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S ingle-arm trials (SATs) have been used to assess the safety
and efficacy of anticancer drugs for several decades. US Food
and Drug Administration (FDA) approval of oncology drugs

during the 1970s was commonly based on response rates (RRs)1,2

that were primarily evaluated in SATs. In the 1980s, an Oncologic
Drugs Advisory Committee convened by the FDA determined that
cancer drug approval should be based on more direct evidence of
clinical benefit, such as improvements in survival, patients’ quality
of life, improved physical functioning, or improved tumor-related
symptoms.1,2 During subsequent decades, SATs continued to sup-
port drug approvals in certain circumstances but were primarily
used to evaluate the preliminary safety, activity, and dosing of drugs
early in development. More recently, higher levels of early efficacy
in smaller biomarker-defined populations have been associated
with increased use of RR evaluated in SATs to support drug approval
once again.

Clinical investigation of previously untested drugs in oncology
has historically proceeded in a stepwise fashion. In the traditional

model, phase 1 trials characterize safety across a range of escalat-
ing doses and evaluate the pharmacologic properties of a drug in
humans. Early evidence of efficacy may be seen in phase 1, but is typi-
cally further investigated in phase 2 trials before initiating a large ran-
domized phase 3 trial to confirm benefit. The RRs observed in phase
1 trials have continued to rise during the last several decades. In the
1970s and 1980s, RRs were often low, typically less than 5%, with
a slight increase to approximately 11% in the 1990s.3-8 With the ad-
vent of precision medicine and biomarker-enriched populations, RRs
have risen over time,8-10 and contemporary early phase trials often
have much stronger early clinical evidence of efficacy based on du-
rable RR, which has been followed by a more seamless drug devel-
opment paradigm.11 Increasingly, promising and sometimes unprec-
edented durable RRs are followed by expansion of early-stage trials
to include more patients and additional cohorts.11 One analysis
demonstrated that among more than 500 therapeutic phase 1 trials
conducted over a 25-year span, the average sample size more than
doubled.12 Given the increase in the magnitude of efficacy and

IMPORTANCE Single-arm trials have allowed for transformative therapies to be made available
to patients expeditiously. However, using single-arm trials to support drug approval presents
several challenges that must be carefully considered.

OBSERVATIONS Between January 1, 2002, and December 31, 2021, the US Food and Drug
Administration granted 176 new malignant hematology and oncology indications based on
single-arm trials, including 116 accelerated approvals (AAs) and 60 traditional approvals.
Overall, 87 approvals (49%) were for new molecular entities or original biologics and 89
(51%) were supplemental indications. Response rate (RR) was the most common end point
used to support approval in these single-arm trials (173 of 176 [98%]). Of the 116 AAs based
on single-arm trials, 45 (38%) fulfilled their postmarketing requirement to verify clinical
benefit, 61 (52%) are pending verification of benefit, and 10 (9%) were withdrawn from
the market as of December 31, 2021. Most (56 of 61 [92%]) AAs based on single-arm trials
pending verification of benefit occurred during the previous 5 years and have ongoing
confirmatory trials as of December 2021.

CONCLUSIONS AND RELEVANCE Single-arm trials have been a common development strategy
to support regulatory approval as early-stage expansion cohorts with promising durable RRs
have become more prevalent. In the appropriate context, single-arm trials using durable
RRs can allow patients expedited access to novel therapies and will continue to serve a role
in advancing drug development in oncology. However, single-arm trials have a smaller
noncomparative safety data set, inability to use time-to-event end points, and other
limitations that require careful consideration within the context of the disease and available
therapies. The randomized clinical trial remains the preferred approach in clinical
investigation.
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amount of safety information accumulating in early-stage trials,
single-arm cohorts have been used to support FDA approvals, par-
ticularly accelerated approvals (AAs).13

Tumor RR is a key end point unique to oncology that has al-
lowed for the evaluation of efficacy in single-arm trials. Since can-
cer is a relentlessly progressive disease and tumors do not typically
regress on their own, a decrease in tumor burden measured by RR
can be associated with drug activity rather than spontaneous re-
gression of the disease, placebo effect, or other confounding fac-
tors. While RR does not capture effects on survival and typically does
not capture associations with symptoms or function, durable RR is
a direct measure of antitumor activity and is a strong, objective, and
clinically relevant end point. Patients and physicians accept sub-
stantial and prolonged reductions in tumor burden to be meaning-
ful in clinical practice, as tumor growth is thought to indicate resis-
tance and prompts changes in treatment, and reducing tumor burden
may be associated with improvements in disease-related symp-
toms in patients with large tumors or areas of disease involving sen-
sitive anatomic structures and organ systems.14 Response rate can
also be assessed earlier and in smaller sample sizes than other mea-
sures of efficacy commonly used in oncology trials, such as progres-
sion-free survival (PFS) and overall survival (OS), and is based on

objective, quantitative, and verifiable assessments.2 Time-to-
event end points, such as PFS and OS, necessitate a randomized trial
due to the sensitivity of these end points to baseline differences
in patient, disease, and other clinical characteristics. This article
reviews the FDA experience in using data from SATs to support
FDA approval of new drugs and biologics for malignant hematol-
ogy and oncology indications during the last 20 years and includes
a discussion of the advantages and the challenges associated with
this approach.

Methods
We identified all drug and biologic approvals for malignant hematol-
ogy and oncology indications in FDA databases from 2002 to 2021.
We selected all indication approvals that were primarily based on SATs.
Data sources included approval letters, US prescribing information,
and clinical review documents from the FDA’s electronic record
system.15 The following information was abstracted from source
documents for each approval: date of approval, indication, new mo-
lecular entity (NME) or original biologic or supplemental approval,
approval pathway (AA or traditional approval [TA]), status of AA (clini-
cal benefit verified, not verified, or withdrawn from market), end
points assessed, drug class and mechanism of action, line of approval/
disease setting, and association of a biomarker for the disease set-
ting (if relevant). Definitions of RR included Response Evaluation
Criteria in Solid Tumors criteria for solid tumors, complete response
rates, hematologic responses (eg, major cytogenetic response and
major molecular response), and other criteria (eg, International
Myeloma Working Group criteria and Lugano Criteria).

When multiple studies or cohorts were used to support an ap-
proval, we selected the trial or cohort reported in section 14 of the
US prescribing information. The status of AA was assessed using
a cutoff of December 31, 2021. When indications granted AA were
subsequently converted to TA, often with a broadened indication,
both approvals were included. Those products that received their
initial FDA approval were classified as NMEs or original biologics and
all subsequent approvals were considered supplemental indica-
tions. Approvals for nonmalignant or supportive indications or those
providing dosing or formulation changes that were not clinically
relevant were not included.

Results
Between January 1, 2002, and December 31, 2021, the FDA’s Office
of Oncologic Diseases granted 563 new indications; of these, 176
(31%) were based on SATs. Of those based on SATs, 87 approvals
(49%) were for NMEs or original biologics and 89 (51%) were supple-
mental indications (Table 1; Figure).

Response rate was the most common end point used to sup-
port SAT approvals (173 of 176 [98%]). Durability of response was
frequently cited to support RR. Three non-RR end points were used
to support approval; for 3-year event-free survival, patient-level data
were available for the historical controls and the drug had estab-
lished clinical benefit in diseases with related biology; for castra-
tion rate, plasma testosterone was considered a validated surro-
gate end point to assess the efficacy of gonadotropin-releasing

Table 1. Malignant Hematology and Oncology Approvals
Based on Single-Arm Trials, 2002-2021

Characteristic of approval
No. of
approvals (%)

All new indications 176 (100)a

Approvals

Accelerated 116 (66)

Traditional 60 (34)

New molecular entities 87 (49)

Supplemental indications 89 (51)

End points for approval

RR 174 (99)

Event-free survival 1 (<1)

Castration rate 1 (<1)

Reduction of tumor burden by at least 50% or
discontinuation of all antihypertensive
medications for at least 6 mos

1 (<1)

Mechanism of action

Inhibitors

Kinase 67 (38)

Checkpoint 39 (22)

Other 70 (40)

Disease-defining biomarker present

Yes 71 (40)

No 105 (60)

Patient population enrolled

Locally advanced or metastatic diseases 174 (99)

Localized disease 2 (1)

Abbreviation: RR, response rate.
a Approvals granted by the US Food and Drug Administration’s Center for

Biologics and Research are included and may require additional considerations
for cell and gene therapies.
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hormone analogues16; for tumor reduction of at least 50% or dis-
continuation of all antihypertensive medications for at least 6
months, reduction in hypertension appeared to be associated with
decreased tumor activity and was supported by evaluation of RR by
established response criteria.

Of the 176 indications granted, 116 (66%) were AAs and 60
(34%) were TAs. Of the 116 AAs, 45 (38%) fulfilled their postmar-
keting requirement to verify clinical benefit and were converted to
TA, 61 (52%) are pending verification of benefit, and 10 (9%) were
withdrawn from the market. Of the 45 AAs that have verified ben-
efit, 29 (64%) were evaluated in a trial that enrolled a patient popu-
lation that differed from the original SAT population with respect to
line of therapy, biomarker enrichment status, and other trial char-
acteristics. Of the 61 AAs pending verification of benefit, 56 (92%)
were approved during the previous 5 years (16 in 2021, 21 in 2020,
4 in 2019, 6 in 2018, and 9 in 2017) and had ongoing confirmatory
trials as of December 31, 2021.

Sixty-seven new indications (38%) based on SATs were granted
for kinase inhibitors, 39 (22%) for immune checkpoint inhibitors, and
70 (40%) for drugs with other mechanisms of action, including
(but not limited to) antibody-drug conjugates, cytotoxic drugs, and
non–checkpoint inhibitor monoclonal antibodies. Seventy-one
SAT approvals (40%) were based on trials in patients enrolled who
had disease that was at least partially defined by a biomarker.

Almost all SAT approvals (174 of 176 [99%]) were for treating lo-
callyadvancedormetastaticdisease,andmostwereindicatedfortreat-
ment following at least 1 prior line of therapy; 26% of approvals were
fortreatmentinthefirst lineorlater,49%secondlineorlater,20%third
line or later, 4% fourth line or later, and 1% fifth line or later. Two ap-
provals (1%) were in localized disease settings: mitomycin (low-grade
upper tract urothelial cancer) and pembrolizumab (BCG-unresponsive
high-risk non–muscle-invasive bladder cancer).

Discussion
Randomized clinical trials (RCTs) are considered the preferred ap-
proach in clinical research to generate substantial evidence of ef-

fectiveness and robust safety evaluation to support drug approval.
The FDA recommends RCTs when feasible, but there are several oc-
casions when RCTs are difficult to conduct and/or equipoise is lost.
For instance, demonstration of a high and durable RR with an ac-
ceptable safety profile in an early-phase SAT could make conduct-
ing a subsequent RCT challenging, as randomizing patients to a
control that appears to have higher toxic effects and a substantially
lower RR may violate principles of clinical equipoise.17-19 Random-
ized clinical trials may be particularly challenging in these situa-
tions when there is suboptimal or no available therapy. In addition,
as tumors are reclassified based on molecular and genetic factors
into rare biomarker-defined subsets, enrollment and conduct of a
randomized trial in these smaller populations may encounter feasi-
bility issues. For instance, some biomarker-positive populations are
uncommon, making the number needed to screen high, and the size
of the eligible population challenging to power a randomized trial
for an end point such as OS.17-19 Demonstrating an improvement
in OS can also be a challenge in cancers with long natural histories
for which the length of a trial necessary to demonstrate an OS im-
provement may not be practical, or subsequent therapies (includ-
ing crossover to the experimental therapy) may complicate OS
interpretation.14 In instances in which an RCT is infeasible, an SAT
design may be appropriate.

The AA pathway has made many innovative therapies avail-
able years before confirmatory trials are typically completed, many
of which are supported by SATs that demonstrated durable RR.20

The indicated patient populations for these approvals are often those
with incurable, metastatic cancers who have limited or no effective
treatment options. Where therapies are available, they are often
marginally effective and have substantial toxic effects, highlighting
the unmet medical need in these patients. In this context, provid-
ing patients with an incurable cancer and high unmet medical need
access to novel anticancer therapies based on SATs with an appro-
priate magnitude of response and duration while awaiting verifica-
tion of benefit is felt to be justified. Postmarketing confirmatory trials
are used to verify and describe the anticipated effect of the clinical
benefit noted at the time of AA.13 Sponsors are required to provide
FDA with a timeline of completion of various confirmatory trial mile-

Figure. Approval of Malignant Hematology and Oncology Drugs and Biologics Based on Single-Arm Trials
(SATs) by Year, 2002-2021
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stone dates, and FDA must agree on this timeline before approval.21

Confirmatory trials should be under way and substantially accrued
at the time of AA to assure benefit can be verified within a reason-
able period.22 Because trials evaluating time to event outcomes (eg,
OS and PFS) are often used to confirm benefit, and power depends
on the number of events observed, the period for completion may
vary with respect to the established milestone dates. Due to the

aforementioned challenges in conducting an RCT with OS as the pri-
mary end point in certain disease settings, along with the under-
standing that PFS and RR with substantial duration of response (DOR)
may represent clinical benefit in certain disease contexts, confirma-
tory RCTs have also used PFS to confirm benefit. In situations in which
an RCT is believed to be infeasible, collection of longer follow-up data
for DOR and RR with additional patients has been assessed in the

Table 2. FDA Hematology and Oncology Traditional Approvals Based on Single-Arm Trials

Drug name
and MoA

Indicated
population

Efficacy population
and results from SAT Regulatory considerations

Crizotinib24 Granted TA on
March 11, 2016,
for treating
patients with
ROS1-positive
NSCLC

• 50 Patients with ROS1-positive
metastatic NSCLC

• RR, 66% (95% CI, 51%-79%)
with a median DoR of 18.3
months (95% CI, 12.7 to NR)

• Rare population (1%-2% of
NSCLC)

• Limited efficacy of alternative
therapies (RR approximately
10%-35% with relatively short
DoR)

• Safety profile already well
characterized in other disease
areas that used RCTs

• Conducting subsequent RCT
could violate principles of
clinical equipoise

Vismodegib25 Granted TA on
January 30, 2012
for treatment of
adults with mBCC
or with laBCC that
has recurred
following surgery
or who are not
candidates for
surgery and who
are not candidates
for radiation

• 96 Patients with pathologically
confirmed laBCC or mBCC
enrolled in an SAT

• mBCC (n = 33): RR, 30.3% (95%
CI, 15.6%-48.2%); median DoR,
7.6 months (95% CI, 5.6 to NE)

• laBCC (n = 63): RR, 42.9% (95%
CI, 30.5%-56%); median DoR,
7.6 (95% CI, 5.7-9.7) mo

• Lack of alternative therapies
• Durable reduction of disfiguring

and morbidity of lesions deemed
direct evidence of benefit

Selumetinib26 Granted TA on
April 10, 2020,
for treating
pediatric patients
2 years and older
with NF1 who have
symptomatic,
inoperable PNs

• 33 Pediatric patients with NF1
and inoperable PN enrolled in
the SAT SPRINT

• RR, 66% (95% CI, 51%-79%),
with 82% of responding patients
having a DoR of ≥12 mo

• Disfiguring and morbid disease
• Clinically meaningful RR with

lasting DoR and improvements
in disease-related morbidities
deemed direct evidence
of benefit

Pembrolizumab27 Granted TA on
January 8, 2020,
for treating
patients with
BCG-unresponsive,
high-risk NMIBC
with CIS with or
without papillary
tumors who are
ineligible for or
have elected not
to undergo
cystectomy

• 96 Patients with
BCG-unresponsive, high-risk,
NMIBC with CIS with or without
papillary tumors who were
ineligible for or have elected
not to undergo cystectomy

• Complete response rate, 41%
(95% CI, 31%-51%) with DoR
of 16.2 (95% CI, 0-30.4)
months with 46% with duration
≥12 mo

• Alternative treatment with
radical cystectomy associated
with substantial morbidity and
potential mortality

• Safety profile already well
characterized in other disease
areas that used RCTs

• Obtaining a durable CR, delayed
or avoided radical cystectomy,
deemed direct evidence of
clinical benefit

Tagraxofusperzs28 Granted TA on
December 21,
2018, for treating
BPDCN in adults
and in pediatric
patients 2 years
and older

• 13 Patients with treatment-naive
BPDCN

• CR/CRc rate, 53.8% (95% CI,
25.1%-80.8%); median DoR not
reached (range, 3.9, 12.2 mo)

• 15 Patients with relapsed or
refractory BPDCN

• 1 Patient achieved a CR
(duration, 111 d) and 1 patient
achieved a CRc (duration, 424 d)

• Rare, aggressive hematologic
cancer (estimated to be <1%
of leukemias or lymphomas)

• Lack of alternative therapies
• Conducting RCT challenging

due to rarity of tumor

Moxetumomab
pasudotox-tdfk29

Granted TA on
September 13,
2018, for treating
patients with
relapsed or
refractory HCL
who received at
least 2 prior
systemic therapies,
including
treatment
with a PNA

• 80 Patients with HCL or HCL
variant with a need for therapy
based on presence of cytopenias
or splenomegaly and who had
received prior treatment with
at least 2 systemic therapies,
including 1 PNA

• RR, 75% (95% CI, 64%-84%);
median DoR not reached (95% CI,
0-43 mo)

• Rare and incurable cancer
approximately 1000 new cases
per year in the US)

• Lack of alternative therapies
• High RR with long duration
• Conducting RCT challenging

due to rarity of tumor

Abbreviations: BCG,
Bacillus-Calmette-Guerin;
BPDCN, blastic plasmacytoid
dendritic cell neoplasm;
CIS, carcinoma in situ; CRc, clinical
complete response; CR, complete
response; DoR, duration of response;
HCL, hairy cell leukemia;
laBCC, locally advanced basal cell
carcinoma; mBCC, metastatic basal
cell carcinoma; MoA, mechanism of
action; NF1, neurofibromatosis type 1;
NMIBC, non-muscle invasive bladder
cancer; NSCLC, non-small cell lung
cancer; PN, plexiform neurofibromas;
PNA, purine nucleoside analog;
RCT, randomized clinical trial;
RR, response rate; SAT, single-arm
trial; TA, traditional approval.
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same SAT used to support the AA. An additional challenge with an
AA is that there can be loss of equipoise and difficulty in accruing a
randomized postmarketing trial in the same indicated population.
Because it is generally believed that a drug approved in a refractory
setting would be at least as effective in an earlier-line setting within
the same cancer type, FDA has allowed sponsors to conduct their
confirmatory trials in an earlier disease setting than the indication-
granted AA.

The FDA has also granted TA to therapies treating rare dis-
eases based on results from SATs. Considerations for whether a SAT
strategy is appropriate to support TA include the rarity of the popu-
lation, a mechanism of action supported by strong scientific ratio-
nale and/or preclinical data that identifies a well-defined popula-
tion, the degree of unmet need, a high and durable RR, location of
the tumor and likelihood of symptom or functional improvement,
and other context-dependent considerations that are associated
with an overall positive benefit-risk profile.17,19,22,23 Table 224-29 pro-
vides several examples of drugs that received TA based on SATs. The
safety profile must be well characterized, and several of the indica-
tions granted TA based on SAT were for already-approved drugs with
well-understood safety profiles. While there is no requirement
for a confirmatory trial to verify efficacy for drugs receiving TA, FDA
maintains routine pharmacovigilance to ensure efficacy and safety
in the postmarketing setting.

Targeted therapies for rare subpopulations based on molecu-
lar and genomic drivers of disease are often studied in SATs. Recent
advancements in identifying and implementing molecular and ge-
nomic biomarkers have allowed enrichment of histology-defined can-
cer populations with selection biomarkers, which has been associ-
ated with a demonstration of improved efficacy in the biomarker-
selected populations that were greater than with previous standards
of care. For example, non–small-cell lung cancer (NSCLC) has un-
dergone substantial reclassification based on molecular and ge-
nomic characteristics that has been followed by the development
of numerous innovative targeted therapies. The high durable RRs
that were seen in the early development of NSCLC-targeted thera-
pies illustrate the challenges with requiring RCTs with OS end points
in contemporary drug development. Population-level mortality
from NSCLC in the US decreased from 2013 to 2016, which coin-
cided with the approval of several immunotherapy and targeted
therapies that were granted initial FDA approval based not on OS,
but on durable RR as assessed in SATs.30,31

Single-arm trials can be an important source of evidence, but
this approach has limitations that must be considered (Table 3).
Because SATs have no comparator arm, differentiating drug-
related adverse events from those associated with the underlying
cancer or other causes can be complicated. A focus on attaining
the highest RR possible without adequately characterizing toxic
effects in an SAT can have important implications on the assess-
ment of overall benefit-risk as drug development progresses. For ex-
ample, a recent oncologic drugs advisory committee32 discussed
classwide safety findings observed with phosphoinositide 3-ki-
nase inhibitors in hematologic cancers. While several phosphoinosi-
tide 3-kinase inhibitors demonstrated durable RR in SATs, subse-
quent RCTs that evaluated these drugs in patients with indolent
non-Hodgkin lymphoma or chronic lymphocytic leukemia raised con-
cerns for potential detriments in OS due to increased toxic effects.
Overall survival is not only an efficacy end point but also a safety end
point, and because SATs cannot evaluate time-to-event end points,
such as OS, this trial design is limited in its ability to evaluate accu-
rate benefit-risk due to the absence of a control arm.33 The FDA dis-
courages use of SATs to assess this class of drug.

Identifying the optimal dose of drug in an SAT remains chal-
lenging, and while a lack of equipoise is one reason to not random-
ize patients to receive an inferior therapy, there is an opportunity
to use RCTs to compare 2 or more doses or determine contribution
of effect in a multiagent regimen. An early RCT that evaluates RR can
be performed with prespecified dose-response analyses for dose
selection, and the trial can be continued as an SAT thereafter, in-
cluding patients who were treated with the selected doses and
additional, newly enrolled patients.34 The lack of a comparator arm
may also make identifying a comparative data set to use for the pre-
sumed RR in a historical control difficult, particularly in molecularly
defined and/or small patient populations.19 There is also no stan-
dard for what constitutes clinically relevant thresholds for durable
RR end points. Clinical and regulatory decision-making include
several other considerations, including the number of complete
responses, magnitude of increase in response, and location of the
responses.35

Response rate may not be a surrogate or even a correlate for
OS. While many approvals based on RR in SATs of targeted thera-
pies and cytotoxic drugs have predicted substantial improvement
in PFS or survival observed in subsequent trials,13 this has not al-
ways been the case, and is notable with the anti–programmed cell

Table 3. Benefits and Limitations of Single-Arm and Randomized Trial Designs

Characteristic

Trials

Single arm Randomized

Benefits • Shorter completion time
• Smaller sample size
• Efficacy signals can be detected early
• Objective, verifiable end point (RR) with

supportive duration of response

• Mitigates bias
• Can evaluate time-to-event end points

(eg, PFS, OS)
• Robust comparative safety evaluation

Limitations • RR and DOR infeasible in tumor types with
diffuse
or poorly circumscribed tumors (eg, bone-only
metastases, peritoneal carcinomatosis)

• Comparison with historical control can be
problematic

• Attribution of adverse events is limited
• Cannot distinguish contribution of effect if

multiple drugs given
• May not allow for optimal dose selection

• Longer time to trial completion
• Larger sample size
• Difficult to accrue necessary sample

size for rare tumors
• Potential loss of equipoise when early

activity noted in drug development
• End points, such as OS and PFS, may be

confounded by subsequent therapies
and censoring methods, respectively

Abbreviations: DOR, duration of
response; OS, overall survival;
PFS, progression-free survival;
RR, response rate.
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death (PD) 1 and anti–PD ligand 1 antibodies. Our recent evaluation
of AA found that 9 checkpoint inhibitor AAs based on SATs with RR
as an end point did not achieve results that verified benefit in con-
firmatory trials.36,37 While these are clearly active drugs, results from
SATs that demonstrate low but durable RRs for this drug class may
not be a good predictor of long-term outcomes, and FDA discour-
ages the use of SATs to support approval for this drug class when
RR is low to moderate in magnitude.36

Randomized clinical trials, when feasible, are preferred vs SATs
for evidence generation due to their ability to account for known
and unknown prognostic and clinical factors. While not a regulatory
requirement, sponsors should approach the FDA early in develop-
ment to discuss the rationale for use of a SAT design to support an
approval decision. In cases in which RCTs are feasible, unjustified
pursuit of an SAT design may potentially delay initiation of an RCT,
when more robust data can be generated and more patients can
potentially benefit. Importantly, AA need not be relegated to the
SAT context. A randomized trial that incorporates predefined sta-
tistical testing procedures could be designed to detect early effi-
cacy by assessing RR at an interim analysis to potentially support

AA. Longer-term follow-up of the same trial could serve as the con-
firmatory trial, with PFS or OS and longer-term safety data used to
characterize the benefit-risk profile and support subsequent con-
version to TA.

Conclusions
We are in the midst of a period of growth in oncology drug devel-
opment in which therapies are being made available to patients with
incurable diseases that have limited or no treatment options in much
shorter time frames than in the past. An increasing understanding
of cancer biology has been followed by the development of more
targeted investigational agents that select patients who are most
likely to benefit, which are often associated with deep and durable
RRs in smaller biomarker-defined populations. While SATs con-
tinue to demonstrate their use as a valuable tool to evaluate and
approve cancer therapies, RCTs remain the preferred approach in
clinical investigation and are the preferred design to support the
approval of new anticancer therapies.
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