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INTRODUCTION

The US Food and Drug Administration (FDA) has thus far
granted Emergency Use Authorization (EUA) to three vac-
cines for the prevention of coronavirus disease 2019 (COVID-
19), authorizing use—contingent upon further
evaluation—based on less evidence than required for tradi-
tional licensure.'* While these were FDA’s first uses of EUA
for novel vaccines, the “accelerated approval” pathway has for
decades permitted FDA to approve vaccines based on limited
preapproval evidence, specifically surrogate measures (e.g.,
antibody levels) reasonably likely to predict clinical benefit,
while requiring completion of postapproval trials to verify
clinical benefit. To inform future regulatory decisions, includ-
ing the EUA or accelerated approval of vaccines for COVID-
19 and other diseases, we evaluated all novel vaccines granted
accelerated approval, characterizing the evidence from
preapproval and postapproval trials, including how often
postapproval studies confirmed clinical benefit.

METHODS

Using FDA approval letters, we identified all novel vaccines
granted accelerated approval from the pathway’s inception in
1992 through 2017, allowing 3 years minimum for completion
of postapproval trials. Following previously described ap-
proaches,* we identified pivotal efficacy trials (i.e., those
serving as the basis of FDA approval) and extracted trial
characteristics from FDA’s clinical reviews, as well as the
total number of studies supporting approval and the
prelicensure safety population. Next, we identified
postapproval trials FDA required for accelerated approval,
including ClinicalTrials.gov registrations and corresponding
publications on PubMed, and extracted trial characteristics and
determined study status.

For each preapproval and postapproval trial, we determined
use of randomization, blinding, number of treated patients
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(overall and intervention group), completion rate, trial dura-
tion, duration of follow-up for serious adverse events (SAEs),
type of comparator (active, placebo, or none), and primary
endpoint (clinical outcome or surrogate measure). Lastly, we
determined vaccine efficacy and assessed whether clinical
benefit was confirmed. Fisher exact and Mann-Whitney U
tests were conducted in R, version 3.4.0 (R Foundation for
Statistical Computing) (2-sided P<0.05).

RESULTS

Between 1992 and 2017, FDA granted accelerated approval
for 8 novel vaccines for seasonal influenza (n=5; 62.5%),
meningococcus (n=2; 25.0%), and Haemophilus influenzae
(n=1;12.5%) based on a median of 9 (IQR, 7—19) total studies,
including 1.5 (IQR, 1-3) pivotal efficacy trials and a total
safety population of 4711 (IQR, 3718-10,968) participants.
Overall, FDA required 15 postapproval trials, a median of 2
(IQR, 1-2.3) per vaccine. Within 3 and 6 years after approval,
13 (86.7%) and 14 (93.3%) of the postapproval trials were
completed, respectively, while 1 (6.7%) remains delayed.

Most of the completed pivotal efficacy (n=18) and
postapproval (n=14) trials were randomized (16/18 [88.9%]
vs 14/14 [100%]; P=0.49) (Table 1). Compared with pivotal
trials, postapproval trials were larger (median enrollment, 976
[IQR, 162-1689] vs 4586 [IQR, 2207-7406]; P<0.001), but
there was no statistically significant difference in follow-up
duration for SAEs (median days, 52 [IQR, 30-183] vs 183
[IQR, 180-183]; P=0.08) or in use of double-blinding (11/18
[61.1%] vs 13/14 [92.9%]; P=0.05). Postapproval trials were
more likely to use clinical outcomes as primary endpoints
(0/18 [0%] vs 7/14 [50.0%]; P=0.001); among these, median
vaccine efficacy was 46.3% (IQR, 32.2-63.1%) and 3 (42.9%)
confirmed benefit (Table 2).

DISCUSSION

Since 1992, FDA has granted 8 novel vaccines accelerated
approval based on evidence from a median of 9 clinical
studies, including 1-2 pivotal efficacy trials, while requiring
2 postapproval trials. Nearly 90% of FDA-required
postapproval trials were completed within 3 years after ap-
proval, a higher rate than observed for drug approvals.’
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Table 1 Preapproval and Postapproval Study Characteristics of Vaccines Receiving Accelerated Approval, 1992-2017

Study characteristics Pivotal efficacy trials (n=18) Postapproval trials (n=14) P value
Overall enrollment, median (IQR) 976 (162-1689) 4586 (2207-7406) <0.001
Intervention group enrollment, median (IQR) 741 (162-1219) 2828 (1310-3756) 0.002
Overall completion rate, median (IQR) 97.4 (90.5-99.2) 95.7* (90.5-97.9) 0.51
Duration of follow-up for SAEs, median (IQR), days 52 (30-183) 183 (180-183) 0.08
Randomized (%) 161 (88.9) 14 (100) 0.49
Double-blinded (%) 11 (61.1) 13 (92.9) 0.05
Comparator (%) 0.02
Active 5(27.8) 5(35.7)
Placebo 6 (33.3) 9 (64.3)
None 7 (38.9) 0
Primary endpoint (%) 0.001
Clinical outcome 0 7 (50.0)
Surrogate measure 14 (77.8) 7 (50.0)
Safety 2 (11.1) 0

0

Lot consistency

2(11.1)

1IOR, interquartile range; SAE, serious adverse event
*Includes data from only 13 postapproval studies. The number of patients completing one of Flulaval’s postapproval studies could not be identified
fIncludes 5 trials in which the vaccine was randomized to different doses, formulations, lots, or schedules

Table 2 Characteristics and Findings of 14 Completed Postapproval Trials of Vaccines Receiving Accelerated Approval, 1992-2017

Vaccine* Design Comparators Overall Primary Vaccine Confirmed
(approval year; enrollment, no. endpoint efficacyt clinical benefitf
indication) (intervention (FDA statusi)
group)
Fluarix (2005; Randomized, Group 1: Fluarix 1845 Antibody titer - -
seasonal influenza) double-blind active-  Group 2: (923) (fulfilled)
controlled trial Fluzone
Randomized, Group 1: Fluarix 6203 Culture-confirmed  22.3% (95% No
double-blind place- Group 2: (4137) influenza CIL: —49.1 to (fulfilled||)
bo-controlled trial placebo 58.5%)
Randomized, Group 1: Fluarix 7652 Culture-confirmed  66.9% (95% Yes
double-blind place- Group 2: (5103) influenza CI: 51.9 to (fulfilled)
bo-controlled trial placebo 77.4%)
Flulaval (2006; Randomized, Group 1: 1225 Antibody titer — -
seasonal influenza) double-blind active-  Flulaval (610) (fulfilled)
controlled trial Group 2:
Fluzone
Randomized, Group 1: 7611 Culture-confirmed  46.3% (97.5% No
double-blind place- Flulaval (3783) influenza CI: lower (fulfilled||)
bo-controlled trial Group 2: limit, 9.8%)
placebo
Randomized, Group 1: 5168 Real-time-PCR 59.3% (95% Yes
double-blind place- Flulaval (2584) confirmed CIL: 452 to (fulfilled)
bo-controlled trial quadrivalent influenza 69.7%)
Group 2:
Havrix§
Afluria (2007, Randomized, Group 1: Afluria 15,044 Laboratory- 42.0% (95% No
seasonal influenza) double-blind place- Group 2: (10033) confirmed CI: 22.9 to (fulfilled)
bo-controlled trial placebo influenza 52.0%)
Randomized, single-  Group 1: Afluria 1268 Antibody titer - -
blind active-con- Group 2: (631) (fulfilled)
trolled trial Fluzone
Agriflu (2009; Randomized, Group 1: Agriflu 11,404 Culture-confirmed  78.4% (97.5%  Yes
seasonal influenza) double-blind place- Group 2: (3676) influenza CI: lower (fulfilled)
bo-controlled trial{ Flucelvax limit, 52.1%)
Group 3:
placebo
Hiberix (2009; Randomized, Group 1: 4003 Antibody titer - -
Haemophilus double-blind active-  Hiberix# (2963) (fulfilled)
influenzae) controlled trial Group 2:
ActHIB
Group 3:
Pentacel
Trumenba (2014; Randomized, Group 1: 3590 Complement - -
meningococcus) double-blind place- Trumenba# (2693) mediated (fulfilled)

bo-controlled trial

(continued on next page)
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Table 2. (continued)
Vaccine* Design Comparators Overall Primary Vaccine Confirmed
(approval year; enrollment, no. endpoint efficacyt clinical benefitf
indication) (intervention (FDA statusi)
group)
Group 2: bactericidal
Havrix§ + activity
placebo
Randomized, Group 1: 3293 Complement - -
double-blind place- Trumenba (2471) mediated (fulfilled)
bo-controlled trial Group 2: bactericidal
placebo activity
Bexsero (2015; Randomized, Group 1: 305 Complement - -
meningococcus) double-blind active-  Bexsero (154) mediated (submitted)
controlled trial Group 2: bactericidal
Menveo + activity
placebo
Fluad (2015; Randomized, Group 1: Fluad 6790 RT-PCR- 19.8% (97.5% No
seasonal influenza) double-blind place- quadrivalent (3394) confirmed CL: =53 to (submitted)
bo-controlled trial Group 2: influenza 38.9%)
Boostrix§

CI, confidence interval; FDA, US Food and Drug Administration; RT-PCR, reverse transcription-polymerase chain reaction
*Fluarix, Flulaval, Afluria, Agriflu, and Fluad are inactivated vaccines; Hiberix is a conjugate vaccine; Trumenba and Bexsero are recombinant

protein vaccines

#Vaccine efficacy and assessment of clinical benefit were determined only for postapproval trials with clinical outcomes as primary endpoints. Clinical
benefit was assessed in relation to each trial’s predefined criteria for establishing vaccine efficacy
FFDA status as of May 4, 2021. FDA status categories for postapproval studies include pending, ongoing, delayed, terminated, submitted, fulfilled, and

released
SActive placebo control group

||While the FDA confirmed fulfillment of this study, the accelerated approval commitment to verify clinical benefit was not considered fulfilled and the

FDA required an additional clinical endpoint study
|Vaccine efficacy was assessed for significance versus placebo

#To evaluate lot consistency, participants were randomized into 3 groups each receiving a different manufacturing lot of the vaccine. Group 1

represents all 3 of the groups

However, only 3 of the § vaccines had benefit confirmed by a
postapproval trial using clinical outcomes. Our study was
limited to FDA-required postapproval trials; other studies
may have confirmed vaccine benefit.

Given the ongoing pandemic, FDA’s consideration of EUA
or accelerated approval for COVID-19 vaccines is clearly
jus‘ciﬁed.6 Moreover, Pfizer-BioNTech’s, Janssen’s, and
Moderna’s pivotal efficacy trials each enrolled over 30,000
participants, used a clinical outcome as a primary efficacy
endpoint, and demonstrated efficacy of 95%, 66%, and 94%
in preventing COVID-19, respectively. These trials provide
substantially more robust evidence than the studies used to
support accelerated approval of vaccines by FDA, which had
far smaller sample sizes and used surrogate measures. Going
forward, FDA should acknowledge areas of evidentiary un-
certainty associated with accelerated approval of vaccines and
require completion of large, rigorously designed, and timely
postapproval trials to assess long-term safety and clinical
benefit.
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