Targeted Oncology (2025) 20:45-56
https://doi.org/10.1007/s11523-024-01108-2

SYSTEMATIC REVIEW t‘)

Check for
updates

Delayed Separation of Kaplan—-Meier Curves is Commonly
Observed in Studies of Advanced/Metastatic Solid Tumors Treated
with Anti-PD-(L)1 Therapy: Systematic Review and Meta-Analysis

Do-Youn Oh' - Nana Rokutanda? - Magdalena Zotkiewicz® - Philip He® - Jennifer Stocks? - Melissa L. Johnson®

Accepted: 7 October 2024 / Published online: 10 November 2024
© The Author(s) 2024

Abstract

Background Immune checkpoint inhibitor (ICI) Kaplan—-Meier (KM) curves often show delayed survival benefit followed
by long-term survival in a subgroup of patients. Such outcomes can violate the proportional hazards assumption, leading to
a loss of statistical power.

Objective We aimed to determine common trends in delayed separation to inform future ICI clinical trials.

Patients and Methods A literature search was performed using Trialtrove® to identify phase III trials of antiprogrammed
cell death (ligand)-1 (anti-PD-[L]1) agents in locally advanced/metastatic solid tumors published between January 2010
and September 2021. The frequency of delayed separation of overall survival (OS) and progression-free survival (PFS)
KM curves, correlation between duration of delayed separation in OS/PFS KM curves, and correlation between duration of
delayed separation in OS/PFS KM curves with corresponding hazard ratios (HRs) were assessed in all-comer and PD-L1
enriched populations.

Results Eighty-five studies with OS/PFS KM curves were identified. Most studies showed delayed separation of OS (>
67.9%) and PFS (> 54.5%) KM curves. The correlation between the duration of delayed separation in OS/PFS KM curves
was strongest in the PD-L1 enriched population (adjusted R*> = 0.66). No correlation was seen between the duration of
delayed separation of OS KM curves and OS HR. A modest correlation was seen between the duration of delayed separation
of PFS KM curves and PFS HR in all-comer and PD-L1 enriched populations (adjusted R*> = 0.24 and 0.31, respectively).

Conclusions Delayed separation of KM curves was common in clinical trials of anti-PD-(L)1 agents. Understanding delayed
separation is key to clinical study designs and assessing outcomes with ICIs.

. . Immune checkpoint inhibitors (ICIs) have transformed
Meta-analyses of anti-PD-(L)1 agent trials showed .
. the treatment landscape across multiple tumor types [1-5]
delayed separation of KM curves.

and many agents, including anti-programmed cell death
Combining anti-PD-(L)1 agents with chemotherapy may (ligand)-1 (anti-PD-[L]1) inhibitors, and have demon-
reduce the delayed separation. strated durable clinical activity both as monotherapy and
combination therapy [4-8].

Previous studies have shown that ICIs exhibit different
patterns of clinical benefit compared with other/non-ICI
With delayed separation, a positive study outcome may therapies, making survival analysis challenging [9]. Several
be seen with longer follow-up. factors may contribute to the challenges in demonstrating
survival benefit, including the underlying mechanism of
action of ICIs and the underlying tumor response [10]. Clini-
cal trials comparing ICIs with other/non-ICI therapies have
shown both conventional and non-conventional response
patterns [10]. Conventional response patterns can include

Delayed separation may be less likely in patient popula-
tions with high PD-L1 expression.

Delayed separation should be considered in immune
checkpoint inhibitor trials.

Extended author information available on the last page of the article
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nonresponse, or response with a reduction in tumor burden
and/or stable disease, whereas non-conventional response
patterns can include a delayed survival effect, followed by
long-term survival in a subgroup of patients [10].

The nonconventional response patterns of ICIs can mani-
fest in Kaplan—Meier (KM) curves when comparing ICIs
with other/non-ICI therapies. For example, KM curves for
ICIs and other/non-ICI therapies often overlap or crossover
during early follow-up due to a delayed survival effect with
IClIs, and a clear separation between the two KM curves only
becomes apparent several months after starting ICI treatment
[11]. Despite showing delayed separation, ICIs can still pro-
vide durable responses and long-term survival benefits [11,
12]. The presence of long-term survivors can generally be
characterized by the appearance of a flattened, long tail (pla-
teau) in the survival curve of the ICI treatment arm [10, 12].
This phase can occur many months after initial treatment and
can persist long after treatment has ceased [10, 12].

In order for new cancer treatments to be approved by
regulatory agencies, they need to demonstrate statistically
significant improvements in clinically meaningful endpoints
of their clinical trials, which may include overall survival
(OS) and/or progression-free survival (PFS) [13]. Median
OS/PES and hazard ratios (HRs) are typically used to esti-
mate the treatment effect for survival endpoints in oncology
clinical trials [10]. The HR is usually calculated from a Cox
proportional hazards model, which assumes that the ratio of
two hazard functions is constant over time. However, when a
delayed separation, early crossover, or plateau of KM curves
occurs, the proportional hazards assumption may be violated
[10, 14]. This can result in a loss of statistical power and the
inability to demonstrate a significant difference in survival
between treatment arms [10].

We performed a systematic review and meta-analysis
of phase III randomized clinical trials of anti-PD-(L)1
agents in patients with locally advanced or metastatic solid
tumors. This study aimed to determine common trends in
delayed separation to inform future ICI clinical trial design
and analysis.

2 Methods

This meta-analysis was reported in line with the preferred
reporting items for systematic reviews and meta-analysis
(PRISMA) and the PRISMA extension statement for net-
work meta-analysis [15]. The review was not registered, and
a protocol was not prepared.
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2.1 Data Sources and Searches

An electronic literature search was conducted using the
Trialtrove® database (Trialtrove® Citeline, 2023) to iden-
tify studies published between January 2010 and Septem-
ber 2021. The data cut-off of January 2010 was selected to
capture published studies for phase III clinical trials prior to
the approval of anti-PD-(L)1 agents in the USA [16]. Search
terms included oncology, phase III, PD-(L)1 antagonist,
ICIs, randomized, and controlled. The search strategy is
detailed in the Data Supplement (Appendix 1).

2.2 Study Selection

Only phase III randomized controlled trials of anti-PD-(L)1
agents in patients with locally advanced or metastatic solid
tumors were included. Eligible publications included full
papers, congress abstracts, posters, and oral presentations.
Publications not in the English language and those in the
neoadjuvant/adjuvant setting were excluded.

2.3 Data Extraction

The main text and supplementary materials for each study
were evaluated for data extraction. Jennifer Stocks and
Nana Rokutanda extracted and summarized the following
data using a standardized form for each study: year of pub-
lication, study ID, tumor type, total number of randomized
patients, study population, line of therapy, treatment regi-
men, OS or PFS HR, and associated KM curves. Only the
latest results for each study and study cohorts (i.e., no sub-
studies) were extracted. Primary publications and second-
ary publications reporting long-term or extended follow-up
could be included. For studies with multiple experimental
treatment arms, each experimental arm was considered as
an individual result and listed separately.

2.4 Quality Assessment

After data extraction, three independent reviewers (Jen-
nifer Stocks, Magdalena Zotkiewicz, and Nana Rokutanda)
reviewed the full text of relevant publications for final
inclusion. If there were disagreements, a fourth reviewer
(Philip He) was included. Disagreements were resolved by
consensus.

2.5 Data Synthesis and Statistical Analysis
For analysis, extracted studies were categorized into two

subgroups: the all-comer population, which included all
patients enrolled in a study regardless of PD-L1 expression,
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and the PD-L1 enriched population, which included all
patients enrolled in a study with high PD-L1 expression,
as per the original study protocol. If a single high PD-L1
expression cut-off was used within a study, all patients with
PD-L1 expression above this cut-off were included in the
PD-L1 enriched population, regardless of sample size. If
multiple PD-L1 expression cut-offs were used within a
study, the highest cut-off was selected, provided that the
sample size included 100 or more patients per treatment
arm. If the sample size included fewer than 100 patients per
treatment arm, the next highest cut-off was selected.

Studies were further categorized by tumor type and treat-
ment regimen within each subgroup. Tumor type categories
included lung, gastrointestinal (GI), or other (genitourinary,
head and neck cancer, melanoma, women’s cancers, or other
solid tumors). Treatment categories included anti-PD-(L)1
monotherapy versus placebo/best supportive care (BSC)/
observation, anti-PD-(L)1 monotherapy versus chemother-
apy (CT)/other standard of care (SoC), and anti-PD-(L)1
plus CT versus CT/other SoC.

For many studies under consideration with an HR cut-off
> 0.80 but < 0.85, there was an apparent trending treatment
effect between KM curves (i.e., trend for improved OS or
PFS when comparing the anti-PD-[L]1 treatment arm with
the comparator arm). However, when an HR cut-off < 0.80
was applied, the number of studies available for analysis was
limited. Thus, an HR cut-off < 0.85 was selected to evaluate
the trending treatment effect and delayed separation. Stud-
ies with available OS and PFS HRs were first evaluated to
determine if there was a trending treatment effect for the
anti-PD-(L)1 treatment arm compared with the comparator
arm. This assessment was performed separately in both the
all-comer and PD-L1 enriched populations. Studies could be
included in the all-comer and PD-L1 enriched populations if
they showed a trending treatment effect for OS but not PFS
and vice versa. Study comparisons with a trending treat-
ment effect for OS and PFS were then manually assessed
to determine if a delayed separation or early crossing of
KM curves occurred. Delayed separation was defined as a
2-month or longer delay in KM curve separation from the
start of the study when comparing the anti-PD-(L)1 treat-
ment with the comparator arm. This definition was based on
the Response Evaluation Criteria in Solid Tumors (RECIST)
v1.1 guidelines, which recommend that scheduled assess-
ments for tumor assessments be performed every 6—8 weeks
(< 2 months) following treatment initiation [17]. An early
crossing of KM curves was defined as a worsening of KM
curves at the start of the study, followed by improvement
(separation), when comparing the anti-PD-(L)1 treatment
arm with the comparator arm.

In study comparisons with a trending treatment effect and
delayed separation of OS and PFS KM curves, the duration
of delayed separation was estimated using the least squares

mean method. The survival time point before the latest sepa-
ration of OS and PFS KM curves for the anti-PD-(L)1 treat-
ment arm compared with the comparator arm was used as
the basis for this calculation. The duration of delayed separa-
tion was quantified using a precision level of 0.25 months.
The duration of delayed separation of OS and PFS KM
curves in the all-comer population versus the PD-L1
enriched population was compared by the mean difference
of duration of delay. For studies without delayed separation,
the duration of delay was assigned as zero. Wilcoxon signed
rank tests were performed to compare the duration of OS
and PFS delay in studies that showed a delayed separation
of both OS and PFS KM curves.

The correlation between the duration of delayed separa-
tion in OS and PFS, and corresponding HRs, was assessed
by multivariate linear regression analysis weighted by
sample size. The model included the duration of delayed
separation in OS as a dependent variable and the duration
of delayed separation in PFS as an explanatory variable,
adjusted for tumor type and treatment regimen. The coef-
ficient of determination (adjusted R?) was used to determine
whether the duration of delayed separation in PFS could pre-
dict the duration of delayed separation in OS, and whether
the delayed separation could predict the HR.

Data analysis was performed using R (version 4.1.2) and
Statistical Analysis Software (SAS, version 9.4, SAS Inc.).

3 Results
3.1 Systematic Review and Characteristics

The electronic search yielded 179 studies; 175 were screened
for inclusion (Fig. 1). In total, 90 studies were excluded dur-
ing the screening process (Fig. 1). Studies with cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4) regimens,
targeted therapy, and those where the comparator arm
included immuno-oncology or non-checkpoint inhibitor
immunotherapy agents, were excluded due to the small num-
ber of studies available (Fig. 1). After screening, 85 unique
studies had available OS or PFS KM curves, including 137
unique comparisons between the anti-PD-(L)1 treatment
arm and the comparator arm (Fig. 1). A summary of studies
included in the meta-analysis is shown in the Data Supple-
ment (Appendix 2).

3.2 Determination of a Trending Treatment Effect

Most study comparisons showed a trending treatment
effect (HR < 0.85) for OS and PFS in the all-comer (67.1%
and 63.0%, respectively) and PD-L1 enriched (80.0% and
71.0%, respectively) populations (Table 1). Anti-PD-(L)1
monotherapy versus placebo/BSC/observation was the most
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Studies identified from Trialtrove®
(N=179)

Studies excluded due to duplicate results (e.g. updated OS) (N=4)

Unique studies (N=175)

Unique studies with OS or PFS KM
curves available (N=85)

Studies excluded from meta-analysis (N=90)°
Reasons for exclusion:

* Neoadjuvant/adjuvant setting (N=16)

® Included CTLA-4 regimen (N=25)

* Included targeted therapy (N=15)

* Comparator arm included 10 or non-CPl immunotherapy agents (N=12)
* Non-solid tumor (N=2)

 Single-arm study (N=2)

* No KM curves available (N=14)

* Regional sub-study of main study (N=4)

Unique study comparisons of
OS or PFS KM curves® (N=137)

Fig. 1 Flowchart of the study selection procedure. *Search terms and
conditions included oncology, phase III, PD-L1 antagonist, immune
checkpoint inhibitor, randomized, and controlled. For a complete list,
please see the Data Supplement (Appendix 1). ®Some studies were
excluded for more than one exclusion criteria. “Some studies have
both all-comer and PD-L1 enriched populations, or multiple experi-
mental arms versus the same control (e.g., anti-PD-[L]1 plus CT ver-

common treatment regimen associated with a trending treat-
ment effect for OS (100.0%) and PFS (100.0%) in the all-
comer population (Table 1). The most common treatment
regimen associated with a trending treatment effect in the
PD-L1 enriched population was anti-PD-(L)1 plus CT versus
CT/other SoC (OS 91.7%; PFS 100.0%) (Table 1). In the all-
comer population, the most common cancer type associated
with a trending treatment effect was GI cancer (OS 81.3%)
or lung cancer (PFS 87.1%) (Table 1). In the PD-L1 enriched
population, lung cancer was the most common cancer type
associated with a trending treatment effect (OS 92.3%; PFS
85.7%) (Table 1).

3.3 Delayed Separation of KM Curves

A delayed separation (at least 2 months) of OS and PFS KM
curves occurred in the majority of study comparisons with
a trending treatment effect (HR < 0.85) in the all-comer
(73.6% and 58.7%, respectively) and PD-L1 enriched (67.9%
and 54.5%, respectively) populations (Table 1). Anti-PD-
(L)1 monotherapy versus CT/other SoC was the most com-
mon treatment regimen associated with a delayed separation
of KM curves (all-comer, OS 80.0%, PFS 85.7%; PD-L1
enriched, OS 70.6%, PFS 77.8%) (Table 1). The most
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sus CT/other SoC and anti-PD-[L]1 monotherapy versus CT/other
SoC). “Comparison” is the statistical analysis performed to compare
OS or PFS for individuals treated with one experimental regimen
versus control in the all-comer or PD-L1 enriched populations. CPI,
checkpoint inhibitor; CT, chemotherapy; /0, immuno-oncology; KM,
Kaplan—Meier; OS, overall survival; PD-(L)I, programmed cell death
(ligand)-1; PF'S, progression-free survival; SoC, standard of care

common cancer type associated with a delayed separation
of KM curves was “other” cancers (genitourinary, head and
neck cancer, melanoma, women’s cancers, or other solid
tumors) (all-comer, OS 93.3%, PFS 90.0%; PD-L1 enriched,
OS 85.7%, PFS 80.0%) (Table 1).

3.4 Early Crossing of KM Curves

In studies with a trending treatment effect (HR < 0.85),
an early crossing of OS and PFS KM curves occurred in
13.2% and 6.5% of studies in the all-comer population and
21.4% and 9.1% of studies in the PD-L1 enriched popula-
tion, respectively (Table 1). Anti-PD-(L)1 monotherapy ver-
sus CT/other SoC was the most common treatment regimen
associated with an early crossing of KM curves (all-comer,
OS 30.0%, PFS 28.6%; PD-L1 enriched, OS 35.3%, PFS
22.2%) (Table 1). No specific tumor type was associated
with an early crossing of KM curves (Table 1).

3.5 Duration of Delayed Separation of KM Curves
In studies with a trending treatment effect (HR < 0.85), the

least squares mean duration of delayed separation of KM
curves was longest with anti-PD-(L)1 plus CT versus CT/
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Table 1 Summary of studies included in the meta-analysis with trending treatment effect (HR < 0.85) and delayed separation (at least 2 months)

or an early crossing of KM curves

Trending treatment effect, n/N (%) Overall survival Progression-free survival
All-comer (N=79) PD-LI1 All-comer (N = 73) PD-L1 enriched (N = 31)
enriched
(N =35)
Overall 53/79 (67.1) 28/35 (80.0) 46/73 (63.0) 22/31 (71.0)
Treatment regimen
Anti-PD-(L)1 monotherapy versus CT/other SoC 20/38 (52.6) 17/23 (73.9) 7/30 (23.3) 9/18 (50.0)
Anti-PD-(L)1 monotherapy versus placebo/BSC/observa-  7/7 (100.0) 0 7/7 (100.0) 0
tion
Anti-PD-(L)1 + CT versus CT/other SoC 26/34 (76.5) 11/12 (91.7) 32/36 (88.9) 13/13 (100.0)
Tumor type
Lung 25/31 (81.0) 12/13 (92.3) 27/31 (87.1) 12/14 (85.7)
Gastrointestinal 13/16 (81.3) 9/10 (90.0)  9/14 (64.3) 5/7(71.4)
Other® 15/32 (46.9) 7/12 (58.3)  10/28 (35.7) 5/10 (50.0)
Delayed separation of KM curves in studies with a trending All-comer (N = 53) PD-L1 All-comer (N = 46) PD-LI1 enriched (N = 22)
treatment effect, n/N (%) enriched
(N=28)
Overall 39/53 (73.6) 19/28 (67.9) 27/46 (58.7) 12/22 (54.5)
Treatment regimen
Anti-PD-(L)1 monotherapy versus CT/other SoC 16/20 (80.0) 12/17 (70.6)  6/7 (85.7) 7/9 (77.8)
Anti-PD-(L)1 monotherapy versus placebo/BSC/observa- ~ 4/7 (57.1) 0 4/7 (57.1) 0
tion
Anti-PD-(L)1 + CT versus CT/other SoC 19/26 (73.1) 7/11 (63.6)  17/32 (53.1) 5/13 (38.5)
Tumor type
Lung 15/25 (60.0) 8/12 (66.7)  13/27 (48.1) 6/12 (50.0)
Gastrointestinal 10/13 (76.9) 5/9 (55.6) 5/9 (55.6) 2/5 (40.0)
Other® 14/15 (93.3) 6/7 (85.7) 9/10 (90.0) 4/5 (80.0)
Early crossing of KM curves in studies with a trending All-comer (N = 53) PD-L1 All-comer (N = 46) PD-LI1 enriched (N = 22)
treatment effect, n/N (%) enriched
(N=28)
Overall 7/53 (13.2) 6/28 (21.4)  3/46 (6.5) 2/22 (9.1)
Treatment regimen
Anti-PD-(L)1 monotherapy versus CT/other SoC 6/20 (30.0) 6/17 (35.3)  2/7 (28.6) 2/9 (22.2)
Anti-PD-(L)1 monotherapy versus placebo/BSC/observa-  0/7 (0.0) 0 0/7 (0.0) 0
tion
Anti-PD-(L)1 + CT versus CT/other SoC 1/26 (3.8) 0/11 (0.0) 1/32 (3.1) 0/13 (0.0)
Tumor type
Lung 2/25 (8.0) 3/12 (25.0)  2/27 (7.4) 2/12 (16.7)
Gastrointestinal 2/13 (15.4) 1/9 (11.1) 1/9 (11.1) 0/5 (0.0)
Other® 3/15 (20.0) 2/7 (28.6) 0/10 (0.0) 0/5 (0.0)

Six studies had multiple experimental arms versus the same control and are counted multiple times in relevant categories

BSC, best supportive care; CT, chemotherapy; HR, hazard ratio; KM, Kaplan—-Meier; n, number of evaluable studies; N, total number of studies;
PD-(L)1, programmed cell death (ligand)-1; SoC, standard of care

2Other includes genitourinary, melanoma, head and neck, women’s cancer, or other solid tumors

other SoC (OS 4.4 months) or anti-PD-(L)1 monotherapy
versus CT/other SoC (PFS 3.3 months) in the all-comer
population (Fig. 2A, C). In the PD-L1 enriched popula-
tion, the least squares mean duration of delayed separation

of KM curves was longest with anti-PD-(L)1 monotherapy
versus CT/other SoC (OS 4.5 months; PFS 4.9 months)
(Fig. 2B, D). In both the all-comer and PD-L1 enriched
populations, the least squares mean duration of delayed
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separation of KM curves was longest in “other” cancers
(genitourinary, head and neck cancer, melanoma, women’s
cancers, or other solid tumors) (all-comer, OS 5.4 months,
PFS 3.7 months; PD-L1 enriched, OS 5.2 months, PFS 4.8
months) (Fig. 2A-D).

3.6 Duration of Delayed Separation of KM Curves
in the All-Comer Population Compared With
the PD-L1 Enriched Population

Overall, the mean (95% CI) duration of delayed separation
of OS and PFS KM curves was numerically longer in the all-
comer population compared with the PD-L1 enriched popu-
lation (OS 0.94 [— 0.22-2.11] months; PFS 0.71 [0.14-1.28]
months) based on the paired comparison (Table 2).

A All-Comer Population (N=53)
Anti-PD-()1 + CTv _| 44
c CT/other SoC (n=26)
[} . 4.2
£ Anti-PD-(L)1 monotherapy v _|
>4 CT/other SoC (n=20)
< Anti-PD-(L)1 monotherapy v 3.4
. — —
placebo/BSC/observation (n=7)
____________________________ s —-
° “Other” cancer (n=15)— ——
[}
= 3.3
E Lung cancer (n=25) ——
=] 3.3
Gl cancer (n=13)— ——
T T T T T T T T T
0 1 2 3 4 5 6 7 8 9
Duration of Delayed Separation of OS KM Curves, months
(LSM [80% CI])
[+ All-Comer Population (N=46)
Anti-PD-()1 + CTv_| f—ﬁ
- CT/other SoC (n=32)
Q
£ Anti-PD-(L)1 monotherapy v _| 3.-3
5 CT/other SoC (n=7)
o
Anti-PD-(L)1 monotherapy v _| 1.9
placebo/BSC/observation (n=7)
i e i
° “Other” cancer (n=10)*— ——
Q
= 2.4
E Lung cancer (n=27) —@—
2 1.9
Gl cancer (n=9) — —@—
T T T T T T T T T

o 1 2 3 4 5 6 7 8 9

Duration of Delayed Separation of PFS KM Curves, months
(LSM [80% CI))

Fig.2 Duration of delayed separation of OS and PFS KM curves by
treatment regimen and tumor type in A, C the all-comer population
and B, D the PD-L1 enriched population. *Includes genitourinary,
head and neck cancer, melanoma, women’s cancers, or other solid
tumors. The analysis only included studies with a trending treatment
effect (HR < 0.85). One study can be used multiple times for each
unique comparison. Forest plots show the least squares mean of dura-
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Tumor Type

3.6.1 Correlation Between the Duration of Delayed
Separation of OS and PFS KM Curves

The correlation between the duration of delayed separa-
tion of OS and PFS KM curves was stronger in the PD-L1
enriched population (adjusted R*> = 0.66) versus the all-
comer population (adjusted R*> = 0.22) (Fig. 3A, B). Find-
ings were generally consistent when the correlation between
the duration of delayed separation of OS and PFS KM curves
was assessed by tumor type (lung cancer and GI cancer;
Supplementary Fig. 1).

3.6.2 Correlation Between the Duration of Delayed
Separation of OS and PFS KM Curves
and Corresponding HRs

In the all-comer and PD-L1 enriched populations, no cor-
relation was seen between the OS HR and the duration of

PD-L1 Enriched Population (N=28)

Anti-PD-(L)1 + CT v _| 3
CT/other SoC (n=11)
Anti-PD-(L)1 monotherapy v _| 4.5
CT/other SoC (n=17)
e e 1
“Other” cancer (n=7)*— —
3.1
Lung cancer (n=12) — ——
2.9
Gl cancer (n=9) — —
I I I I I I I I I

Tumor Type

o 1t 2 3 4 5 6 7 8 9

Duration of Delayed Separation of OS KM Curves, months
(LSM [80% ClI])

PD-L1 Enriched Population (N=22)

Anti-PD-(L)1 + CTv_| %

CT/other SoC (n=13)
Anti-PD-(L)1 monotherapy v _| 4.-9
CT/other SoC (n=9)
___________________________ yp= ==
“Other” cancer (n=5)— —_——————
2.6
Lung cancer (n=12)— —
4.4
Gl cancer (n=5)— —_——
T T T T T T T T T

0o 1 2 3 4 5 6 7 8 9

Duration of Delayed Separation of PFS KM Curves, months
(LSM [80% ClI])

tion of delay, by regimen and tumor types, using a weighted regres-
sion model based on each study's sample size. BSC, best supportive
care; CT, chemotherapy; GI, gastrointestinal; HR, hazard ratio; KM,
Kaplan—Meier; LSM, least squares mean; OS, overall survival; PD-
(L)1, programmed cell death (ligand)-1; PFS, progression-free sur-
vival; SoC, standard of care
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Table 2 Paired analysis of duration of delayed separation of OS and PFS KM curves in the all-comer versus PD-L1 enriched populations

Delay in all-comer population minus Number
delay in PD-L1 enriched population  of stud-

Difference in duration of delay in
all-comer versus PD-L1 enriched

Difference in mean duration of delay Wilcoxon
in all-comer versus PD-L1 enriched  signed-rank test

ies population (min—max), months population (95% CI), months P value
(N 18 —3.50-6.50 0.94 (— 0.22-2.11) 0.0884
PFS 12 —0.50-2.25 0.71 (0.14-1.28) 0.0195

The analysis only included studies with trending treatment effect (HR < 0.85). The OS analysis included 18 unique studies and 19 unique com-
parisons, and the PES analysis included 12 unique studies and 12 unique comparisons

HR, hazard ratio; KM, Kaplan—-Meier; OS, overall survival; PD-LI, programmed cell death ligand-1; PFS, progression-free survival

A All-Comer Population

Duration of Delayed Separation
of OS KM Curves (months)

Adj R?=0.22

I I I I I I
0 2 4 6 8 10

Duration of Delayed Separation of
PFS KM Curves (months)

Fig.3 Correlation between the duration of delayed separation of OS
and PFS KM curves in A the all-comer population and B the PD-
L1-enriched population. The area of each circle is proportional to
each study’s sample size. The analysis only included studies with a
trending treatment effect (HR < 0.85). One study can be used mul-

delayed separation of OS KM curves (adjusted R? = —0.03
and adjusted R? = 0.18, respectively) (Fig. 4A, B). Findings
were generally consistent when the correlation between the
duration of delayed separation of OS KM curves and cor-
responding HRs was assessed by tumor type (lung cancer
and GI cancer; Supplementary Figs. 2 and 3, respectively).
A modest correlation was seen between the PFS HR and
the duration of delayed separation of PFS KM curves in the
all-comer and PD-L1 enriched populations (adjusted R*> =
0.24 and adjusted R*> = 0.31, respectively) (Fig. 4C, D). The
correlation between the PFS HR and the duration of delayed
separation of PFS KM curves in the all-comer and PD-L1
enriched populations (lung cancer and GI cancer; Supple-
mentary Figs. 2 and 3, respectively) appeared to be driven by
studies that included patients with lung cancer only.

B PD-L1 Enriched Population

c
O —~
=0
© C
G E
8_0
@t
ge)
o 9
[
Ss
o X
S
-%o
" vdo ©°
O
Adj R?=0.66
T T T T T T
0 2 4 6 8 10

Duration of Delayed Separation of
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4 Discussion

In this systematic review and meta-analysis, we found that
delayed separation of OS and PFS KM curves occurred in
most studies with a trending treatment effect (HR < 0.85)
when comparing anti-PD-(L)1 agents with their respective
control.

In both the all-comer and PD-L1 enriched populations,
delayed separation of OS and PFS KM curves was most
common in studies that compared anti-PD-(L)1 monother-
apy versus CT/other SoC and least common in studies that
compared anti-PD-(L)1 plus CT versus CT/other SoC. These
findings suggest that combination treatment with anti-PD-
(L)1 agents plus CT may help to drive an earlier separation
of OS and/or PFS KM curves.

A delayed separation of KM curves was more common in
studies that enrolled all-comer versus PD-L1 enriched popu-
lations. When comparing the duration of delayed separation
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Fig.4 Correlation between the duration of delayed separation of OS/
PFS KM curves and corresponding HRs in A, C the all-comer pop-
ulation and B, D the PD-L1 enriched population. The area of each
circle is proportional to each study’s sample size. The analysis only
included studies with trending treatment effect (HR < 0.85). One

in the all-comer versus PD-L1 enriched population, the mean
duration of delayed separation was numerically shorter in the
PD-L1 enriched population. In addition, a correlation between
the delayed separation of OS and PFS KM curves was found in
the PD-L1 enriched population but not in the all-comer popu-
lation. Findings were generally consistent when the correlation
between the duration of delayed separation of OS and PFS KM
curves and corresponding HRs was assessed by tumor type
(lung cancer and GI cancer). This observation suggests that
in certain indications, patient populations with high PD-L1
expression may be less likely to show a delayed separation
effect and may be more likely to have a positive study outcome.
This observation may be due, in part, to PD-L1 expression
enriching the efficacy of immunotherapy in certain indications.
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study can be used multiple times for each unique comparison. Adj,
adjusted; HR, hazard ratio; KM, Kaplan—-Meier; OS, overall survival;
PD-L1, programmed cell death ligand-1; PFS, progression-free sur-
vival; R?, regression coefficient

While there was a modest correlation between the dura-
tion of delayed separation of PFS KM curves and PFS HR,
no apparent correlation was seen for OS. The modest cor-
relation of PFS KM curves and HR appeared to be driven
by studies that included patients with lung cancer but not
GI cancer. While limited by the small number of evalu-
able studies, the lack of correlation in studies that included
patients with GI cancer may be due to the relatively large
HR. These findings are consistent with the understanding
that immunotherapy may have a modest impact on treating
advanced GI cancer [18]. Regardless, findings imply that
in the presence of delayed separation, a positive study out-
come may still be possible, provided that there is sufficient
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follow-up, highlighting the importance of adequate maturity
and follow-up when designing ICI clinical trials.

It is well known that ICIs often exhibit a delayed separa-
tion of KM curves [10]. However, there has been no compre-
hensive analysis of the features of delayed separation of KM
curves across anti-PD-(L)1 agents, to our knowledge. The
results from our meta-analysis highlight the frequent occur-
rence of delayed separation with anti-PD-(L)1 agents com-
pared with other/non-ICI therapies and suggest that many
previous phase III clinical trials of anti-PD-(L)1 agents may
not have considered potential delayed separation effects in
their study design or statistical analyses. The results from
our study are valuable as they shed light on the frequency
of delayed separation with anti-PD-(L)1 agents and stress
the need to consider patient and regimen selection, optimal
endpoints, and appropriate statistical testing for the design
of future ICI clinical trials.

When designing ICI clinical trials, treatment assump-
tions should include the possible delayed separation effects.
For example, researchers should increase sample size and
follow-up duration for event-driven trials, as the power loss
may be significant in situations where there is a long dura-
tion of delayed separation. If the study has an interim analy-
sis, it should be performed at an appropriate time point when
the treatment effect is expected to be demonstrated.

The observed lack of a significant correlation between
the delay in the separation of KM curves and HR in this
meta-analysis suggests that the relevance of conventional
study endpoints of median survival and HRs may need to
be re-evaluated for studies with ICIs [1, 10, 19]. Consider-
ing this, alternative metrics that better suit the mechanism
of action of ICIs should be explored, in addition to median
survival and HRs, when designing clinical trials to capture
the prolonged activity of therapy and characterize patients’
treatment benefits. Long-term measures may include land-
mark survival analysis at clinically meaningful time points,
restricted mean survival time, depth and durability of
response, long-term survival, and treatment-free survival
[20-22]. Of note, restricted mean survival time may be well
suited to quantify the clinical benefit in situations where
there is significant long-term survival in the experimen-
tal versus the control arm [23]. In support of this concept,
the European Society for Medical Oncology Magnitude of
Clinical Benefit Scale (ESMO-MCBS) was updated in 2017
to incorporate possible long-term survival with immuno-
therapy. For therapies that are not likely to be curative with
a primary endpoint of OS, if median OS with the standard
treatment is < 12 months, an increase in 2-year survival >
10% was added as one of the criteria for Grade 4 for a sub-
stantial magnitude of clinical benefit [24].

Alternative statistical models that account for delayed
separation of the survival curve or long-term survival
should also be considered in order to improve the planning

and analysis of ICI clinical trials [25]. Diagnostics of non-
proportional hazards for KM curves could be considered,
such as log—log survival plots and hazard rate curves. In
addition, piecewise exponential models could be used to
describe different HRs before and after a specified timing
of delayed onset of survival benefit [26], or mixed cure rate
models could be used when the scientific rationale for the
presence of long-term survivors is strong [27]. Weighted
log-rank tests could also be used as an alternative to the
traditional log-rank test to increase the power of the trial
when non proportional hazards are expected [28, 29]. Of
note, a recent systematic review and meta-analysis of 63
immuno-oncology clinical trials compared the log-rank
test with the MaxCombo test (uses a combination of Flem-
ing—Harrington weighted log-rank test and adaptively selects
the best test statistic based on underlying data) [29]. Among
150 comparisons, the log-rank test was shown to be less
powerful than the MaxCombo test and could not detect
clinically meaningful benefits in 15 comparisons [29]. For
example, in two case studies of clinical trials, MYSTIC [30]
and Impower110 [31], which are also included in this meta-
analysis and have nonproportional hazards due to a crossing
of OS KM curves, the MaxCombo tests were able to detect a
significantly greater improvement in OS compared with the
control arm, whereas the log-rank test was not [29].

Lastly, physicians should recognize that ICIs have dif-
ferent patterns of treatment effects when compared with
CT and targeted therapy [32]. Moreover, physicians should
understand that treatment effects with ICIs can be delayed
and can even occur after apparent disease progression on the
initial post-baseline scan [33]. Thus, in addition to treating
with ICIs until disease control and/or clinical benefit, phy-
sicians should consider continuing treatment beyond initial
disease progression in patients who do not experience severe
toxicities [32]. The concept of “treatment beyond progres-
sion” has been adopted in many trials evaluating ICIs [32].

The main limitations of this study include the definition of
the PD-L1 enriched population, which was based on individual
study reports and impacted by the use of different assays and
cut-off criteria applied across studies, and the inclusion criteria
for the delayed separation analysis, which only included stud-
ies with available KM curves and a trending treatment effect
(HR < 0.85); this may have contributed to bias in the analyses.
Furthermore, due to the small sample size of individual cancer
types, several cancer types were grouped for analysis and listed
as “other” cancers. Interpretation of results in this subgroup
may be limited as response characteristics and clinical settings
may differ depending on the type of cancer. Lastly, the corre-
lation analysis between the duration of delayed separation of
OS/PES KM curves and corresponding HRs in the all-comer
and PD-L1 enriched populations may have been limited by OS
and PES parameters not being entirely separable, as PFS may
include a component of OS [34].
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5 Conclusion

In summary, delayed separation of KM curves is common
in clinical trials with anti-PD-(L)1 therapy. Understand-
ing delayed separation is key to future study designs and
assessing outcomes with ICIs. The findings from this meta-
analysis highlight the importance of patient and regimen
selection, optimal endpoints, and appropriate statistical test-
ing in ICI clinical trials.
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