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Abstract
Introduction After the approval of a new drug, the Food and Drug Administration (FDA) may issue postmarketing require-
ments (PMRs), studies that the law requires manufacturers to conduct for drugs approved under certain conditions, and 
postmarketing commitments (PMCs), studies that the FDA and manufacturers agree should be conducted as a condition of 
approval.
Objective With regulators’ increasing reliance on gathering important evidence after initial product approval, we sought to 
assess the track record of PMRs and PMCs by synthesizing information about postmarketing study completion rates, timeli-
ness, study types, and results reporting.
Methods A systematic review following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines was conducted. Studies published in academic journals or government reports that reported original data about 
the characteristics of PMRs or PMCs were included. Studies of post-approval trial mandates issued by regulators outside 
the USA were excluded, as were those that addressed post-approval research without mentioning either PMCs or PMRs or a 
specific approval pathway associated with statutorily required PMRs. Two investigators independently screened and extracted 
data from studies and reports. Data sources included the Federal Register from 2003 to 2020, FDA backlog reviews from 
2008 to 2020, PubMed from January 2006 to April 2021, and the US Government Accountability Office (GAO) database 
for reports from January 2006 to April 2021. PMR/PMC characteristics (e.g., completion rates, timeliness, results reporting, 
outcomes) were not meta-analyzed due to the heterogeneity in study designs.
Results Twenty-seven peer-reviewed articles from PubMed, five GAO reports, 17 annual Federal Register notices, and 12 
annual backlog reviews were included. Among the 27 studies, 13 reviewed PMRs and PMCs, one reviewed only PMCs, and 
13 reviewed only PMRs. A majority of new drugs were approved with at least one PMR or PMC. PMCs were completed 
at higher rates than PMRs, although delays were common and neither was found to be completed more than two-thirds of 
the time. Over two-thirds of PMRs and PMCs reported their findings in publications and trial registries. Over half of PMCs 
and PMRs produced novel information for clinical practice or leading to regulatory action, such as confirmation of benefit 
or a labeling change.
Conclusion PMRs and PMCs are common for new drugs and can lead to worthwhile outcomes, but are often delayed or 
incomplete. Greater attention is needed to timely completion, improving transparency of findings, and ensuring that PMRs 
and PMCs produce optimally useful information for prescribers and patients.
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1 Introduction

The Food and Drug Administration (FDA) approves drugs 
and biologics based on results from one or more pivotal clin-
ical trials [1, 2], but approved drugs often require monitoring 

and testing after approval to clarify aspects of their effec-
tiveness and safety [3, 4]. Post-approval testing is impor-
tant because pre-approval trials inevitably have limitations, 
such as excluding certain patient populations (like children 
or elderly patients) or lasting for a few months for a drug 
that is expected to be taken for many years [5]. In addi-
tion, when a drug is approved based on a surrogate marker 
rather than a demonstrated clinical benefit, it is necessary 

http://orcid.org/0000-0002-8867-2666
http://crossmark.crossref.org/dialog/?doi=10.1007/s40264-022-01152-9&domain=pdf


 O. Moneer et al.

Key Points 

Ensuring the completion and the clinical usefulness of 
post-approval studies remain important ongoing issues

Literature evaluating post-approval studies shows that 
postmarketing requirements (PMRs) and postmarketing 
commitments (PMCs) are not being completed on time

The utility and relevance of data from PMRs and PMCs 
varies based on the type of requirement, suggesting that 
policy reforms may consider targeting specific legislative 
authorities of PMRs and PMCs

medical products are being tested in children, while assess-
ing PMRs under Accelerated Approval would provide 
insight into how diligently clinical benefit is measured after 
initial drug approval via that program. Evaluating PMRs 
under Sect. 505(o)(3) provides an understanding of how well 
safety risks are studied once a drug is marketed.

In recent years, new drugs have been subject to less 
extensive pre-approval testing, shifting more of the initial 
evidence generation for these products to after approval 
[12–14]. However, the FDA has considerably less influ-
ence over manufacturers after a product is approved. As a 
result, PMCs and PMRs have frequently been criticized for 
being left incomplete or delayed. In 2007, the FDA Amend-
ments Act (FDAAA) gave the FDA more authority in this 
area, such as the use of civil monetary penalties [under sec-
tion 303(f)(4)(A) of the act], to ensure that manufacturers 
complete the PMCs and PMRs in a timely fashion [11, 15]. 
Through FDAAA, Congress required that the FDA publish 
annual notices in the Federal Register concerning the status 
of PMRs and PMCs (see Box) [16]. The law also required 
the FDA to annually review the backlog of pre-FDAAA 
PMRs and PMCs [11].

Previous analyses characterizing PMRs and PMCs have 
been focused on specific study samples restricted to certain 
time frames, drug categories (e.g., only cancer drugs), or 
certain subsets of PMRs, such as Accelerated Approval. As 
a result, conclusions from previous investigations may be 
limited to the contexts studied by each analysis. We sought 
to synthesize the available evidence to understand how often 
all postmarketing studies are completed, whether they are 
completed in a timely fashion, to what extent results from 
postmarketing studies are publicly disseminated, and how 
often postmarketing studies produce clinically useful infor-
mation. We conducted a systematic review of information 
since 2006 that evaluated postmarketing study completion 
rates, timeliness, results reporting, and study outcomes.

2  Methods

Following Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines for systematic 
reviews (Fig. 1), we performed a PubMed search on April 2, 
2021, for articles on this topic since January 2006 (Supple-
mental Table 1, see the electronic supplementary material) 
using categories that included PMRs or PMCs and glossary 
terms attributable to the FDA, supplemented with a review 
of the US Government Accountability Office (GAO) data-
base. We then manually mined the references of our sam-
ple of articles to add any records missed. We additionally 
extracted annual Federal Register notices from 2003 to 2020 
and backlog reviews from 2008 to 2020 [17].

to confirm whether the expected benefits occur once it is in 
widespread use.

When the FDA believes that more data on efficacy or 
safety is required following approval, it can request manu-
facturers collect such information through two regulatory 
categories: postmarketing commitments (PMCs) and post-
marketing requirements (PMRs) [6]. In contrast to other 
forms of pharmacovigilance (such as the FDA’s Adverse 
Event Reporting System) that can provide greater insight 
about the safety of a product after approval through postmar-
keting surveillance, PMRs/PMCs answer particular ques-
tions about a product’s safety or efficacy through studies 
such as clinical trials or observational studies. PMRs/PMCs 
include pharmacokinetics/pharmacodynamics (PK/PD) stud-
ies or chemistry, manufacturing, and control (CMC) studies. 
PMCs are studies that the FDA and manufacturers agree 
should be conducted as a new drug is being approved, but 
manufacturers are not legally bound to complete the stud-
ies [7]. By contrast, PMRs are studies that manufacturers 
must conduct for drugs approved under certain conditions. 
There are three major legislative authorities under which 
PMRs may be issued: studies of a drug in children under the 
Pediatric Research Equity Act (PREA) to address safety and 
efficacy in pediatric populations [8], confirmatory studies for 
drugs approved based on effects on unvalidated surrogate 
measures via the Accelerated Approval program [9, 10], 
and studies organized under Sect. 505(o)(3) to obtain more 
information about a serious risk that may be associated with 
a drug [11]. PMRs are also required under the FDA’s 2002 
Animal Rule, but only about 16 drugs have been approved 
under this program since its inception. While all intend to 
produce additional evidence for drugs after approval, each of 
these PMR legislative authorities has a different policy aim. 
For example, evaluating the performance of PMRs under 
the PREA can provide an understanding of how carefully 
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We included English-language studies published in peer-
reviewed journals or government reports, and excluded 
publications lacking original data. Included studies and 
government reports reported empirical data about the char-
acteristics of all FDA PMRs or PMCs for drugs or biolog-
ics. We excluded studies or government reports of any post-
approval trial mandates issued by non-US regulators and 
studies or government reports of medical devices. We did 
not consider studies or government reports that addressed 
post-approval research without explicitly mentioning either 
PMCs or PMRs, or a specific PMR authority, such as Accel-
erated Approval. Two investigators (OM and BLB) indepen-
dently screened all citations and articles first at the title and 
abstract level, then evaluated all potentially eligible records 
at the full text level. Discrepancies were resolved by a third 
investigator (ASK).

For each article, we recorded the methodology, general 
conclusions, number of products, and number of postmarket-
ing studies. We also extracted data on PMR/PMC study com-
pletion rates, timeliness, results reporting, and outcomes. 
Two investigators (OM and BLB) independently extracted 
data from included studies and government reports, and dis-
crepancies were resolved by discussion. Authors were not 
contacted for additional information. Results were summa-
rized with a qualitative synthesis of the data by two investi-
gators (OM, ASK) and reviewed by all other investigators. 
Given the heterogeneity of the data, a quantitative synthesis 
was not possible.

We used a multi-tiered approach to organize the various 
studies and government reports included in our review. We 
first synthesized findings across the FDA documents (i.e., 
annual Federal Register notices) as well as published studies 
evaluating these same FDA documents. We then turned our 
attention to the published studies identified in the literature 
search. We organized these published studies according to 

the type of postmarketing studies they considered: studies of 
all post-approval studies, studies addressing only postmar-
keting commitments, and studies addressing only postmar-
keting requirements. Finally, we highlighted trends across 
key postmarketing study characteristics (i.e., completion 
rates, timeliness, results reporting, and outcomes) without 
separating across postmarketing study types.

3  Results

The PubMed search returned 151 articles and the GAO 
search returned 154 potential reports for inclusion, from 
which 243 were excluded during initial screening based on 
the title and abstract. Sixty-two published studies and reports 
were reviewed at the full-text level, from which 27 pub-
lished studies and five government reports were identified 
as relevant (Fig. 1). There were 17 annual Federal Register 
notices and 12 annual backlog reviews extracted from the 
FDA’s website [17].

3.1  FDA Documents

3.1.1  Annual Federal Register Notices

In the FDA’s 2020 report, 334 New Drug Application (NDA) 
and Biologics License Application (BLA) applicants had 
open PMRs/PMCs as of September 30, 2019 (i.e., pend-
ing, ongoing, delayed, submitted, or terminated; see Box). 
Of the 1383 PMRs and 357 PMCs that had an open status, 
over three-quarters (N = 1355) were reported as being “on-
schedule.” Approximately three-quarters (N = 213) of the 
224 PMRs and 66 PMCs that had a closed status (i.e., ful-
filled or released) were reported as being fulfilled.

Definitions of key terms. 
Legend: In a 2011 guidance 
document, the Food and Drug 
Administration (FDA) clarified 
the terminology of PMRs and 
PMCs to distinguish required 
studies versus agreed-upon 
studies. See FDA. Guidance for 
industry: postmarketing studies 
and clinical trials—implementa-
tion of Section 505(o)(3) of the 
FDCA. April 2011
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Three studies from the literature review analyzed time 
trends from these annual reports [18–20]. Fain et al. focused 
on PMRs and PMCs open (studies that were ongoing and 
not yet complete) in years 2007–2011 and then followed 
them until 2012, observing that the total number of pending 
studies had decreased during the time period, though over 
40% had still not been started by 2012. The proportion of 
concluded studies with commitments fulfilled increased dur-
ing that time period and the proportion of delayed studies 
increased [18]. Woloshin et al. reviewed PMRs/PMCs issued 
in 2009–2010, and followed until 2015 [19]. They found that 
while approximately half (N = 333) of postmarketing stud-
ies were completed, one-quarter (N = 156) were classified 
as delayed or ongoing and one-fifth (N = 125) were not yet 
started. Even for the portion of postmarketing studies that 
were on schedule, Woloshin et al. concluded that the FDA-
specified study schedules were longer than necessary. In a 
2020 article, Dauner et al. found that 46% of PMRs/PMCs 
from 2013–2014 were completed, while 30% were delayed 
or ongoing and 24% were not started [20].

3.2  Published Studies of Postmarketing 
Requirements and Commitments

Among the 27 studies, 13 reviewed PMRs and PMCs, one 
reviewed only PMCs, and 13 reviewed only PMRs. Of the 
latter, two considered all PMRs generally, eight focused 
on PMRs issued under Accelerated Approval, and three on 
PMRs issued under the PREA.

3.2.1  Studies of PMRs and PMCs

Thirteen studies evaluated both main types of post-approval 
studies requested or required by the FDA [18–30]. For exam-
ple, in 2014, Moore et al. reviewed postmarketing studies for 
new drugs approved in 2008 [22], the first full-year cohort 
of therapeutics after the FDAAA. They found that of 85 
PMRs and PMCs for 19 of 20 drugs approved that year, 
31% had been fulfilled by January 2013, with 71% com-
pleted or submitted on schedule. Postmarketing studies for 
drugs approved via expedited review (40%) were fulfilled 
at a higher rate than those for drugs approved via standard 
review (15%).

Records identified from:
PubMed (n = 151)
GAO Database (n = 154)

Records screened at title-
abstract level
(n = 305)

Records excluded
(n = 243)

Full-text records assessed for 
eligibility
(n = 62) Records excluded:

Does not evaluate 
PMRs/PMCs (n = 25)
Wrong study design (n = 2)
Wrong date range (n = 2)
Wrong geography (n = 1)

Studies included in review
(n = 32)

Identification of studies and government reports via PubMed and GAO 

Records identified from:
FDA Backlog Reports (n=12)
FDA Annual Federal Register 
Notices (n=17)

Full-text records assessed for 
eligibility
(n = 29)

Identification of FDA Reports

Reports included in review
(n = 13)
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Fig. 1  Study flowchart. FDA Food and Drug Administration, GAO Government Accountability Office, PMC postmarketing commitment, PMR 
postmarketing requirement



New Drug Postmarketing Requirements and Commitments in the US

In 2021, Skydel et al. considered all new therapeutics 
approved between 2009 and 2018 [21]. They found that 91% 
of new therapeutics were approved with at least one PMR 
or PMC (median 5). Among their sample of 1978 PMRs 
and PMCs, 38% were designed to produce safety or efficacy 
evidence and 62% were non-clinical (e.g., PK/PD or CMC 
studies). One-quarter (N = 184) of clinical studies explored 
unapproved indications.

FDA investigators published an internal review [23], find-
ing that of 288 fulfilled PMRs and PMCs for new drugs 
approved in 2009–2013, 64% were published in the scientific 
literature or on ClinicalTrials.gov by July 2016.

Seven studies reviewed PMRs and PMCs for specific 
types of products [24–30]. Hyogo et al. reviewed PMRs 
and PMCs for oncology products approved in 2008–2015, 
finding a median of 4.0 (interquartile range [IQR] 2.0–6.0) 
per product [27]. Hyogo et al. found that products approved 
based on nonrandomized trials or small pivotal trial pop-
ulations were more likely to later undergo clinical safety 
studies or confirmatory studies. Lu et  al. reviewed 11 
PMRs and PMCs related to dose optimization for oncol-
ogy indications (2010–2015) [25], finding that PMRs and 
PMCs may be issued to evaluate a higher dose of a prod-
uct if there appeared to be a trend toward greater efficacy 
related to increased exposure without added safety risks. 
PMRs and PMCs were also issued to evaluate a lower dose 
if that appeared to reduce risks without compromising effi-
cacy [25]. Hung et al. examined PMRs and PMCs for new 
biosimilars, finding that the PMRs were related to pediatric 
studies, while the PMCs were typically related to analyti-
cal testing, such as identifying similarity between primary 
structure, bioactivity, and chemical purity [26]. Moneer et al. 
investigated the characteristics of PMRs and PMCs for new 
vaccines (2006–2020), finding a median of four PMCs or 
PMRs, with 41% of PMRs and 54% of PMCs fulfilled, at a 
median of 50 months [29].

3.3  Studies Addressing Only PMCs

In 2019, Wallach et al. investigated the characteristics of 
PMCs for new drugs and biologics approved in 2009–2012 
[31]. Among 331 PMCs issued for 61 new drugs and bio-
logics, 82% were for “other studies” (mostly CMC studies 
or animal studies), while only 10% of PMCs required new 
clinical studies. While 41% of new clinical trial PMCs were 
classified as fulfilled, half (N = 14) were published. The 
median time from approval to reporting results or publica-
tion was 65 months (IQR 47–81).

3.3.1  Studies Addressing Only PMRs

Two studies conducted examined PMRs (2009–2012) [32, 
33]. Wallach et al. reported on 437 PMRs issued for 97 

new drugs and biologics, finding about one-third (31%) 
were “prospective cohort studies, registries, and clinical 
trials,” including trials evaluating safety and efficacy. Half 
(50%) were “new animal or ‘other’ studies,” a category that 
included PK and PD studies, dosing studies, and other stud-
ies investigating nonclinical endpoints [32]. Among the 134 
prospective cohort studies, registries, and clinical trials, 33% 
were submitted/fulfilled by November 2017, allowing at 
least 4 years for completion of postmarketing studies. In a 
follow-up study, the authors focused on the 119 PMRs evalu-
ating drug safety or efficacy [33]. The median time from 
approval to protocol submission for PMRs under the PREA 
was 15 months, 4 months for PMRs under Sect. 505(o)(3), 
and 3 months under Accelerated Approval. The median 
time between protocol submission to study completion for 
PMRs was 38 months under the PREA, 53 months under 
Sect. 505(o)(3), and 72 months under Accelerated Approval.

Eight studies considered PMRs for Accelerated Approval 
drugs [34–41]. In a study of the Accelerated Approval pro-
gram for oncology drugs (1992–2017), FDA investigators 
Beaver et al. found 55% of the indications in their sample 
had fulfilled their PMRs, 5% of studies were withdrawn, and 
40% were incomplete or had not yet verified clinical benefit 
by 2017 [35]. Median time from Accelerated Approval to 
fulfillment was 3.4 years (range 0.5–12.6 years). One year 
later, Gyawali et al. re-reviewed the same sample of studies, 
finding that 39 (67%) of 58 trials that confirmed clinical 
benefit had done so based on surrogate measures rather than 
clinical outcomes [36]. In 2017, Naci et al. investigated 38 
post-approval trials for 22 new drugs granted Accelerated 
Approval (2009–2013), finding that about one-half (N = 19) 
of confirmatory trials were completed by April 2017, 29% 
were underway and on schedule, and 16% were reported as 
delayed by more than 12 months, with a range of 1.3–5.3 
years from Accelerated Approval to fulfillment [37].

Three studies assessed PMRs subject to the PREA 
[42–44]. Hwang et al. investigated the characteristics of 
222 PMRs required under the PREA for 114 new drugs and 
new indications (2007–2014) [42]. A majority of studies pri-
marily tested efficacy (60%), while 25% studied safety, and 
15% PK/PD. By December 2017, 34% (75/222) of studies 
were completed, and efficacy studies were completed at the 
lowest rate (29%). Bourgeois and Kesselheim reviewed 770 
labeling changes for 620 products attributed to the PREA 
(1998–2018), with 187 of 253 (73.9%) labeling changes 
between 2014 and 2018 attributed solely to the PREA and 
most expanding indications from adults to pediatric popu-
lations [43]. Winiecki et al. reviewed pediatric trial regis-
tries in the April 2014 version of the FDA Postmarketing 
Requirements and Commitments database, finding ten of 
24 studies were “successful” (results published or submit-
ted to the FDA), four were unsuccessful, and ten were not 
evaluable [44].
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3.4  Trends in Completion Rates, Timeliness, Results 
Reporting, and Outcomes

3.4.1  Completion Rates

Completion rates differed for PMRs versus PMCs (Table 1). 
In two different studies, Wallach et al. found that for PMCs 
issued for new products between 2009 and 2012 and fol-
lowed until July 2018, 41% were fulfilled [31], while 33% 
of PMRs from around the same time period for prospective 
cohort studies, registries, and clinical trials were fulfilled 
(followed only through October 2017) [32]. Completion 
rates varied across subtypes of PMRs. Beaver et al. found 
that 55% of cancer drugs receiving Accelerated Approval 
had fulfilled their PMRs (issued between December 1992 
and May 2017, followed until May 2017) [35], while Hwang 
et al. showed that 34% of pediatric studies required under 
the PREA (issued between 2007 and 2014, followed until 
December 2017) had been completed [42].

3.4.2  Timeliness

The median time between product approval and postmar-
keting study completion was investigated in several studies 
(Table 2), with Moneer et al. finding this to be 50 months 
for 60% of new vaccine PMRs and PMCs [29]. Comple-
tion times for Accelerated Approval PMRs ranged widely. 
Beaver et al. found that the median time from Accelerated 
Approval to fulfillment was 3.4 years (range 0.5–12.6 years) 
over the first 25 years of the Accelerated Approval program 
[35], while Naci et al.—examining a smaller but more recent 
sample—showed that the time from Accelerated Approval to 
study fulfillment for 42% of studies fulfilling their require-
ments was 1.3–5.3 years [37].

3.4.3  Results Reporting

Not all results of PMCs and PMRs were reported in either 
the literature or ClinicalTrials.gov (Table 3). Cruz et al. 
found that 64% of reportable postmarketing studies pub-
lished results [23], with results reporting varying by the leg-
islative authority (e.g., Accelerated Approval, the PREA). 
Naci et al. found that Accelerated Approval PMRs reported 
results 90% of the time [37], compared to findings from 
Hwang et al. showing that results were reported for 76% of 
completed pediatric studies under the PREA [42].

3.4.4  Outcomes

More than half of PMCs and PMRs produced novel clinical 
information, such as confirmation of benefit or information 
that led to a labeling change due to safety, efficacy, or other 
reasons (Table 4). Guinn et al. showed that 55% of PMRs 

and PMCs in their sample of products undergoing immuno-
genicity assessments led to related labeling changes, while 
the other 45% maintained their original labeling information 
[30]. Several studies addressed how often drugs receiving 
Accelerated Approval verified clinical benefit, with Gyawali 
et al. showing 62% of drugs in their sample replicated a posi-
tive outcome, but often using the same surrogate measure; 
9% did not confirm any benefit [36]. Johnson et al. described 
three drugs receiving Accelerated Approval that later did not 
show clinical benefit in confirmatory trials [34].

4  Discussion

Studies and government reports evaluating execution of 
PMRs and PMCs since the FDAAA provide details on 
completion rates of postmarketing studies, time required 
for study completion, transparency in results reporting, and 
postmarketing study outcomes. New policy approaches may 
be needed to maximize timely completion and the clinical 
usefulness of post-approval studies.

PMCs have generally been completed at higher rates 
than PMRs. This might seem paradoxical, since PMCs are 
agreed-upon conditions under less strict terms than PMRs, 
which are required by law. However, manufacturers may 
be more likely to complete PMCs because they had more 
flexibility to set the terms of the study. PMCs may include 
simpler postmarketing studies, such as long-term follow-up 
of an existing study or submitting final datasets for com-
pleted clinical trials, while PMRs more often involve new 
clinical trials. PMRs under Accelerated Approval were com-
pleted at higher rates than PMRs under the PREA or under 
Sect. 505(o)(3). Beyond the difficulties post-approval studies 
face recruiting patients, it can be challenging to enroll chil-
dren in research studies due to lower rates of disease burden 
in children as well as the increased requirements for receiv-
ing consent in children [45, 46]. Additionally, PMRs issued 
under Sect. 505(o)(3) apply to late-arising safety questions, 
and so may be more difficult to organize as manufacturers 
would have to design studies to fulfill these requirements 
partway through the clinical development of a drug. Manu-
facturers usually position their products to receive Acceler-
ated Approval earlier in development, and the FDA now 
encourages manufacturers to have PMRs underway at the 
time of approval.

Our analysis of the FDA’s backlog reports for pre-
FDAAA PMRs and PMCs (i.e., those that were not fulfilled 
or released by September 27, 2007, when the FDAAA was 
enacted) was reassuring [17]. The most recent backlog 
review from 2020 reported that by the end of 2019, 96% 
of studies (1563/1636) had a closed status (fulfilled or 
released). While ensuring completion of PMRs/PMCs is 
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still an ongoing goal, completing the backlog of previously 
outstanding studies before 2007 has largely been achieved.

Studies and government reports evaluating timeliness 
repeatedly found delays in some postmarketing studies. Two 
analyses further suggested that the FDA-issued timelines 
for study completion may overestimate the length of time 
a study would actually require to be completed; that is, not 
only are studies failing to meet their deadlines, those dead-
lines may already be too lenient [19, 33]. Stricter enforce-
ment of post-approval study requirements, as some have 
proposed, therefore must guard against the possibility that it 
would lead to regulators setting even longer timelines. Doing 
so would give the appearance of increased rates of timely 
completion without necessarily accelerating the availability 
of the clinical information needed from the studies. Delays 
in study completion may not necessarily be regulatory fail-
ures. Postmarketing studies can be delayed for valid reasons, 
including slow recruitment for clinical trials or changes in 
clinical care. Further work may be needed to elucidate the 
reasons behind postmarketing study delays.

Though several studies and government reports investi-
gated the time between product approval and postmarketing 
study completion, not all studies and government reports 
evaluating timeliness considered the exact same definition. 
For example, the time between drug approval and post-
marketing study completion may differ by several months 
from the time between protocol approval and postmarketing 
study completion. This suggests that the magnitude of delays 
should not be over-interpreted, with more attention needed 
to characterize each type of delay.

Once postmarketing studies are fulfilled, the FDA encour-
ages data sharing for clinical trials through the registration 
or publication of results [11]. PMRs and PMCs did so in 
either publications or registries about two-thirds to three-
quarters of the time, with Accelerated Approval PMRs 
reporting results at a higher rate than other PMRs and PMCs. 
For cases in which PMRs and PMCs did not have published 
results, alternative explanations may exist besides manufac-
turer neglect or misconduct. The use of publication in a jour-
nal as a metric assumes that the model of journal publication 
is the most effective for sharing study results, overlooking 
PMRs/PMCs reports that were rejected for having trivial 
or common findings. This concern could be addressed if 
manufacturers considered publishing PMR/PMC results on 
preprint servers to ensure transparency.

Although PMRs and PMCs are intended to provide addi-
tional information about a product after its initial approval, 
the studies and government reports we identified found 
variable implementation of this principle. For example, the 
PREA sought to increase the available data on the safety, 
efficacy, and proper dosing of drugs in children. Completed 
studies under the PREA indeed reflected this goal, as most 
labeling changes associated with PREA studies involved Ta
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the expansion of label indications from adult populations to 
pediatric populations. By contrast, studies related to Accel-
erated Approval PMRs emphasized that confirmatory trials 
often continued to use surrogate measures, sometimes the 
same ones used in the preapproval studies, which does not 
clarify clinical benefit. The agency reviews clinical protocols 
to provide feedback on postmarketing study design, yet the 
FDA has rarely sought to withdraw products from the market 
in situations when manufacturers do not meet PMRs [12]. 
Even short of withdrawal, in the 14 years since the FDAAA, 
the FDA has not imposed any civil monetary penalties for 
delayed PMRs [19].

Greater attention is also needed to assess the utility of 
the information generated. Study completion, particularly 
those with unfavorable results, often occurs shortly before 
the expiration of exclusivity or the introduction of a new 
competing product [43]. Data on whether and to what extent 
this occurs have important implications for the overall value 
of, and rationale for, post-approval study requirements.

As we conducted this study, we also found numerous edi-
torials covering PMRs and PMCs. FDA authors Kashoki 
et al. [47, 48] commented on two papers included in our 
review [18, 19] to justify the categories of “pending” and 
“delayed” study status. They noted that a pending status does 
not imply delays to a study, and that even studies catego-
rized as delayed may be justified in their delay. Meanwhile, 
other editorials have expressed concern about the timeliness 
of PMRs and PMCs. In 2014, Willyard summarized such 
viewpoints [3, 18, 21, 28, 31–33, 36, 37, 42, 43] on the use 
of post-approval studies, all of which concluded that more 
needed to be done to address the problems of delays, low 
completion rates, and information transparency [49]. In a 
legal and policy analysis of the FDA’s use of PMRs, Herder 
commented on the FDA’s shift toward a model of lifecycle 
regulation, offering that PMRs may be difficult to enforce 
due to the agency’s limited legal powers and constrained 
resources [12].

This review has some limitations. PMR/PMC character-
istics were not meta-analyzed due to the heterogeneity in 
study designs and overlapping study samples. For example, 
some published studies reported on all new therapeutics 
while others focused only on vaccines or oncology prod-
ucts, suggesting that studies could sometimes report on the 
same subsets of PMRs/PMCs even if the study samples had 
different definitions. For similar reasons, trends in comple-
tion rates over time or across study subtypes were difficult 
to assess, for example, because time to follow-up differed 
across the studies.

5  Conclusion

Even without a quantitative meta-analysis, several key 
conclusions emerge. To respond to evolving issues in drug 
review, Congress gave the FDA numerous authorities to 
require the generation of important evidence about approved 
drugs through PMRs and PMCs. Post-approval studies are 
commonly set at the time of drug approval, but greater atten-
tion is needed to encourage the timely completion of stud-
ies, improve the transparency of study findings, and ensure 
that the design and fulfillment of PMRs and PMCs leads to 
optimally useful information for prescribers and patients on 
the medications being evaluated. Further work is needed to 
assess the reasons for why postmarketing studies are often 
incomplete and delayed in addition to refining which types 
of PMRs/PMCs are most effective at providing clinically 
useful information to patients and prescribers.
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