claro said. “I think these sort of cross-check each other and also provide you a better context of the treatment
effect from an efficacy perspective.”

De Claro noted that the PRO endpoint response rates were actually lower than the clinician-assessed responses
for the same disease, mitigating any concern that the patient outcome measures were over-estimating the
treatment effect.

“I think it's how you set up the analyses. Initially we had multiple internal discussions like should we do this?
And I think looking back, it's good that we did because I think this has helped further develop the field,” de
Claro said. “We have high-quality data that we're able to review and share experience with [and] see how this
could be applied in other settings.”
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Patient-Reported Outcomes: Open-Label Trials Can
Be Designed To Minimize Bias, US FDA Says

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

With the expectation for increasing amounts of patient experience data comes the need for the
FDA and sponsors to consider, and account for, the degree to which open-label bias influences
oncology trial PROs; agency staff suggest trial design elements and analytic approaches for dealing
with bias at a meeting on cancer clinical outcomes assessments.

Open-label studies may carry a risk of potential bias in patient-reported outcomes. However, this should not
preclude PRO data collection in open-label cancer drug studies, and there are designs and analytic approaches
to identify and minimize bias in such data, US Food and Drug Administration staff and other experts said at a
29 June meeting.

The agency’s seventh annual clinical outcomes assessment in cancer clinical trials workshop focused on use of
PROs in open-label trials. Although open-label or single-arm designs are frequently used in the cancer setting,
such approaches can create the potential for biased PRO data because patients know they are receiving an
investigational drug.

Nevertheless, in this era of patient-focused drug development, the FDA’s Oncology Center of Excellence has
been pushing sponsors to systematically collect patient experience data in various types of cancer drug studies.

In a June 2021 guidance, the FDA described five core types of PRO data that sponsors should collect in
registrational trials for anti-cancer therapies intended to demonstrate an effect on survival, tumor response or
delay progression. (Also see "Cancer Trials: Patient-Reported Outcomes Should Measure Five Core Concepts,
US FDA Says" - Pink Sheet, 9 Jun, 2021.)

In addition, OCE, under the Project Optimus initiative, is encouraging use of PROs in earlier stage studies to
better inform dose selection and optimization.  (Also see "Build Patient-Reported Outcomes Into Cancer Drug
Dose Optimization, US FDA Says" - Pink Sheet, 9 May, 2022.)

Over the last 10 years, there have been 13 examples of PROs included in oncology drug labeling, said Vishal
Bhatnagar, OCE’s associate director for patient outcomes. However, the FDA expects to received increasing
amounts of patient-reported symptom and function data collected from open-label trials because of initiatives
like Project Optimus, he said.

Important To Hear The Patient Voice
With the expectation for increasing amounts of PRO data comes the need for the FDA and sponsors to consider,
and account for, the degree to which open-label bias influences oncology trial PROs.

Some stakeholders at the meeting cast doubt on the idea that PRO data from open-label trials are inherently
biased. They noted that even in blinded oncology studies, patients can be inadvertently unblinded due to drug
toxicities. In addition, there can be bias in clinician reporting of symptoms and adverse events, and those
reports are not always in line with the patient’s actual experience.

“My belief, based on the available published data, is that in the setting of
oncology trials, unblinding or knowledge of treatment arm allocation or
an open-label study does not meaningfully impact or influence patient
reporting of PROs.” – University of North Carolina’s Ethan Basch

“My belief, based on the available published data, is that in the setting of oncology trials, unblinding or
knowledge of treatment arm allocation or an open-label study does not meaningfully impact or influence
patient reporting of PROs,” said Ethan Basch, chief of oncology at University of North Carolina. “It is my belief
based on … the available evidence that we shouldn't be worrying about this anymore, and that the patient voice
should be considered valid and meaningful in any context, whether that's looking at comparative efficacy,
comparative tolerability or at descriptive tolerability.”

Basch said PROs should be included in all cancer trials related to drug development, at the very least to provide
descriptive information about a drug’s tolerability. Descriptive tolerability is essentially asking patients or
investigators to report on adverse events, and then reporting that information descriptively, without statistical
testing, he said.

In contrast, comparative tolerability is a higher bar. “It's taking a tolerability endpoint, but looking at it using
statistical testing and methodological rigor to try to delineate between study arms,” Basch said.

He suggested that any cancer clinical trial where the Common Terminology Criteria for Adverse Events
(CTCAE) is used for clinician-reported AEs, the patient-reported outcomes version of the instrument (PRO-
CTCAE) or another PRO tool that captures adverse events also should be applied. “Without including a PRO
tool for capturing adverse events and only using CTCAE or investigator reporting, we will have an inadequate
understanding of the tolerability of that product,” Basch said.

Decreasing Regulatory Risk
Martha Donoghue, deputy director for the Division of Oncology 2 and OCE’s acting associate director for
pediatric and rare cancer drug development, said PRO data can provide much-needed context to clinician-
reported data.

“Our approach at the FDA to using PRO data in our review processes has evolved over the past several years,”
Donoghue said. “In general, when we receive PRO data that are rigorously collected and using the appropriate
instruments … we do consider these data as part of our overall risk-benefit assessment when we're reviewing
the application to help us in our evaluation and determination of whether the benefits of the drug outweigh
the risks to the patient.”

This is the case regardless of whether the PRO data come from trials that are open-label, truly blinded or
inadvertently unblinded, she said.

“When we as regulators are looking at an application and we see a safety
signal, if we don't have complementary patient information to help us
interpret that safety signal, oftentimes we're going to be more
conservative in our assessment of how likely that is to impact patients.” –
FDA’s Martha Donoghue

Donoghue was asked whether collecting PRO data in open-label trials increases or decreases regulatory risk.

“For me, regulatory risk means what is the risk that when we're making a decision about whether or not to
approve a drug, that we're making the wrong decision based upon inaccurate information or incomplete
information,” she said. “If that is the definition of regulatory risk, then I would say that collection of patient-
reported outcomes data from open-label trials decreases regulatory risk, because it gives us that opportunity to
learn, have a more complete picture of the patient experience. What is this drug actually doing? How is it
affecting the patient?”

She also suggested that well-collected PRO data can help put a potentially concerning safety signal into
context.

“I think the other risk is that when we as regulators are looking at an application and we see a safety signal, if
we don't have complementary patient information to help us interpret that safety signal, oftentimes we're
going to be more conservative in our assessment of how likely that is to impact patients,” she said. “Hearing
about what the patient's take is regarding that particular adverse event would be really helpful to us and I think
be more likely to result in a more favorable assessment if we feel more confident that we're getting the full
picture regarding certain big safety signals that can come up during drug development.”

How PRO data are used for a given drug application also influences the level of scrutiny reviewers pay in terms
of determining whether there is bias.

When thinking about use of PRO data for tolerability, there is less concern about the impact of any open-label
bias, she said. “Whereas if that PRO data is being used to actually support drug effectiveness in a labeling
claim, then certainly I would pay a higher degree of scrutiny and want to have a better understanding to what
extent, if any, bias might be playing into the assessment of that endpoint.”

Study Design And Analytical Considerations
FDA staff laid out an array of study designs and elements that can help to mitigate bias in PRO data from open-
label trials, as well as analytical approaches to assess the impact of any bias.

Selena Daniels, team leader in the Division of Clinical Outcome Assessment, said use of entry or exit
interviews or surveys could help determine if PRO data coming out of a trial might be biased.

“Entry interviews or surveys could be used to assess patients’ expectations with a study treatment prior to the
clinical trial, whereas exit interviews or surveys could be used to explore whether patients’ knowledge of their
treatment assignment affect their responses to the PRO measures,” Daniels said, adding that such interviews or
surveys could function as a potential quality control mechanism.

“Another approach may be to include an instrument within the study that measures a concept that you may not
expect to improve … and examine those responses,” she said.

Entry and exit interviews or surveys could function as a potential quality
control check for PRO responses, FDA’s Selena Daniels said.

Findings on other endpoints, or sensitivity or subgroup analyses, that are consistent with the PRO results also
can help to rule out any bias, Daniels said. “For example, sometimes we see sponsors assessing pain intensity,
and when we see reduction in pain intensity sometimes that is further supported by seeing reduced analgesic
use.”

Along those lines, PRO data could be compared with results from other clinical outcome assessments that are
less subjective, such as performance outcome assessments or digital health technology readings, she said.

“Additionally, one can explore measuring other aspects of a concept, for instance, assessing both symptom
intensity and symptom frequency if these are important attributes for a particular indication and we expect
them to improve and then comparing these results to see if there's any differences between those two
endpoints,” Daniels said.

Daniels also suggested looking at the patterns of patients' response. “For example, examining temporal
patterns and how it holds against a drug’s mechanism of action, or even pharmacokinetic and
pharmacodynamic profile. In other words, would we actually expect that PRO response at that timepoint for
that particular drug product?”

Another study design approach, if feasible and ethical, would be to include a randomized withdrawal phase,
whereby patients who are considered responders are re-randomized to continue treatment or to placebo or
best supportive care. Patient symptoms would be assessed after re-randomization to look for changes in
symptom assessment responses, she said.

Mallorie Fiero, lead mathematical statistician in the Office of Biostatistics, said another approach to evaluating
bias is to have a double-blind phase followed by an open-label extension. This would allow for an assessment
of whether PRO results differ based upon blinding, she said.

Fiero said that when she is reviewing PRO data from oncology trials and trying to assess the degree of bias,
“one of the main things that we might first look at is patient attrition, because in open-label studies one
concern could be that once patients are unblinded to their treatment, that they could be withdrawing consent
at a faster rate for the control arm compared to the treatment arm, and something like this would impact how
we would interpret patient-reported outcomes.”

Furthermore, if the investigational drug demonstrates a large treatment effect, this may mitigate any concerns
about open-label bias with the PRO data, Fiero said.

GVHD Case Studies
In the case of three treatments for chronic graft-versus-host disease, having clinician-reported efficacy
assessments that complemented patient-reported data eased agency reviewers’ concerns about potential bias
in the open-label trials, said Angelo de Claro, director of the Division of Hematologic Malignancies 1.

De Claro review the FDA’s approvals of three cGVHD treatments: Pharmacyclics, Inc.'s Imbruvica (ibrutinib) in
2017, and Incyte Corporation’s Jakafi (ruxolitinib) and Kadmon Pharmaceuticals’ Rezurock (belumosudil) in
2021. All three drugs were approved on the basis of clinician-assessed overall response rates ranging from
67%-75% in open-label trials.

The primary efficacy endpoints were supported by PRO data using the cGVHD Lee Symptom Scale score, or a
modified version of the instrument. A clinically relevant decrease in the score was achieved by 24%-52% of
patients across the studies.

The open-label label nature of the studies did create a concern for the review teams about potential bias in
PRO reporting, de Claro said. However, factors that facilitated the use of PRO efficacy data for these drugs
included: the availability of a clinician-assessed response endpoint; an established PRO instrument;
prespecified timepoints for PRO data collection and a prespecified analysis plan; and experience across
multiple approvals.

Having a complementary clinician assessment that generally moved in the same direction as the PRO data
“provided assurance that what was being reported by the patients was also being observed by clinicians,” de
Claro said. “I think these sort of cross-check each other and also provide you a better context of the treatment
effect from an efficacy perspective.”

De Claro noted that the PRO endpoint response rates were actually lower than the clinician-assessed responses
for the same disease, mitigating any concern that the patient outcome measures were over-estimating the
treatment effect.

“I think it's how you set up the analyses. Initially we had multiple internal discussions like should we do this?
And I think looking back, it's good that we did because I think this has helped further develop the field,” de
Claro said. “We have high-quality data that we're able to review and share experience with [and] see how this
could be applied in other settings.”
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Patient-Reported Outcomes: Open-Label Trials Can
Be Designed To Minimize Bias, US FDA Says

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

With the expectation for increasing amounts of patient experience data comes the need for the
FDA and sponsors to consider, and account for, the degree to which open-label bias influences
oncology trial PROs; agency staff suggest trial design elements and analytic approaches for dealing
with bias at a meeting on cancer clinical outcomes assessments.

Open-label studies may carry a risk of potential bias in patient-reported outcomes. However, this should not
preclude PRO data collection in open-label cancer drug studies, and there are designs and analytic approaches
to identify and minimize bias in such data, US Food and Drug Administration staff and other experts said at a
29 June meeting.

The agency’s seventh annual clinical outcomes assessment in cancer clinical trials workshop focused on use of
PROs in open-label trials. Although open-label or single-arm designs are frequently used in the cancer setting,
such approaches can create the potential for biased PRO data because patients know they are receiving an
investigational drug.

Nevertheless, in this era of patient-focused drug development, the FDA’s Oncology Center of Excellence has
been pushing sponsors to systematically collect patient experience data in various types of cancer drug studies.

In a June 2021 guidance, the FDA described five core types of PRO data that sponsors should collect in
registrational trials for anti-cancer therapies intended to demonstrate an effect on survival, tumor response or
delay progression. (Also see "Cancer Trials: Patient-Reported Outcomes Should Measure Five Core Concepts,
US FDA Says" - Pink Sheet, 9 Jun, 2021.)

In addition, OCE, under the Project Optimus initiative, is encouraging use of PROs in earlier stage studies to
better inform dose selection and optimization.  (Also see "Build Patient-Reported Outcomes Into Cancer Drug
Dose Optimization, US FDA Says" - Pink Sheet, 9 May, 2022.)

Over the last 10 years, there have been 13 examples of PROs included in oncology drug labeling, said Vishal
Bhatnagar, OCE’s associate director for patient outcomes. However, the FDA expects to received increasing
amounts of patient-reported symptom and function data collected from open-label trials because of initiatives
like Project Optimus, he said.

Important To Hear The Patient Voice
With the expectation for increasing amounts of PRO data comes the need for the FDA and sponsors to consider,
and account for, the degree to which open-label bias influences oncology trial PROs.

Some stakeholders at the meeting cast doubt on the idea that PRO data from open-label trials are inherently
biased. They noted that even in blinded oncology studies, patients can be inadvertently unblinded due to drug
toxicities. In addition, there can be bias in clinician reporting of symptoms and adverse events, and those
reports are not always in line with the patient’s actual experience.

“My belief, based on the available published data, is that in the setting of
oncology trials, unblinding or knowledge of treatment arm allocation or
an open-label study does not meaningfully impact or influence patient
reporting of PROs.” – University of North Carolina’s Ethan Basch

“My belief, based on the available published data, is that in the setting of oncology trials, unblinding or
knowledge of treatment arm allocation or an open-label study does not meaningfully impact or influence
patient reporting of PROs,” said Ethan Basch, chief of oncology at University of North Carolina. “It is my belief
based on … the available evidence that we shouldn't be worrying about this anymore, and that the patient voice
should be considered valid and meaningful in any context, whether that's looking at comparative efficacy,
comparative tolerability or at descriptive tolerability.”

Basch said PROs should be included in all cancer trials related to drug development, at the very least to provide
descriptive information about a drug’s tolerability. Descriptive tolerability is essentially asking patients or
investigators to report on adverse events, and then reporting that information descriptively, without statistical
testing, he said.

In contrast, comparative tolerability is a higher bar. “It's taking a tolerability endpoint, but looking at it using
statistical testing and methodological rigor to try to delineate between study arms,” Basch said.

He suggested that any cancer clinical trial where the Common Terminology Criteria for Adverse Events
(CTCAE) is used for clinician-reported AEs, the patient-reported outcomes version of the instrument (PRO-
CTCAE) or another PRO tool that captures adverse events also should be applied. “Without including a PRO
tool for capturing adverse events and only using CTCAE or investigator reporting, we will have an inadequate
understanding of the tolerability of that product,” Basch said.

Decreasing Regulatory Risk
Martha Donoghue, deputy director for the Division of Oncology 2 and OCE’s acting associate director for
pediatric and rare cancer drug development, said PRO data can provide much-needed context to clinician-
reported data.

“Our approach at the FDA to using PRO data in our review processes has evolved over the past several years,”
Donoghue said. “In general, when we receive PRO data that are rigorously collected and using the appropriate
instruments … we do consider these data as part of our overall risk-benefit assessment when we're reviewing
the application to help us in our evaluation and determination of whether the benefits of the drug outweigh
the risks to the patient.”

This is the case regardless of whether the PRO data come from trials that are open-label, truly blinded or
inadvertently unblinded, she said.

“When we as regulators are looking at an application and we see a safety
signal, if we don't have complementary patient information to help us
interpret that safety signal, oftentimes we're going to be more
conservative in our assessment of how likely that is to impact patients.” –
FDA’s Martha Donoghue

Donoghue was asked whether collecting PRO data in open-label trials increases or decreases regulatory risk.

“For me, regulatory risk means what is the risk that when we're making a decision about whether or not to
approve a drug, that we're making the wrong decision based upon inaccurate information or incomplete
information,” she said. “If that is the definition of regulatory risk, then I would say that collection of patient-
reported outcomes data from open-label trials decreases regulatory risk, because it gives us that opportunity to
learn, have a more complete picture of the patient experience. What is this drug actually doing? How is it
affecting the patient?”

She also suggested that well-collected PRO data can help put a potentially concerning safety signal into
context.

“I think the other risk is that when we as regulators are looking at an application and we see a safety signal, if
we don't have complementary patient information to help us interpret that safety signal, oftentimes we're
going to be more conservative in our assessment of how likely that is to impact patients,” she said. “Hearing
about what the patient's take is regarding that particular adverse event would be really helpful to us and I think
be more likely to result in a more favorable assessment if we feel more confident that we're getting the full
picture regarding certain big safety signals that can come up during drug development.”

How PRO data are used for a given drug application also influences the level of scrutiny reviewers pay in terms
of determining whether there is bias.

When thinking about use of PRO data for tolerability, there is less concern about the impact of any open-label
bias, she said. “Whereas if that PRO data is being used to actually support drug effectiveness in a labeling
claim, then certainly I would pay a higher degree of scrutiny and want to have a better understanding to what
extent, if any, bias might be playing into the assessment of that endpoint.”

Study Design And Analytical Considerations
FDA staff laid out an array of study designs and elements that can help to mitigate bias in PRO data from open-
label trials, as well as analytical approaches to assess the impact of any bias.

Selena Daniels, team leader in the Division of Clinical Outcome Assessment, said use of entry or exit
interviews or surveys could help determine if PRO data coming out of a trial might be biased.

“Entry interviews or surveys could be used to assess patients’ expectations with a study treatment prior to the
clinical trial, whereas exit interviews or surveys could be used to explore whether patients’ knowledge of their
treatment assignment affect their responses to the PRO measures,” Daniels said, adding that such interviews or
surveys could function as a potential quality control mechanism.

“Another approach may be to include an instrument within the study that measures a concept that you may not
expect to improve … and examine those responses,” she said.

Entry and exit interviews or surveys could function as a potential quality
control check for PRO responses, FDA’s Selena Daniels said.

Findings on other endpoints, or sensitivity or subgroup analyses, that are consistent with the PRO results also
can help to rule out any bias, Daniels said. “For example, sometimes we see sponsors assessing pain intensity,
and when we see reduction in pain intensity sometimes that is further supported by seeing reduced analgesic
use.”

Along those lines, PRO data could be compared with results from other clinical outcome assessments that are
less subjective, such as performance outcome assessments or digital health technology readings, she said.

“Additionally, one can explore measuring other aspects of a concept, for instance, assessing both symptom
intensity and symptom frequency if these are important attributes for a particular indication and we expect
them to improve and then comparing these results to see if there's any differences between those two
endpoints,” Daniels said.

Daniels also suggested looking at the patterns of patients' response. “For example, examining temporal
patterns and how it holds against a drug’s mechanism of action, or even pharmacokinetic and
pharmacodynamic profile. In other words, would we actually expect that PRO response at that timepoint for
that particular drug product?”

Another study design approach, if feasible and ethical, would be to include a randomized withdrawal phase,
whereby patients who are considered responders are re-randomized to continue treatment or to placebo or
best supportive care. Patient symptoms would be assessed after re-randomization to look for changes in
symptom assessment responses, she said.

Mallorie Fiero, lead mathematical statistician in the Office of Biostatistics, said another approach to evaluating
bias is to have a double-blind phase followed by an open-label extension. This would allow for an assessment
of whether PRO results differ based upon blinding, she said.

Fiero said that when she is reviewing PRO data from oncology trials and trying to assess the degree of bias,
“one of the main things that we might first look at is patient attrition, because in open-label studies one
concern could be that once patients are unblinded to their treatment, that they could be withdrawing consent
at a faster rate for the control arm compared to the treatment arm, and something like this would impact how
we would interpret patient-reported outcomes.”

Furthermore, if the investigational drug demonstrates a large treatment effect, this may mitigate any concerns
about open-label bias with the PRO data, Fiero said.

GVHD Case Studies
In the case of three treatments for chronic graft-versus-host disease, having clinician-reported efficacy
assessments that complemented patient-reported data eased agency reviewers’ concerns about potential bias
in the open-label trials, said Angelo de Claro, director of the Division of Hematologic Malignancies 1.

De Claro review the FDA’s approvals of three cGVHD treatments: Pharmacyclics, Inc.'s Imbruvica (ibrutinib) in
2017, and Incyte Corporation’s Jakafi (ruxolitinib) and Kadmon Pharmaceuticals’ Rezurock (belumosudil) in
2021. All three drugs were approved on the basis of clinician-assessed overall response rates ranging from
67%-75% in open-label trials.

The primary efficacy endpoints were supported by PRO data using the cGVHD Lee Symptom Scale score, or a
modified version of the instrument. A clinically relevant decrease in the score was achieved by 24%-52% of
patients across the studies.

The open-label label nature of the studies did create a concern for the review teams about potential bias in
PRO reporting, de Claro said. However, factors that facilitated the use of PRO efficacy data for these drugs
included: the availability of a clinician-assessed response endpoint; an established PRO instrument;
prespecified timepoints for PRO data collection and a prespecified analysis plan; and experience across
multiple approvals.

Having a complementary clinician assessment that generally moved in the same direction as the PRO data
“provided assurance that what was being reported by the patients was also being observed by clinicians,” de
Claro said. “I think these sort of cross-check each other and also provide you a better context of the treatment
effect from an efficacy perspective.”

De Claro noted that the PRO endpoint response rates were actually lower than the clinician-assessed responses
for the same disease, mitigating any concern that the patient outcome measures were over-estimating the
treatment effect.

“I think it's how you set up the analyses. Initially we had multiple internal discussions like should we do this?
And I think looking back, it's good that we did because I think this has helped further develop the field,” de
Claro said. “We have high-quality data that we're able to review and share experience with [and] see how this
could be applied in other settings.”
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Patient-Reported Outcomes: Open-Label Trials Can
Be Designed To Minimize Bias, US FDA Says

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

With the expectation for increasing amounts of patient experience data comes the need for the
FDA and sponsors to consider, and account for, the degree to which open-label bias influences
oncology trial PROs; agency staff suggest trial design elements and analytic approaches for dealing
with bias at a meeting on cancer clinical outcomes assessments.

Open-label studies may carry a risk of potential bias in patient-reported outcomes. However, this should not
preclude PRO data collection in open-label cancer drug studies, and there are designs and analytic approaches
to identify and minimize bias in such data, US Food and Drug Administration staff and other experts said at a
29 June meeting.

The agency’s seventh annual clinical outcomes assessment in cancer clinical trials workshop focused on use of
PROs in open-label trials. Although open-label or single-arm designs are frequently used in the cancer setting,
such approaches can create the potential for biased PRO data because patients know they are receiving an
investigational drug.

Nevertheless, in this era of patient-focused drug development, the FDA’s Oncology Center of Excellence has
been pushing sponsors to systematically collect patient experience data in various types of cancer drug studies.

In a June 2021 guidance, the FDA described five core types of PRO data that sponsors should collect in
registrational trials for anti-cancer therapies intended to demonstrate an effect on survival, tumor response or
delay progression. (Also see "Cancer Trials: Patient-Reported Outcomes Should Measure Five Core Concepts,
US FDA Says" - Pink Sheet, 9 Jun, 2021.)

In addition, OCE, under the Project Optimus initiative, is encouraging use of PROs in earlier stage studies to
better inform dose selection and optimization.  (Also see "Build Patient-Reported Outcomes Into Cancer Drug
Dose Optimization, US FDA Says" - Pink Sheet, 9 May, 2022.)

Over the last 10 years, there have been 13 examples of PROs included in oncology drug labeling, said Vishal
Bhatnagar, OCE’s associate director for patient outcomes. However, the FDA expects to received increasing
amounts of patient-reported symptom and function data collected from open-label trials because of initiatives
like Project Optimus, he said.

Important To Hear The Patient Voice
With the expectation for increasing amounts of PRO data comes the need for the FDA and sponsors to consider,
and account for, the degree to which open-label bias influences oncology trial PROs.

Some stakeholders at the meeting cast doubt on the idea that PRO data from open-label trials are inherently
biased. They noted that even in blinded oncology studies, patients can be inadvertently unblinded due to drug
toxicities. In addition, there can be bias in clinician reporting of symptoms and adverse events, and those
reports are not always in line with the patient’s actual experience.

“My belief, based on the available published data, is that in the setting of
oncology trials, unblinding or knowledge of treatment arm allocation or
an open-label study does not meaningfully impact or influence patient
reporting of PROs.” – University of North Carolina’s Ethan Basch

“My belief, based on the available published data, is that in the setting of oncology trials, unblinding or
knowledge of treatment arm allocation or an open-label study does not meaningfully impact or influence
patient reporting of PROs,” said Ethan Basch, chief of oncology at University of North Carolina. “It is my belief
based on … the available evidence that we shouldn't be worrying about this anymore, and that the patient voice
should be considered valid and meaningful in any context, whether that's looking at comparative efficacy,
comparative tolerability or at descriptive tolerability.”

Basch said PROs should be included in all cancer trials related to drug development, at the very least to provide
descriptive information about a drug’s tolerability. Descriptive tolerability is essentially asking patients or
investigators to report on adverse events, and then reporting that information descriptively, without statistical
testing, he said.

In contrast, comparative tolerability is a higher bar. “It's taking a tolerability endpoint, but looking at it using
statistical testing and methodological rigor to try to delineate between study arms,” Basch said.

He suggested that any cancer clinical trial where the Common Terminology Criteria for Adverse Events
(CTCAE) is used for clinician-reported AEs, the patient-reported outcomes version of the instrument (PRO-
CTCAE) or another PRO tool that captures adverse events also should be applied. “Without including a PRO
tool for capturing adverse events and only using CTCAE or investigator reporting, we will have an inadequate
understanding of the tolerability of that product,” Basch said.

Decreasing Regulatory Risk
Martha Donoghue, deputy director for the Division of Oncology 2 and OCE’s acting associate director for
pediatric and rare cancer drug development, said PRO data can provide much-needed context to clinician-
reported data.

“Our approach at the FDA to using PRO data in our review processes has evolved over the past several years,”
Donoghue said. “In general, when we receive PRO data that are rigorously collected and using the appropriate
instruments … we do consider these data as part of our overall risk-benefit assessment when we're reviewing
the application to help us in our evaluation and determination of whether the benefits of the drug outweigh
the risks to the patient.”

This is the case regardless of whether the PRO data come from trials that are open-label, truly blinded or
inadvertently unblinded, she said.

“When we as regulators are looking at an application and we see a safety
signal, if we don't have complementary patient information to help us
interpret that safety signal, oftentimes we're going to be more
conservative in our assessment of how likely that is to impact patients.” –
FDA’s Martha Donoghue

Donoghue was asked whether collecting PRO data in open-label trials increases or decreases regulatory risk.

“For me, regulatory risk means what is the risk that when we're making a decision about whether or not to
approve a drug, that we're making the wrong decision based upon inaccurate information or incomplete
information,” she said. “If that is the definition of regulatory risk, then I would say that collection of patient-
reported outcomes data from open-label trials decreases regulatory risk, because it gives us that opportunity to
learn, have a more complete picture of the patient experience. What is this drug actually doing? How is it
affecting the patient?”

She also suggested that well-collected PRO data can help put a potentially concerning safety signal into
context.

“I think the other risk is that when we as regulators are looking at an application and we see a safety signal, if
we don't have complementary patient information to help us interpret that safety signal, oftentimes we're
going to be more conservative in our assessment of how likely that is to impact patients,” she said. “Hearing
about what the patient's take is regarding that particular adverse event would be really helpful to us and I think
be more likely to result in a more favorable assessment if we feel more confident that we're getting the full
picture regarding certain big safety signals that can come up during drug development.”

How PRO data are used for a given drug application also influences the level of scrutiny reviewers pay in terms
of determining whether there is bias.

When thinking about use of PRO data for tolerability, there is less concern about the impact of any open-label
bias, she said. “Whereas if that PRO data is being used to actually support drug effectiveness in a labeling
claim, then certainly I would pay a higher degree of scrutiny and want to have a better understanding to what
extent, if any, bias might be playing into the assessment of that endpoint.”

Study Design And Analytical Considerations
FDA staff laid out an array of study designs and elements that can help to mitigate bias in PRO data from open-
label trials, as well as analytical approaches to assess the impact of any bias.

Selena Daniels, team leader in the Division of Clinical Outcome Assessment, said use of entry or exit
interviews or surveys could help determine if PRO data coming out of a trial might be biased.

“Entry interviews or surveys could be used to assess patients’ expectations with a study treatment prior to the
clinical trial, whereas exit interviews or surveys could be used to explore whether patients’ knowledge of their
treatment assignment affect their responses to the PRO measures,” Daniels said, adding that such interviews or
surveys could function as a potential quality control mechanism.

“Another approach may be to include an instrument within the study that measures a concept that you may not
expect to improve … and examine those responses,” she said.

Entry and exit interviews or surveys could function as a potential quality
control check for PRO responses, FDA’s Selena Daniels said.

Findings on other endpoints, or sensitivity or subgroup analyses, that are consistent with the PRO results also
can help to rule out any bias, Daniels said. “For example, sometimes we see sponsors assessing pain intensity,
and when we see reduction in pain intensity sometimes that is further supported by seeing reduced analgesic
use.”

Along those lines, PRO data could be compared with results from other clinical outcome assessments that are
less subjective, such as performance outcome assessments or digital health technology readings, she said.

“Additionally, one can explore measuring other aspects of a concept, for instance, assessing both symptom
intensity and symptom frequency if these are important attributes for a particular indication and we expect
them to improve and then comparing these results to see if there's any differences between those two
endpoints,” Daniels said.

Daniels also suggested looking at the patterns of patients' response. “For example, examining temporal
patterns and how it holds against a drug’s mechanism of action, or even pharmacokinetic and
pharmacodynamic profile. In other words, would we actually expect that PRO response at that timepoint for
that particular drug product?”

Another study design approach, if feasible and ethical, would be to include a randomized withdrawal phase,
whereby patients who are considered responders are re-randomized to continue treatment or to placebo or
best supportive care. Patient symptoms would be assessed after re-randomization to look for changes in
symptom assessment responses, she said.

Mallorie Fiero, lead mathematical statistician in the Office of Biostatistics, said another approach to evaluating
bias is to have a double-blind phase followed by an open-label extension. This would allow for an assessment
of whether PRO results differ based upon blinding, she said.

Fiero said that when she is reviewing PRO data from oncology trials and trying to assess the degree of bias,
“one of the main things that we might first look at is patient attrition, because in open-label studies one
concern could be that once patients are unblinded to their treatment, that they could be withdrawing consent
at a faster rate for the control arm compared to the treatment arm, and something like this would impact how
we would interpret patient-reported outcomes.”

Furthermore, if the investigational drug demonstrates a large treatment effect, this may mitigate any concerns
about open-label bias with the PRO data, Fiero said.

GVHD Case Studies
In the case of three treatments for chronic graft-versus-host disease, having clinician-reported efficacy
assessments that complemented patient-reported data eased agency reviewers’ concerns about potential bias
in the open-label trials, said Angelo de Claro, director of the Division of Hematologic Malignancies 1.

De Claro review the FDA’s approvals of three cGVHD treatments: Pharmacyclics, Inc.'s Imbruvica (ibrutinib) in
2017, and Incyte Corporation’s Jakafi (ruxolitinib) and Kadmon Pharmaceuticals’ Rezurock (belumosudil) in
2021. All three drugs were approved on the basis of clinician-assessed overall response rates ranging from
67%-75% in open-label trials.

The primary efficacy endpoints were supported by PRO data using the cGVHD Lee Symptom Scale score, or a
modified version of the instrument. A clinically relevant decrease in the score was achieved by 24%-52% of
patients across the studies.

The open-label label nature of the studies did create a concern for the review teams about potential bias in
PRO reporting, de Claro said. However, factors that facilitated the use of PRO efficacy data for these drugs
included: the availability of a clinician-assessed response endpoint; an established PRO instrument;
prespecified timepoints for PRO data collection and a prespecified analysis plan; and experience across
multiple approvals.

Having a complementary clinician assessment that generally moved in the same direction as the PRO data
“provided assurance that what was being reported by the patients was also being observed by clinicians,” de
Claro said. “I think these sort of cross-check each other and also provide you a better context of the treatment
effect from an efficacy perspective.”

De Claro noted that the PRO endpoint response rates were actually lower than the clinician-assessed responses
for the same disease, mitigating any concern that the patient outcome measures were over-estimating the
treatment effect.

“I think it's how you set up the analyses. Initially we had multiple internal discussions like should we do this?
And I think looking back, it's good that we did because I think this has helped further develop the field,” de
Claro said. “We have high-quality data that we're able to review and share experience with [and] see how this
could be applied in other settings.”
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Location, Location, Location: Will Sorrento’s China-
Only NSCLC Data Fly With US FDA?

by Alaric DeArment

 Alaric.dearment@informa.com

Executive Summary

Sorrento plans to meet with the US FDA regarding abivertinib, but the agency’s tough stance on
drug approvals based on single-country studies could thwart the company’s efforts.

Sorrento Therapeutics, Inc.’s pivotal Phase I/II trial data for abivertinib in non-small cell lung cancer (NSCLC)
looks compelling and, at least on the surface, would seem to have a decent shot at supporting US Food and
Drug Administration approval. But since the trial was conducted solely in China, the company is in conflict
with the agency’s latest thinking on single-country studies.

In recent months, the FDA has taken a negative view toward granting approvals based on China-only studies,
prompting EQRx, Inc. to conduct new studies of the two cancer drugs it hoped to get onto the US market, while
an immunotherapy agent from Eli Lilly and Company and partner Innovent Biologics, Inc. faces an uncertain
future after the FDA rejected it and suggested conducting another, potentially costly trial.

Sorrento announced on 23 August positive results from 209 efficacy-evaluable patients with heavily pretreated
NSCLC for abivertinib, a pyrrolopyrimidine-based, third-generation EGFR inhibitor that the company describes
as structurally distinct from AstraZeneca PLC’s Tagrisso (osimertinib); Sorrento said abivertinib has shown
superiority to Tagrisso, based on existing data for osimertinib, which is also a third-generation EGFR inhibitor.

The company said it is preparing pre-new drug application materials and an NDA package, and would request a
pre-NDA meeting with the FDA and other regulators around the world.

Will China-Only Data Fly With FDA?
Sorrento reported that the Phase I/II abivertinib study data showed an overall response rate (ORR) of 56.5%,
including a complete response (CR) rate of 5.3%. Median overall survival (OS) for the drug was 28.2 months.

While abivertinib’s ORR was comparable to that of Tagrisso, which averaged at 59.1% between the Phase I/II
AURA Extension and Phase II AURA2 trials, Sorrento pointed to a significant difference in CR rates, with
Tagrisso’s coming in at 0.5%. Meanwhile, abivertinib’s median OS came in slightly higher than Tagrisso’s 26.8
months in the Phase III AURA3 trial, per the Tagrisso label, indicating what Sorrento called its potential
superiority.

But irrespective of whether positive Phase I/II data warrant an accelerated approval from the FDA, the agency
as of late has looked askance at drug approval applications sourced from trial data that only comes from China.
A publication of interim data from the Sorrento trial in the journal Clinical Cancer Research in November 2021
states that the study received approval from local institutional review boards at all study sites and took place in
accordance with good clinical practice and the Declaration of Helsinki. The study’s ClinicalTrials.gov page lists
17 sites, all in China.

The first clear indication that the FDA was taking a tougher stance came in December 2021, when FDA
Oncology Center for Excellence director Richard Pazdur said at Prevision Policy’s Biopharma Congress that
NDAs reliant upon patient data from a single country – such as China – were “problematic” and went against
efforts to increase the diversity of clinical trial populations in the US, an issue that has garnered significant
attention from the FDA as well. (Also see "China-Only Studies Are ‘Problematic,’ US FDA’s Pazdur Says Ahead
Of Lilly/Innovent PD-1 Inhibitor Review" - Pink Sheet, 16 Dec, 2021.)

Then in February, the agency’s Oncologic Drugs Advisory Committee voted 14-1 to recommend against
approval of Lilly/Innovent’s sintilimab, a PD-1 inhibitor developed under a partnership between the two. While
Lilly sought to tap into the argument that sintilimab’s approval could help drive down costs for PD-1 and PD-
L1 inhibitors generally, ODAC’s negative vote indicated a wave of obstacles to come for China-developed
checkpoint inhibitors. (Also see "Lilly/Innovent Experience Show Hurdles Remaining For Chinese PD-1
Inhibitors" - Scrip, 10 Feb, 2022.)

Another firm that had been aiming to develop drugs in China and bring them to the US as a means to lower
costs and therefore prices is EQRx, Inc. Earlier this month, EQRx changed its strategy to market two of its drugs
– including the third-generation EGFR inhibitor and potential Tagrisso competitor aumolertinib and the PD-L1
inhibitor sugemalimab – in the US, announcing it would run US trials of both, instead of attempting to rely on
data from China, given the new challenge from the FDA. (Also see "EQRx Revises Plans To Get Chinese
Licensed Drugs To US Market" - Pink Sheet, 11 Aug, 2022.)

In the case of Lilly/Innovent, the FDA formally gave sintilimab its thumbs-down in March and recommended an
additional multiregional, non-inferiority trial comparing the PD-1 inhibitor against standard-of-care
treatment using OS as an endpoint. However, the costs in both time and money have left the drug’s future in
the US uncertain. (Also see "Lilly To Decide Next Steps After Formal FDA 'Nay' For First Chinese PD-1" - Scrip,
25 Mar, 2022.)

The outcome of Sorrento’s pre-NDA meeting with the US regulator, let alone the outcome of a potential filing,
remains uncertain as well, but the precedents of Lilly/Innovent and EQRx do not bode well.
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Location, Location, Location: Will Sorrento’s China-
Only NSCLC Data Fly With US FDA?

by Alaric DeArment

 Alaric.dearment@informa.com

Executive Summary

Sorrento plans to meet with the US FDA regarding abivertinib, but the agency’s tough stance on
drug approvals based on single-country studies could thwart the company’s efforts.

Sorrento Therapeutics, Inc.’s pivotal Phase I/II trial data for abivertinib in non-small cell lung cancer (NSCLC)
looks compelling and, at least on the surface, would seem to have a decent shot at supporting US Food and
Drug Administration approval. But since the trial was conducted solely in China, the company is in conflict
with the agency’s latest thinking on single-country studies.

In recent months, the FDA has taken a negative view toward granting approvals based on China-only studies,
prompting EQRx, Inc. to conduct new studies of the two cancer drugs it hoped to get onto the US market, while
an immunotherapy agent from Eli Lilly and Company and partner Innovent Biologics, Inc. faces an uncertain
future after the FDA rejected it and suggested conducting another, potentially costly trial.

Sorrento announced on 23 August positive results from 209 efficacy-evaluable patients with heavily pretreated
NSCLC for abivertinib, a pyrrolopyrimidine-based, third-generation EGFR inhibitor that the company describes
as structurally distinct from AstraZeneca PLC’s Tagrisso (osimertinib); Sorrento said abivertinib has shown
superiority to Tagrisso, based on existing data for osimertinib, which is also a third-generation EGFR inhibitor.

The company said it is preparing pre-new drug application materials and an NDA package, and would request a
pre-NDA meeting with the FDA and other regulators around the world.

Will China-Only Data Fly With FDA?
Sorrento reported that the Phase I/II abivertinib study data showed an overall response rate (ORR) of 56.5%,
including a complete response (CR) rate of 5.3%. Median overall survival (OS) for the drug was 28.2 months.

While abivertinib’s ORR was comparable to that of Tagrisso, which averaged at 59.1% between the Phase I/II
AURA Extension and Phase II AURA2 trials, Sorrento pointed to a significant difference in CR rates, with
Tagrisso’s coming in at 0.5%. Meanwhile, abivertinib’s median OS came in slightly higher than Tagrisso’s 26.8
months in the Phase III AURA3 trial, per the Tagrisso label, indicating what Sorrento called its potential
superiority.

But irrespective of whether positive Phase I/II data warrant an accelerated approval from the FDA, the agency
as of late has looked askance at drug approval applications sourced from trial data that only comes from China.
A publication of interim data from the Sorrento trial in the journal Clinical Cancer Research in November 2021
states that the study received approval from local institutional review boards at all study sites and took place in
accordance with good clinical practice and the Declaration of Helsinki. The study’s ClinicalTrials.gov page lists
17 sites, all in China.

The first clear indication that the FDA was taking a tougher stance came in December 2021, when FDA
Oncology Center for Excellence director Richard Pazdur said at Prevision Policy’s Biopharma Congress that
NDAs reliant upon patient data from a single country – such as China – were “problematic” and went against
efforts to increase the diversity of clinical trial populations in the US, an issue that has garnered significant
attention from the FDA as well. (Also see "China-Only Studies Are ‘Problematic,’ US FDA’s Pazdur Says Ahead
Of Lilly/Innovent PD-1 Inhibitor Review" - Pink Sheet, 16 Dec, 2021.)

Then in February, the agency’s Oncologic Drugs Advisory Committee voted 14-1 to recommend against
approval of Lilly/Innovent’s sintilimab, a PD-1 inhibitor developed under a partnership between the two. While
Lilly sought to tap into the argument that sintilimab’s approval could help drive down costs for PD-1 and PD-
L1 inhibitors generally, ODAC’s negative vote indicated a wave of obstacles to come for China-developed
checkpoint inhibitors. (Also see "Lilly/Innovent Experience Show Hurdles Remaining For Chinese PD-1
Inhibitors" - Scrip, 10 Feb, 2022.)

Another firm that had been aiming to develop drugs in China and bring them to the US as a means to lower
costs and therefore prices is EQRx, Inc. Earlier this month, EQRx changed its strategy to market two of its drugs
– including the third-generation EGFR inhibitor and potential Tagrisso competitor aumolertinib and the PD-L1
inhibitor sugemalimab – in the US, announcing it would run US trials of both, instead of attempting to rely on
data from China, given the new challenge from the FDA. (Also see "EQRx Revises Plans To Get Chinese
Licensed Drugs To US Market" - Pink Sheet, 11 Aug, 2022.)

In the case of Lilly/Innovent, the FDA formally gave sintilimab its thumbs-down in March and recommended an
additional multiregional, non-inferiority trial comparing the PD-1 inhibitor against standard-of-care
treatment using OS as an endpoint. However, the costs in both time and money have left the drug’s future in
the US uncertain. (Also see "Lilly To Decide Next Steps After Formal FDA 'Nay' For First Chinese PD-1" - Scrip,
25 Mar, 2022.)

The outcome of Sorrento’s pre-NDA meeting with the US regulator, let alone the outcome of a potential filing,
remains uncertain as well, but the precedents of Lilly/Innovent and EQRx do not bode well.
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by Alaric DeArment

 Alaric.dearment@informa.com

Executive Summary

Sorrento plans to meet with the US FDA regarding abivertinib, but the agency’s tough stance on
drug approvals based on single-country studies could thwart the company’s efforts.

Sorrento Therapeutics, Inc.’s pivotal Phase I/II trial data for abivertinib in non-small cell lung cancer (NSCLC)
looks compelling and, at least on the surface, would seem to have a decent shot at supporting US Food and
Drug Administration approval. But since the trial was conducted solely in China, the company is in conflict
with the agency’s latest thinking on single-country studies.

In recent months, the FDA has taken a negative view toward granting approvals based on China-only studies,
prompting EQRx, Inc. to conduct new studies of the two cancer drugs it hoped to get onto the US market, while
an immunotherapy agent from Eli Lilly and Company and partner Innovent Biologics, Inc. faces an uncertain
future after the FDA rejected it and suggested conducting another, potentially costly trial.

Sorrento announced on 23 August positive results from 209 efficacy-evaluable patients with heavily pretreated
NSCLC for abivertinib, a pyrrolopyrimidine-based, third-generation EGFR inhibitor that the company describes
as structurally distinct from AstraZeneca PLC’s Tagrisso (osimertinib); Sorrento said abivertinib has shown
superiority to Tagrisso, based on existing data for osimertinib, which is also a third-generation EGFR inhibitor.

The company said it is preparing pre-new drug application materials and an NDA package, and would request a
pre-NDA meeting with the FDA and other regulators around the world.

Will China-Only Data Fly With FDA?
Sorrento reported that the Phase I/II abivertinib study data showed an overall response rate (ORR) of 56.5%,
including a complete response (CR) rate of 5.3%. Median overall survival (OS) for the drug was 28.2 months.

While abivertinib’s ORR was comparable to that of Tagrisso, which averaged at 59.1% between the Phase I/II
AURA Extension and Phase II AURA2 trials, Sorrento pointed to a significant difference in CR rates, with
Tagrisso’s coming in at 0.5%. Meanwhile, abivertinib’s median OS came in slightly higher than Tagrisso’s 26.8
months in the Phase III AURA3 trial, per the Tagrisso label, indicating what Sorrento called its potential
superiority.

But irrespective of whether positive Phase I/II data warrant an accelerated approval from the FDA, the agency
as of late has looked askance at drug approval applications sourced from trial data that only comes from China.
A publication of interim data from the Sorrento trial in the journal Clinical Cancer Research in November 2021
states that the study received approval from local institutional review boards at all study sites and took place in
accordance with good clinical practice and the Declaration of Helsinki. The study’s ClinicalTrials.gov page lists
17 sites, all in China.

The first clear indication that the FDA was taking a tougher stance came in December 2021, when FDA
Oncology Center for Excellence director Richard Pazdur said at Prevision Policy’s Biopharma Congress that
NDAs reliant upon patient data from a single country – such as China – were “problematic” and went against
efforts to increase the diversity of clinical trial populations in the US, an issue that has garnered significant
attention from the FDA as well. (Also see "China-Only Studies Are ‘Problematic,’ US FDA’s Pazdur Says Ahead
Of Lilly/Innovent PD-1 Inhibitor Review" - Pink Sheet, 16 Dec, 2021.)

Then in February, the agency’s Oncologic Drugs Advisory Committee voted 14-1 to recommend against
approval of Lilly/Innovent’s sintilimab, a PD-1 inhibitor developed under a partnership between the two. While
Lilly sought to tap into the argument that sintilimab’s approval could help drive down costs for PD-1 and PD-
L1 inhibitors generally, ODAC’s negative vote indicated a wave of obstacles to come for China-developed
checkpoint inhibitors. (Also see "Lilly/Innovent Experience Show Hurdles Remaining For Chinese PD-1
Inhibitors" - Scrip, 10 Feb, 2022.)

Another firm that had been aiming to develop drugs in China and bring them to the US as a means to lower
costs and therefore prices is EQRx, Inc. Earlier this month, EQRx changed its strategy to market two of its drugs
– including the third-generation EGFR inhibitor and potential Tagrisso competitor aumolertinib and the PD-L1
inhibitor sugemalimab – in the US, announcing it would run US trials of both, instead of attempting to rely on
data from China, given the new challenge from the FDA. (Also see "EQRx Revises Plans To Get Chinese
Licensed Drugs To US Market" - Pink Sheet, 11 Aug, 2022.)

In the case of Lilly/Innovent, the FDA formally gave sintilimab its thumbs-down in March and recommended an
additional multiregional, non-inferiority trial comparing the PD-1 inhibitor against standard-of-care
treatment using OS as an endpoint. However, the costs in both time and money have left the drug’s future in
the US uncertain. (Also see "Lilly To Decide Next Steps After Formal FDA 'Nay' For First Chinese PD-1" - Scrip,
25 Mar, 2022.)

The outcome of Sorrento’s pre-NDA meeting with the US regulator, let alone the outcome of a potential filing,
remains uncertain as well, but the precedents of Lilly/Innovent and EQRx do not bode well.
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Trial Population Was One Reason For Pulling
Surufatinib EU Filing

by Neena Brizmohun

 neena.brizmohun@informa.com

Executive Summary

Hutchmed is in discussions with the European Medicines Agency on the path forward for its drug
for advanced neuroendocrine tumors, whose marketing authorization application has now been
withdrawn.

Hutchmed has withdrawn its EU marketing authorization application (MAA) for surufatinib, the company’s
oral angio-immuno kinase inhibitor, which is approved as Sulanda in China for treating advanced
neuroendocrine tumors but which the US regulator rejected in April this year.

The EU MAA was pulled after interactions between Hutchmed and reviewers at the European Medicines Agency
suggested there was a low probability of a positive opinion on the MAA, the company said.

The EMA said that the company’s SANET studies, which were conducted in China, were not representative of
patients and medical practice in the EU, Hutchmed explained. In addition, the requisite pre-approval on-site
inspections are subject to restrictions in China, said the company, which noted that some of its activities had
been impacted by the COVID-19 pandemic.

The withdrawal in the EU was announced this month, and follows the US Food & Drug Administration’s
rejection of the drug in April, which was also due to concerns over the trial population and pandemic-related
issues regarding inspection.

Discussions on the path forward are ongoing with regulators in the EU and the US, Hutchmed said.

The EU MAA withdrawal is listed on the draft agenda of the latest monthly meeting of the EMA’s human
medicines committee, the CHMP. The meeting is taking place on 16-19 August and, as is usual for August
CHMP meetings, it is not taking place in person but via written procedure.

The MAA was seeking approval to use surufatinib for the treatment of pancreatic neuroendocrine tumors
(pNETs) and extra-pancreatic neuroendocrine tumors (epNETs). It had been under review by the EMA since
July 2021. The agency usually takes around a year to evaluate MAAs under its standard review timetable.

Sulanda was approved in China in 2020 for treating epNETs, and in 2021 for pNETs.

US Complete Response Letter
In April this year, the US Food & Drug Administration issued a complete response letter (CRL) for Hutchmed’s
marketing application for surufatinib, for treating NETs and epNETs. As was the case with the EMA, the FDA
was concerned about the study population that the company used in its clinical trials. (Also see "Keeping
Track: AZ’s Busy Oncology Biz, Phathom’s Voquezna Approval, And A Trio Of Complete Response Letters" -
Pink Sheet, 6 May, 2022.)

The CRL indicated that a multi-regional clinical trial that included subjects more representative of the US
population and aligned with current US medical practice was required, Hutchmed said. In addition, the
company noted that pandemic-related issues concerning inspection access also contributed to the FDA action. 

According to a business update published on 1 August, Hutchmed reported Sulanda “in-market sales in the
first half of 2022 of $13.6 million (H1-21: $8.0m), reflecting its first time NRDL [National Reimbursement Drug
List] inclusion which started in January 2022.”
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Surufatinib EU Filing

by Neena Brizmohun
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Executive Summary

Hutchmed is in discussions with the European Medicines Agency on the path forward for its drug
for advanced neuroendocrine tumors, whose marketing authorization application has now been
withdrawn.

Hutchmed has withdrawn its EU marketing authorization application (MAA) for surufatinib, the company’s
oral angio-immuno kinase inhibitor, which is approved as Sulanda in China for treating advanced
neuroendocrine tumors but which the US regulator rejected in April this year.

The EU MAA was pulled after interactions between Hutchmed and reviewers at the European Medicines Agency
suggested there was a low probability of a positive opinion on the MAA, the company said.

The EMA said that the company’s SANET studies, which were conducted in China, were not representative of
patients and medical practice in the EU, Hutchmed explained. In addition, the requisite pre-approval on-site
inspections are subject to restrictions in China, said the company, which noted that some of its activities had
been impacted by the COVID-19 pandemic.

The withdrawal in the EU was announced this month, and follows the US Food & Drug Administration’s
rejection of the drug in April, which was also due to concerns over the trial population and pandemic-related
issues regarding inspection.

Discussions on the path forward are ongoing with regulators in the EU and the US, Hutchmed said.

The EU MAA withdrawal is listed on the draft agenda of the latest monthly meeting of the EMA’s human
medicines committee, the CHMP. The meeting is taking place on 16-19 August and, as is usual for August
CHMP meetings, it is not taking place in person but via written procedure.

The MAA was seeking approval to use surufatinib for the treatment of pancreatic neuroendocrine tumors
(pNETs) and extra-pancreatic neuroendocrine tumors (epNETs). It had been under review by the EMA since
July 2021. The agency usually takes around a year to evaluate MAAs under its standard review timetable.

Sulanda was approved in China in 2020 for treating epNETs, and in 2021 for pNETs.

US Complete Response Letter
In April this year, the US Food & Drug Administration issued a complete response letter (CRL) for Hutchmed’s
marketing application for surufatinib, for treating NETs and epNETs. As was the case with the EMA, the FDA
was concerned about the study population that the company used in its clinical trials. (Also see "Keeping
Track: AZ’s Busy Oncology Biz, Phathom’s Voquezna Approval, And A Trio Of Complete Response Letters" -
Pink Sheet, 6 May, 2022.)

The CRL indicated that a multi-regional clinical trial that included subjects more representative of the US
population and aligned with current US medical practice was required, Hutchmed said. In addition, the
company noted that pandemic-related issues concerning inspection access also contributed to the FDA action. 

According to a business update published on 1 August, Hutchmed reported Sulanda “in-market sales in the
first half of 2022 of $13.6 million (H1-21: $8.0m), reflecting its first time NRDL [National Reimbursement Drug
List] inclusion which started in January 2022.”
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US FDA’s Project Site Selector Kicks Off With A
Look At Why Cancer Trials Go Overseas

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Speed, logistics and global regulatory demands are all reasons why sponsors increasingly look
outside the US to enroll cancer trials, industry reps say during the inaugural event for the
Oncology Center of Excellence's new initiative; OCE director Pazdur says multiregional trials can
help provide patients access to important new drugs quickly in the US or worldwide.

Oncology drug sponsors look outside the US to enroll clinical trials for a host of reasons, including speed, a
quickly evolving standard of care in the US, and access to patients eager to get medicines not yet available in
their own countries.

The innovative nature of the drug – novel versus “me-too” – also can influence site selection choice, as can a
sponsor company’s home base and difficulties in contracting with US clinical sites.

The insights came through during a recent panel discussion, “Clinical Trial Site Selection: Fact vs. Fiction,”
convened by the US Food and Drug Administration’s Oncology Center of Excellence as part of its
“Conversations On Cancer” series. The 27 July webinar also served as the inaugural public event for Project Site
Selector, an OCE initiative that seeks to improve the agency’s understanding of factors that influence clinical
trial site selection. (Also see "OCE ‘Project’ To Help Understand Trial Site Selection, Also May Inform Policy" -
Pink Sheet, 4 Jul, 2022.)

The initiative is particularly timely and no doubt driven by OCE’s recent challenges in dealing with a plethora
of applications supported by studies conducted only in China, as well as the growing calls to increase diversity
of clinical trials and reduce health inequities in the US. (Also see "For Cancer Drugs With China-Only Data, US
FDA Leaves Door Open Just A Crack" - Pink Sheet, 14 Feb, 2022.)

Speed Is A Key Driver
FDA oncology clinical reviewer Vaibhav Kumar began the discussion with a chart showing geographic trends
for the US, China and post-Soviet states in lung cancer trial participation for applications submitted to the
agency from 2014-2021. Proportional representation of US patients peaked in 2015 and has been declining
since, Kumar noted.

The downward trend in US representation has been accompanied by a growing proportion of patients enrolled
in China and the post-Soviet states. In 2021, the post-Soviet states accounted for the largest percentage of
patients (more than 25%) in lung cancer trials submitted to the agency, followed by China and the US.

Kumar asked industry representatives on the panel what factors influence greater enrollment of patients
outside the US, especially in common conditions such as lung cancer.

Of the many reasons, industry representatives agreed that enrollment speed and trial completion time are
always going to be important drivers.

Bea Lavery, global head of oncology regulatory affairs at Genentech, Inc. /Roche Holding AG, said two factors
came to mind when she saw the lung cancer trial enrollment data: the quickly evolving standard of care in the
US and changes implemented in China in 2019 that drastically decreased the amount of time for study
approval.

“Credit to FDA with your programs to expedite development, whether it's breakthrough therapy, accelerated
approval or real-time oncology review, we saw a massive explosion of approvals of PD-1, PD-L1 inhibitors in
that 2015 to 2018 timeframe,” Lavery said. “As a result of that, it became really difficult to run additional trials
in the lung cancer space to ask additional questions when standard of care was rapidly changing.”

Me-Too Drugs Vs. Desire For Novelty
Meg Valnoski, president of the contract research organization Theradex, also cited the rapidly changing
standard of care in the US during this time period and noted a trend toward moving trials of me-too drugs
outside the US.

One reason former Eastern Bloc countries are popular trial sites for me-too drugs is because patients there may
not have the same access to therapies that US patients have under the normal standard of care, Valnoski said.
Since the trial sponsors are supplying all the drugs in a given study, patients are motivated to participate in
clinical trials to get access to treatments they otherwise would not have, which can mean quicker enrollment,
she said.

Carrie Lee, a medical oncologist at the University of North Carolina-Chapel Hill and medical director of the
Lineberger Comprehensive Cancer Center’s Clinical Protocol Office, noted the challenges of conducting studies
of me-too drugs in the US.

“As a clinical trials leader and an investigator at an academic site, opening trials that don't offer something
novel and innovative to our patient population is really, frankly, not an option,” she said.

“As a clinical trials leader and an investigator at an academic site,
opening trials that don't offer something novel and innovative to our
patient population is really, frankly, not an option.” – UNC’s Carrie Lee

“Clinical trials staffing has been a challenge since the beginning of time, and then acutely impacted with
COVID,” Lee said. “We have to be really thoughtful about how we use our resources.”

Consequently, there is “extreme prioritization” to focus on those trials that offer something novel and
innovative, Lee said. “We want to offer our patients therapies that they cannot get off the shelf, that are already
approved drugs.”

However, Oncology Center of Excellence director Richard Pazdur noted the quandary the FDA faces when it
gets an application for a me-too drug with data entirely from a foreign country.

Since such trials would not be able to enroll in the US because a competitor agent, probably in the same class,
is already approved and considered standard of care, the me-too drug studies are conducted overseas against a
product that is not considered the current standard of care in the US.

“What is being done is basically a duplication of the original registration trial against what would now be
considered an inferior treatment in the US,” Pazdur said. “So that leaves us with a quandary here of how to put
that data in the context of current treatment in the US, especially when one doesn't have confidence
potentially of what different standards of care, supportive care medications, both intrinsic and extrinsic factors
that come could come into play.”

The scenario Pazdur described played out publicly in the form of an Oncologic Drugs Advisory Committee
review in February of Innovent Biologics, Inc./Eli Lilly and Company’s PD-1 inhibitor sintilimab.

The FDA said the progression-free survival primary endpoint in the ORIENT-11 trial, conducted in China, was
inappropriate because immune checkpoint inhibitors that are approved for first-line non-small cell lung cancer
have demonstrated an overall survival benefit, and the chemotherapy comparator arm did not reflect the
standard of care in the US. (Also see "‘Regulatory Flexibility’ For Innovent/Lilly’s Sintilimab Not Warranted, US
FDA Says" - Pink Sheet, 8 Feb, 2022.)

ODAC agreed, overwhelmingly voting that an additional preapproval trial was needed to demonstrate
applicability to US patients and medical care.  (Also see "Casualty Of Change? Innovent/Lilly’s Chinese PD-1
Inhibitor Sintilimab Falls Hard At US FDA Panel" - Pink Sheet, 10 Feb, 2022.) The FDA subsequently issued a
complete response letter.

Several other sponsors also have faced setbacks trying to get new cancer agents approved by relying on data
from China. (Also see "Going Global Gets Stuck, Chinese Drug Makers CRL Show What Not To Do" - Pink Sheet,
6 May, 2022.)

Logistical Considerations
For innovative drugs, Valnoski said she is always going to push for inclusion of a certain percentage of patients
from the US.

However, decisions on study site locations may depend upon where the company is based, as well as the
demographics of the disease under study. For example, if a drug is targeted at a specific mutation found
primarily in certain regions, that can affect trial site decisions, she said.

The location of key opinion leaders in a disease or therapeutic space also can influence where trials are
conducted, Lavery said. The historical performance of different sites in a specific disease, and their ability to
actually enroll a trial, also are factors.

Lavery noted additional logistic considerations that may make going outside the US easier. “We've also found
that sometimes we have long logistics of … setting up contracts with certain US sites. And by the time that’s set
up, you've actually enrolled really quickly elsewhere.”

In addition, “supply chain can sometimes be a consideration depending on the countries and whether or not
you can get that investigative drug there,” Lavery said. “There's a lot of logistics that go into the assessment.
And sometimes you have to change your plan as you're activating the sites and starting your study.”

The COVID-19 pandemic also has had an effect on the number of trial sites in the US. “We see a lot of US
centers pulling back on trials that they would run because of staffing issues,” Valnoski said.

Cost Is Less Of An Issue
Noting the industry representatives’ comments about the importance of speed in determining where to
conduct studies, Pazdur asked about the role of cost in the trial site selection process and whether the US is
always more expensive.

“Depending on the size of the company, it's a consideration, but maybe not primary,” Valnoski said. “I think
Europe used to be less expensive, I think that's coming in line. And … we have these other global shifts, like
currency, that can influence things in the middle of it.”

Cost may be more of a consideration for a company with a me-too drug that is just trying to get its foot in the
door with an approval, she said.

Lavery said going outside the US is not necessarily cheaper. “It really will depend on how complex your study
is, how specialized your question is that you're answering in the clinical trial, so that can affect cost.”

Look At The Entire Development Program
Companies also will try to balance the demands from various regulators when it comes to geographic
representation, Lavery said. For instance, some regulatory agencies, such as in China, may set enrollment
targets for patients from their own country.

“Sometimes we'll have to do a regional-only or China-only study to meet that need,” Lavery said. “And it's
separate from the global study, and sometimes it's combined. So it is case by case.”

Pazdur has publicly questioned whether the agency should set a minimum threshold for enrollment of US
patients in trials submitted to the FDA. (Also see "Could The US FDA Set Clinical Trial Diversity Minimums?" -
Pink Sheet, 5 May, 2022.)

Lavery urged the FDA to look at the geography of an entire clinical development program, not just the pivotal
studies that were used for the agency’s analysis on lung cancer trials.

Genentech/Roche sometimes will conduct its Phase I/Ib programs outside the US, “and then you'll see a
concerted effort by us to increase US enrollment in the pivotal study to balance out the entirety of the data,”
Lavery said.

“I think having greater insight into the entire development plan and where studies are conducted is also
something that might be good for FDA to look into,” she said.

Multiregional Is The Way To Go
Pazdur made clear that what the FDA really wants to see are truly multiregional trials. These will help address
concerns about study conduct and data reliability in other countries or at less experienced sites, as well as
answer questions about generalizability of results to the diverse US patient population.

“We have seen … people trying to weasel around this word multiregional
by bringing in trials that 99% of the patients are entered in one country,
and then 0.5% in this country and 0.2% in this and 0.1% in this. That is
not a multiregional trial.” – FDA’s Richard Pazdur

“We're not trying to say that everything should be done here in the US. We fully realize that that is not going to
be the situation,” Pazdur said. “Obviously, we want a greater proportion and not a decreasing proportion done
in the US. But we really want multiregional trials that reflect the world – North America, South America,
Europe, Eastern Europe, Asia, Africa. All of those regions should be represented.”

“The advantages of a multiregional trial is that you could compare different geographic areas, and that builds
confidence from a regulatory point of view,” he said. “We're taking a look at sites that never were involved in a
clinical trial, a registration trial. How did their data compare to known US sites? How were the toxicities? How
were the efficacy results? Were they skewed in those countries? So it builds a tremendous confidence for a
long-term approach, as well as bringing in the diversity.”

This view on multiregional trials as a means for building regulatory confidence was highlighted by OCE
officials in a Lancet Oncology comment published shortly before the sintilimab advisory committee meeting.
(Also see "Innovent/Lilly’s Sintilimab, Developed In China, May Be Headed For Troubled US Waters" - Pink
Sheet, 4 Feb, 2022.)

Pazdur also advised sponsors against conducting trials that are only superficially multiregional.

“We have seen, as one would expect, people trying to weasel around this word multiregional by bringing in
trials that 99% of the patients are entered in one country, and then 0.5% in this country and 0.2% in this and
0.1% in this,” Pazdur said. “That is not a multiregional trial.”

The OCE director tried to use industry’s concerns about speed in arguing his case for going the multiregional
route.

“If people really take advantage of this, they will find that the system moves very, very quickly and fast and
expeditiously to get important drugs to the public in general, whether it be the American public or the
worldwide public,” he said.
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US FDA’s Project Site Selector Kicks Off With A
Look At Why Cancer Trials Go Overseas

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Speed, logistics and global regulatory demands are all reasons why sponsors increasingly look
outside the US to enroll cancer trials, industry reps say during the inaugural event for the
Oncology Center of Excellence's new initiative; OCE director Pazdur says multiregional trials can
help provide patients access to important new drugs quickly in the US or worldwide.

Oncology drug sponsors look outside the US to enroll clinical trials for a host of reasons, including speed, a
quickly evolving standard of care in the US, and access to patients eager to get medicines not yet available in
their own countries.

The innovative nature of the drug – novel versus “me-too” – also can influence site selection choice, as can a
sponsor company’s home base and difficulties in contracting with US clinical sites.

The insights came through during a recent panel discussion, “Clinical Trial Site Selection: Fact vs. Fiction,”
convened by the US Food and Drug Administration’s Oncology Center of Excellence as part of its
“Conversations On Cancer” series. The 27 July webinar also served as the inaugural public event for Project Site
Selector, an OCE initiative that seeks to improve the agency’s understanding of factors that influence clinical
trial site selection. (Also see "OCE ‘Project’ To Help Understand Trial Site Selection, Also May Inform Policy" -
Pink Sheet, 4 Jul, 2022.)

The initiative is particularly timely and no doubt driven by OCE’s recent challenges in dealing with a plethora
of applications supported by studies conducted only in China, as well as the growing calls to increase diversity
of clinical trials and reduce health inequities in the US. (Also see "For Cancer Drugs With China-Only Data, US
FDA Leaves Door Open Just A Crack" - Pink Sheet, 14 Feb, 2022.)

Speed Is A Key Driver
FDA oncology clinical reviewer Vaibhav Kumar began the discussion with a chart showing geographic trends
for the US, China and post-Soviet states in lung cancer trial participation for applications submitted to the
agency from 2014-2021. Proportional representation of US patients peaked in 2015 and has been declining
since, Kumar noted.

The downward trend in US representation has been accompanied by a growing proportion of patients enrolled
in China and the post-Soviet states. In 2021, the post-Soviet states accounted for the largest percentage of
patients (more than 25%) in lung cancer trials submitted to the agency, followed by China and the US.

Kumar asked industry representatives on the panel what factors influence greater enrollment of patients
outside the US, especially in common conditions such as lung cancer.

Of the many reasons, industry representatives agreed that enrollment speed and trial completion time are
always going to be important drivers.

Bea Lavery, global head of oncology regulatory affairs at Genentech, Inc. /Roche Holding AG, said two factors
came to mind when she saw the lung cancer trial enrollment data: the quickly evolving standard of care in the
US and changes implemented in China in 2019 that drastically decreased the amount of time for study
approval.

“Credit to FDA with your programs to expedite development, whether it's breakthrough therapy, accelerated
approval or real-time oncology review, we saw a massive explosion of approvals of PD-1, PD-L1 inhibitors in
that 2015 to 2018 timeframe,” Lavery said. “As a result of that, it became really difficult to run additional trials
in the lung cancer space to ask additional questions when standard of care was rapidly changing.”

Me-Too Drugs Vs. Desire For Novelty
Meg Valnoski, president of the contract research organization Theradex, also cited the rapidly changing
standard of care in the US during this time period and noted a trend toward moving trials of me-too drugs
outside the US.

One reason former Eastern Bloc countries are popular trial sites for me-too drugs is because patients there may
not have the same access to therapies that US patients have under the normal standard of care, Valnoski said.
Since the trial sponsors are supplying all the drugs in a given study, patients are motivated to participate in
clinical trials to get access to treatments they otherwise would not have, which can mean quicker enrollment,
she said.

Carrie Lee, a medical oncologist at the University of North Carolina-Chapel Hill and medical director of the
Lineberger Comprehensive Cancer Center’s Clinical Protocol Office, noted the challenges of conducting studies
of me-too drugs in the US.

“As a clinical trials leader and an investigator at an academic site, opening trials that don't offer something
novel and innovative to our patient population is really, frankly, not an option,” she said.

“As a clinical trials leader and an investigator at an academic site,
opening trials that don't offer something novel and innovative to our
patient population is really, frankly, not an option.” – UNC’s Carrie Lee

“Clinical trials staffing has been a challenge since the beginning of time, and then acutely impacted with
COVID,” Lee said. “We have to be really thoughtful about how we use our resources.”

Consequently, there is “extreme prioritization” to focus on those trials that offer something novel and
innovative, Lee said. “We want to offer our patients therapies that they cannot get off the shelf, that are already
approved drugs.”

However, Oncology Center of Excellence director Richard Pazdur noted the quandary the FDA faces when it
gets an application for a me-too drug with data entirely from a foreign country.

Since such trials would not be able to enroll in the US because a competitor agent, probably in the same class,
is already approved and considered standard of care, the me-too drug studies are conducted overseas against a
product that is not considered the current standard of care in the US.

“What is being done is basically a duplication of the original registration trial against what would now be
considered an inferior treatment in the US,” Pazdur said. “So that leaves us with a quandary here of how to put
that data in the context of current treatment in the US, especially when one doesn't have confidence
potentially of what different standards of care, supportive care medications, both intrinsic and extrinsic factors
that come could come into play.”

The scenario Pazdur described played out publicly in the form of an Oncologic Drugs Advisory Committee
review in February of Innovent Biologics, Inc./Eli Lilly and Company’s PD-1 inhibitor sintilimab.

The FDA said the progression-free survival primary endpoint in the ORIENT-11 trial, conducted in China, was
inappropriate because immune checkpoint inhibitors that are approved for first-line non-small cell lung cancer
have demonstrated an overall survival benefit, and the chemotherapy comparator arm did not reflect the
standard of care in the US. (Also see "‘Regulatory Flexibility’ For Innovent/Lilly’s Sintilimab Not Warranted, US
FDA Says" - Pink Sheet, 8 Feb, 2022.)

ODAC agreed, overwhelmingly voting that an additional preapproval trial was needed to demonstrate
applicability to US patients and medical care.  (Also see "Casualty Of Change? Innovent/Lilly’s Chinese PD-1
Inhibitor Sintilimab Falls Hard At US FDA Panel" - Pink Sheet, 10 Feb, 2022.) The FDA subsequently issued a
complete response letter.

Several other sponsors also have faced setbacks trying to get new cancer agents approved by relying on data
from China. (Also see "Going Global Gets Stuck, Chinese Drug Makers CRL Show What Not To Do" - Pink Sheet,
6 May, 2022.)

Logistical Considerations
For innovative drugs, Valnoski said she is always going to push for inclusion of a certain percentage of patients
from the US.

However, decisions on study site locations may depend upon where the company is based, as well as the
demographics of the disease under study. For example, if a drug is targeted at a specific mutation found
primarily in certain regions, that can affect trial site decisions, she said.

The location of key opinion leaders in a disease or therapeutic space also can influence where trials are
conducted, Lavery said. The historical performance of different sites in a specific disease, and their ability to
actually enroll a trial, also are factors.

Lavery noted additional logistic considerations that may make going outside the US easier. “We've also found
that sometimes we have long logistics of … setting up contracts with certain US sites. And by the time that’s set
up, you've actually enrolled really quickly elsewhere.”

In addition, “supply chain can sometimes be a consideration depending on the countries and whether or not
you can get that investigative drug there,” Lavery said. “There's a lot of logistics that go into the assessment.
And sometimes you have to change your plan as you're activating the sites and starting your study.”

The COVID-19 pandemic also has had an effect on the number of trial sites in the US. “We see a lot of US
centers pulling back on trials that they would run because of staffing issues,” Valnoski said.

Cost Is Less Of An Issue
Noting the industry representatives’ comments about the importance of speed in determining where to
conduct studies, Pazdur asked about the role of cost in the trial site selection process and whether the US is
always more expensive.

“Depending on the size of the company, it's a consideration, but maybe not primary,” Valnoski said. “I think
Europe used to be less expensive, I think that's coming in line. And … we have these other global shifts, like
currency, that can influence things in the middle of it.”

Cost may be more of a consideration for a company with a me-too drug that is just trying to get its foot in the
door with an approval, she said.

Lavery said going outside the US is not necessarily cheaper. “It really will depend on how complex your study
is, how specialized your question is that you're answering in the clinical trial, so that can affect cost.”

Look At The Entire Development Program
Companies also will try to balance the demands from various regulators when it comes to geographic
representation, Lavery said. For instance, some regulatory agencies, such as in China, may set enrollment
targets for patients from their own country.

“Sometimes we'll have to do a regional-only or China-only study to meet that need,” Lavery said. “And it's
separate from the global study, and sometimes it's combined. So it is case by case.”

Pazdur has publicly questioned whether the agency should set a minimum threshold for enrollment of US
patients in trials submitted to the FDA. (Also see "Could The US FDA Set Clinical Trial Diversity Minimums?" -
Pink Sheet, 5 May, 2022.)

Lavery urged the FDA to look at the geography of an entire clinical development program, not just the pivotal
studies that were used for the agency’s analysis on lung cancer trials.

Genentech/Roche sometimes will conduct its Phase I/Ib programs outside the US, “and then you'll see a
concerted effort by us to increase US enrollment in the pivotal study to balance out the entirety of the data,”
Lavery said.

“I think having greater insight into the entire development plan and where studies are conducted is also
something that might be good for FDA to look into,” she said.

Multiregional Is The Way To Go
Pazdur made clear that what the FDA really wants to see are truly multiregional trials. These will help address
concerns about study conduct and data reliability in other countries or at less experienced sites, as well as
answer questions about generalizability of results to the diverse US patient population.

“We have seen … people trying to weasel around this word multiregional
by bringing in trials that 99% of the patients are entered in one country,
and then 0.5% in this country and 0.2% in this and 0.1% in this. That is
not a multiregional trial.” – FDA’s Richard Pazdur

“We're not trying to say that everything should be done here in the US. We fully realize that that is not going to
be the situation,” Pazdur said. “Obviously, we want a greater proportion and not a decreasing proportion done
in the US. But we really want multiregional trials that reflect the world – North America, South America,
Europe, Eastern Europe, Asia, Africa. All of those regions should be represented.”

“The advantages of a multiregional trial is that you could compare different geographic areas, and that builds
confidence from a regulatory point of view,” he said. “We're taking a look at sites that never were involved in a
clinical trial, a registration trial. How did their data compare to known US sites? How were the toxicities? How
were the efficacy results? Were they skewed in those countries? So it builds a tremendous confidence for a
long-term approach, as well as bringing in the diversity.”

This view on multiregional trials as a means for building regulatory confidence was highlighted by OCE
officials in a Lancet Oncology comment published shortly before the sintilimab advisory committee meeting.
(Also see "Innovent/Lilly’s Sintilimab, Developed In China, May Be Headed For Troubled US Waters" - Pink
Sheet, 4 Feb, 2022.)

Pazdur also advised sponsors against conducting trials that are only superficially multiregional.

“We have seen, as one would expect, people trying to weasel around this word multiregional by bringing in
trials that 99% of the patients are entered in one country, and then 0.5% in this country and 0.2% in this and
0.1% in this,” Pazdur said. “That is not a multiregional trial.”

The OCE director tried to use industry’s concerns about speed in arguing his case for going the multiregional
route.

“If people really take advantage of this, they will find that the system moves very, very quickly and fast and
expeditiously to get important drugs to the public in general, whether it be the American public or the
worldwide public,” he said.
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US FDA’s Project Site Selector Kicks Off With A
Look At Why Cancer Trials Go Overseas

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Speed, logistics and global regulatory demands are all reasons why sponsors increasingly look
outside the US to enroll cancer trials, industry reps say during the inaugural event for the
Oncology Center of Excellence's new initiative; OCE director Pazdur says multiregional trials can
help provide patients access to important new drugs quickly in the US or worldwide.

Oncology drug sponsors look outside the US to enroll clinical trials for a host of reasons, including speed, a
quickly evolving standard of care in the US, and access to patients eager to get medicines not yet available in
their own countries.

The innovative nature of the drug – novel versus “me-too” – also can influence site selection choice, as can a
sponsor company’s home base and difficulties in contracting with US clinical sites.

The insights came through during a recent panel discussion, “Clinical Trial Site Selection: Fact vs. Fiction,”
convened by the US Food and Drug Administration’s Oncology Center of Excellence as part of its
“Conversations On Cancer” series. The 27 July webinar also served as the inaugural public event for Project Site
Selector, an OCE initiative that seeks to improve the agency’s understanding of factors that influence clinical
trial site selection. (Also see "OCE ‘Project’ To Help Understand Trial Site Selection, Also May Inform Policy" -
Pink Sheet, 4 Jul, 2022.)

The initiative is particularly timely and no doubt driven by OCE’s recent challenges in dealing with a plethora
of applications supported by studies conducted only in China, as well as the growing calls to increase diversity
of clinical trials and reduce health inequities in the US. (Also see "For Cancer Drugs With China-Only Data, US
FDA Leaves Door Open Just A Crack" - Pink Sheet, 14 Feb, 2022.)

Speed Is A Key Driver
FDA oncology clinical reviewer Vaibhav Kumar began the discussion with a chart showing geographic trends
for the US, China and post-Soviet states in lung cancer trial participation for applications submitted to the
agency from 2014-2021. Proportional representation of US patients peaked in 2015 and has been declining
since, Kumar noted.

The downward trend in US representation has been accompanied by a growing proportion of patients enrolled
in China and the post-Soviet states. In 2021, the post-Soviet states accounted for the largest percentage of
patients (more than 25%) in lung cancer trials submitted to the agency, followed by China and the US.

Kumar asked industry representatives on the panel what factors influence greater enrollment of patients
outside the US, especially in common conditions such as lung cancer.

Of the many reasons, industry representatives agreed that enrollment speed and trial completion time are
always going to be important drivers.

Bea Lavery, global head of oncology regulatory affairs at Genentech, Inc. /Roche Holding AG, said two factors
came to mind when she saw the lung cancer trial enrollment data: the quickly evolving standard of care in the
US and changes implemented in China in 2019 that drastically decreased the amount of time for study
approval.

“Credit to FDA with your programs to expedite development, whether it's breakthrough therapy, accelerated
approval or real-time oncology review, we saw a massive explosion of approvals of PD-1, PD-L1 inhibitors in
that 2015 to 2018 timeframe,” Lavery said. “As a result of that, it became really difficult to run additional trials
in the lung cancer space to ask additional questions when standard of care was rapidly changing.”

Me-Too Drugs Vs. Desire For Novelty
Meg Valnoski, president of the contract research organization Theradex, also cited the rapidly changing
standard of care in the US during this time period and noted a trend toward moving trials of me-too drugs
outside the US.

One reason former Eastern Bloc countries are popular trial sites for me-too drugs is because patients there may
not have the same access to therapies that US patients have under the normal standard of care, Valnoski said.
Since the trial sponsors are supplying all the drugs in a given study, patients are motivated to participate in
clinical trials to get access to treatments they otherwise would not have, which can mean quicker enrollment,
she said.

Carrie Lee, a medical oncologist at the University of North Carolina-Chapel Hill and medical director of the
Lineberger Comprehensive Cancer Center’s Clinical Protocol Office, noted the challenges of conducting studies
of me-too drugs in the US.

“As a clinical trials leader and an investigator at an academic site, opening trials that don't offer something
novel and innovative to our patient population is really, frankly, not an option,” she said.

“As a clinical trials leader and an investigator at an academic site,
opening trials that don't offer something novel and innovative to our
patient population is really, frankly, not an option.” – UNC’s Carrie Lee

“Clinical trials staffing has been a challenge since the beginning of time, and then acutely impacted with
COVID,” Lee said. “We have to be really thoughtful about how we use our resources.”

Consequently, there is “extreme prioritization” to focus on those trials that offer something novel and
innovative, Lee said. “We want to offer our patients therapies that they cannot get off the shelf, that are already
approved drugs.”

However, Oncology Center of Excellence director Richard Pazdur noted the quandary the FDA faces when it
gets an application for a me-too drug with data entirely from a foreign country.

Since such trials would not be able to enroll in the US because a competitor agent, probably in the same class,
is already approved and considered standard of care, the me-too drug studies are conducted overseas against a
product that is not considered the current standard of care in the US.

“What is being done is basically a duplication of the original registration trial against what would now be
considered an inferior treatment in the US,” Pazdur said. “So that leaves us with a quandary here of how to put
that data in the context of current treatment in the US, especially when one doesn't have confidence
potentially of what different standards of care, supportive care medications, both intrinsic and extrinsic factors
that come could come into play.”

The scenario Pazdur described played out publicly in the form of an Oncologic Drugs Advisory Committee
review in February of Innovent Biologics, Inc./Eli Lilly and Company’s PD-1 inhibitor sintilimab.

The FDA said the progression-free survival primary endpoint in the ORIENT-11 trial, conducted in China, was
inappropriate because immune checkpoint inhibitors that are approved for first-line non-small cell lung cancer
have demonstrated an overall survival benefit, and the chemotherapy comparator arm did not reflect the
standard of care in the US. (Also see "‘Regulatory Flexibility’ For Innovent/Lilly’s Sintilimab Not Warranted, US
FDA Says" - Pink Sheet, 8 Feb, 2022.)

ODAC agreed, overwhelmingly voting that an additional preapproval trial was needed to demonstrate
applicability to US patients and medical care.  (Also see "Casualty Of Change? Innovent/Lilly’s Chinese PD-1
Inhibitor Sintilimab Falls Hard At US FDA Panel" - Pink Sheet, 10 Feb, 2022.) The FDA subsequently issued a
complete response letter.

Several other sponsors also have faced setbacks trying to get new cancer agents approved by relying on data
from China. (Also see "Going Global Gets Stuck, Chinese Drug Makers CRL Show What Not To Do" - Pink Sheet,
6 May, 2022.)

Logistical Considerations
For innovative drugs, Valnoski said she is always going to push for inclusion of a certain percentage of patients
from the US.

However, decisions on study site locations may depend upon where the company is based, as well as the
demographics of the disease under study. For example, if a drug is targeted at a specific mutation found
primarily in certain regions, that can affect trial site decisions, she said.

The location of key opinion leaders in a disease or therapeutic space also can influence where trials are
conducted, Lavery said. The historical performance of different sites in a specific disease, and their ability to
actually enroll a trial, also are factors.

Lavery noted additional logistic considerations that may make going outside the US easier. “We've also found
that sometimes we have long logistics of … setting up contracts with certain US sites. And by the time that’s set
up, you've actually enrolled really quickly elsewhere.”

In addition, “supply chain can sometimes be a consideration depending on the countries and whether or not
you can get that investigative drug there,” Lavery said. “There's a lot of logistics that go into the assessment.
And sometimes you have to change your plan as you're activating the sites and starting your study.”

The COVID-19 pandemic also has had an effect on the number of trial sites in the US. “We see a lot of US
centers pulling back on trials that they would run because of staffing issues,” Valnoski said.

Cost Is Less Of An Issue
Noting the industry representatives’ comments about the importance of speed in determining where to
conduct studies, Pazdur asked about the role of cost in the trial site selection process and whether the US is
always more expensive.

“Depending on the size of the company, it's a consideration, but maybe not primary,” Valnoski said. “I think
Europe used to be less expensive, I think that's coming in line. And … we have these other global shifts, like
currency, that can influence things in the middle of it.”

Cost may be more of a consideration for a company with a me-too drug that is just trying to get its foot in the
door with an approval, she said.

Lavery said going outside the US is not necessarily cheaper. “It really will depend on how complex your study
is, how specialized your question is that you're answering in the clinical trial, so that can affect cost.”

Look At The Entire Development Program
Companies also will try to balance the demands from various regulators when it comes to geographic
representation, Lavery said. For instance, some regulatory agencies, such as in China, may set enrollment
targets for patients from their own country.

“Sometimes we'll have to do a regional-only or China-only study to meet that need,” Lavery said. “And it's
separate from the global study, and sometimes it's combined. So it is case by case.”

Pazdur has publicly questioned whether the agency should set a minimum threshold for enrollment of US
patients in trials submitted to the FDA. (Also see "Could The US FDA Set Clinical Trial Diversity Minimums?" -
Pink Sheet, 5 May, 2022.)

Lavery urged the FDA to look at the geography of an entire clinical development program, not just the pivotal
studies that were used for the agency’s analysis on lung cancer trials.

Genentech/Roche sometimes will conduct its Phase I/Ib programs outside the US, “and then you'll see a
concerted effort by us to increase US enrollment in the pivotal study to balance out the entirety of the data,”
Lavery said.

“I think having greater insight into the entire development plan and where studies are conducted is also
something that might be good for FDA to look into,” she said.

Multiregional Is The Way To Go
Pazdur made clear that what the FDA really wants to see are truly multiregional trials. These will help address
concerns about study conduct and data reliability in other countries or at less experienced sites, as well as
answer questions about generalizability of results to the diverse US patient population.

“We have seen … people trying to weasel around this word multiregional
by bringing in trials that 99% of the patients are entered in one country,
and then 0.5% in this country and 0.2% in this and 0.1% in this. That is
not a multiregional trial.” – FDA’s Richard Pazdur

“We're not trying to say that everything should be done here in the US. We fully realize that that is not going to
be the situation,” Pazdur said. “Obviously, we want a greater proportion and not a decreasing proportion done
in the US. But we really want multiregional trials that reflect the world – North America, South America,
Europe, Eastern Europe, Asia, Africa. All of those regions should be represented.”

“The advantages of a multiregional trial is that you could compare different geographic areas, and that builds
confidence from a regulatory point of view,” he said. “We're taking a look at sites that never were involved in a
clinical trial, a registration trial. How did their data compare to known US sites? How were the toxicities? How
were the efficacy results? Were they skewed in those countries? So it builds a tremendous confidence for a
long-term approach, as well as bringing in the diversity.”

This view on multiregional trials as a means for building regulatory confidence was highlighted by OCE
officials in a Lancet Oncology comment published shortly before the sintilimab advisory committee meeting.
(Also see "Innovent/Lilly’s Sintilimab, Developed In China, May Be Headed For Troubled US Waters" - Pink
Sheet, 4 Feb, 2022.)

Pazdur also advised sponsors against conducting trials that are only superficially multiregional.

“We have seen, as one would expect, people trying to weasel around this word multiregional by bringing in
trials that 99% of the patients are entered in one country, and then 0.5% in this country and 0.2% in this and
0.1% in this,” Pazdur said. “That is not a multiregional trial.”

The OCE director tried to use industry’s concerns about speed in arguing his case for going the multiregional
route.

“If people really take advantage of this, they will find that the system moves very, very quickly and fast and
expeditiously to get important drugs to the public in general, whether it be the American public or the
worldwide public,” he said.
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US FDA’s Project Site Selector Kicks Off With A
Look At Why Cancer Trials Go Overseas

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Speed, logistics and global regulatory demands are all reasons why sponsors increasingly look
outside the US to enroll cancer trials, industry reps say during the inaugural event for the
Oncology Center of Excellence's new initiative; OCE director Pazdur says multiregional trials can
help provide patients access to important new drugs quickly in the US or worldwide.

Oncology drug sponsors look outside the US to enroll clinical trials for a host of reasons, including speed, a
quickly evolving standard of care in the US, and access to patients eager to get medicines not yet available in
their own countries.

The innovative nature of the drug – novel versus “me-too” – also can influence site selection choice, as can a
sponsor company’s home base and difficulties in contracting with US clinical sites.

The insights came through during a recent panel discussion, “Clinical Trial Site Selection: Fact vs. Fiction,”
convened by the US Food and Drug Administration’s Oncology Center of Excellence as part of its
“Conversations On Cancer” series. The 27 July webinar also served as the inaugural public event for Project Site
Selector, an OCE initiative that seeks to improve the agency’s understanding of factors that influence clinical
trial site selection. (Also see "OCE ‘Project’ To Help Understand Trial Site Selection, Also May Inform Policy" -
Pink Sheet, 4 Jul, 2022.)

The initiative is particularly timely and no doubt driven by OCE’s recent challenges in dealing with a plethora
of applications supported by studies conducted only in China, as well as the growing calls to increase diversity
of clinical trials and reduce health inequities in the US. (Also see "For Cancer Drugs With China-Only Data, US
FDA Leaves Door Open Just A Crack" - Pink Sheet, 14 Feb, 2022.)

Speed Is A Key Driver
FDA oncology clinical reviewer Vaibhav Kumar began the discussion with a chart showing geographic trends
for the US, China and post-Soviet states in lung cancer trial participation for applications submitted to the
agency from 2014-2021. Proportional representation of US patients peaked in 2015 and has been declining
since, Kumar noted.

The downward trend in US representation has been accompanied by a growing proportion of patients enrolled
in China and the post-Soviet states. In 2021, the post-Soviet states accounted for the largest percentage of
patients (more than 25%) in lung cancer trials submitted to the agency, followed by China and the US.

Kumar asked industry representatives on the panel what factors influence greater enrollment of patients
outside the US, especially in common conditions such as lung cancer.

Of the many reasons, industry representatives agreed that enrollment speed and trial completion time are
always going to be important drivers.

Bea Lavery, global head of oncology regulatory affairs at Genentech, Inc. /Roche Holding AG, said two factors
came to mind when she saw the lung cancer trial enrollment data: the quickly evolving standard of care in the
US and changes implemented in China in 2019 that drastically decreased the amount of time for study
approval.

“Credit to FDA with your programs to expedite development, whether it's breakthrough therapy, accelerated
approval or real-time oncology review, we saw a massive explosion of approvals of PD-1, PD-L1 inhibitors in
that 2015 to 2018 timeframe,” Lavery said. “As a result of that, it became really difficult to run additional trials
in the lung cancer space to ask additional questions when standard of care was rapidly changing.”

Me-Too Drugs Vs. Desire For Novelty
Meg Valnoski, president of the contract research organization Theradex, also cited the rapidly changing
standard of care in the US during this time period and noted a trend toward moving trials of me-too drugs
outside the US.

One reason former Eastern Bloc countries are popular trial sites for me-too drugs is because patients there may
not have the same access to therapies that US patients have under the normal standard of care, Valnoski said.
Since the trial sponsors are supplying all the drugs in a given study, patients are motivated to participate in
clinical trials to get access to treatments they otherwise would not have, which can mean quicker enrollment,
she said.

Carrie Lee, a medical oncologist at the University of North Carolina-Chapel Hill and medical director of the
Lineberger Comprehensive Cancer Center’s Clinical Protocol Office, noted the challenges of conducting studies
of me-too drugs in the US.

“As a clinical trials leader and an investigator at an academic site, opening trials that don't offer something
novel and innovative to our patient population is really, frankly, not an option,” she said.

“As a clinical trials leader and an investigator at an academic site,
opening trials that don't offer something novel and innovative to our
patient population is really, frankly, not an option.” – UNC’s Carrie Lee

“Clinical trials staffing has been a challenge since the beginning of time, and then acutely impacted with
COVID,” Lee said. “We have to be really thoughtful about how we use our resources.”

Consequently, there is “extreme prioritization” to focus on those trials that offer something novel and
innovative, Lee said. “We want to offer our patients therapies that they cannot get off the shelf, that are already
approved drugs.”

However, Oncology Center of Excellence director Richard Pazdur noted the quandary the FDA faces when it
gets an application for a me-too drug with data entirely from a foreign country.

Since such trials would not be able to enroll in the US because a competitor agent, probably in the same class,
is already approved and considered standard of care, the me-too drug studies are conducted overseas against a
product that is not considered the current standard of care in the US.

“What is being done is basically a duplication of the original registration trial against what would now be
considered an inferior treatment in the US,” Pazdur said. “So that leaves us with a quandary here of how to put
that data in the context of current treatment in the US, especially when one doesn't have confidence
potentially of what different standards of care, supportive care medications, both intrinsic and extrinsic factors
that come could come into play.”

The scenario Pazdur described played out publicly in the form of an Oncologic Drugs Advisory Committee
review in February of Innovent Biologics, Inc./Eli Lilly and Company’s PD-1 inhibitor sintilimab.

The FDA said the progression-free survival primary endpoint in the ORIENT-11 trial, conducted in China, was
inappropriate because immune checkpoint inhibitors that are approved for first-line non-small cell lung cancer
have demonstrated an overall survival benefit, and the chemotherapy comparator arm did not reflect the
standard of care in the US. (Also see "‘Regulatory Flexibility’ For Innovent/Lilly’s Sintilimab Not Warranted, US
FDA Says" - Pink Sheet, 8 Feb, 2022.)

ODAC agreed, overwhelmingly voting that an additional preapproval trial was needed to demonstrate
applicability to US patients and medical care.  (Also see "Casualty Of Change? Innovent/Lilly’s Chinese PD-1
Inhibitor Sintilimab Falls Hard At US FDA Panel" - Pink Sheet, 10 Feb, 2022.) The FDA subsequently issued a
complete response letter.

Several other sponsors also have faced setbacks trying to get new cancer agents approved by relying on data
from China. (Also see "Going Global Gets Stuck, Chinese Drug Makers CRL Show What Not To Do" - Pink Sheet,
6 May, 2022.)

Logistical Considerations
For innovative drugs, Valnoski said she is always going to push for inclusion of a certain percentage of patients
from the US.

However, decisions on study site locations may depend upon where the company is based, as well as the
demographics of the disease under study. For example, if a drug is targeted at a specific mutation found
primarily in certain regions, that can affect trial site decisions, she said.

The location of key opinion leaders in a disease or therapeutic space also can influence where trials are
conducted, Lavery said. The historical performance of different sites in a specific disease, and their ability to
actually enroll a trial, also are factors.

Lavery noted additional logistic considerations that may make going outside the US easier. “We've also found
that sometimes we have long logistics of … setting up contracts with certain US sites. And by the time that’s set
up, you've actually enrolled really quickly elsewhere.”

In addition, “supply chain can sometimes be a consideration depending on the countries and whether or not
you can get that investigative drug there,” Lavery said. “There's a lot of logistics that go into the assessment.
And sometimes you have to change your plan as you're activating the sites and starting your study.”

The COVID-19 pandemic also has had an effect on the number of trial sites in the US. “We see a lot of US
centers pulling back on trials that they would run because of staffing issues,” Valnoski said.

Cost Is Less Of An Issue
Noting the industry representatives’ comments about the importance of speed in determining where to
conduct studies, Pazdur asked about the role of cost in the trial site selection process and whether the US is
always more expensive.

“Depending on the size of the company, it's a consideration, but maybe not primary,” Valnoski said. “I think
Europe used to be less expensive, I think that's coming in line. And … we have these other global shifts, like
currency, that can influence things in the middle of it.”

Cost may be more of a consideration for a company with a me-too drug that is just trying to get its foot in the
door with an approval, she said.

Lavery said going outside the US is not necessarily cheaper. “It really will depend on how complex your study
is, how specialized your question is that you're answering in the clinical trial, so that can affect cost.”

Look At The Entire Development Program
Companies also will try to balance the demands from various regulators when it comes to geographic
representation, Lavery said. For instance, some regulatory agencies, such as in China, may set enrollment
targets for patients from their own country.

“Sometimes we'll have to do a regional-only or China-only study to meet that need,” Lavery said. “And it's
separate from the global study, and sometimes it's combined. So it is case by case.”

Pazdur has publicly questioned whether the agency should set a minimum threshold for enrollment of US
patients in trials submitted to the FDA. (Also see "Could The US FDA Set Clinical Trial Diversity Minimums?" -
Pink Sheet, 5 May, 2022.)

Lavery urged the FDA to look at the geography of an entire clinical development program, not just the pivotal
studies that were used for the agency’s analysis on lung cancer trials.

Genentech/Roche sometimes will conduct its Phase I/Ib programs outside the US, “and then you'll see a
concerted effort by us to increase US enrollment in the pivotal study to balance out the entirety of the data,”
Lavery said.

“I think having greater insight into the entire development plan and where studies are conducted is also
something that might be good for FDA to look into,” she said.

Multiregional Is The Way To Go
Pazdur made clear that what the FDA really wants to see are truly multiregional trials. These will help address
concerns about study conduct and data reliability in other countries or at less experienced sites, as well as
answer questions about generalizability of results to the diverse US patient population.

“We have seen … people trying to weasel around this word multiregional
by bringing in trials that 99% of the patients are entered in one country,
and then 0.5% in this country and 0.2% in this and 0.1% in this. That is
not a multiregional trial.” – FDA’s Richard Pazdur

“We're not trying to say that everything should be done here in the US. We fully realize that that is not going to
be the situation,” Pazdur said. “Obviously, we want a greater proportion and not a decreasing proportion done
in the US. But we really want multiregional trials that reflect the world – North America, South America,
Europe, Eastern Europe, Asia, Africa. All of those regions should be represented.”

“The advantages of a multiregional trial is that you could compare different geographic areas, and that builds
confidence from a regulatory point of view,” he said. “We're taking a look at sites that never were involved in a
clinical trial, a registration trial. How did their data compare to known US sites? How were the toxicities? How
were the efficacy results? Were they skewed in those countries? So it builds a tremendous confidence for a
long-term approach, as well as bringing in the diversity.”

This view on multiregional trials as a means for building regulatory confidence was highlighted by OCE
officials in a Lancet Oncology comment published shortly before the sintilimab advisory committee meeting.
(Also see "Innovent/Lilly’s Sintilimab, Developed In China, May Be Headed For Troubled US Waters" - Pink
Sheet, 4 Feb, 2022.)

Pazdur also advised sponsors against conducting trials that are only superficially multiregional.

“We have seen, as one would expect, people trying to weasel around this word multiregional by bringing in
trials that 99% of the patients are entered in one country, and then 0.5% in this country and 0.2% in this and
0.1% in this,” Pazdur said. “That is not a multiregional trial.”

The OCE director tried to use industry’s concerns about speed in arguing his case for going the multiregional
route.

“If people really take advantage of this, they will find that the system moves very, very quickly and fast and
expeditiously to get important drugs to the public in general, whether it be the American public or the
worldwide public,” he said.
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US FDA’s Project Site Selector Kicks Off With A
Look At Why Cancer Trials Go Overseas

by Sue Sutter

 sue.sutter@informa.com

Executive Summary

Speed, logistics and global regulatory demands are all reasons why sponsors increasingly look
outside the US to enroll cancer trials, industry reps say during the inaugural event for the
Oncology Center of Excellence's new initiative; OCE director Pazdur says multiregional trials can
help provide patients access to important new drugs quickly in the US or worldwide.

Oncology drug sponsors look outside the US to enroll clinical trials for a host of reasons, including speed, a
quickly evolving standard of care in the US, and access to patients eager to get medicines not yet available in
their own countries.

The innovative nature of the drug – novel versus “me-too” – also can influence site selection choice, as can a
sponsor company’s home base and difficulties in contracting with US clinical sites.

The insights came through during a recent panel discussion, “Clinical Trial Site Selection: Fact vs. Fiction,”
convened by the US Food and Drug Administration’s Oncology Center of Excellence as part of its
“Conversations On Cancer” series. The 27 July webinar also served as the inaugural public event for Project Site
Selector, an OCE initiative that seeks to improve the agency’s understanding of factors that influence clinical
trial site selection. (Also see "OCE ‘Project’ To Help Understand Trial Site Selection, Also May Inform Policy" -
Pink Sheet, 4 Jul, 2022.)

The initiative is particularly timely and no doubt driven by OCE’s recent challenges in dealing with a plethora
of applications supported by studies conducted only in China, as well as the growing calls to increase diversity
of clinical trials and reduce health inequities in the US. (Also see "For Cancer Drugs With China-Only Data, US
FDA Leaves Door Open Just A Crack" - Pink Sheet, 14 Feb, 2022.)

Speed Is A Key Driver
FDA oncology clinical reviewer Vaibhav Kumar began the discussion with a chart showing geographic trends
for the US, China and post-Soviet states in lung cancer trial participation for applications submitted to the
agency from 2014-2021. Proportional representation of US patients peaked in 2015 and has been declining
since, Kumar noted.

The downward trend in US representation has been accompanied by a growing proportion of patients enrolled
in China and the post-Soviet states. In 2021, the post-Soviet states accounted for the largest percentage of
patients (more than 25%) in lung cancer trials submitted to the agency, followed by China and the US.

Kumar asked industry representatives on the panel what factors influence greater enrollment of patients
outside the US, especially in common conditions such as lung cancer.

Of the many reasons, industry representatives agreed that enrollment speed and trial completion time are
always going to be important drivers.

Bea Lavery, global head of oncology regulatory affairs at Genentech, Inc. /Roche Holding AG, said two factors
came to mind when she saw the lung cancer trial enrollment data: the quickly evolving standard of care in the
US and changes implemented in China in 2019 that drastically decreased the amount of time for study
approval.

“Credit to FDA with your programs to expedite development, whether it's breakthrough therapy, accelerated
approval or real-time oncology review, we saw a massive explosion of approvals of PD-1, PD-L1 inhibitors in
that 2015 to 2018 timeframe,” Lavery said. “As a result of that, it became really difficult to run additional trials
in the lung cancer space to ask additional questions when standard of care was rapidly changing.”

Me-Too Drugs Vs. Desire For Novelty
Meg Valnoski, president of the contract research organization Theradex, also cited the rapidly changing
standard of care in the US during this time period and noted a trend toward moving trials of me-too drugs
outside the US.

One reason former Eastern Bloc countries are popular trial sites for me-too drugs is because patients there may
not have the same access to therapies that US patients have under the normal standard of care, Valnoski said.
Since the trial sponsors are supplying all the drugs in a given study, patients are motivated to participate in
clinical trials to get access to treatments they otherwise would not have, which can mean quicker enrollment,
she said.

Carrie Lee, a medical oncologist at the University of North Carolina-Chapel Hill and medical director of the
Lineberger Comprehensive Cancer Center’s Clinical Protocol Office, noted the challenges of conducting studies
of me-too drugs in the US.

“As a clinical trials leader and an investigator at an academic site, opening trials that don't offer something
novel and innovative to our patient population is really, frankly, not an option,” she said.

“As a clinical trials leader and an investigator at an academic site,
opening trials that don't offer something novel and innovative to our
patient population is really, frankly, not an option.” – UNC’s Carrie Lee

“Clinical trials staffing has been a challenge since the beginning of time, and then acutely impacted with
COVID,” Lee said. “We have to be really thoughtful about how we use our resources.”

Consequently, there is “extreme prioritization” to focus on those trials that offer something novel and
innovative, Lee said. “We want to offer our patients therapies that they cannot get off the shelf, that are already
approved drugs.”

However, Oncology Center of Excellence director Richard Pazdur noted the quandary the FDA faces when it
gets an application for a me-too drug with data entirely from a foreign country.

Since such trials would not be able to enroll in the US because a competitor agent, probably in the same class,
is already approved and considered standard of care, the me-too drug studies are conducted overseas against a
product that is not considered the current standard of care in the US.

“What is being done is basically a duplication of the original registration trial against what would now be
considered an inferior treatment in the US,” Pazdur said. “So that leaves us with a quandary here of how to put
that data in the context of current treatment in the US, especially when one doesn't have confidence
potentially of what different standards of care, supportive care medications, both intrinsic and extrinsic factors
that come could come into play.”

The scenario Pazdur described played out publicly in the form of an Oncologic Drugs Advisory Committee
review in February of Innovent Biologics, Inc./Eli Lilly and Company’s PD-1 inhibitor sintilimab.

The FDA said the progression-free survival primary endpoint in the ORIENT-11 trial, conducted in China, was
inappropriate because immune checkpoint inhibitors that are approved for first-line non-small cell lung cancer
have demonstrated an overall survival benefit, and the chemotherapy comparator arm did not reflect the
standard of care in the US. (Also see "‘Regulatory Flexibility’ For Innovent/Lilly’s Sintilimab Not Warranted, US
FDA Says" - Pink Sheet, 8 Feb, 2022.)

ODAC agreed, overwhelmingly voting that an additional preapproval trial was needed to demonstrate
applicability to US patients and medical care.  (Also see "Casualty Of Change? Innovent/Lilly’s Chinese PD-1
Inhibitor Sintilimab Falls Hard At US FDA Panel" - Pink Sheet, 10 Feb, 2022.) The FDA subsequently issued a
complete response letter.

Several other sponsors also have faced setbacks trying to get new cancer agents approved by relying on data
from China. (Also see "Going Global Gets Stuck, Chinese Drug Makers CRL Show What Not To Do" - Pink Sheet,
6 May, 2022.)

Logistical Considerations
For innovative drugs, Valnoski said she is always going to push for inclusion of a certain percentage of patients
from the US.

However, decisions on study site locations may depend upon where the company is based, as well as the
demographics of the disease under study. For example, if a drug is targeted at a specific mutation found
primarily in certain regions, that can affect trial site decisions, she said.

The location of key opinion leaders in a disease or therapeutic space also can influence where trials are
conducted, Lavery said. The historical performance of different sites in a specific disease, and their ability to
actually enroll a trial, also are factors.

Lavery noted additional logistic considerations that may make going outside the US easier. “We've also found
that sometimes we have long logistics of … setting up contracts with certain US sites. And by the time that’s set
up, you've actually enrolled really quickly elsewhere.”

In addition, “supply chain can sometimes be a consideration depending on the countries and whether or not
you can get that investigative drug there,” Lavery said. “There's a lot of logistics that go into the assessment.
And sometimes you have to change your plan as you're activating the sites and starting your study.”

The COVID-19 pandemic also has had an effect on the number of trial sites in the US. “We see a lot of US
centers pulling back on trials that they would run because of staffing issues,” Valnoski said.

Cost Is Less Of An Issue
Noting the industry representatives’ comments about the importance of speed in determining where to
conduct studies, Pazdur asked about the role of cost in the trial site selection process and whether the US is
always more expensive.

“Depending on the size of the company, it's a consideration, but maybe not primary,” Valnoski said. “I think
Europe used to be less expensive, I think that's coming in line. And … we have these other global shifts, like
currency, that can influence things in the middle of it.”

Cost may be more of a consideration for a company with a me-too drug that is just trying to get its foot in the
door with an approval, she said.

Lavery said going outside the US is not necessarily cheaper. “It really will depend on how complex your study
is, how specialized your question is that you're answering in the clinical trial, so that can affect cost.”

Look At The Entire Development Program
Companies also will try to balance the demands from various regulators when it comes to geographic
representation, Lavery said. For instance, some regulatory agencies, such as in China, may set enrollment
targets for patients from their own country.

“Sometimes we'll have to do a regional-only or China-only study to meet that need,” Lavery said. “And it's
separate from the global study, and sometimes it's combined. So it is case by case.”

Pazdur has publicly questioned whether the agency should set a minimum threshold for enrollment of US
patients in trials submitted to the FDA. (Also see "Could The US FDA Set Clinical Trial Diversity Minimums?" -
Pink Sheet, 5 May, 2022.)

Lavery urged the FDA to look at the geography of an entire clinical development program, not just the pivotal
studies that were used for the agency’s analysis on lung cancer trials.

Genentech/Roche sometimes will conduct its Phase I/Ib programs outside the US, “and then you'll see a
concerted effort by us to increase US enrollment in the pivotal study to balance out the entirety of the data,”
Lavery said.

“I think having greater insight into the entire development plan and where studies are conducted is also
something that might be good for FDA to look into,” she said.

Multiregional Is The Way To Go
Pazdur made clear that what the FDA really wants to see are truly multiregional trials. These will help address
concerns about study conduct and data reliability in other countries or at less experienced sites, as well as
answer questions about generalizability of results to the diverse US patient population.

“We have seen … people trying to weasel around this word multiregional
by bringing in trials that 99% of the patients are entered in one country,
and then 0.5% in this country and 0.2% in this and 0.1% in this. That is
not a multiregional trial.” – FDA’s Richard Pazdur

“We're not trying to say that everything should be done here in the US. We fully realize that that is not going to
be the situation,” Pazdur said. “Obviously, we want a greater proportion and not a decreasing proportion done
in the US. But we really want multiregional trials that reflect the world – North America, South America,
Europe, Eastern Europe, Asia, Africa. All of those regions should be represented.”

“The advantages of a multiregional trial is that you could compare different geographic areas, and that builds
confidence from a regulatory point of view,” he said. “We're taking a look at sites that never were involved in a
clinical trial, a registration trial. How did their data compare to known US sites? How were the toxicities? How
were the efficacy results? Were they skewed in those countries? So it builds a tremendous confidence for a
long-term approach, as well as bringing in the diversity.”

This view on multiregional trials as a means for building regulatory confidence was highlighted by OCE
officials in a Lancet Oncology comment published shortly before the sintilimab advisory committee meeting.
(Also see "Innovent/Lilly’s Sintilimab, Developed In China, May Be Headed For Troubled US Waters" - Pink
Sheet, 4 Feb, 2022.)

Pazdur also advised sponsors against conducting trials that are only superficially multiregional.

“We have seen, as one would expect, people trying to weasel around this word multiregional by bringing in
trials that 99% of the patients are entered in one country, and then 0.5% in this country and 0.2% in this and
0.1% in this,” Pazdur said. “That is not a multiregional trial.”

The OCE director tried to use industry’s concerns about speed in arguing his case for going the multiregional
route.

“If people really take advantage of this, they will find that the system moves very, very quickly and fast and
expeditiously to get important drugs to the public in general, whether it be the American public or the
worldwide public,” he said.
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