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ABSTRACT
Background: Withdrawals of drug indications may reveal potential
inadequacies in the regulatory approval processes of new drugs.
Understanding potential weaknesses of the regulatory approval process is
paramount given the increasing use of expedited pathways. In this paper, we
focus on three poly-ADP-ribose polymerase inhibitors (olaparib, rucaparib
and niraparib) for the treatment of women with heavily pretreated, recurrent
ovarian cancer, which were eventually withdrawn.
Methods: We use a comparative case study approach to evaluate the
regulatory histories of these drug indications in the US and Europe.
Results: Two drug indications benefited from the FDA’s accelerated approval
pathway, which explicitly lowers the bar for evidence of efficacy at the time
of approval. Following accelerated approval, manufacturers are mandated to
conduct post-marketing studies to confirm clinical benefit. The FDA granted
accelerated approval to olaparib and rucaparib based on data on surrogate
endpoints and converted the approval to regular approval after the
submission of additional data on surrogate endpoints from one of two
required confirmatory trials, that is, without data on clinical benefit. Niraparib
directly received regular approval based only on data on a surrogate
endpoint. By contrast, the EMA granted conditional marketing authorisation
to rucaparib and was quicker to restrict usage than the FDA.
Conclusion: The regulatory histories of these drug indications highlight the
need to reform the accelerated approval pathway by ensuring that post-
marketing requirements are followed, and that regular approval is only based
on evidence of clinical benefit.
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Introduction

Regulation of pharmaceutical products aims to balance timely patient access
to novel therapies with the need to generate robust evidence of clinical
efficacy and safety. Over the past three decades, in response to pressures
to expedite the development and approval of drugs, regulatory authorities
have implemented pathways that lower the regulatory bar for evidence of
efficacy at the time of approval in service of earlier market access (Davis &
Abraham, 2011; FDA, 2022; Michaeli et al., 2023). As a direct consequence,
the likelihood of approval of ineffective or even harmful medications has
increased, leading to a higher risk of withdrawals of drugs from the market.

Focusing on a set of recent indication withdrawals, we consider the evol-
ution of available information on the benefits and harms of these drug-indi-
cations and how the FDA’s varied approval processes were involved at
different steps. Key to understanding these regulatory trajectories are the
expedited pathways available. The US Food and Drug Administration’s
(FDA) accelerated approval programme and the European Medicines
Agency’s (EMA) conditional marketing authorisation are examples of such
expedited pathways. Accelerated approval and conditional marketing auth-
orisation allow regulators to approve drugs on the basis of surrogate end-
points that are ‘reasonably likely to predict clinical benefit’ (FDA, 2018a;
FDA, 2023) in the case of the FDA and based ‘on less comprehensive clinical
data than normally required’ (EMA, 2018) in the case of the EMA. The path-
ways are intended to bring to market more quickly drugs for which there is
significant and unmet medical need. Such approvals are meant to be ‘con-
ditional’; at the time of market entry, pharmaceutical firms are required to
document in trials clinical benefit of the approved drugs as the basis for con-
version to regular approval.

Expedited pathways such as accelerated approval and conditional market-
ing authorisation have been criticised for several reasons (Wallach et al.,
2018). While there is some evidence to suggest that drugs approved using
these pathways are more likely to have high therapeutic value (US and
Europe),(Hwang et al., 2020; Vokinger et al., 2022) the evidence is not consist-
ent (Australia) (Lexchin, 2022). Cases such as the recent approval of aducanu-
mab by the US FDA have heightened concerns about lack of validity of
surrogate measures, especially when drugs have substantial toxicity and
high costs (Alexander et al., 2021).

In the US, post-marketing requirements of the accelerated approval
pathway are often not implemented as the legislation envisioned. Confirma-
tory trials to verify clinical benefit, when conducted, are often delayed (Office
of Inspector General, 2022; Shahzad et al., 2023). If confirmatory trials also use
surrogate endpoints, clinical benefit may never be verified (Gyawali et al.,
2019). When lack of clinical benefit is confirmed, withdrawal processes are

2 M. SHAHZAD ET AL.



prolonged (Aaron et al., 2022; Chang et al., 2020) or withdrawal after evidence
of lack of benefit may not happen at all (Cliff et al., 2023; Gyawali, Rome, et al.,
2021). Withdrawals themselves may not be indicative of the pathway failing
(Woodcock, 2018), since higher risk approvals are part of the intention of the
pathway. However, delays in the generation of high-quality evidence of clini-
cal benefit and delayed regulatory response to evidence of lack of clinical
benefit are concerning.

The EMA counterpart to the accelerated approval pathway, the conditional
marketing authorisation, has received similar criticism. For example, research-
ers have argued that there is a lack of clarity around eligibility of conditions
and prolonged periods of time between approval and verification of clinical
benefit (Davis et al., 2017; Hoekman & Boon, 2019). Key questions remain
about whether high-quality evidence is ever collected (Banzi et al., 2015,
2017) and whether benefits of earlier access outweigh the harms associated
with approving drugs on the basis of limited evidence (Beaver et al., 2018).
There is a key difference between the accelerated approval pathway and
the EMA’s conditional marketing authorisation programme. In the AA
pathway, the FDA may revoke approval on the basis of negative information
or in case evidence is not generated in a timely manner. The EMA’s con-
ditional marketing authorisation must be renewed annually until all obli-
gations are met (McPhail et al., 2023).

In this analysis, we use a case study approach focused on a set of recent
drug indication withdrawals to glean insights into whether there are any
modifiable features of the FDA’s approval processes that can be changed
to reduce the likelihood of ineffective or harmful drugs being approved.
We describe the regulatory histories of 3 poly-ADP-ribose polymerase
(PARP) inhibitors (olaparib, rucaparib and niraparib) for treatment of
women with heavily pretreated, recurrent ovarian cancer. The drug indi-
cations were eventually withdrawn, after trials showed potentially detrimen-
tal effects on overall survival (OS) (Matulonis, 2022; Worcester, 2022). These
regulatory trajectories highlight how decisions by the FDA exacerbated
risks inherent in the accelerated approval pathway. For these drug indi-
cations, EMA decisions differed from those of the FDA.

Materials and methods

Recent media coverage of the withdrawals of three ovarian cancer drugs and
associated concerns of clinicians prompted the research project. We aimed to
evaluate the approval trajectories of drug indications to understand whether
these indications could have been withdrawn earlier or never approved given
substantial harmful effects associated with their use.

We used publicly available FDA databases to collect available information
at three key FDA decision time points: time of initial approval, time of
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conversion to regular approval (applicable for drugs approved using the
accelerated approval pathway) and time of withdrawal. At each of these
time points, we collected information about trial characteristics especially
endpoints used, and number and type of patients enrolled. This information
was then checked against EMA approvals to both evaluate whether the indi-
cation was ever submitted for EMA approval or approved and then with-
drawn, and whether information from the same trials considered for FDA
approval were used in the EMA’s approval process.

We used the Drugs@FDA database (Drugs@FDA, n.d.) to identify clinical
studies that supported FDA drug approval decisions over time. Information
about clinical studies is available in review documents published by the FDA
when new indications are approved and may contain names of clinical
studies, National Clinical Trial (NCT) identifiers used to register a study, and
other descriptions of the evidence submitted. Since information available
from trials at different points in time may not directly correspond to publi-
cations of those trials, information provided in FDA review documents is key
for establishing the evidence base available to the regulators at the time
when each approval decision was made. We linked each study in FDA
review documents to its record in ClinicalTrials.gov (Home—ClinicalTrials.Gov,
n.d.) an online database of clinical research studies. We extracted from Clinical-
Trials.gov additional information about the design of the pre-approval and
post-marketing studies for each of the 3 drug indications. We also use the
Drugs@FDA database to extract approval letters published at the time when
each drug indication was approved. These letters contain post-marketing
requirements and commitments (FDA, 2018c) following initial approval
which we tracked to assess whether the requirements were fulfilled as detailed.

We separately evaluated the European public assessment reports (EPARs)
available through the EMA (n.d.). EPARs provide information on how the EMA
assessed a medicine, key evidence supporting EMA decisions such as the
clinical trials and the evidence available at the time of approval, and the
rationale of the relevant EMA committee for approving or rejecting an appli-
cation. For each drug, we collected from EPARs information on all indication
applications and subsequent approvals or rejections. This allowed us to differ-
entiate indications for which a manufacturer may not have submitted an
application for approval from indications with an application that was
rejected, to appropriately compare regulatory agency decisions. Of note,
we could not study rejected applications by the FDA since those are not pub-
licly reported.

We collated the information from both regulatory agencies and con-
structed a timeline of regulatory milestones and the evidence supporting
each decision of the FDA and EMA.

For all data sources, MS collected information and created a supporting docu-
ment that provided links and direct text fromFDA and EMAdocuments. To avoid
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bias, the collated document was reviewed by the team and any questions and
differences in interpretation resolved through discussion with the team.

Results

Below we present the approval trajectories (Figure 1) for each drug over time
by regulatory agency.

Olaparib

The manufacturer of olaparib initially submitted an application to the FDA as
‘maintenance treatment’ based on a single randomised placebo controlled
study (FDA, 2014b). The maintenance indication was discussed at a meeting
of the Oncology Drugs Advisory Committee (ODAC) in June 2014 where a
delay in approval was recommended by an 11-2 vote. After this meeting,
the applicant submitted datasets and results for a ‘non-maintenance setting
in heavily-pretreated patients with BRCA-positive ovarian cancer’ (FDA,
2014b). Olaparib received accelerated approval for this ovarian cancer treat-
ment indication in December 2014 based on a single-arm trial measuring
response, a surrogate endpoint (Table 1). At the time of the accelerated
approval of olaparib, the FDA required ‘progression-free survival and overall
survival analyses with datasets from clinical trial D0818C00002, SOLO-2’ and
‘progression-free survival (PFS) and overall survival (OS) analyses with datasets
from clinical trial D0816C00010 [SOLO-3]’ (FDA, 2014a).

However, FDA ignored its own requirements when the accelerated
approval of olaparib’s treatment indication was converted to regular approval
in 2017 after the submission of interim progression-free survival results from
only one of the two required confirmatory trials. The FDA argued in the

Figure 1. Timeline of FDA regulatory events for olaparib, rucaparib and niraparib for the
treatment of women with ovarian cancer.
Notes: ORR = overall response rate; PFS = progression-free survival; FDA = Food and Drug Adminis-
tration; EMA = European Medicines Agency.
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Table 1. Clinical trials supporting regulatory decisions at the FDA and EMA for ovarian
cancer indications of olaparib, rucaparib and niraparib.

Drug
Trial details (design, patient

characteristics) Trial size and endpoints Notes

Olaparib Study 42: Single-arm;
treatment of patients with
advanced cancers who have
a deleterious gBRCA
mutation

137 patients, ORR (34%) Basis for initial accelerated
approval of treatment
indication by the FDA
(December 2014)

Olaparib SOLO-2: Randomised,
placebo-controlled;
maintenance of patients
with relapsed high grade
serous ovarian cancer
(HGSOC) with BRCA
mutations (documented
mutation in BRCA1 or
BRCA2 that is predicted to
be deleterious or suspected
deleterious) who have
responded following
platinum-based
chemotherapy

295 patients, PFS (19.1
months vs 5.5. months
with placebo) (Pujade-
Lauraine et al., 2017)

Basis for conversion to
regular approval of
treatment indication by
the FDA (August 2017)
(PFS results from this trial
also supported new
maintenance indication for
olaparib in August 2017)

Olaparib SOLO-3: Randomised;
treatment of patients with
platinum sensitive relapsed
ovarian cancer carrying
deleterious or suspected
deleterious germline
BRCA1/2 mutations (at least
2 prior platinum-based lines
of chemotherapy)

266 patients, OS (34.9
months vs 32.9 months
in chemotherapy arm)

Basis for withdrawal of
treatment indication by
the FDA (August 2022)

Rucaparib ARIEL-2: Single-arm; treatment
of platinum-sensitive
recurrent cancer in patients
with relapsed high-grade
ovarian cancer who had
received > = 2 prior
chemotherapy regimens

64 patients, ORR (54%
combined with Study
10)

Basis for initial approval of
treatment indication by
the FDA (December 2016)
and EMA (March 2018)

Rucaparib Study 10: Single-arm;
treatment of patients with
relapsed, platinum-sensitive
disease who received 2 to 4
prior treatment regimens
and whose cancer is known
to harbour a gBRCA
mutation

42 patients, ORR (54%
combined with ARIEL-2)

Basis for initial approval of
treatment indication by
the FDA (December 2016)
and EMA (March 2018)

Rucaparib ARIEL-3: Randomised,
placebo-controlled;
maintenance of patients
with recurrent epithelial
ovarian, fallopian tube, or
primary peritoneal cancer
who were in response to
platinum-based
chemotherapy (≥ 2 prior
chemotherapy regimens)

564 patients, PFS (10.8
months vs 5.4 months
for placebo)

Basis for conversion to
regular approval of
treatment indication by
the FDA (April 2018). PFS
results of this trial
supported a new
maintenance indication for
rucaparib by the FDA
(April 2018) and the EMA
(December 2018). (OS
results also used as the

(Continued )
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supplementary approval that ‘interim progression-free survival data from
SOLO-2 have verified the clinical benefit of olaparib and therefore olaparib
capsules for monotherapy in patients with deleterious or suspected deleter-
ious germline BRCA-mutated advanced ovarian cancer who have been
treated with three or more prior lines of chemotherapy is granted regular
approval’ (FDA, 2017b). Of note, in this trial, the drugs were studied as main-
tenance treatment, that is after complete or partial response to (standard or
platinum-based) chemotherapy in patients who were earlier in their disease
course, less exposed to chemotherapy and likely healthier.

Additionally, at this time, the maintenance indication was added to olapar-
ib’s label, and the manufacturer was released from the requirement to com-
plete the second trial although the trial did become a post-marketing
commitment.

In August 2022, olaparib’s treatment indication was voluntarily withdrawn
after results from its originally-required confirmatory trial (SOLO-3) showed a
negative impact on patient survival (median 29.4 months with olaparib and
39.4 months with control after 3 or more lines of prior therapy). This trial
was one of the requirements at the time of accelerated approval but was
later considered by FDA to not be needed for conversion to regular approval
in light of interim progression-free survival results of SOLO-2.

The manufacturer of olaparib did not apply for authorisation of the drug
for ovarian cancer treatment in Europe. Therefore, by October 2023, EMA
had not approved olaparib for the treatment of women with heavily pre-
treated ovarian cancer.

Table 1. Continued.

Drug
Trial details (design, patient

characteristics) Trial size and endpoints Notes

basis of treatment
indication withdrawal by
the FDA and EMA in July
2022)

Rucaparib ARIEL-4: Randomised;
treatment of patients with
relapsed, BRCA mutant,
high grade epithelial
ovarian, fallopian tube, or
primary peritoneal cancer
(≥ 2 prior chemotherapy
regimens)

349 patients, OS (19.4
months vs 25.4 months
in chemotherapy arm)

Basis for withdrawal of
treatment indication by
the FDA and EMA (July
2022)

Niraparib QUADRA: Single arm;
treatment of patients with
advanced ovarian cancer
with homologous
recombination deficiency
(HRD) positive tumours
(completed 3 or 4 previous
chemotherapy regimens)

98 patients ORR (39%) Basis for regular approval of
treatment indication by
the FDA (October 2019);
niraparib was already
approved for maintenance
by the FDA in 2017.

Notes: ORR = objective response rate; OS = overall survival; PFS = progression-free survival.
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Rucaparib

Rucaparib was approved in December 2016 under the accelerated approval
pathway for ‘treatment of patients with deleterious BRCA mutation (germ-
line and/or somatic) associated advanced ovarian cancer who have been
treated with two or more chemotherapies’ (FDA, 2016b). This approval
was based on ‘efficacy data from 106 patients… treated on two open-
label, single arm trials [Study 10 and ARIEL2]’ (FDA, 2016c). The FDA
focused on the ‘assessed objective response rate (ORR) of 54% observed
in the 106 patients and the supportive 9.2 month duration of response
(DOR)’ (FDA, 2016c) which it ‘considered reasonably likely to predict clinical
benefit’ (FDA, 2016c).

At this time, there were two accelerated approval requirements. The first
was to ‘submit the progression-free survival and overall survival analyses
with datasets from clinical trial CO-338-014 entitled, ‘Phase 3 Study of Ruca-
parib as Switch Maintenance After Platinum in Relapsed High Grade Serous
and Endometrioid Ovarian Cancer’ (ARIEL3)’ with a final report due by
March 2021. The second was to ‘submit the progression-free survival and
overall survival analyses with datasets from clinical trial CO-338-043 entitled
‘A Phase 3 Multicenter, Randomised Study of Rucaparib Versus Chemother-
apy in Patients With Relapsed, BRCA Mutant, High Grade Epithelial Ovarian,
Fallopian Tube, or Primary Peritoneal Cancer’ (ARIEL4)’ with a final report
due by December 2024 (FDA, 2016a).

However, in April 2018 the accelerated approval of rucaparib’s treatment
indication was converted to regular approval based on progression-free sur-
vival results shown in ARIEL3. ARIEL3 demonstrated a statistically significant
improvement in progression-free survival compared to placebo among
patients taking rucaparib as maintenance therapy.

At the same time, the applicant was released from the ARIEL4 post market-
ing requirement and documentation of overall survival benefit was moved to
‘postmarketing commitments subject to reporting requirements’ (FDA, 2018b).

In July 2022, rucaparib’s treatment indication was voluntarily withdrawn
by the manufacturer in the US after results from its originally-required confi-
rmatory trial (ARIEL4) showed potentially harmful impact on overall survival
(median 19.4 months with rucaparib and 25.4 months with control after 2
or more lines of prior therapy) (Sternberg, 2022).

Rucaparib was approved for ovarian cancer treatment by both FDA and
EMA. For rucaparib, the same trials underlying FDA approvals formed the
basis for EMA’s conditional marketing authorisation in 2018, which was not
converted to regular approval. In April 2022, the EMA temporarily restricted
new patients from using rucaparib for ovarian cancer treatment after sub-
mission of results from ARIEL-4. EMA withdrew rucaparib’s ovarian cancer
treatment indication in July 2022.
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Niraparib

FDA approved niraparib in March 2017 for ‘the maintenance treatment of
adult patients with recurrent epithelial ovarian, fallopian tube, or primary per-
itoneal cancer who are in a complete or partial response to platinum-based
chemotherapy’ (FDA, 2017a). In October 2019, FDA approved the treatment
indication of niraparib. This indication was approved on the basis of a
study of ‘98 patients with advanced ovarian cancer with homologous recom-
bination deficiency (HRD) positive tumours in the single-arm QUADRA trial’
(FDA, 2019). The main efficacy outcome measures were objective response
rate and duration of response. Since the treatment (and the maintenance)
indication was approved using the regular approval pathway, no require-
ments existed to demonstrate clinical benefit post-marketing.

In September 2022, the treatment indication for niraparib was also volun-
tarily withdrawn.

This decision was made in ‘consultation with the U.S. Food and Drug
Administration (FDA) and based on a totality of information from PARP inhibi-
tors in the late line treatment setting in ovarian cancer’ (GSK, 2022).

EMA approved niraparib in 2017 for maintenance therapy of ovarian
cancer patients. The manufacturer never applied for approval for the treat-
ment indication with the EMA.

Discussion

The regulatory histories of recently withdrawn ovarian cancer treatment indi-
cations of 3 PARP inhibitors raise concerns about the FDA’s role in proble-
matic drug approvals. It took more than 7, 5 and 2 years for ovarian cancer
treatment indications of olaparib, rucaparib and niraparib to be withdrawn
following initial approvals, respectively. During this time, clinicians (Dhruva
et al., 2024) and patients may have expected survival benefits from poten-
tially detrimental treatments. Prior research has primarily highlighted
delays in post-approval evidence that may be driven by manufacturers but
has not examined FDA actions that might inadvertently undermine agree-
ments to complete post-marketing requirements.

Post marketing requirements are an essential social contract to mitigate
two issues identified with oncology drug approvals. The first issue is the
lack of evidence on the predictive validity of surrogate endpoints and the
FDA’s overoptimism with regard to their correlation with overall survival
(Gyawali et al., 2020; Gyawali, D’Andrea, et al., 2021; Walia et al., 2022). Sec-
ondly, short-term trials such as those used for accelerated approval do not
generate sufficient safety data (Richardson et al., 2022). For the accelerated
approval pathway to effectively balance early access to new drugs with
uncertain clinical benefits and harms, FDA needs to adhere to the principles
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of the pathway. The pathway’s regulated post-marketing requirements
should be rigorously followed (Office of Inspector General, 2022). Addition-
ally, there is no publicly accessible documentation about why the FDA
deviated from its own requirements in these cases. With respect to the 3
PARP inhibitors, deviation from required standards proved to be detrimental.
Even if the studies had eventually confirmed clinical benefit, such deviations
create inconsistencies in the application of FDA approval requirements
leading to confusion about evidentiary standards (Janiaud et al., 2021).

There are other lessons to be learnt as well. The niraparib approval high-
lights potential harms of approving drugs based on surrogate endpoints
through the regular approval pathway where there is no requirement to gen-
erate additional clinical evidence. Prior research has documented that this is
not an isolated example and surrogate endpoints are used often for tra-
ditional approval of oncology products (Chen et al., 2019). The FDA should
reserve the regular approval pathway for approvals based on rigorously
documented clinical benefits not surrogate endpoints. Notably though, the
FDA has begun to place more emphasis on overall survival data for oncology
drugs (Brennan, 2023).

While the companies eventually voluntarily withdrew ovarian cancer treat-
ment indications in the US, the FDA’s processes to initiate withdrawal of indi-
cations approved using the accelerated approval pathway have been
cumbersome to implement resulting in a much slower response in cases
where manufacturers have disagreed with the FDA’s assessment (Aaron
et al., 2022; Gyawali, Rome, et al., 2021). In the cases studied, the manufac-
turers agreed to withdraw the indications in question. However, FDA’s
actions were still delayed in comparison to the EMA’s. This study underscores
the need to also reform indication withdrawal processes to enhance the
FDA’s ability to protect patients in the face of post-marketing information
documenting lack of clinical benefit or clinical harm.

Earlier research has highlighted differences in the decisions of the FDA and
the EMA when limited evidence of efficacy exists although there is no clear
indication that one agency has more rigorous standards than the other
(Cramer et al., 2023; Salcher-Konrad et al., 2020; Shah et al., 2013). The
EMA’s decisions on rucaparib suggest that the agency restricted use faster
and never converted the conditional approval to unconditional approval.

This case study also raises an important question for low- andmiddle-income
countries whose regulatory agenciesmay be facing similar pressures to approve
drugs with limited evidence of clinical benefit which are highly priced and take
limited resources away from other uses. We caution against other regulatory
agencies’ benchmarking their approvals on FDA or EMA approvals of drugs
with uncertain clinical efficacy (Ivama-Brummell et al., 2023).

This analysis has limitations. Firstly, a case study approach precludes analy-
sis of the prevalence of the issues we identify. Secondly, we rely on publicly
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available documents from the FDA or EMA websites to ascertain the level of
evidence available at each step of the approval process. We may have missed
some information that was relevant for regulatory decision making.

Conclusion

This in-depth analysis of the regulatory trajectories of three PARP inhibi-
tors revealed several instances where different decisions by the FDA
could have increased consistency in drug approval requirements for man-
ufacturers and in evidence of benefit for providers, and possibly reduced
harm to patients. For two of the drugs in the study, rucaparib and olaparib,
conversion from accelerated approval to regular approval without verifica-
tion of overall survival benefit in the indication under consideration sig-
nalled a greater level of confidence in the efficacy of the drugs than was
warranted by the data. Similarly, directly granting regular approval of nir-
aparib based on a single arm trial with only data on a surrogate endpoint
did not include incentives to perform further confirmatory trials. This
analysis highlights how discretionary regulatory decisions can exacerbate
the risks inherent in expedited approval pathways. A focus on verifying
clinical benefit, consistently, should guide regulators as they consider
the benefit-risk balance of new therapeutics. Specifically, policies that
ensure that regular approval is only granted when clinical benefit is
verified, in the population in question, can help mitigate the risks of the
accelerated approval pathway.
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