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ABSTRACT

Objective To explore the associations between the

risks of postmarketing safety events of new drugs

and the four expedited programmes of priority review,
accelerated approval, fast track and breakthrough therapy
established by the US Food and Drug Administration

(FDA); and to investigate whether multiple uses of
expedited programmes, and the combinations of expedited
programmes with orphan designation, were relevant to
different safety profiles.

Design Cohort study.

Setting USA.

Participants All new drugs approved by the FDA between
1 January 2007 and 31 December 2017, followed up until
10 April 2021.

Outcome measures Safety events included safety-
related withdrawal, new boxed warning, drug safety
communication, postapproval risk evaluation mitigation
strategy and safety-related labelling changes. The duration
from marketing approval to the occurrence of a safety
event was measured.

Method Cox models were performed to determine the
factors related to the time-to-safety event.

Results The FDA approved 338 new drugs between 2007 and
2017, among which 53.6% (181) were under expedited review
and 32.2% (109) received two or more expedited programmes.
It took median time of 1.75 years (IOR 1.10-2.93) and

2.31 years (IQR 1.33-4.21), respectively, for new drugs to

be observed of their first event and first serious event. The
raised risk for first safety event was found to associate with
breakthrough therapy (adjusted HR 1.83; 95% Cl 1.21 t0 2.77;
p=0.004), and with the combination of accelerated approval
with orphan designation (adjusted HR 2.84; 95% Cl 1.12 to
7.23; p=0.028). Triple or more use of expedited programmes
correlated with higher risk for first serious event (adjusted HR
4.16; 95% Cl 1.69 to 10.22; p=0.002).

Conclusions The increased risks of the breakthrough
therapies, accelerated orphan drugs and triple or more
use of expedited programmes indicated the necessity for
intensive postmarketing risk surveillance.

INTRODUCTION
Expedited drug review programmes are
first established by the US Food and Drug

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We extended the identification of postmarketing
safety events that enabled analysis for risks of all
events and of serious events.

= The timeline of sample allowed exploration about
the latest programme of breakthrough therapy.

= The relatively short follow-up might be inadequate
to shape the complete picture for the safety risks of
orphan drugs.

Administration (FDA) to deliver innovative
therapies faster to patients, through which
the development and approval of drugs can
be facilitated and less time-consuming. To
date, the FDA has designed four expedited
programmes to help earlier access to novel
treatments that are for serious conditions
and are likely superior over known medica-
tions: priority review (started in 1992) which
commits to shorter review duration, fast track
(1987) and breakthrough therapy (2012)
which promote the development process,
and accelerated approval (1992) which allows
for conditional approval under surrogate
or intermediate clinical endpoints (more
detailed introduction for the four expedited
programme was provided in online supple-
mental table 1)." Following the USA, coun-
tries worldwide have implemented analogous
expedited regulatory pathways for novel
therapeutics, including China. Since 2015
the China drug agency has successively initi-
ated programmes of priority review, condi-
tional approval and breakthrough therapy.”
Timely availability of drugs with substantial
clinical interests benefits the patients, which
is however companioned with larger uncer-
tainties and concerns of increased safety
risks. This trade-off between speed and safety
is a conundrum facing drug agencies.” To
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address it, the very beginning is to understand how expe-
dited programmes affect the postmarketing performance
of new drugs with regard to both efficacy and safety,
which are hard to accurately predict based on premar-
keting evidence.

In terms of efficacy, researchers have found that new
drugs experiencing expedited programmes are more
likely to be rated as highly therapeutic valuable than non-
expedited drugs.* While as for the safety aspect, prior
studies focusing on postmarketing safety outcomes and
their factors conclude that the worse safety outcomes are
associated with certain expedited programmes,”’ such as
priority review and accelerated approval. The safety risks
of expedited programmes have been identified to some
extent. Nevertheless, with over 20% of expedited appli-
cations receiving two or more expedited programmes,
investigations on whether the multiple use of expedited
programmes would introduce incremental safety risks are
still of dearth. Besides, as growing orphan drugs are devel-
oped,' the interaction effects of orphan drug designation
and expedited programmes await to be discussed as well.

The leading measures of safety include withdrawal due
to safety issues and additional boxed warning, but which
are relatively limited to depict the risk profile. Adverse
drug events are also employed, but it is sometimes hard
to determine the relevance of the spontaneously reported
cases and the drug use.'” ' Building on previous works,
we design a wider coverage for safety events to charac-
terise the postmarketing safety profile for a new drug:
the safety-driven withdrawal, new boxed warning, drug
safety communication, postapproval risk evaluation
mitigation strategy (REMS) and safety-related labelling
changes (SrLCs). Drug safety communication established
by FDA since 2010 is the public bulletins of drug safety
information pertinent to serious risk. REMS is a drug
risk management programme designated by FDA when
specific serious risk is of great concern.'* SrLCs are the
postmarketing changes occurring in the seven sections
of drug labelling which are related to drug use safety.
The broader identification of safety events is supposed to
provide new meaningful knowledge.

Based on new drugs approved by the FDA, our study
uses postmarketing safety events as the proxy for drug
safety risks, and explores their association with expedited
review programmes. We improve on the existing litera-
ture by including the latest programme of breakthrough
therapy, extending identification of safety events, and
examining whether multiple uses of the expedited
programmes as well as their underlying interactions with
orphan drug designation are associated with postmar-
keting safety events.

METHODS

Data

Using the Drugs@FDA database,”” we collected all
the new drugs (new molecule entities and biologics)
approved by the US FDA between 1 January 2007 and 31

December 2017. The new drugs were classified into new
drug application (NDA) and biologics licence application
(BLA) according to their application number provided
by Drugs@FDA. The qualifications for the four expedited
programmes of priority review, accelerated approval, fast
track and breakthrough therapy, were determined by the
annual review reports through searching on the website
of FDA. The orphan designation was identified using
Drugs@FDA. Review duration of each drug was days from
the submission date to the final approval date, and was
determined through drug approval letter disclosed in
Drugs@FDA. The WHO’ s Anatomic Therapeutic Classifi-
cation (ATC) system was used to identify the therapeutic
area of each drug.'® As for a few drugs not listed in WHO
ATC system, we assigned the primary area according to
their initial approved indications which were abstracted
from approval letters.

Safety events

Safety outcomes were defined as the five categories of post-
marketing events as aforesaid, and online supplemental
table 2 summarises the definitions and sources for these
safety events. Withdrawal, new boxed warning,” drug safety
communication® !’ and REMS'* were regarded as serious
events. SrLCs covered a wide range of label changes
with various degree of severity, and they were therefore
regarded as more general events. All safety events were
collected up to 10 April 2021. Disclosure of drug with-
drawal was from documents of the Federal Register, and
only withdrawal related to safety issues was included. New
boxed warning was defined as the following postmarketing
changes in drug labelling: (1) new added section of boxed
warning; (2) major revisions on existing boxed warnings
that added new distinguishing conditions requiring close
attention and (3) substantive modification on, addition
to, or detailing of existing boxed warnings that would
exert further restriction on drug utilisation. Changes to
boxed warnings only referring to new initiation of REMS
were excluded to prevent duplicated counts. The Drug
SrL.C Database,18 and the MedWatch Medical Product
Safety Information Archive,' provided revisions in the
boxed warning section as well as other sections related
to safety concerns. Additional REMS following marketing
approval could be deemed as an action to serious safety
issues, while an initial REMS at approval often implied
noticed safety risks and was regarded as a control vari-
able in our study. FDA offered the REMS Products data
which were used to determine all the drugs involved in
REMS programmes.”’ Drug safety communications only
referred to new boxed warning or additional REMS were
excluded, and communications concerning name confu-
sion or other non-drug-driven cautions were not counted
too. Drug safety communication could be obtained on
its webpage.”’ As to SrLCs which usually incorporated
several changes in different labelling sections at one
time, the SrLCs only contained new boxed warning were
excluded. SrLCs could be obtained through its database
and the MedWatch archive as stated above.
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Table 1 Descriptive characteristics of new drugs approved
by FDA between 2007 and 2017 (n=338)
Variables No (%)
Drug class
NDA 260 (76.9)
BLA 78 (28.1)
ATC category
A Alimentary tract and metabolism 42 (12.4)
B Blood and blood forming organs 16 (4.7)
C Cardiovascular system 22 (6.5)
D Dermatologicals 10 (3.0)
G Genitourinary system and sex 9 (2.7)
hormones

H Systemic hormonal preparations,
excluding sex hormones. and insulins

J Anti-infectives for systemic use 38 (11.2)
L Antineoplastic and 106 (31.4)
immunomodulating agents

M Musculoskeletal system 11 (3.3)

N Nervous system 31(9.2)

P Antiparasitic products, insecticides 5 (1.5)
and repellents

R Respiratory system 14 (4.1)

S Sensory organs 6 (1.8)

V Various 20 (5.9)
Orphan designation (n=125)

Non-expedited review 24 (19.2)

Expedited review 101 (80.8)
REMS at approval 51 (15.1)

Review duration, median (IQR), days 3083.50 (222-370)

Priority review (n=162)

With orphan designation 91 (56.2)

Without orphan designation 71 (43.7)
Fast track (n=92)

With orphan designation 52 (56.5)

Without orphan designation 40 (43.5)
Breakthrough therapy (n=44)

With orphan designation 28 (63.6)

Without orphan designation 16 (36.4)
Accelerated approval (n=42)

With orphan designation 34 (81.0)
Without orphan designation 8 (19.0)
Non-expedited review 157 (46.4)
No. of expedited programmes 181 (53.6)

1 (n=72)
Priority review only 55 (76.4)
Fast track only 14 (19.4)
Accelerated approval only 3(4.2)
Continued

Table 1 Continued

Variables No (%)
Breakthrough therapy only 0

2 (n=65)
PR and FT 45 (69.2)
PR and BT 10 (15.4)
PR and AA 9(13.9)
FT and AA 1(1.5)

3 (n=38)
PR and FT and BT 15 (39.5)
PR and BT and AA 12 (31.6)
PR and FT and AA 10 (26.3)
AA and BT and FT 1(2.6)

4 (n=6)

AA and BT and FT and PR
Follow-up, median (IQR), years

6 (100.0)
7.74 (5.48-10.45)

AA, accelerated approval; ATC, Anatomical Therapeutic Chemical
classification; BLA, biologics license application; BT, breakthrough
therapy; FT, fast track; NDA, new drug application; PR, priority
review; REMS, risk evaluation and mitigation strategy.

Statistical analysis

The elapsed time from approval to a safety event consti-
tuted the time-to-event outcome. To provide more
perspectives on safety risks, the outcomes fell into the
overall pattern and the serious pattern: time-to-first event
took account of all kinds of events, while time-to-first
serious event focused on the severe outcomes. Medians
were used for the descriptive analysis. Kaplan-Meier esti-
mate with log-rank test was used to compare the survival
differences between groups with and without a specified
programme of the four expedited programmes.

In the multivariate analysis, we first examined the asso-
ciations between multiple uses of expedited programmes
and postmarketing safety issues, with the times to first
event and the times to first serious event modelled by Cox
proportional-hazards regression. The number of granted
expedited programmes would be the main factor of
interest. Other characteristics of the ATC category, drug
class, review duration, orphan designation and approved
year were also included as potential confounders. Next,
the relationship between the two time-to-event outcomes
and each expedited programme was assessed, in which
the factors of interest were whether drugs received the
specified expedited programme. Given its potential
distinguishing effect, orphan designation was deemed
as a distinct pathway instead of an expedited review
programme. The interactions of orphan designation with
the utilisation of expedited programmes were therefore
examined. The significance level was set to be 0.05 for
two-tailed tests. Stata V.15 (StataCorp LP) and R V.4.0.2
(Surminer package) were used to conduct the analysis.
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Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for design or implementation of the
study. No patients were asked to advise on interpretation
or writing up of results. There are no plans to dissemi-
nate the results of the research to study participants or
the relevant patient community.

RESULTS

Features of the study drugs

Basic characteristics were summarised in the table 1. A
total of 338 medicines were approved by the US FDA
between 2007 and 2017, among which NDAs were the
majority (260 (76.9%)). The new drugs covered all
therapeutic areas depicted by the ATC system, with anti-
neoplastics making up nearly one-third (106 (31.4%)).
Over half of new drugs (181 (53.6%)) were granted
one or more expedited programmes: the most common
programme was priority review (162 (47.9%)), followed
by fast track (92 (27.2%)), while breakthrough therapy
(44 (13.0%)) and accelerated approval (42 (12.4%))
were less used. More than one-third of new drugs (125
(37.0%)) were designated as orphan, among which 101
(80.8%) were expedited reviewed. Fifty-one (15.1%)
new drugs were required to initiate a REMS at the time
of approval. The new drugs experienced a median
review duration of 303.50 days (IQR 222-370). Table 1
presents the distribution of the expedited programmes.
Seventy-two new drugs received only one expedited
programme, of which priority review constituted 76.4%.
Multiple uses of these programmes were frequent, with
60.2% of the expedited drugs qualifying for more than
one programme. Breakthrough therapy was always
combined with other review programmes. Fast track
jointed with priority review predominated in the double
use. In addition, multiple uses tended to increase over
time, for example, during 2007-2011 triple or more use
accounted for only 1.7% (2 out of 118) among all drugs,
while the share rose to 19.1% (42 out of 220) throughout
2012-2017. The median follow-up was 7.74 years (IQR
5.48-10.45).

Safety events

As of 10 April 2021, 315 (93.2%) of the study drugs
incurred 1794 postmarketing safety events, leaving 23
drugs free of any safety concern yet (table 2). Eighty-two
drugs (24.3%) were subject to 126 serious events. Most
first safety events were SrLCs (292 (92.7%)). New boxed
warnings were the most common first serious events (42
(51.2%)), followed by drug safety communications (36
(43.9%)). The new drugs took a median time of 1.75
years (IQR 1.10-2.93) to their first safety event, and a
median time of 2.31 years (IQR 1.33-4.21) to their first

serious event.

Table 2 Safety events of the study drugs

Time to event,
median (IQR),

Safety event No (%) years
All events
SrLC 1669 (93.0) 4.26 (2.59-6.70)
Added REMS 8(0.4) 5.45 (2.17-10.70)
New boxed warning 64 (3.6) 3.26 (1.65-5.64)
Drug safety 50 (2.8) 2.41 (1.58-4.02)
communication
Withdrawal 3(0.2) 3.81*
Total 1794(100) 4.14 (2.47-6.61)
First event
SrLC 292 (92.7) 1.80 (1.12-3.00)
New boxed warning 11 (3.5) 1.56 (1.17-3.84)
Drug safety 11 (3.5) 1.32 (0.59-1.66)
communication
Withdrawal 1(0.3) 885"
Total 315(100) 1.75 (1.10-2.93)
First serious event
Added REMS 2(2.4) 2.59*
New boxed warning 42 (51.2) 2.78 (1.34-5.12)
Drug safety 36 (43.9) 2.09 (1.31-4.24)
communication
Withdrawal 2(2.4) 3.58*
Total 82(100)T 2.31 (1.33-4.21)
No event 23 4.87 (3.61-6.50)%

*IQR was not calculated due to the very low samples.

TThe percentages did not add to 100% due to rounding.

FThe time to end of follow-up was measured for drugs with no
event.

REMS, risk evaluation and mitigation strategy; SrLC, safety-related
label change.

Factors associated with safety events

The results of the Kaplan-Meier analyses suggested the
expedited programmes, except priority review, were
significantly associated with more frequent safety events
(figure 1), notwithstanding such associations were not
statistically significant for serious events (online supple-
mental figure 1).

Table 3 presents the HRs associated with multiple uses
and other factors on safety events. In the model which
accounted for the time-to-first event, single use of expe-
dited programmes correlated inversely to the chance
of safety events (adjusted HR 0.63, 95% CI 0.45 to 0.89;
p=0.009), while triple or more use had marginally signif-
icant higher risk (adjusted HR 1.58, 95% CI 0.99 to 2.53;
p=0.055). For the serious pattern, it was shown that new
drugs granted at least three programmes were more
susceptive to serious safety events (adjusted HR 4.16,
95% CI 1.69 to 10.22; p=0.002). With the recognition
of interactions, the results of multiple uses did not vary
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Kaplan-Meier curves of new drugs subject to safety events, in terms of the four expedited programmes. Each

curve indicated whether the new drugs received the specified expedited programme, irrespective of the receipts of other
programmes. Differences between every two curves regarding the specified programme were compared with log-rank test. The

pluses on the plots denoted the censored observations.

across orphan and non-orphan drugs. Throughout both
the models, REMS at approval was a strong predictor
for a higher probability of safety events. The sufficient
sample size for only use of priority review supported to
estimate its independent association with postmarketing
safety events (online supplemental table 3). It was found
that, as compared with non-expedited review, only use
of priority review was associated with lower risk for first
event (adjusted HR 0.60, 95% CI 0.41 to 0.87; p=0.007),
but with insignificant higher risk for first serious event

(adjusted HR 1.37, 95% CI 0.67 to 2.81; p=0.382). Simi-
larly, as the most common double use, the risk of priority
review jointed with fast track could be assessed separately,
whereas no detectable differences between their combi-
nation and non-expedited review were observed (online
supplemental table 4). The small sample size precluded
further collapse of the combinations, and thus the anal-
ysis for every combination was not considered.

Table 4 presents the HRs of each expedited programme
and its interaction with orphan designation. In the model

Zhu X, Liu B. BMJ Open 2022;12:€058843. doi:10.1136/bmjopen-2021-058843

5


https://dx.doi.org/10.1136/bmjopen-2021-058843
https://dx.doi.org/10.1136/bmjopen-2021-058843
https://dx.doi.org/10.1136/bmjopen-2021-058843

Open access

I

Table 3 The associations between multiple uses of the expedited programmes and risks of safety events based on Cox

models
First event First serious event
Variables Adjusted HR (95% ClI) P valuet Adjusted HR (95% ClI) P value
Drug class
NDA 1 (Reference) 1 (Reference)
BLA 0.84 (0.63 to 1.13) 0.247 0.65 (0.34 to 1.24) 0.194
ATC category
A 1 (Reference) 1 (Reference)
B 0.93 (0.50 to 1.72) 0.809 1.28 (0.45 to 3.71) 0.643
C 1.31 (0.76 to 2.27) 0.332 1.26 (0.46 to 3.45) 0.650
D 0.70 (0.33 to 1.46) 0.341 0.45 (0.06 to 3.61) 0.454
G 1.17 (0.55 to 2.50) 0.684 0.62 (0.13 to 2.94) 0.548
H 0.50 (0.22 to 1.14) 0.100 NA*
J 1.05 (0.64 to 1.73) 0.836 1.76 (0.73 to 4.23) 0.208
L 1.48 (1.00 to 2.19) 0.049 0.85 (0.38 to 1.94) 0.705
M 0.77 (0.38 to 1.56) 0.465 1.03 (0.27 to 3.98) 0.964
N 1.35 (0.82 to 2.22) 0.236 0.97 (0.38 to 2.44) 0.940
P 0.19 (0.06 to 0.63) 0.006 NA*
R 0.85 (0.45 to 1.63) 0.631 NA*
S 1.77 (0.69 to 4.58) 0.238 NA*
Vv 0.58 (0.32 to 1.05) 0.075 NA*
REMS at approval
No 1 (Reference) 1 (Reference)
Yes 1.73 (1.23 to 2.44) 0.002 3.29 (1.84 t0 5.88) <0.001
Approved year 1.06 (1.01 to 1.10) 0.008 1.05 (0.96 to 1.14) 0.301
Review duration, days 1.00 (0.9994 to 1.0001) 0.208 1.00 (0.9998 to 1.0006) 0.243
Orphan drug
No 1 (Reference) 1 (Reference)
Yes 0.85 (0.64 to 1.14) 0.270 0.43 (0.24 t0 0.79) 0.006
No. of expedited programmes
0 1 (Reference) 1 (Reference)
1 0.63 (0.45 to 0.89) 0.009 1.08 (0.53 to 2.20) 0.220
2 1.09 (0.74 to 1.60) 0.673 1.72 (0.82 to 3.59) 0.151
>3 1.58 (0.99 to 2.53) 0.055 4.16 (1.69 to 10.22) 0.002
Interaction between no. of expedited programmes and orphan designation
Oxnon-orphant 1 (Reference) 1 (Reference)
Oxorphant 0.89 (0.54 to 1.47) 0.674 0.65 (0.24 to 1.77) 0.404
1xnon-orphant 0.65 (0.43 to 0.99) 0.046 0.80 (0.33 to 1.95) 0.624
2xnon-orphant 0.95 (0.59 to 1.53) 0.827 2.30 (1.03 t0 5.13) 0.042
>3xnon-orphant 2.27 (1.18 t0 4.37) 0.014 6.07 (2.11 to 17.44) 0.001
1xorphant 0.90 (0.45 to 1.81) 0.767 1.52 (0.35 to 6.49) 0.575
2xorphant 1.26 (0.60 to 2.65) 0.535 0.27 (0.05 to 1.40) 0.118
>3xorphant 0.61 (0.26 to 1.41) 0.244 0.38 (0.09 to 1.63) 0.194
Continued
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Table 3 Continued

Variables

First event

First serious event

Adjusted HR (95% CI)

P valuet

Adjusted HR (95% CI)

P value

*The absence of the coefficients of H, P, R, S and V under the ATC categories in columns (3) and (4) resulted from the very few observations in
these groups that failed to estimate their coefficients.
T x denoted the interaction between orphan drug characteristic and characteristics of no. of expedited programmes.
FBold values in the table are P values lower than 0.05.
ATC, Anatomical Therapeutic Chemical; BLA, biologics license application; NA, not applicable; NDA, new drug application; REMS, risk

evaluation and mitigation strategy.

Table 4 The associations between the expedited programmes and risks of safety events based on Cox models

First event*

First serious event*

Variables Adjusted HR (95% CI) P valuett Adjusted HR (95% CI) P value
Orphan drug

No 1 (Reference) 1 (Reference)

Yes 0.79 (0.59 to 1.04) 0.097 0.43 (0.24 t0 0.78) 0.028
Accelerated approvalt

No 1 (Reference) 1 (Reference)

Yes 1.33 (0.89 to 1.97) 0.164 1.18 (0.55 to 2.51) 0.674
Priority reviewt

No 1 (Reference) 1 (Reference)

Yes 0.84 (0.63 to 1.11) 0.215 1.59 (0.91 to 2.80) 0.106
Fast track§

No 1 (Reference) 1 (Reference)

Yes 1.16 (0.86 to 1.56) 0.328 1.51 (0.83 to 2.75) 0.177
Breakthrough therapy|

No 1 (Reference) 1 (Reference)

Yes 1.83 (1.21 to 2.77) 0.004 1.73 (0.77 to 3.86) 0.181
Interactions of each programme and orphan designation

Non-expeditedxnon-orphan** 1 (Reference) 1 (Reference)

Non-expeditedxorphan** 0.78 (0.50 to 1.20) 0.258 0.66 (0.27 to 1.62) 0.362

AAtxnon-orphan** 0.59 (0.26 to 1.33) 0.205 0.17 (0.02 to 1.33) 0.092

AAtxorphan** 2.84 (1.12 t0 7.23) 0.028 23.92 (2.44 to 234.45) 0.006

PRtxnon-orphan** 0.87 (0.59 to 1.28) 0.491 1.86 (0.96 to 3.62) 0.068

PRtxorphan** 0.91 (0.51 to 1.61) 0.742 0.53 (0.17 to 1.68) 0.279

FT§xnon-orphan™* 0.91 (0.59 to 1.40) 0.680 1.45 (0.69 to 3.05) 0.333

FT§xorphan** 1.49 (0.84 to 2.63) 0.171 0.75 (0.25 to 2.26) 0.612

BT9xnon-orphan** 4.09 (2.13 to 7.84) <0.001 4.35 (1.69 to 11.24) 0.002

BT xorphan** 0.31 (0.14 to 0.68) 0.004 0.11 (0.02 to 0.51) 0.005

*Adjusted for drug class, ATC classification, REMS at approval, approved year and review duration.
TA new drug receiving accelerated approval would be identified as ‘yes’ and ‘no’ otherwise, regardless its qualifications for other expedited
programmes. Hence, the new drug with accelerated approval, or without it, might receive other programmes at the same time.

FOnce a new drug received priority review it would be identified as ‘yes’, regardless its qualifications for other expedited programmes.

§Once a new drug received fast track it would be identified as ‘yes’, regardless its qualifications for other expedited programmes.

Y/Once a new drug received breakthrough therapy it would be identified as ‘yes’, regardless its qualifications for other expedited programmes.
** x denoted the interaction between expedited programme characteristics and orphan drug characteristic.
11Bold values in the table are P values lower than 0.05.
AA, accelerated approval; ATC, Anatomical Therapeutic Chemical; BT, breakthrough therapy; FT, fast track; PR, priority review; REMS, risk

evaluation mitigation strategy.
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checking the associations of each programme with the
times to first event, breakthrough therapy associated to
significant raised risk (adjusted HR 1.83, 95% CI 1.21
to 2.77; p=0.004). As to the interactions of expedited
programmes with orphan designation, the bond of accel-
erated approval and orphan drug seemed to increase the
risk for safety events (adjusted HR 2.84, 95% CI 1.12 to
7.23; p=0.028), while the risk of orphan breakthrough
therapies appeared to decline (adjusted HR 0.31, 95%
CI 0.14 to 0.68; p=0.004). For the serious pattern, it was
revealed that the expedited programmes correlated to
elevated but insignificant serious risk, whereas orphan
drugs seemed less likely to encounter serious events
(adjusted HR 0.43, 95% CI 0.24 to 0.78; p=0.005). The
interaction of accelerated approval with orphan drug was
related to escalated risk for serious safety event (adjusted
HR 23.92, 95% CI 2.44 to 234.45; p=0.006), while the
interaction of breakthrough therapy with orphan drug
was associated with reduced risk for severe issues (adjusted
HR 0.11, 95% CI 0.02 to 0.51; p=0.005).

Sensitivity analysis

To test the robustness of our results for serious safety
events, the time-to-most serious event of the study drugs
was modelled. The identification of most serious event
was supplied in Supplementary, with other model spec-
ifications resembling the aforementioned models. New
boxed warning predominated in the most serious events
(online supplemental table 5). It was shown that the
four programmes did not affect the risk for most serious
issues, while orphan drugs with accelerated approval were
associated with remarkable risk (adjusted HR 20.65, 95%
CI 2.11 to 202.18; p=0.009). Triple or more use expanded
the likelihood of experiencing serious events (adjusted
HR 3.65, 95% CI 1.51 to 8.84; p=0.004). Results for most
serious event were congruent with those for first serious
event (online supplemental table 6).

DISCUSSION

The expedited programmes have been found to be bene-
ficial by improving accessibility of new drugs with high
therapeutic value, but to render larger safety risks at the
same time. Our evidence furtherly reveals the increased
chance of postmarketing safety events for triple or more
use of expedited programmes. Theoretically, there are
three major mechanisms through which different expe-
dited programmes enlarge the uncertainty of new drugs
in respect of safety and make them to be more unsafe:
first, the shortened review duration makes it difficult
for scrutiny of the provided evidence and the following
deliberate decision®; second the expedited premar-
keting development may leave out some research or lead
to less comprehensive evidence package; at last, surro-
gate endpoints may fail to predict the actual risk-benefit
balance.” ** The combined use of expedited programmes
which work in various fashions is assumed to pose addi-
tive risks, while our findings were still unable to support

the assumption that the likelihood of safety events would
arise as the number of expedited programmes increased.
The HR of single use of the programmes was less than
one significantly, and through further analysis the single
use of priority review was observed to relate to an allevi-
ated risk for first safety event. Priority review was deter-
mined based on the assessment of the FDA without formal
requests from sponsors.'’ Accordingly, it was plausible
that the selected applications only granted with priority
review had sounder evidence packages which facili-
tated both the review process and better postmarketing
performance on safety. As to the multiple use of expe-
dited programmes, triple or more use showed greater
risk for serious events, while the results of double use
appeared to be insignificant. Triple or more use meant
the candidates had their preapproval clinical phases
interfered by at least two programmes, and thus, the
evidence generated might be less complete. Moreover, it
should be noted that the double use in our sample almost
always contained priority review. Given the above, it was
presumptive that when solely used or combined with
abbreviated review duration, each programme could play
a limited role in compromising the thoroughness of the
resultant evidence; whereas the further expedited devel-
opment process should be of concern. The effects of the
double use between the other three programmes except
for priority review are open to investigate due to no avail-
able observations in our sample. It is noteworthy that we
found programmes influencing the evidence generation
more likely to affect the risks for postmarketing safety
events, while initiatives acting on the review process were
less impactful. Future research is expected to determine
the incremental effect of each programme.

This work also examined the associations of each expe-
dited programme and the orphan drug pathway with
postmarketing safety outcomes as prior studies used to
perform, and first attempted to capture the potential
interactions between expedited programmes and orphan
designation. It was presented that drugs designated as
orphan tended to have decreased risk for serious events.
One explanation is that orphan drugs approved for rare
conditions would be less utilised and therefore a relatively
short period might not be enough to shape their complete
picture for serious safety risk. Concerning the four expe-
dited programmes, we found that the raised risk for safety
events was associated with breakthrough therapy which
had not been studied before. Breakthrough therapy
offered all features of fast track along with intensive
guide on trial design from the FDA, which was therefore
expected to be more productive than fast track. Under
breakthrough therapy the trials could be well tailored to
the requirements of the agency, yet they might be likewise
less-rounded, since unrequired data or outcomes might
not be in the sponsor’s plans. Besides, data from trials
without randomisation and control groups were wide
used in breakthrough therapy,” which might weaken
the evidence; and the small size of enrolments that char-
acterised most drugs through breakthrough therapy®
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would make it harder to assemble safety information. We
furtherly found that the orphan drugs with accelerated
approval seemed to have poorer risk profiles. Pursuant
to regulations,”® the broader flexibility in applying stan-
dards for life-threatening illnesses, especially for rare
conditions,”” served the accelerated orphan drugs that
were incapable of large RCTs, which also caused greater
uncertainties. Strict surveillance is underlined for
breakthrough therapies and accelerated orphan drugs.
The seeming decreased risks of interactions of orphan
drug with breakthrough therapy should be interpreted
cautiously, as non-orphan breakthrough therapies had
quite larger HRs which indicated again the negative asso-
ciation between breakthrough therapy and safety events.
Breakthrough therapy designation was applied after
2012, and orphan drugs might experience longer time
to be detected of safety signals, which would jointly lead
to that breakthrough orphans have some safety outcomes
not yet arisen or observed in the follow-up period, rather
than become safer.

With more programmes received, the drugs tended to
be riskier, and at the meantime, the multiple uses were
common and seemingly increasing from 2007 to 2017.
When expedited programmes are jointly used, intensive
postmarketing surveillance and rapid response actions
are entailed for these subjected medical innovations to
manage safety risks and facilitate their rational use. Beside
the passive vigilance of spontaneous reporting system
which tends to under-report,® more efforts are required:
active vigilance of the sentinel initiatives can serve as
supplementary to understand the drug’s safety profile,
particularly for drugs licensed through less evident risk—
benefit assessments.

This study only reflected the safety profile of new drugs,
and did not attempt to give any suggestion to current
employment of expedited programmes since the effects
of these programmes on the effectiveness of new drugs
were not involved. To assess the overall implications of
expedited programmes, the efficacy profile of new drugs
should be taken into account together. Some loss of safety
can be justifiable for the end-of-life period and ultrarare
conditions where health gain is often valued higher, and
the expected patient health improvement from earlier
availability of promising new drugs can outweigh its
increased safety risks in some cases.

Limitations

Limitations of this study were inevitable. The results did
not reflect causal effects. When estimating the coefficients
of each expedited programme, their references were set
to be drugs without specific programme but which might
receive other programmes. Thus, the employed references
might be in higherrisk situations than non-expedited
drugs, and the results might be underestimated.

Besides, the used safety outcomes were still not exhaus-
tive, more information related to safety can be included
to form further evaluations. Our follow-up for safety
events was relatively short and thus might be insufficient

to observe safety signals for breakthrough therapies
which were only created after 2012 or for drugs with small
utilisation. The wide Cls in some of our results indicated
the potential of outliers, which might stem from the small
number of drugs affected by serious events. In our sample
only 24.3% of all drugs encountered serious events, and
the influence of outliers could be therefore sizeable.
Expanded sample and prolonged follow-up are prom-
ising solutions to above limitations, as well as the imper-
ative to capture independent effects of each programme
and each of their combinations. Lastly, some covariates
were not included, for example, factors associated with
premarket meetings, other characteristics in review
windows, along with the safety-related postmarketing
requirements and their fulfilment. They might make a
difference regarding the safety of a new drug, but we did
not control their potential confounding effects.

CONCLUSION

With extended outcomes of safety events, our study
revealed that breakthrough therapy correlated with
enlarged risk for postmarketing safety events, and new
drugs with multiple expedited programmes were more
prone to serious events. The joint of accelerated approval
and orphan designation was associated to notable increase
risks for safety concerns as well. Close monitoring and
comprehensive risk management plans are important to
ensure the safe and rational use of expedited new drugs.
Further studies are needed in order for the mixed utilisa-
tion of expedited programmes to better strike the speed-
safety balance of new drugs.

Contributors XZ: acquisition, analysis and interpretation of data, statistical
analysis and drafting of the manuscript. BL: conceptualisation and design, statistical
analysis, review and supervision. BL: acting as guarantor.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. All data are
publicly available.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

Zhu X, Liu B. BMJ Open 2022;12:€058843. doi:10.1136/bmjopen-2021-058843


http://creativecommons.org/licenses/by-nc/4.0/

ORCI

DiD

Bao Liu http://orcid.org/0000-0003-2329-9829

REF
1
2
3

ERENCES

Darrow JJ, Avorn J, Kesselheim AS. FDA approval and regulation of
pharmaceuticals, 1983-2018. JAMA 2020;323:164-76.

Li G, Liu Y, Xie C, et al. Characteristics of expedited programmes for
cancer drug approval in China. Nat Rev Drug Discov 2021;20:416.
Philipson T, Berndt ER, Gottschalk AHB, et al. Cost-benefit analysis
of the FDA: the case of the prescription drug user fee acts. J Public
Econ 2008;92:1306-25.

Hwang TJ, Ross JS, Vokinger KN, et al. Association between FDA
and EMA expedited approval programs and therapeutic value of new
medicines: retrospective cohort study. BMJ 2020;371:m3434.
Olson MK. Eliminating the U.S. drug lag: implications for drug safety.
J Risk Uncertain 2013;47:1-30.

Downing NS, Shah ND, Aminawung JA, et al. Postmarket safety
events among novel therapeutics Approved by the US food and drug
administration between 2001 and 2010. JAMA 2017;317:1854-63.
Bulatao I, Pinnow E, Day B, et al. Postmarketing safety-related
regulatory actions for new therapeutic biologics approved in the
United States 2002-2014: similarities and differences with new
molecular entities. Clin Pharmacol Ther 2020;108:1243-53.

Pinnow E, Amr S, Bentzen SM, et al. Postmarket safety outcomes
for new molecular entity (Nme) drugs Approved by the food and
drug administration between 2002 and 2014. Clin Pharmacol Ther
2018;104:390-400.

Mostaghim SR, Gagne JJ, Kesselheim AS. Safety related

label changes for new drugs after approval in the US through
expedited regulatory pathways: retrospective cohort study. BMJ
2017;358:j3837.

Schick A, Miller KL, Lanthier M, et al. Evaluation of Pre-marketing
factors to predict post-marketing Boxed warnings and safety
withdrawals. Drug Saf 2017;40:497-503.

United States Government Accountability Office. Drug safety: FDA
expedites many applications, but data for postapproval oversight
need improvement, 2015. Available: https://www.gao.gov/products/
gao-16-192 [Accessed 4 Jul 2021].

Dal Pan GJ, Lindquist M, Gelperin K. Postmarketing spontaneous
pharmacovigilance reporting systems. In: Pharmacoepidemiology.
John Wiley & Sons, Ltd, 2012: 135-57.

U.S. Food and Drug Administration. CFR - Code of Federal
Regulations Title 21, 2020. Available: https://www.accessdata.fda.
gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=314.80 [Accessed
5 Jul 2021].

14

20

21

22

23

24

25

26

27

28

Loeser KK, McKoy JM, Schumock GT. Anatomy of Risk Evaluation
and Mitigation Strategies (REMS). In: McKoy JM, West DP, eds.
Cancer policy: pharmaceutical safety. Cham: Springer International
Publishing, 2019: 93-105.

U.S. Food and Drug Administration. Drugs@FDA: FDA-approved
drugs. Available: https://www.accessdata.fda.gov/scripts/cder/daf/
index.cfm [Accessed 13 Mar 2022].

WHO Collaborating Centre for Drug Statistics and Methodology.
ATC/DDD index. Available: https://www.whocc.no/atc_ddd_index/
[Accessed 13 Mar 2022].

U.S. Food and Drug Administration. CDER’s drug safety
communications: ensuring postmarket safety, 2019. Available:
https://www.fda.gov/drugs/news-events-human-drugs/cders-drug-
safety-communications-ensuring-postmarket-safety [Accessed 15
Mar 2022].

U.S. Food and Drug Administration. Drug safety-related labeling
changes (SrLC). Available: https://www.accessdata.fda.gov/scripts/
cder/safetylabelingchanges/index.cfm [Accessed 5 Jul 2021].

U.S. Food and Drug Administration. Medical product safety
information. Available: http://wayback.archive-it.org/7993/
20170110235327/http:/www.fda.gov/Safety/MedWatch/
Safetylnformation/default.ntm [Accessed 5 Jul 2021].

U.S. Food and Drug Administration. Approved risk evaluation and
mitigation strategies (REMS). Available: https://www.accessdata.fda.
gov/scripts/cder/rems/index.cfm [Accessed 5 Jul 2021].

U.S. Food and Drug Administration. Drug safety communications,
2021. Available: https://www.fda.gov/drugs/drug-safety-and-
availability/drug-safety-communications [Accessed 5 Jul 2021].
Olson MK. The risk we bear: the effects of review speed and industry
user fees on new drug safety. J Health Econ 2008;27:175-200.
Prasad V, Kim C, Burotto M, et al. The strength of association
between surrogate end points and survival in oncology: a
systematic review of trial-level meta-analyses. JAMA Intern Med
2015;175:1389-98.

Kemp R, Prasad V. Surrogate endpoints in oncology: when are

they acceptable for regulatory and clinical decisions, and are they
currently overused? BMC Med 2017;15:134.

Puthumana J, Wallach JD, Ross JS. Clinical trial evidence supporting
FDA approval of drugs granted breakthrough therapy designation.
JAMA 2018;320:301-3.

21 CFR Part 312 Subpart E - drugs intended to treat life-threatening
and severely-debilitating llinesses. Available: https://ecfr.
federalregister.gov/current/title-21/chapter-l/subchapter-D/part-312/
subpart-E?toc=1 [Accessed 5 Jul 2021].

Downing NS, Aminawung JA, Shah ND, et al. Clinical trial evidence
supporting FDA approval of novel therapeutic agents, 2005-2012.
JAMA 2014;311:368-77.

Hazell L, Shakir SAW. Under-reporting of adverse drug reactions : a
systematic review. Drug Saf 2006;29:385-96.

10

Zhu X, Liu B. BMJ Open 2022;12:¢058843. doi:10.1136/bmjopen-2021-058843


http://orcid.org/0000-0003-2329-9829
http://dx.doi.org/10.1001/jama.2019.20288
http://dx.doi.org/10.1038/d41573-021-00080-0
http://dx.doi.org/10.1016/j.jpubeco.2007.09.010
http://dx.doi.org/10.1016/j.jpubeco.2007.09.010
http://dx.doi.org/10.1136/bmj.m3434
http://dx.doi.org/10.1007/s11166-013-9169-5
http://dx.doi.org/10.1001/jama.2017.5150
http://dx.doi.org/10.1002/cpt.1948
http://dx.doi.org/10.1002/cpt.944
http://dx.doi.org/10.1136/bmj.j3837
http://dx.doi.org/10.1007/s40264-017-0526-1
https://www.gao.gov/products/gao-16-192
https://www.gao.gov/products/gao-16-192
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=314.80
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=314.80
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm
https://www.whocc.no/atc_ddd_index/
https://www.fda.gov/drugs/news-events-human-drugs/cders-drug-safety-communications-ensuring-postmarket-safety
https://www.fda.gov/drugs/news-events-human-drugs/cders-drug-safety-communications-ensuring-postmarket-safety
https://www.accessdata.fda.gov/scripts/cder/safetylabelingchanges/index.cfm
https://www.accessdata.fda.gov/scripts/cder/safetylabelingchanges/index.cfm
http://wayback.archive-it.org/7993/20170110235327/http:/www.fda.gov/Safety/MedWatch/SafetyInformation/default.htm
http://wayback.archive-it.org/7993/20170110235327/http:/www.fda.gov/Safety/MedWatch/SafetyInformation/default.htm
http://wayback.archive-it.org/7993/20170110235327/http:/www.fda.gov/Safety/MedWatch/SafetyInformation/default.htm
https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm
https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm
https://www.fda.gov/drugs/drug-safety-and-availability/drug-safety-communications
https://www.fda.gov/drugs/drug-safety-and-availability/drug-safety-communications
http://dx.doi.org/10.1016/j.jhealeco.2007.10.007
http://dx.doi.org/10.1001/jamainternmed.2015.2829
http://dx.doi.org/10.1186/s12916-017-0902-9
http://dx.doi.org/10.1001/jama.2018.7619
https://ecfr.federalregister.gov/current/title-21/chapter-I/subchapter-D/part-312/subpart-E?toc=1
https://ecfr.federalregister.gov/current/title-21/chapter-I/subchapter-D/part-312/subpart-E?toc=1
https://ecfr.federalregister.gov/current/title-21/chapter-I/subchapter-D/part-312/subpart-E?toc=1
http://dx.doi.org/10.1001/jama.2013.282034
http://dx.doi.org/10.2165/00002018-200629050-00003

	Association of expedited review programmes with postmarketing safety events of new drugs approved by the US food and drug administration between 2007 and 2017
	Abstract
	Introduction﻿﻿
	Methods
	Data
	Safety events
	Statistical analysis
	Patient involvement

	Results
	Features of the study drugs
	Safety events
	Factors associated with safety events
	Sensitivity analysis

	Discussion
	Limitations

	Conclusion
	References


