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Abstract

Background: Many randomized control trials (RCTs) evaluating programmed death receptor-1 (PD-1)/programmed death ligand-1 (PD-L1)
targeting monoclonal antibodies (mAbs) have been completed or are in progress. \We examined hypothesized hazard ratios (HHRs) and observed
hazard ratios (OHRs) from published RCTs evaluating these mAbs.

Methods: Publications of RCTs evaluating at least one PD-1/PD-L1 targeting mAbs approved by the US Food and Drug Administration were
identified through PubMed searches. The primary reports of RCTs were retrieved. Two investigators extracted HHR, OHR for the primary
endpoint among other data elements independently. The differences (AHR) in HHR and OHR were analyzed statistically. A separate search was
conducted for secondary reports after longer follow-ups, the updated OHR was extracted.

Results: Forty-nine RCTs enrolling 36 867 patients were included. The mean HHR and OHR were 0.672 and 0.738 respectively. The mean AHR
was 0.067 (range: —0.300 to 0.895; 95% confidence interval (Cl), 0.003-0.130). HHR was met or exceeded in 22 (45%) RCTs. OHR was > 1.0 in
6 RCTs (12%). PD-L1 expression was not associated with the magnitude of effect. Of 18 RCTs with follow-up reports, the magnitude of benefit
decreased in 8 RCTs with extended follow-ups.

Conclusion: The majority of published RCTs evaluating PD-1/PD-L1 targeting mAbs did not achieve their hypothesized magnitude of benefit.
The optimism bias requires attention from the cancer clinical research community given the number of these agents in development and the
intense interest in evaluating these agents in a variety of disease settings.
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Implications for Practice

There are many monoclonal antibodies targeting programmed death receptor-1/programmed death ligand-1 in development, and several
hundred large phase lll clinical trials have been conducted or are in progress. In phase IlI clinical trials evaluating these agents published so
far, the majority of trials did not achieve their hypothesized magnitudes of benefit. Researchers seem to be overly optimistic in designing
these phase |ll clinical trials. This optimism bias requires attention from the cancer clinical research community given the number of these
agents in development and the intense interest in evaluating these agents in a variety of disease settings.

Background regulatory agencies. The development of these agents is sup-
ported by unprecedented numbers of clinical trials. It has
been reported that 3362 trials have been initiated to evaluate
PD-1/PD-L1 targeting mAbs alone or in combination since

targeting cytotoxic Tecell lymphocyte antigen-4 in 2011, 2006.? Apprqximately 30'00 trials were active'as of ieptembel;
several agents targeting either programmed death receptor- 2019, expecting to recruit over 500 000 patients. Among o

1(PD-1) or programmed death ligand-1 (PD-L1) have been these trials, as of January 2021, approximately 500 are phase
II randomized control trials (RCTs) according to the com-

monly used trial registration site clinicaltrials.gov.
Results from properly designed and conducted phase III
RCTs frequently provide the basis for regulatory approvals

The development of immune checkpoint inhibitors has revo-
lutionized cancer treatment in the last decade. Since the ini-
tial approval of ipilimumab, a monoclonal antibody (mAb)

approved and quickly became the standards of care in 16 dif-
ferent types of cancer, including melanoma, non-small cell
lung cancer (NSCLC), and renal cell carcinoma.' Globally, 9
mADbs targeting PD-1/PD-L1 have been approved by various
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and are considered the cornerstone of evidence-based treat-
ment guidelines and clinical decisions. However, each RCT
requires the enrollment of hundreds to thousands of patients
necessitating the participation of many centers from different
countries, and long durations of treatment and follow-up es-
pecially if overall survival is the primary endpoint. It is crit-
ical that RCTs are designed appropriately to maximize their
chances of meeting their primary endpoints and reduce finan-
cial and opportunity costs.

A critical consideration in designing RCTs is the potential
efficacy of interventions under investigation.® The potential
efficacy not only can affect the desired number of patients
to enroll in an RCT but also influence funding decisions.
Treatments with a larger potential efficacy may be prioritized
over those with smaller efficacies.* Recent research suggested
that experts may be influenced by biases when designing
and conducting RCTs, among which is the optimism bias.
Optimism bias is defined as the “unwarranted belief in the
efficacy of new therapies.” For example, a recent review
showed that an effect size at least as large as the one pro-
jected in the protocol was observed in only 9.8% of trials
sponsored by National Clinical Trials Network between 2007
and 2017.°

Given the intense interests and enthusiasms in developing
PD-1/PD-L1 targeting mAbs in a wide variety of malignan-
cies, we conducted a systemic review of the literature to in-
vestigate the optimism bias in RCTs evaluating these agents.

Methods

Literature Search and Data Collection

The National Library of Medicine online database (www.
pubmed.ncbi.nlm.nih.gov) was searched in October 2020
for publications of phase III RCTs conducted in patients
with cancer. A separate search for each Food and Drug
Administration (FDA)-approved anti-PD-1/PD-L1 mAb
(Drugs@FDA) was conducted. Drugs included in the search
were pembrolizumab, nivolumab, atezolizumab, avelumab,
durvalumab, and cemiplimab. Results from each search were
directly imported to Covidence (www.covidence.org). Each
abstract was screened. Publications were excluded for the fol-
lowing reasons: pediatric studies (participants were <18 years
of age), no time-to-event primary endpoint, self-reported as
phase II studies, meta-analysis or other forms of pooled ana-
lysis, and secondary reports of previously published studies,
such as sub-group analysis or reports after longer durations
of follow-ups. Full publications were then retrieved and data
extraction was performed by 2 investigators independently
for each publication. A third investigator reviewed all ex-
tracted data independently and discrepancy was resolved by
consensus or arbitrated by the third investigator.
Characteristics of each RCT were extracted, including
publication year, journal of publication, source of funding
(industry or government), tumor type, treatment setting (ad-
juvant or metastatic disease), types of experimental treat-
ments (monotherapy or combination with other agents),
control arm, total number of arms, total of number of pa-
tients enrolled, PD-L1 positivity used in patient selection if
any, hypothesized hazard ratio (HHR), and observed hazard
ratio (OHR) of the primary outcome. The primary endpoint
was taken as stated explicitly in the publication, or based on
the sample size calculation if it was not stated explicitly or if
there were more than one primary endpoint. For trials that
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randomized patients to more than 2 treatment arms, only re-
sults based on the stated primary endpoint or based on the
sample size calculation were included. The study protocol
was checked if the statistical assumption was not detailed in
the primary publication.

A separate literature search was conducted in February
2021 specifically for publications reporting updated out-
comes after longer patient follow-ups for each RCT included
in this analysis. The updated OHR (uOHR) was extracted
from these publications.

Statistical Analysis

The difference between HHR and OHR (AHR = OHR -
HHR) was calculated for each RCT. A negative AHR value
indicates that the magnitude of benefit was greater than
what was hypothesized. In contrast, a positive AHR denotes
that the observed magnitude of benefit is lower than the hy-
pothesized. Mean and confidence intervals were calculated.
Differences between/among subgroups were compared with
t-tests or analysis of variances. Distributions in HHR and
OHR were compared with the Kolmogorov-Smirnov test. A
P-value < .05 was considered to be of statistical significance.
All statistical analyses were performed using Prism version
9.0 (GraphPad Software, San Diego, CA).

Results

A total of 49 RCTs with 36 837 patients enrolled were in-
cluded in this analysis (Fig. 1, and Supplementary Table
S1), all were industry sponsored. These included 17 trials
for pembrolizumab, 14 trials for nivolumab, 12 trials
for atezolizumab, 4 trials for avelumab, and 2 trials for
durvalumab (Table 1). There were no eligible RCTs for
cemiplimab. The majority of RCTs (91%) were in the pallia-
tive settings. The most common disease sites were NSCLC
(16 RCTs), followed by melanoma (8 RCTs) and renal cell
carcinoma (5 RCTs). Single agent PD-1/PD-L1 targeting
mAb was evaluated in 27 RCTs, while combinations
with ipilimumab were evaluated in 3 RCTs, with chemo-
therapy in 10 RCTs, and with other target agents (such as
bevacizumab, tyrosine kinase inhibitors, and others) in 9
RCTs.

Published RCTs up to October, 2020

(N =151)
Reviews
— Duplicates
(N =20) - .
(N=13)
Trialsin progress Pooled or subgroup
(N =14) analysis
_
(N=21)
uality of life analysis
a v v — Extended follow-ups
N =17 S >
( ) (N=17)

Included in analysis
(N = 49)

Figure 1. The PRISMA flowchart.
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Table 1. Characteristics of included RCTs.

Characteristic Number
Disease site
Lung cancer, non—small cell 16
Melanoma 8
Renal cell carcinoma N
Urothelial carcinoma 4
Gastroesophageal 4
Squamous cell carcinoma of head and neck 3
Others 9
Agents
Pembrolizumab 17
Nivolumab 14
Atezolizumab 12
Avelumab 4
Durvalumab 2
Treatment setting
Palliative: first line 26
Palliative: second line 15
Palliative: third line or beyond
Adjuvant 3
Neoadjuvant 1
Year of initiation
2012 4
2013 4
2014 10
2015 14
2016 13
2017 2
2018
PD-L1 positive patients only
Yes 10
No 39
Primary endpoints
Overall survival 30
Progression-free survival 16
Recurrence free survival 3
Control arm
Placebo/best supportive care 12
Active treatment 37

Abbreviations: PD-L1, programmed death ligand-1; RCTs, randomized
control trials.

The mean HHR was 0.672 (range: 0.50 to 0.78; 95% CI,
0.655-0.689), while the mean OHR was 0.738 (range: 0.420
to 1.530; 95% CI, 0.679-0.798). The distribution for HHR
was significantly wider than that for OHR (P = .01, Fig. 2).
For 16 RCTs in NSCLC, HHR ranged from 0.50 to 0.74 and
OHR ranged from 0.52 to 1.15.

The mean AHR was 0.067 (range: -0.300 to 0.895; 95%
CI, 0.003-0.130) (Supplementary Fig. S1. Among 49 RCTs,
OHRs were equal to (defined as having the same numbers
as reported in each publication) or lower than corresponding
HHRs in 22 (45%) RCTs (Fig. 3). Seventeen of these 22
RCTs were concentrated in 3 most common disease types,
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9/16 (56%) for NSCLC, 5/8 (63%) for melanoma, and 3/5
(60%) for renal cell carcinoma. For 20 RCTs conducted in
other cancer types, OHRs were equal or lower than HHRs
in only 5 (25%), 2 in advanced urothelial carcinoma, one
each in hepatocellular carcinoma, gastroesophageal cancer,
and neoadjuvant breast cancer. The mean AHR was 0.004
(range: ~0.300 to 0.440; 95% CI, ~0.062-0.070) in 29 RCTs
in NSCLC, melanoma, and renal cell carcinoma, and 0.157 in
other cancer types (range: —0.140 to 0.895; 95% CI: 0.038 to
0.277) (P < .02).

OHRs were equal or lower than HHRs in 7/17 (41%)
RCTs evaluating pembrolizumab, 7/14 (50%) for nivolumab,
5/12 (42%) for atezolizumab, and 3/6 (50%) for durvalumab
and avelumab.

The OHR was > 1 in 6 RCTs (12%) with 3326 patients
enrolled. Two RCTs in multiple myeloma had the largest
AHRs of 0.895 and 0.57, respectively. These 2 RCTs were
the only RCTs in hematological malignancies in this analysis.
Excluding these two RCTs, the mean AHR was 0.038 (range:
-0.300 to 0.440; 95% CI, -0.012-0.089).

Only 4 RCTs were conducted in the adjuvant/neoadjuvant
setting. Of 45 RCTs in the metastatic setting, 26 were for pre-
viously untreated patients, 15 for one line of prior therapy,
and 4 for 2 or more lines of prior therapies. The mean AHR
increased with more prior therapies, being 0.017 (range:
-0.300 to 0.57; 95% CI: -0.064-0.098) in the first-line set-
ting, 0.106 (range: -0.05 to 0.300; 95% CI, 0.043-0.168) in
the second-line setting, and 0.426 (range: -0.020 to 0.895;
95% CI: -0.169-1.022) in more advanced settings (Fig. 4).

HHR, OHR, and AHR by the year of each RCT initiation
were shown in Fig. 5. HHR remained relatively constant
through time. Excluding 4 RCTs initiated in 2017 and 2018,
OHR increased over time (P = .047) (Fig. 5).

In 10 RCTs (20%), eligible patients needed to have PD-L1
expression. There were no differences in HHR, OHR, and
AHR between PD-L1 selected and unselected RCTs.

The majority of 49 RCTs (78%) were published in two
journals, New England Journal of Medicine (NEJM) (26) and
Lancet (12). OHRs were equal or lower than corresponding
HHR in 73% of RCTs published in NEJM, 8% in Lancet, and
9% other journals.

There were 18 secondary publications with updated results
after longer patient follow-ups (Supplementary Table S2). The
mean OHR and uOHR were 0.631 (range: 0.420 to 0.730;
95% CI, 0.581-0.682) and 0.642 (range: 0.420 to 0.780;
95% CI, 0.587-0.698) respectively. The uOHR was higher
than OHR in 8 RCTs (44%), the difference between uOHR
and OHR in all 18 RCTs ranged from -0.04 to 0.07.

Discussion

Targeting PD-1/PD-L1 has resulted in significant improve-
ments in patient outcomes over the last decade. It is surprising
that OHR exceeded HHR in only 45% published of RCTs
evaluating PD-1/PD-L1 targeting mAbs. The distribution of
OHR was significantly wider than that of HHR, with OHRs
being > 1 in 6 RCTs. Furthermore, most RCTs with a higher
observed magnitude of benefit than hypothesized were con-
centrated in 3 of the so-called immune “hot” tumor types,
NSCLC, melanoma, and renal cell carcinoma, while the hy-
pothesized benefit was achieved or exceeded only in 25% of
RCTs in other cancer types. The presence of optimism bias
in RCTs evaluating PD-1/PD-L1 targeting mAbs is consistent
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Figure 2. Violin plots comparing distributions of hypothesized and observed hazard ratios among 49 RCTs.
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Figure 3. Waterfall plot showing difference in hypothesized and observed
hazard ratios (AHR) in 49 RCTs.

with earlier reports in cancer clinical trials and other disease
settings.®”’

Despite the importance of HHR in determining the re-
quired number of patients to be enrolled in an RCT, there is
minimal research and little consensus on the best approach
to determine HHR. HHRs are most often determined by ex-
pert opinions, reflecting their subjective clinical judgments.
However, individual experts are known to be inaccurate
in predicting the efficacy of experimental cancer therapies,
even those evaluated in RCTs.*!° In this group of contem-
porary RCTs in the most exciting area of cancer research,
the OHR was > 1 in 12% RCTs. Among these trials, 3326
patients derived little to no benefit from treatment. Others
have reported similar findings, indicating that this issue

p = 0.0012

p = 0.0216
1

AHR

n=15 n=4

T T T
1st 2nd 3rd or more adjuvant

number of prior lines of therapy

Figure 4. Differences in hypothesized and observed hazard ratios (AHR)
by prior therapies.

has not been adequately addressed by the cancer research
community.®”!!

Given the intense interest in establishing the role of PD-1/
PD-L1 targeting mAbs in multiple cancer sites, the fierce com-
petition for potential patients to be enrolled in RCTs, and the
financial costs associated with RCTs, it is critical that RCTs
be designed with appropriate but perhaps more importantly
realistic expectations of magnitudes of benefits. We would
argue that the largest magnitudes of benefits for PD-1/PD-L1
targeting mAbs are for the immune “hot” cancers.'? As investi-
gators and pharmaceutical companies begin to explore the role
of PD-1/PD-L1 targeting mAbs in other cancers, magnitudes
of benefits from these agents will inevitably decrease without
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additional breakthroughs in our understanding of immune
regulation, tumor microenvironment, and biomarker valid-
ations. The mean HHR in this study, 0.672, is likely not achiev-
able for the majority of future RCTs. This conclusion is further
supported by the fact that OHR seemed to increase with time.

American Society of Clinical Oncology (ASCO) working
groups have recommended meaningful goals in clinical trials
for 4 common cancer types.'* For NSCLC, the target HR was
0.76 (0.77 for squamous cell lung cancer) to 0.8. For 16 RCTs in
NSCLC included in this analysis, HHR ranged from 0.50 to 0.74,
all better than the recommended target. OHR was < 0.8 in 14 of
these 16 RCTs, 2 RCTs had OHR of 0.90 and 1.15, respectively.

It is interesting that enrolling only PD-L1-positive patients
did not result in a better approximation of HHR. This is
likely related to the small number of published RCTs so far,
varying cutoff values in defining positive PD-L1 expression
and different antibodies/techniques deployed in RCTs.!* RCTs
published in NEJM significantly outperformed RCTs pub-
lished in other journals in terms of OHR. This observation is
likely explained by positive cancer RCTs were more likely to
be published in journals with high impact factors."

Like others, we also observed that updated results with
more events often led to lower magnitudes of effects.!® In 8/18
RCTs with more mature results, uUOHR was higher than OHR,
emphasizing the importance of adequate follow-up times.

This study has limitations. First, only fully published RCTs
were included. Results presented at meetings frequently in-
clude nonfinal analysis and they are often discordant with
subsequent publications.!” This inclusion criterion ensured
that only mature and peer-reviewed results were included
but limited the number of RCTs in this analysis. Second, it
has been shown that negative RCTs take longer time to be
published and tended to be published in journals perceived
to have less influence in clinical practices.'®!” Therefore, it is
likely that OHRs are higher than HHRs in unpublished RCTs.
Including unpublished RCTs in our analysis will likely show
an even larger difference between HHRs and OHRs. Third,

the current analysis included RCTs in a variety of disease set-
tings, including both adjuvant, neoadjuvant and metastatic
settings. However, 45/49 RCTs were conducted in patients
with metastatic disease. Lastly, investigators may have to
compromise in HHR when designing an RCT to reduce the
required number of patients to fit within the resources avail-
able. It is not possible for delineate these issues with informa-
tion provided in published manuscripts.

Despite the fact that the observed magnitudes of benefits
were lower than the hypothesized effect sizes in > 50% pub-
lished RCTs, the majority of 49 RCTs included in this analysis
achieved statistical significance. We did not evaluate whether
these OHRs were of meaningful clinical significance.

In conclusion, the majority of published RCTs evaluating
PD-1/PD-L1 targeting mAbs did not achieve their hypothe-
sized benefits. Investigators’ optimism regarding these agents
should be combined with more realistic expectations. The
optimism bias requires attention from the cancer clinical re-
search community given the number of these agents in devel-
opment and the intense interest in evaluating these agents in
disease settings with a lower expected benefit.
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