
UCSF
UC San Francisco Previously Published Works

Title
The landscape of checkpoint inhibitors in oncology

Permalink
https://escholarship.org/uc/item/2sh8t99h

Authors
Haslam, Alyson
Kim, Myung Sun
Elbaz, Josh
et al.

Publication Date
2024-09-01

DOI
10.1016/j.ejca.2024.114240

Copyright Information
This work is made available under the terms of a Creative Commons Attribution 
License, available at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2sh8t99h
https://escholarship.org/uc/item/2sh8t99h#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Original research

The landscape of checkpoint inhibitors in oncology
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A B S T R A C T

Background: Immune checkpoint inhibitor (ICI) therapies have become increasingly popular treatment options
for patients with cancer, even for patients in non-metastatic settings. Survival and responses have been reported
for individual tumor types, but little is known about these outcomes, collectively. We sought to provide an
overview of overall survival (OS) and progression-free survival (PFS) in ICI drugs tested in registration trials.
Methods: In a cross-sectional analysis of US FDA oncology ICI drug approvals (2011–2023), we searched for
supporting ICI registration trials. We characterized these trials, regarding differences in median OS and PFS
between patients in intervention and control arm participants in ICI registration trials; percentage of patients
who receive ICI crossover; and whether there is correlation between the percentage of crossover and differences
in OS or PFS.
Results: Fifty-six (54.4 %) approvals had trials that reported median OS for both intervention and control arms
(median difference was 2.8 months; IQR: 2.2 to 5.0 months). Sixty-five (63.1 %) approvals had trials that re-
ported PFS data for both arms (median of 0.9 months; IQR: − 0.2 to 3.0 months). Subsequent therapy was
common (median=18.9 %) and was significantly correlated with a higher difference in median OS in all studies
with reported differences (R2 =0.15; p = 0.001).
Conclusion: ICIs are increasingly used in the treatment of cancer, yet the median OS improvement is modest, and
many ICIs have not been tested for OS benefit. OS is the outcome most meaningful for patients, and drug
regulation should require better testing and reporting of these data.

1. Introduction

Immune checkpoint inhibitors (ICIs) have improved overall survival
(OS) in multiple tumor types, thus leading to dozens of approvals for
these indications. These drugs have provided valuable benefit for some,
although the majority of patients are not eligible for them and even
fewer respond. [1] ICI resistance is common and can limit the durability
of response and perhaps survival. [2] Adverse events can also be an issue
for patients on ICI therapy, which may lead to treatment dose reduction
and/or discontinuation, yet paradoxically, higher adverse events have
been associated with better survival. [3].

ICIs have become popular treatment options, especially for patients
with certain tumor types such as melanoma, renal cell carcinoma, and
non-small cell lung cancer, [4] in part because of generally better
tolerability but also because of efficacy improvements over prior ther-
apy options. However, little is known about the duration of

improvement, and subsequent therapy in the trials, including crossover,
may complicate the interpretation of OS results. We sought to charac-
terize OS and crossover in trials testing ICIs.

2. Materials and methods

We sought to assess the evidence for ICI therapies by reviewing all US
Food and Drug Administration approvals for oncology indications.
Approval information was gathered from the FDA Oncology
announcement page and prior publications. [1,5] We included all in-
dications through December 31, 2023. We searched PubMed and Google
Scholar for publications reporting on these trials using the trial regis-
tration number and trial name.

We abstracted trial data from the drug label, including phase,
comparator, number of trial participants, primary outcome, overall
survival outcomes, progression-survival outcomes, and response
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outcomes. Data abstracted from published trial data include mature
overall survival data and data on crossover and subsequent therapy,
including number who received subsequent therapy and therapy type.
When multiple reports on the same trial were available, we used the one
that reported on the mature primary analysis, without being long-term
follow-up. For ICIs approved via the accelerated pathway based on
single-arm trial data, we searched for randomized confirmatory trial
information.

2.1. Statistical analysis

We presented descriptive characteristics for trials leading to ICI
approval, stratified by difference in OS status (3 or more months vs. less
than 3 months). We subtracted the median OS and progression-free
survival (PFS) in the control group from the median OS and PFS in the
intervention group and categorized the differences. Because of the non-
parametric nature of the data, we used Spearman correlation to assess
the association between the percentage of people who received subse-
quent PD1/PDL1 therapies (crossover or not) and the difference in OS,
weighted by sample size. We also assessed the correlation between the
difference (between the intervention and control arms) in median PFS
and the difference (between the intervention and control arms) in me-
dian OS, weighted by sample size. In interpreting the strength of the
correlation, we defined high correlation as≥ 0.70 and low correlation as
< 0.30. [6] We used R statistical software, version 4.2.1, for all analyses
and figure creation.

In accordance with 45 CFR §46.102(f), this study was not submitted
for University of California, San Francisco institutional review board
approval because it involved publicly available data and did not involve
individual patient data.

3. Results

We found 103 approval indications for immune checkpoint in-
hibitors. Eighty-eight (85.4 %) were in the metastatic setting, and 63
(61.2 %) were approved on randomized data. Seventy-two approvals
(69.9 %) were based on open-label trials. Thirty-five approvals (34.0 %)
were approved via the accelerated pathway, and 8 (7.8 %) were with-
drawn (partially or fully) from the market. Lung (n = 25, 24.3 %),
urothelial (n = 17, 16.5 %), melanoma (n = 12, 11.7 %), and gastro-
esophageal (n= 11, 10.7 %) were the most common tumor types among
ICI approvals. Studies reporting differences in median OS were more
likely to be randomized (p < 0.001) and test a therapy in the metastatic
setting (p < 0.001), compared to studies not reporting median OS dif-
ferences (Table 1).

Twenty (19.4 %) studies explicitly allowed crossover or had methods
in the protocol to adjust for crossover. The median percentage of par-
ticipants who received subsequent ICI therapy, including crossover was
18.9 % (IQR: 9.7 %, 32.0 %). When stratifying by median OS difference,
the percent of studies allowing crossover was higher (p = 0.001) in
studies reporting an OS difference of 3 or more months (n = 7, 25.9 %)
than those with an OS difference of less than 3 months (n= 5, 17.2 %) or
median OS not reported (n = 8, 17.0 %).

Fifty-six (54.4 %) approvals had trials that reported median OS for
both intervention and control arms. The median difference in OS be-
tween intervention and control arms was 2.8 months (IQR: 2.2 to 5.0
months). Twelve (21.4 %) trials had an OS difference of less than 2
months, 17 (30.4 %) had an OS difference of 2–2.9 months, and 7 (12.5
%) had an OS difference of 10 or more months (Figure 1).

Sixty-five (63.1 %) approvals had trials that reported PFS data for
both arms. The median difference in PFS between intervention and
control arms was 0.9 months (IQR: − 0.2 to 3.0 months). Twenty trials
(30.8 %) had a difference of less than zero, 13 (20.0 %) trials had a PFS
difference of less than 1 month but greater than zero, 10 (15.4 %) had a
PFS difference of 1.0–1.9 month, and 3 (4.6 %) had a PFS difference of
10 or more months (Figure 2). The median difference in PFS was higher

Table 1
Characteristics of trials leading to FDA approval of immune oncology checkpoint
inhibitor drugs, by differences in overall survival between intervention and
control arm.

OS difference 3 or
more months

OS
difference
less than 3
months

OS Not
evaluable/
reported

p-
value

n 27 29 47
Trial design (%) 0.001
Randomized 22 (81.5) 20 (69.0) 21 (44.7)
Single arm 2 (7.4) 6 (20.7) 25 (53.2)
Single arm/

confirmatory
3 (11.1) 3 (10.3) 1 (2.1)

Setting (%) 0.002
Adjuvant 0 (0.0) 0 (0.0) 12 (25.5)
Non-metastatic 0 (0.0) 0 (0.0) 1 (2.1)
Neoadjuvant 0 (0.0) 0 (0.0) 2 (4.3)
Metastatic 27 (100.0) 29 (100.0) 32 (68.1)
Withdrawn (%) 0.05
No 25 (92.6) 24 (82.8) 46 (97.9)
Yes 2 (7.4) 5 (17.2) 0 (0.0)
Partial 0 (0.0) 0 (0.0) 1 (2.1)
Accelerated

approval = yes
(%)

8 (29.6) 9 (31.0) 18 (38.3) 0.69

Tumor (%) <

0.001
Biliary 0 (0.0) 1 (3.4) 0 (0.0)
Breast 2 (7.4) 0 (0.0) 2 (4.3)
Cervical 0 (0.0) 0 (0.0) 1 (2.1)
CRC 0 (0.0) 0 (0.0) 4 (8.5)
Gastroesophageal 1 (3.7) 8 (27.6) 2 (4.3)
HNSCC 0 (0.0) 3 (10.3) 0 (0.0)
Hodgkin’s

lymphoma
0 (0.0) 0 (0.0) 3 (6.4)

Liver 0 (0.0) 4 (13.8) 2 (4.3)
Lung 14 (51.9) 7 (24.1) 4 (8.5)
Melanoma 4 (14.8) 2 (6.91) 6 (12.8)
Mesothelioma 1 (3.7) 0 (0.0) 0 (0.0)
Non-Hodgkin’s

lymphoma
0 (0.0) 0 (0.0) 1 (2.1)

Skin 0 (0.0) 0 (0.0) 6 (12.8)
Soft tissue 0 (0.0) 0 (0.0) 1 (2.1)
Solid tumors 0 (0.0) 0 (0.0) 3 (6.4)
Urothelial 4 (14.8) 4 (13.8) 9 (19.1)
Uterine 1 (3.7) 0 (0.0) 3 (6.4)
Comparator in randomized trials (%) <

0.001
Best supportive

care
0 (0.0) 0 (0.0) 1 (2.1)

Chemotherapy 10 (37.0) 13 (44.8) 1 (2.1)
Glycoprotein 100 1 (3.7) 0 (0.0) 0 (0.0)
Immune

checkpoint
inhibitor

0 (0.0) 2 (6.9) 4 (8.5)

Monoclonal
antibody (MAB)

0 (0.0) 1 (3.4) 0 (0.0)

MAB conjugate 0 (0.0) 0 (0.0) 1 (2.1)
MAB/

chemotherapy
1 (3.7) 0 (0.0) 0 (0.0)

NA 3 (11.1) 4 (13.8) 25 (53.2)
Placebo 9 (33.3) 7 (24.1) 12 (25.5)
Tyrosine kinase

inhibitor
3 (11.17) 2 (6.9) 3 (6.4)

Primary outcome for approval (%) <

0.001
Overall survival 15 (55.6) 20 (69.0) 3 (6.4)
Other 12 (44.4) 9 (31.0) 44 (93.6)
Median OS reached (%) <

0.001
Not reached 3 (11.1) 0 (0.0) 15 (31.9)
Not reported 1 (3.7) 1 (3.4) 32 (68.1)
Reached 23 (85.2) 28 (96.6) 0 (0.0)
OS reaching

statistical
significance (%)

(continued on next page)
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(p < 0.001) in studies reporting an OS difference of 3 or more months (2
months, IQR: 0.7, 3.0) than those with an OS difference of less than 3
months (-0.1 months, IQR: − 0.5, 0.9) but was lower than studies with a
median OS not reported (5 months, IQR: 4.0, 6.0).

A higher percentage of trial participants receiving subsequent PD1/
PDL1 therapies (including crossover) was significantly correlated with a

higher difference in median OS in all studies with reported differences
(R2 =0.15; p = 0.001; Figure 3). There was no correlation between the
percentage of trial participants receiving subsequent PD1/PDL1 thera-
pies (including crossover) and the OS hazard ratio (R2=0.014; p = 0.29;
Supplemental Figure 1). A higher difference in median PFS was associ-
ated with a higher difference in median OS (R2 =0.17; p = 0.0005;
Figure 4).

Differences between intervention and control arm participants for
median overall survival and progression-free survival in trials testing
immune checkpoint inhibitor drugs are shown in Supplemental Figure 2.

4. Discussion

We found that the median improvement in OS was a modest 2.8
months, and the improvement in PFS was 0.9 months. While improve-
ment times were modest, there was low correlation between the dif-
ference in median OS and the difference in median PFS. Moreover,
crossover, whether explicitly allowed or not, was common in trials
testing ICI therapy.

We found a modest but significant correlation between higher sub-
sequent therapy, including crossover, and a higher difference in median
OS between the intervention and control arms, although we did not find
any association between crossover and the OS hazard ratio. Some have
argued that crossover improves OS for patients in the control arm, thus
attenuating treatment differences between treatment arms. [7] Our
analysis suggests the opposite, where more crossover is associated with
greater differences in treatment arms. Several methods of adjustment
have been proposed to adjust for crossover and subsequent therapy. [8]
Yet, there appears to be low correlation between the between differences
in uncorrected and corrected OS hazard ratios (using rank preserving
structural failure time) and the percentage of crossover, and it is com-
mon for crossover to be inappropriate. [9] Moreover, these adjustment
analyses are almost always funded by industry, which may introduce
bias in the analyses because of conflict of interest. Collectively, these
findings lead to questions about the reliability of results of
crossover-adjusted analyses.

Many (37 %) ICIs were approved with OS as the primary outcome. Of

Table 1 (continued )

OS difference 3 or
more months

OS
difference
less than 3
months

OS Not
evaluable/
reported

p-
value

No 4 (14.8) 8 (27.6) 11 (23.4) <

0.001
Not tested 0 (0.0) 0 (0.0) 32 (68.1)
Yes 23 (85.2) 21 (72.4) 4 (8.5)
Difference in

median OS
(median (IQR);
51 studies))

6.0 (4.1, 10.0) 2.2 (1.7,
2.5)

NA <

0.001

Difference in
median PFS
(median (IQR);
44 studies)

2 (0.7, 3) -0.1 (− 0.5,
0.9)

5 (4, 6) <

0.001

Crossover allowed (%) 0.001
No 12 (44.4) 13 (44.8) 5 (10.6)
Not indicated 8 (29.6) 11 (37.9) 34 (72.3)
Yes 7 (25.9) 5 (17.2) 8 (17.0)
% of patients who

received
subsequent
PD1/PDL1
therapy (median
(IQR); 63
studies))

27 (16.10, 43) 12.9 (7.4,
23.5)

21 (15,
359)

0.02

Blinding (%) 0.21
Double 6 (22.2) 7 (24.1) 10 (21.3)
None (Open Label) 17 (63.0) 21 (75.9) 33 (70.2)
Quadruple 4 (14.8) 0 (0.0) 2 (4.3)
Triple 0 (0.0) 0 (0.0) 2 (4.3)

FDA: Food and Drug Administration; OS: overall survival; IQR: interquartile
range; NA: not applicable; PFS: progression-free survival.

Fig. 1. Distribution of differences in median overall survival in registration trials testing immune checkpoint inhibitors.
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course OS is the outcome that is most meaningful for patients, and,
regardless of the primary outcome, the overall goal for anti-cancer
treatment is to prolong OS. Yet, currently, only 47 % of ICI approvals
have been shown to do this. Insufficient follow-up to ascertain OS dif-
ferences may explain part of the reason many studies have not reported
OS, but less than 10 % and 20 % of approvals were made during 2023

and 2022, respectively, indicating that many approvals should have had
adequate follow-up time to report this information. Additionally, about
85 % of approvals are in the metastatic setting, when OS is most relevant
and follow-up is shorter.

We also found a significant but low correlation between the differ-
ence in PFS and the difference in OS. While our analysis was not a formal

Fig. 2. Distribution of differences in median progression-free survival in registration trials testing immune checkpoint inhibitors.

Fig. 3. Spearman correlation between the difference in median overall survival and the percentage of patients who received subsequent PD1/PDL1 therapy in
registration trials testing immune checkpoint inhibitors.
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evaluation of surrogacy, our results are in line with other studies that
have found PFS and other surrogates to be poor surrogates for OS. [10,
11] Considering the number of approvals granted on surrogate outcomes
and the low correlation between these outcomes and OS, patients may
be better served if regulatory agencies required drug manufacturers to
submit efficacy data on more meaningful and patient-centered
outcomes.

To expedite potentially effective drugs coming onto the market,
tumor response, including PFS, is often used to evaluate the drug’s ef-
ficacy, and trials are designed to evaluate these outcomes at the soonest
time until there is statistical significance. Even for drugs evaluating OS,
the follow-up time is relatively short, and long-term outcomes are often
unknown. We have previously calculated that 16 drug approvals had
long-term PFS data at 3 years follow-up, and only two had PFS data at 5
years follow-up (data under review).

4.1. Strengths and limitations

Ours is a comprehensive evaluation of OS in ICIs approved for
oncology indications. There are several limitations to our analysis. First,
many studies either did not report OS or the OS was not reached. It is
unknown how the inclusion of these results would have impacted our
findings, had they been available. The lack of reporting could be because
of insufficient follow-up time for newer therapies or because OS findings
were null, but never reported. Second, reporting of crossover and sub-
sequent therapy was inconsistent and not always clear or complete.
These data are important in fully interpreting the impact of these ther-
apies on OS. [12].

5. Conclusion

ICIs approved for cancer indications have modest improvements in
OS (median of 2.8 months) and PFS (median of 0.9 months). Only about
12 % and 5 % of drug approvals, respectively, have shown to improve
OS or PFS longer than 10 months. Moreover, crossover is common, and
whether it is appropriate or not, may bias the study results and lead to
limited interpretability of efficacy when applied to clinical practice.

Drug regulating agencies should insist upon higher outcome standards
to improve outcomes for patients with cancer.
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