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Abstract

Background: The US Food and Drug Administration (FDA) introduced an Accelerated Approval (AA) pathway to expedite
patient access to new drugs. AA accepts less rigorous trial designs, including single-arm studies (SAS), owing to perceived
lack of feasibility of timely randomized controlled trials (RCTs). Methods: We designed hypothetical RCTs with endpoints of
overall response rate (ORR ), progression-free survival (PFS), and overall survival (OS) for FDA approvals based on SAS for solid
tumors during 2010-2019. Existing standards of care served as controls. RCTs were designed to detect a difference with power
of 0.80, a-error of 5% (2-sided), and 1:1 randomization. Accrual duration was estimated based on participation by less than 5%
of eligible patients derived from cancer-specific incidence and mortality rates in the United States. Results: Of 172 (18.0%)
approvals during the study period, 31 (18.0%) were based on SAS. Median sample size was 104 (range ¼ 23-411), and 77.4%
were AA. All studies reported ORR, 55% reported duration of response, 19.4% reported PFS, and 22.5% reported OS. Median
sample sizes needed to conduct RCTs with endpoints of ORR, PFS, and OS were 206, 130, and 396, respectively. It would have
been theoretically possible to conduct RCTs within duration comparable with that required by SAS for 84.6%, 94.1%, and
80.0% of approvals with endpoints of ORR, PFS, and OS, respectively. Conclusion: An overwhelming majority of FDA
approvals based on SAS should be feasible as RCTs within a reasonable time frame. Given the collateral harms to patients
and to scientific rigor, drug approval based on SAS should only be permitted under exceptional circumstances.

To ensure that new drugs entering the market are safe and ef-
fective, the US Food and Drug Administration (FDA), the federal
agency for drug regulation, has historically relied on results
from randomized controlled trials (RCTs), the gold standard
method to evaluate efficacy and toxicity of new health interven-
tions compared with existing standards of care. However, con-
ventional drug development with 3 sequential phases of clinical
trials is resource intensive, typically requiring hundreds of mil-
lions of dollars and more than a decade to complete (1,2). This
can substantially delay the time for a promising new drug to
move from the bench to the bedside.

As a way to expedite access to new drugs for patients, the
FDA introduced an Accelerated Approval (AA) pathway for drug
approval in 1992 for serious or life-threatening diseases (3). This
pathway allows for “conditional” approval of promising new
drugs based on less rigorous evidence than that required for full
approvals so that patients have early access to these drugs
while definitive evidence is being generated (4).

In the last few years, there has been an increase in drugs re-
ceiving accelerated FDA approvals based on single-arm studies
(SAS) (5). Although FDA guidance states explicitly that SAS are
acceptable for AA “in settings where there is no available ther-
apy and where major tumor regressions can be presumed to be
attributed to the tested drug” (https://www.fda.gov/media/
71195/download), SAS have been used frequently despite the
existence of reasonable alternate therapy. Notably, “major tu-
mor regression” can hardly apply for examples such as avelu-
mab in urothelial carcinoma where approval was based on an
overall response rate (ORR) of a mere 13% (lasting 2 months,
which is typically the duration to first radiological reevaluation).
Indeed, duration of response is not specified in FDA guidance as
a basis to use SAS for approvals.

SAS do not possess the methodological rigor of RCTs but are
useful typically in initial phases of drug development mainly to
establish the dose and to evaluate preliminary antitumor activ-
ity and safety. Resulting from the absence of a control arm, SAS
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cannot directly measure if a drug improves outcomes compared
with existing standards of care. Despite these drawbacks, SAS
are accepted increasingly as proof of efficacy of drugs in those
circumstances when standard treatments either do not exist or
are clearly inferior to the new treatments, when the disease is
rare, and in any situations where patient accrual for RCTs is not
perceived to be feasible (6). Although use of SAS in these cir-
cumstances is reasonable, the use of SAS is not always based on
empiric evidence of infeasibility of RCTs, hence, inviting oppor-
tunity for questionable application of SAS perhaps driven by as-
sociated economic incentives to a manufacturer.

Here, we review the last 10 years of FDA approvals for solid
tumors based on SAS and assess the feasibility of conducting
RCTs for those approvals using the same endpoints used by the
corresponding SAS.

Methods

Data Source and Search Strategy

The US FDA website was accessed for review of oncology drugs
approved for solid tumors from January 1, 2010, until December
31, 2019. Pivotal trials used to support each approval were iden-
tified from the FDA drug labels and corresponding primary pub-
lications assessed. Only the drugs approved on the basis of SAS
were included. Two authors collected the data independently
(RR, SN), and any discrepancies were resolved by consensus.
From the FDA website and from the primary publications, we
collected the following information for each drug: date of ap-
proval, indication, line of therapy, approval pathway (AA or reg-
ular), number of patients accrued, and the outcomes reported
(overall response rate [ORR ], duration of response [DOR], pro-
gression-free survival [PFS], overall survival [OS]).

We then assessed the clinicaltrials.gov website to extract in-
formation on SAS start date and completion date. Duration of
time required to conduct each SAS was then determined using
these dates and verified using information in FDA notification,
first journal publication, and/or conference presentation.

Lastly, we used the Surveillance, Epidemiology and End
Results (SEER) website to obtain malignancy-specific informa-
tion and annual number of deaths for the cancer type (or sub-
type) involved. Potential number of patients with these
conditions who would be eligible for clinical trials was approxi-
mated conservatively as 5% of the number of patients who dies
from the given condition annually in the United States (evi-
dence suggests that 5% to 16% of eligible patients enroll into
clinical trials in the United States) (7). When appropriate, preva-
lence of disease-specific mutations was accounted for in the
cancer subgroup.

Statistical Analysis

Based on the above information, we then designed (hypotheti-
cal) RCTs using PS: power and sample size calculation software
version 3.6.3 (Vanderbilt University, Nashville, TN) (8). All RCTs
were designed using conventional assumptions used by con-
temporary trial designs including power (1-ß, where ß is type II
error) of 0.80, a-error (type I error) of 5% (2-sided), and 1:1 ran-
domization (9). All outcomes (ORR, PFS, and OS) reported in the
SAS were used as the primary endpoints of hypothetical RCTs
separately to assess feasibility of RCTs with corresponding pri-
mary endpoints. Outcomes reported in the literature for existing
standard of care, for the same condition, were used for the

control group. Where more than 1 standard of care existed, we
used the treatment associated with the best outcome. Where no
apparent standard of care existed for a condition, best estimate
of the outcome (eg, survival) for control group was obtained by
polling at least 2 board-certified experts specializing in the dis-
ease condition. Follow-up duration for the time-to-event end-
points (PFS and OS) for the hypothetical RCTs was set
conservatively as twice the median life expectancy for the dis-
ease condition. When PFS was not reported, we used DOR as a
surrogate for PFS when available. To avoid overly optimistic as-
sessment for feasibility of RCTs, the most conservative assump-
tions were used, such as use of low percentage of eligible
patients for enrollment in RCTs and twice the life expectancy as
the expected median survival duration.

Results

Search Results and Approval Characteristics

Between 2010 and 2019, the FDA approved 172 unique antican-
cer drug indications of which 31 (18.0%) were for solid tumors
based on SAS (Table 1). The absolute number of SAS increased
from 0 in 2010 to 8 in 2019 (Figure 1). All approvals were for met-
astatic settings and based on ORR as primary endpoint. The
pathway for drug approval was AA for 77.4% (24 of 31) of drugs
and full approval for the remainder. ORR was reported in 100%
of SAS, DOR in 54.8%, PFS in 19.3%, and OS in 22.6% of the in-
cluded SAS, after review of all publications pertaining to the
SAS. Median sample size of involved SAS was 104 (range ¼ 23-
411) patients per approval. Drugs were approved based on a me-
dian ORR of 39% (range ¼ 13%-78%). ORR for existing standard of
care was 23% (range ¼ 5%-62%).

Out of 31 drugs, 5 (16.1%) were tested as first-line therapy
and 26 (83.9%) of 31 as second-line therapy or later. Prevalence
of cancer subtype had no correlation with frequency of appro-
vals using SAS: non-small cell lung cancer (NSCLC) accounted
for the most frequent (22.6%) of SAS drug approvals, followed by
urothelial carcinoma (19.3%) and ovarian cancer (9.6%).
Immunotherapy accounted for 45.2% (14 of 31) and kinase inhib-
itors 35.5% (11 of 31) of approvals. Pembrolizumab was the sin-
gle most common drug evaluated in 25.8% (8 of 31) of approvals.
Only 2 (6.5%) of the 31 studies evaluated a combination treat-
ment, with the remainder evaluating single agents.

Drugs for 4 (12.9%) indications were approved despite a
lower ORR compared with existing standard of care, and 1 (3.2%)
drug was approved with shorter DOR compared with existing
standard of care. Furthermore, these approvals also lacked any
apparent alternate advantage compared with existing standard
of care such as improvement in quality of life, cost, or conve-
nience of treatment. Overall, 7 (22.6%) approvals based on ORR
were regular approvals, requiring no post-marketing clinical
trials.

RCTs With ORR as Primary Endpoint

All SAS reported ORR, with 87.1% (27 of 31) demonstrating a
higher ORR compared with previous standard of care, allowing
us to design hypothetical RCTs for these approvals with ORR as
the primary endpoint. ORR for vismodegib for advanced or met-
astatic basal cell carcinoma was excluded because of a lack of
an appropriate control arm (ie, previous standard of care). The
median sample size needed to conduct RCTs with ORR as the
primary endpoint, when using the control arm ORR from the
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previous standard of care, was 206 (range ¼ 34-1724) for both
arms combined. The sample size for 30.8% (8 of 26) of the SAS
was larger than what would be necessary to complete an RCT.
Based on a conservative accrual rate of 5% of the potentially eli-
gible population, 57.7% (15 of 26) of the hypothetical RCTs could
have been completed within an accrual period of 12 months and
84.6% (22 of 26) within a 24-month period. Of such RCTs, 81% (21
of 26) would have shorter accrual times than the duration that
was required to complete the corresponding SAS .

RCTs With PFS as Primary Endpoint

Absolute PFS duration could be extracted for 61.3% (19 of 31) of
approvals, after review of all abstracts and full publications per-
taining to the SAS. We excluded 2 approvals from designing
RCTs with PFS endpoints: vismodegib for advanced or meta-
static basal cell carcinoma (lack of control arm) and entrectinib
for metastatic neutropenic tyrosine receptor kinase solid
tumors (PFS in the reported SAS was notably shorter than that
reported with the existing standard of care) (10). For the remain-
ing 17 SAS with PFS information, the median sample size
needed to detect a statistically significant difference in PFS in
RCTs was 130 (range ¼ 10-712) for both arms combined. Based
on an accrual rate of 5% of the eligible population, 94.1% (16 of
17) of the RCTs could have been completed within the time
frame required for the corresponding SAS, and 88.2% (15 of 17)
could have been completed within 24 months.

RCTs With OS as Primary Endpoint

Duration of OS was reported for 22.5% (7 of 31) of approvals, of
which appropriate control arms for metastatic neutropenic ty-
rosine receptor kinase solid tumors and advanced pheochromo-
cytoma and/or paraganglioma could not be reliably estimated.
For the remaining 5 SAS that provided OS information, the me-
dian sample size needed to detect a statistically significant dif-
ference with OS as primary endpoint was 392 (range ¼ 20-954)
for both arms. Accrual for 4 of 5 (80.0%) SAS could have been

completed within the time frame needed to complete the SAS;
all 5 could have been completed within 24 months (Table 1).

Discussion

Lack of feasibility for timely completion of RCTs is the primary
assumption supporting the rationale for FDA AA based on less
rigorous clinical trials like SAS. In this analysis, evaluating a de-
cade of FDA approvals, we found that for the vast majority of
SAS approvals, it was not only feasible to conduct RCTs but they
could also likely be completed within a reasonable duration.
Surprisingly, 5 of 31 drugs were approved despite an inferior ef-
ficacy outcome compared with the existing standard of care
while also lacking any apparent practical advantages of using
those drugs, raising questions about the rationale for such
approvals. The impetus behind this exercise is to direct atten-
tion to strategies that could strengthen the current drug-ap-
proval system. The results reported here are intended to be
thought provoking rather than definitive, given the multiple
reasonable assumptions required for the exercise.

Common malignancies accounted for most of the approvals
based on SAS, which is directly against the spirit of FDA guid-
ance of AA in SAS. Only a few SAS studies evaluated truly rare
cancers. For example, lung cancer was projected to result in 135
720 deaths in 2020 in the United States, yet it was the most fre-
quent tumor type to use SAS (11). Evaluation of targeted treat-
ment for a mutational subtype of NSCLC accounted for most
SAS approvals in lung cancer and, hence, was deemed as “rare.”
However, the mutational subtypes of EGFR, ALK rearrangement,
and ROS-1 constitute approximately 17%, 7%, and 2% of all
NSCLC, respectively (12). This translates to 19 611, 8075, and
1154 NSCLC annual deaths with these subtypes, respectively, in
2020 alone, resulting in sufficient patients to conduct proper
RCTs.

We found that 38.7% of SAS approvals did not report on DOR
resulting in drugs being approved based on ORR alone. ORR sim-
ply measures biologic activity of the drug and not necessarily a
meaningful benefit to patients. Responses could have lasted for
a week, a month, or a year, which robs patients of arguably the

Figure 1. Percentage of US Food and Drug Administration (FDA) approvals based on single-arm data between 2010 and 2019.
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most crucial information required for informed shared decision
making. Of further concern, previous studies have reported that
ORR in nonrandomized studies is, on average, 2.5-fold higher
compared with those seen in RCTs for the same study drug
(6,13). Immunotherapy consisted of close to half of all approvals
based on ORR, despite a particularly poor correlation of ORR to
early PFS or OS for these agents (14,15). The absence of DOR in a
SAS with ORR as primary endpoint appears difficult to justify.

In a highly competitive industry, the quickest route to provi-
sional drug approval is obviously the most desirable, even if this
bypasses the historical safeguards established by regulators.
From patient and societal perspectives, there are serious trade-
offs with this approach with potential for harm to both the rigor
of the science and the patients. Lost opportunity for proper
evaluation of drugs after AA cannot be overstated. Ribeiro et al.
(16) compared FDA AA with regular approvals between 2006 and
2018 and found that the criteria for granting AA were not clear,
with AA allowing for more uncertainty in results; AA was much
more likely to be based on a SAS. No wonder many drugs that
receive AA do not complete the requirement of a definitive RCT
even years after receiving such approvals. An evaluation of
25 years of FDA approvals showed that as many as 40% of drugs
that received AA had not completed confirmatory trials at the
time of their analysis (17). In April 2021, the FDA Oncologic Drug
Advisory Committee met and reviewed 6 drugs approved by AA
for which confirmatory trials failed to demonstrate expected
clinical benefit to date. These include atezolizumab with nab-
paclitaxel in metastatic triple-negative breast cancer, nivolu-
mab and pembrolizumab for hepatocellular carcinoma, and
pembrolizumab and atezolizumab in cisplatin ineligible meta-
static urothelial carcinoma (18-22). However, without support-
ing confirmatory trials, the advisory committee voted to uphold
AA for 5 out of 6 reviews stating “unmet need” as the common
reason for such decision. Final recommendation from FDA on
this topic awaits.

Even absence of an effective standard of care may not be suf-
ficient justification to use SAS for drug approvals, as a RCT may
be completed with the control arm of best supportive care or
placebo. Notably, an alternate treatment that could be used as a
control arm was found for all but 3 approvals . Although the
FDA rarely specifies acceptable comparator(s), having a legiti-
mate comparator is exceptionally important to engender trust
in the approval process and understand the additional value of
a new treatment (23).

We acknowledge that SAS are typically easier to accrue to,
because everybody receives the experimental treatment. Such
studies are usually conducted at centers with a proven track re-
cord for accruing large numbers. Follow-up time in SAS is typi-
cally shorter than RCTs, which is one of the reasons RCTs cost
substantially more than SAS—another reason behind the indus-
try’s preference of SAS over RCTs. However, SAS are also limited
by the use of surrogate endpoints, predominantly assessing
ORR with or without DOR, and rarely evaluate OS or quality-of-
life endpoints (24). Nonetheless, there are occasions when SAS
is the study of choice including when diseases or mutational
aberrations are very rare, making patient accrual for RCTs diffi-
cult if not infeasible (6). SAS can also be considered when RCT
accrual is felt to not be possible. This may occur when there is
no previous standard of care and placebo would be the control
arm, such as with vismodegib for advanced or metastatic basal
cell carcinoma, which received FDA approval in 2012.

Generally, it is assumed that the sample size needed for SAS
compared with RCTs is substantially smaller. We estimated the
eligible population based on total annual deaths in the United

States, however, this would be higher for less lethal cancers and
in earlier lines of therapy. Additionally, the SEER database pro-
vides a close estimate of cancer statistics, and like any registry,
underreporting is a caveat. Although difficulties exist with pa-
tient accrual to RCTs, here, duration to complete RCT was calcu-
lated based on the conservative accrual rate of 5% of all eligible
US patients (25). Recent data suggest that enrollment into clini-
cal trials is improving with estimated accrual of about 16% in
academic centers and 7% in the community (7,26). Additionally,
RCTs may have international enrollment further increasing the
eligible population.

Other limitations of this study lie in the fact that we had to
make multiple assumptions to perform the sample size calcula-
tions, estimates of accrual rate, and follow-up duration, al-
though most contemporary pivotal RCTs match our
assumptions. This study was a simulation exercise of hypothet-
ical RCTs, hence, a thought experiment. The numbers used in
our estimates are best approximates based on available knowl-
edge. Our results are meant to be taken seriously, rather than
literally—it is more about the message.

All hypothetical RCTs were designed as superiority trials; if a
noninferiority trial had to be designed, then hypothetical sam-
ple sizes would have also differed (27). Additionally, if a treat-
ment is felt to be futile, at interim analysis, then a trial could be
stopped early, requiring a smaller sample size than originally
proposed (28). Follow-up duration for the time-to-event end-
points for hypothetical RCTs was set as twice the median life
expectancy for the disease condition. This was an arbitrary du-
ration but was considered a conservative assumption.
Additionally, our conclusion about timeline for conduct of RCTs
is mainly derived from accrual rate alone, as it is hard to quan-
tify delays because of practical issues in the conduct of RCTs.

Here, we present a feasibility assessment conducting hypo-
thetical RCTs for all FDA approvals based on SAS in the last de-
cade, the first empiric assessment of its kind to our knowledge.
The results in this study represent a thought experiment which
demonstrates that for a large majority of approvals, based on
SAS, RCTs may have been feasible within a reasonable time
frame. Instances of potential questionable use of the AA path-
way were also observed including the use of SAS for relatively
common malignancies and approval of drugs despite outcomes
inferior to existing standards of care. Early access to drugs for
patients is important and can generally be achieved without ad-
versely affecting the population or reducing the rigor of the sci-
ence conducted. Based on these results, we feel that stronger
and clearer criteria for drug approval based on SAS should be
mandated by regulatory agencies including the FDA.
Additionally, the FDA should reevaluate criteria for AA because
this path to approval may be used inappropriately, to the detri-
ment of patients and the system.
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