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ABSTRACT

Introduction: The sequence of chemotherapy and pem-
brolizumab may affect antitumor immune response and
efficacy of immunotherapy.
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study used a “pick a winner” design. The primary end point
was objective response rate by independent radiologic
review after eight cycles (24 wk). Patients were randomized
1:1 to arm A (chemotherapy for four cycles followed by
pembrolizumab for four cycles) or arm B (pembrolizumab
for four cycles followed by chemotherapy for four cycles).
Patients in both arms without disease progression after the
initial eight cycles continued pembrolizumab until disease
progression, unacceptable toxicity, or a maximum of 2 years.

Results: From March 2016 to July 2018, a total of 90
eligible patients were randomized (43 patients to arm A and
47 patients to arm B). The objective response rate at 24
weeks in arms A and B was 39.5 % (95 % confidence in-
terval [CI]: 24.9%–54.1 %) and 40.4 % (95 % CI: 26.4%–
54.5 %), respectively (p ¼ 0.93). The progression-free
survival in arms A and B was as follows: hazard ratio of B
versus A equals to 1.06, 95 % CI: 0.68–1.66, p value equals
to 0.84, and median progression-free survival of 5.8 months
and 4 months, respectively. The overall survival was as
follows: hazard ratio of B versus A equals to 1.04, 95 % CI:
0.63–1.74, p value equals to 0.85, and median overall sur-
vival of 15.5 months and 14 months, respectively.

Conclusions: Additional evaluation of either sequence in a
phase 3 trial is not warranted.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Clinical trial; Immunotherapy; Metastatic non–
small cell lung cancer; Immunotherapy and chemotherapy
sequencing
Introduction
Lung cancer is the leading cause of cancer-related

mortality in the United States and a leading cause of
cancer mortality globally.1,2 Most patients have NSCLC
and locally advanced or metastatic disease at the time of
diagnosis.3,4 Historically, platinum-based, double-agent
chemotherapy was the standard therapy for patients
with metastatic NSCLC, and most patients succumbed to
their disease within one or two years of diagnosis.5 The
development of targeted therapies for patients with
specific molecular alterations dramatically improved
outcomes. More recently, immune checkpoint inhibitors
(ICIs) alone and in combination with chemotherapy have
further improved outcomes in patients with advanced
NSCLC. The recent therapeutic improvements for NSCLC
have improved population-level mortality and substan-
tially improved survival after diagnosis.6
At the time this trial was designed, pembrolizumab
had been found to have preliminary activity but was not
a standard-of-care therapy, and the use of tumor pro-
grammed death-ligand 1 (PD-L1) expression was not
established for selection of patients for single-agent
pembrolizumab.7 Subsequently, a phase 3 trial revealed
superior efficacy of pembrolizumab compared with
platinum-based chemotherapy in patients with PD-L1
expression greater than or equal to 50 %, and another
phase 3 trial revealed superior efficacy in patients with
PD-L1 expression greater than or equal to 1 %.8,9 Sub-
sequent phase 3 trials revealed the superior efficacy of
chemotherapy and pembrolizumab compared with
chemotherapy alone in patients regardless of PD-L1 tu-
mor expression.10,11

Retrospective studies reported a higher-than-
expected response rate to chemotherapy after ICI, sug-
gesting the sequencing of ICI and chemotherapy may
affect efficacy.12,13 The timing and administration may
influence the efficacy of ICI through increased neo-
antigen presentation caused by the cytotoxic chemo-
therapy or alteration of the immune antitumor
response.14 On the basis of the clinical and preclinical
data, we sought to prospectively evaluate whether the
sequence of administration of platinum-based chemo-
therapy and pembrolizumab affected the outcomes of
patients with advanced NSCLC in a phase 2 trial. At the
time this trial was developed, there was interest in use in
the immune Response Evaluation Criteria for Solid Tu-
mors (iRECIST) in addition to the standard RECIST, so
the study evaluated outcomes by both criteria.15,16
Materials and Methods
Patients

Patients were required to have stage 4 NSCLC
(American Joint Committee on Cancer seventh edition
criteria) and be treatment naive. Patients with tumors
with an EGFR mutation or ALK rearrangement who
experienced disease progression with the appropriate
tyrosine kinase inhibitor in first-line setting were
eligible. Molecular testing was performed before trial
enrollment and according to standard of care. Patients
were required to have Eastern Cooperative Oncology
Group performance status of 0 or 1 and measurable
disease by RECIST 1.1.15,17 Patients were also required
to have adequate renal, hepatic, and hematologic func-
tion according to laboratory parameters. In addition,
patients were required to have a core or excisional bi-
opsy specimen obtained within 42 days of study
enrollment, and the biopsy was performed before the
patient received any chemotherapy or immunotherapy
for NSCLC. Patients were not required to have tumor
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testing for PD-L1 expression of for enrollment. Patients
with an underlying autoimmune disease requiring sys-
temic therapy or history of steroid use or other immu-
nosuppressive therapy, interstitial lung disease, or
noninfectious pneumonitis requiring steroids were
excluded. Furthermore, those with previous treatment
with anti–programmed cell death protein-1/PD-L1 or
anti–CTLA-4 therapies were excluded.

The institutional review boards of all the partici-
pating centers approved the study, and this trial was
conducted in accordance with Good Clinical Practice
guidelines and the provisions of the Declaration of Hel-
sinki. Patients were required to provide written
informed consent before any study-related procedures.

This was an investigator-initiated trial, performed
through the Alliance Foundation Trials (AFT) and
registered in clinicaltrials.gov (NCT 02591615). AFT is
a nonprofit research organization that develops and
conducts investigator-initiated trials, working closely
with scientific investigators of the Alliance for Clinical
Trials in Oncology, institutional member networks, and
pharmaceutical partners. The AFT operational structure
and funding sources are separate from the National
Cancer Institute-funded clinical trial program. AFT
provides data and safety monitoring, database and
statistical support, and clinical trial site selection and
monitoring.
Study Therapy and Assessments
Patients were assigned to arm A (platinum-based

chemotherapy for four cycles followed by pem-
brolizumab for four cycles) or arm B (pembrolizumab
for four cycles followed by platinum-based chemo-
therapy for four cycles). After eight cycles, patients in
both arms without disease progression or unacceptable
adverse events (AEs) received “maintenance” pem-
brolizumab. The platinum-based chemotherapy was
selected on the basis of histology. Patients with non-
squamous histology received carboplatin area under
the curve of 6 and pemetrexed 500 mg/m2 every 3
weeks. Patients with squamous histology received
carboplatin area under the curve of 6 and paclitaxel
200 mg/m2 every three weeks. These patients also
received pembrolizumab 200 mg every 3 weeks. Pa-
rameters for dose adjustment and delays related to AEs
were included in the protocol.

Treatment was continued until disease progression,
unacceptable AEs, or withdrawal of consent. Patients
who experienced disease progression or unacceptable
toxicity as assessed by the treating physician were dis-
continued from the study therapy, regardless of the
reason, and did not proceed to the next treatment phase,
and participation in the study-related radiographic
imaging ceased at the time of study therapy discontin-
uation. Poststudy therapy was at the discretion to the
treating physician, and the rate, type, and efficacy of
poststudy therapy were not collected.

Radiographic imaging to evaluate disease status was
performed every two cycles (6 wk) for the first eight
cycles and then every three cycles (9 wk). AEs were
assessed using the National Cancer Institute Common
Terminology for Adverse Events version 4.0, and AEs
were attributed as a reasonable possibility of a rela-
tionship or not a reasonable possibility of a relationship
to study therapy.18
Study Design and Statistical Analysis
Patients were randomized 1:1 to arm A or arm B, and

patients were stratified on the basis of history of tobacco
use (never, previous, current) and histology (squamous,
nonsquamous). The primary end point was objective
response rate (ORR) after eight cycles (24 wk) by inde-
pendent radiological review using RECIST 1.1, and
secondary end points were ORR by investigator,
progression-free survival (PFS), safety, and overall sur-
vival (OS). Additional secondary end points were ORR and
PFS using iRECIST by an independent radiological review
committee.16 All randomized patients who initiated study
therapy were included in the primary analysis. PFS was
defined as time from randomization to disease progres-
sion by RECIST 1.1 or death (whichever occurred first),
and OS was defined as time from randomization to death
of all causes. The independent radiological review was
performed after completion of the study.

This trial was designed using a “pick a winner” design
to select the more promising of the two experimental
regimens to investigate in a larger comparative phase 2/3
trial.19 The treatment regimen with the best ORR per
RECIST 1.1 would be selected for further investigation,
without restriction on the minimal magnitude of the dif-
ference in ORR or a minimal ORR. The ORR with
platinum-based chemotherapy was estimated to be 30 %,
and the response rate for single-agent pembrolizumab
was estimated to be 20 %, on the basis of the data
available at the time the study was designed.7 For
the purpose of sample size determination, we assume that
the ORR is 30 % and 45 % for the less promising arm and
the more promising arm, respectively. A sample size of
45 each arm can achieve a conclusive decision with at
least 91 % probability on the basis of the observed ORRs.
ORR, hazard ratio, and their confidence intervals are
estimated. The survival distribution is characterized by
Kaplan-Meier method, and the comparison of survival
distribution is done with log-rank test for descriptive
purpose. All p values reported are two sided for a
descriptive purpose without adjustment for multiplicity.

http://clinicaltrials.gov
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Figure 1. Patient disposition. aPatients were required to have core or excisional biopsy of tumor lesion within 6 weeks of
study enrollment.
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All statistical analyses were performed in the Statistical
Analysis System 9.4 (SAS Inc., Cary, NC) by the study
statisticians. All analyses were on the basis of the study
database frozen on June 25, 2020.

The AFT Data and Safety Monitoring Board reviewed
the study every six months and provided independent
recommendations to investigators regarding the contin-
uation, termination, or modification of the trial. The AFT
Data and Safety Monitoring Board reviewed protocol
compliance, safety, accrual, and severe AEs and released
the data to the study team after all patients completed
the protocol treatments.
Results
From March 2016 to July 2018, a total of 128 patients

were screened, 91 patients were enrolled, and 90 patients
were eligible and initiated the study therapy; one patient
was assigned to arm B and withdrew consent before
starting study therapy (Fig. 1). The median age was 68
years (range: 40–83 y). Most were of male sex (53 %),
had a performance status of 1 (70 %), had a history of
tobacco use or were currently using tobacco (92 %), and
had nonsquamous histology (79 %) (Table 1). One patient
with an EGFR mutation was enrolled in arm A, and no
patient with ALK rearrangement was enrolled.

Of the 43 patients who initiated platinum-based
chemotherapy in arm A, 29 patients (67 %) initiated
second-stage therapy with pembrolizumab and 19 pa-
tients (44 %) initiated the maintenance pembrolizumab
(Fig. 1). Of the 47 patients who initiated pembrolizumab
in arm B, 26 patients (55 %) initiated second-stage
therapy with platinum-based chemotherapy and 22 pa-
tients (46 %) initiated maintenance pembrolizumab. The
number of patients who completed both four cycles of
platinum doublet chemotherapy and four cycles of
single-agent pembrolizumab in arms A and B was 19 and
22, respectively.



Table 1. Patient Characteristics

Patient Characteristics Arm A (n ¼ 43) Arm B (n ¼ 47) p Value

Median age (range) 69 y (62–75) 67 y (60–72) 0.23
Gender, n (%)
Female 19 (44) 23 (49) 0.65
Male 24 (56) 24 (51)
ECOG performance status, n (%)
0 14 (33) 13 (28) 0.62
1 29 (67) 34 (72)
History of tobacco use, n (%)
Current 9 (21) 14 (30) 0.57
Previous 31 (72) 29 (62)
Never 3 (7) 4 (8)
Histology, n (%)
Nonsquamous 34 (79) 37 (79) 0.97
Squamous 9 (21) 10 (21)
EGFR or ALK status,a n (%)
EGFR mutation positive 1 (2) 0
ALK rearrangement 0 0
aEGFR and ALK testing performed per standard of care before trial enrollment. Data available on EGFR testing for 71 patients and on ALK testing for 63
patients.
ECOG, Eastern Cooperative Oncology Group.
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The ORR by independent radiological review using
RECIST in arms A and B after eight cycles of therapy (at
24 wk) was 39.5 % (95 % confidence interval [CI]:
24.9%–54.1 %) and 40.4 % (95 % CI: 26.4%–54.5 %),
respectively (p ¼ 0.93). The ORR in arms A and B by
independent radiologic review committee using iRECIST,
a secondary end point, was 18.6 % (95 % CI: 7%–
30.2 %) and 29.8 % (95 % CI: 16.7–42.9 %), respectively
(p ¼ 0.22). The ORR as observed with platinum-based
chemotherapy as initial therapy in arm A was 23.3 %
(95 % CI: 10.6–35.9) and that with single-agent pem-
brolizumab as initial therapy in arm B was 27.7 % (95 %
CI: 14.9–40.4).

The median follow-up for all patients was 13.5
months (range: 0.69–32.7 mo). The PFS in arms A and B
was as follows: hazard ratio (HR) B versus A ¼ 1.04,
95 % CI: 0.67–1.64, log-rank test p ¼ 0.84, and median
PFS of 5.8 months and 4 months, respectively (Fig. 2A).
The PFS by independent radiologic review committee
using iRECIST in arms A and B was as follows: HR B
versus A of 1.04, 95 % CI: 0.64–1.66, log-rank test p ¼
0.88, and median PFS of 7.9 months and 8 months,
respectively (Supplementary Table 1). The spider plot
for PFS by cycle is presented in Fig. 3. The median
follow-up for 28 patients who are alive was 30.1 months
(range: 13.3–32.7 mo). The OS in arms A and B was as
follows: HR of B versus A ¼ 1.05, 95 % CI: 0.64–1.73,
log-rank p ¼ 0.85, and median of 15.5 months and 14
months, respectively (Fig. 2B).

The median number of treatment cycles in arms A
and B was 8 (range: 1–39) and 6 (range: 1–43),
respectively. The prevalence of grade greater than or
equal to 3 AEs, hematologic grade greater than or equal
to 3 AEs, and nonhematologic grade greater than or
equal to 3 AEs are presented in Table 2. Eight patients
(18 %) in arm A and six patients (13 %) in arm B dis-
continued treatment owing to AE (Fig. 1). The specific
grade greater than or equal to 2 AEs (regardless of
attribution) is presented on Supplementary Table 1. The
prevalence of grade 5 events in arms A and B was 2.3 %
(n ¼ 1) and 4.4 % (n ¼ 2), respectively. In arm A, one
patient died from neutropenic sepsis, and in arm B, one
patient died from sepsis and one patient died from a
myocardial infarction, which was determined to be
possibly related to the study therapy.
Discussion
The purpose of this phase 2 trial was to evaluate if

the activity of one of these two treatment sequences
was superior and whether a phase 3 trial should be
pursued. The results of the trial do not support a larger
trial because neither sequence is likely to result in a
clinically relevant improvement in patient outcomes.
Furthering complicating the issue, in the interval be-
tween the time this trial was designed and completed,
the treatment landscape has significantly changed.
Specifically the development of chemotherapy and
pembrolizumab combinations and better understand-
ing of the patients who are most likely to benefit from
single-agent pembrolizumab on the basis of PD-L1
expression levels.8,10,20 Currently, most patients
receive immunotherapy as part of first-line therapy.
The treatment sequence investigated in arm A is rarely



Figure 2. Kaplan-Meier curves for (A) progression-free survival and (B) overall survival. CI, confidence interval; HR, hazard
ratio.
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used, and most patients who currently receive single-
agent pembrolizumab as initial therapy, as in arm B,
have a PD-L1 expression of greater than or equal to
50 % rather than unselected patients as in our study.
These changes in the treatment landscape have
reduced the importance of investigating different se-
quences of chemotherapy and immunotherapy.

This trial has several weaknesses. We would have
included a concurrent chemotherapy and pembrolizumab
arm to compare the two sequential approaches to the
concurrent approach in a single trial. At the time this trial
was developed, PD-L1 testing was not standard, and
many different assays and scoring systems were in
development. An imbalance of patients with a high
expression (PD-L1 � 50 %) or low expression (PD-L1 <

1 %) according to the standard assay may have contrib-
uted to the results. The interpretation of any subset
analysis from this trial on the basis of PD-L1 expression
would be limited by the small sample size and a potential
imbalance in prognostic factors. The sample size is too
small to evaluate the concordance between RECIST and
iRECIST, and so these results are observational.

An important observation is that a substantial pro-
portion of patients who initiated study therapy did not
proceed to the second phase of the study, and an
even smaller proportion initiated the maintenance



Figure 3. Spider plot of progression-free survival by cycle in arms A and B. In arm A: data unavailable on seven patients owing
to death (n ¼ 2), discontinued study therapy owing to adverse event (n ¼ 2), patient noncompliance (n ¼ 1) before first study
imaging; imaging not available (n ¼ 1), no measurable disease per response evaluation criteria in solid tumors (n ¼ 1). In arm
B: data unavailable on eight patients owing to disease progression (n ¼ 5), discontinued study therapy owing to adverse event
(n ¼ 2), or patient death (n ¼ 1) before first study imaging. #, number; CR, complete response; PD, progressive disease; PR,
partial response; RECIST, Response Evaluation Criteria for Solid Tumors; SD, stable disease.
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pembrolizumab. The most common reason patients did
not proceed from the first to the second phase was a PFS
event. The ORR observed after four cycles of single-agent
pembrolizumab was 27.7 % (95 % CI: 14.9–40.4) in this
study, and the ORR observed with single-agent pem-
brolizumab when this trial was designed was 19.4 %
(95 % CI: 16.0–23.2).7 The ORR observed after four cycles
Table 2. Summary of Grade Greater Than or Equal to Three
Adverse Events (Regardless of Attribution)

Adverse Event
Arm A
(n ¼ 43)

Arm B
(n ¼ 47)

Total events, n (%)
Grade 3 event 21 (48.8) 21 (46.7)
Grade 4 event 3 (7.0) 4 (8.9)
Grade 5 event 6 (14.0) 5 (11.1)
Hematologic adverse events, n (%)
Grade 3 event 9 (20.9) 6 (14.0)
Grade 4 event 3 (7.0) 1 (2.3)
Grade 5 event 0 (0) 0 (0)
Nonhematologic events, n (%)
Grade 3 event 20 (46.5) 20 (46.5)
Grade 4 event 1 (2.3) 3 (7.0)
Grade 5 event 6 (14.0) 5 (11.6)
of platinum-based, double-agent chemotherapy was
23.3 % (95 % CI: 10.6–35.9), which is consistent with that
in previous studies.21,22 This suggests that the therapies
were performed similar to the estimates of activity when
we designed the trial. The rate of early disease progres-
sion during the initial phase reduced the number of pa-
tients who received the second phase of the study therapy
and our ability to evaluate the impact of the sequence of
therapies.

The National Cancer Institute National Clinical Trials
Network is performing a phase 3 trial to investigate the
optimal therapy at time of disease progression in stage 4
NSCLC with nonsquamous histology with PD-L1 tumor
proportion score of greater than or equal to 1 %
(NCT03793179).23 This phase 3 trial includes the
following two investigational arms: (1) single-agent pem-
brolizumab and at the time of disease progression treat-
ment with carboplatin and pemetrexed alone and (2)
single-agent pembrolizumab and at the time of disease
progression continuation of pembrolizumab and addition
of carboplatin and pemetrexed to the standard arm of
carboplatin. Each investigational arm is compared with the
standard arm of carboplatin, pemetrexed, and pem-
brolizumab followed by pemetrexed and pembrolizumab
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as used in KEYNOTE-189.10 This trial should provide in-
formation on whether continuation of pembrolizumab and
adding chemotherapy at the time of disease progression
provides benefit than the use of chemotherapy alone and
the activity of chemotherapy after first-line, single-agent
pembrolizumab.

Our trial was not designed to evaluate whether the
response to chemotherapy was higher after previous
immunotherapy. Nevertheless, this trial reveals the
challenges in evaluating the question because a sig-
nificant proportion of patients experienced disease
progression or had unacceptable adverse effects during
the first phase. The patients who proceeded to the
second phase of therapy most likely had better prog-
nostic features, more indolent disease, or more
treatment-responsive disease. Given the difficulty we
had in evaluating this clinical question in a clinical trial,
retrospective studies reporting higher response rates
with chemotherapy after immunotherapy should be
interpreted cautiously.

After initiating our trial, other chemotherapy
regimens and ICI combinations have been found to
have benefit in first-line setting ICI.24–28 The multiple
treatment options available have significantly
improved the care of patients with metastatic NSCLC.
Importantly, many patients do not respond or expe-
rience disease progression after initial response.
Thus, the optimal therapy at the time of disease
progression and the sequencing of available therapies
remain clinically relevant questions.
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