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ABSTRACT

Purpose. Lung cancer is one of the most common types of can-
cer, resulting in approximately 1.8 million deaths worldwide.
Immunotherapy using checkpoint inhibitors has become stan-
dard of care in advanced non-small cell lung cancer (NSCLC),
and there is increasing interest in further improving outcomes
through combination with other therapeutics. This systematic
review evaluates emerging phase III data on the efficacy and
safety of checkpoint inhibitor combinations as first-line treat-
ment for advanced NSCLC.
Materials and Methods. Published and presented literature
was searched using the key search terms “non-small cell lung
cancer” AND “checkpoint-inhibitors” (OR respective aliases)
AND phase III trials. Seven randomized phase III clinical trials
reporting outcomes on checkpoint inhibitor combinations in
first-line advanced NSCLC were identified.
Results. Four first-line trials reported outcomes for check-
point inhibitor combinations in nonsquamous NSCLC.
Pembrolizumab-chemotherapy, atezolizumab-chemotherapy, and
atezolizumab-bevacizumab-chemotherapy showed significantly

improved overall survival compared with controls in patients
with advanced nonsquamous epidermal growth factor receptor-
negative (EGFR−)/ anaplastic lymphoma kinase gene (ALK)−
NSCLC. Two trials reported outcomes for squamous NSCLC, with
pembrolizumab-chemotherapy reporting significantly improved
overall survival (OS) compared with chemotherapy. The combi-
nation of nivolumab-ipilimumab in all-comer histology failed
to improve OS compared with histology appropriate chemo-
therapy in patients regardless of their tumor mutational bur-
den status. Based on improved survival and safety, either
pembrolizumab monotherapy or pembrolizumab-chemotherapy
administered based on PD-L1 status and histology is a preferred
treatment option. Outcomes for atezolizumab-bevacizumab-
chemotherapy in EGFR+/ALK+ patients are promising and require
further exploration.
Conclusion. First-line checkpoint inhibitors added to standard
therapies improve overall survival for nonsquamous EGFR−/
ALK− and squamous advanced NSCLC. The Oncologist
2020;25:64–77

Implications for Practice: Single-agent immune checkpoint inhibitors are now standard of care for advanced non-small cell lung
cancer (NSCLC), and emerging data show that combining these agents with established chemotherapy further improves out-
comes. The phase III KEYNOTE-189 and IMPower-130 trials showed significantly improved survival using this strategy for non-
squamous NSCLC, and the phase III KEYNOTE-407 trial showed similar results in squamous disease. Checkpoint inhibitor
combinations are therefore an important new treatment option for first-line NSCLC. Programmed death ligand-1 expression may
inform the use of checkpoint inhibitor combination therapy, and overall tumor mutation burden is also an emerging biomarker
for this new treatment strategy.
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INTRODUCTION

Lung cancer is one of the most common types of cancer, with
an estimated nearly 2.1 million new cases diagnosed resulting
in an estimated 1.8 million deaths worldwide in 2018 [1]. Non-
small cell cancer (NSCLC) accounts for approximately 85% of
lung malignancies, and about 70% are diagnosed with a non-
squamous histology such as adenocarcinoma or large cell
carcinoma [2–4]. Over half of newly diagnosed patients are
considered incurable because of the presence of metasta-
ses at the time of initial presentation [5]. Additionally, many
patients with NSCLC have driver mutations such as epidermal
growth factor receptormutations (EGFR+; 10%–50% of patients)
or anaplastic lymphoma kinase gene rearrangements (ALK+;
3%–5% of patients) [6–9], and approximately 25%–45% of
NSCLCs have a programmed death ligand-1 (PD-L1) tumor
proportional score (TPS) ≥50 [10, 11].

Tumor cells evade immune responses which normally
function to prevent immune-mediated damage to healthy
tissues [12]. The expression of checkpoint regulator mole-
cules such as PD-L1 can downregulate cytotoxic T lympho-
cytes (cluster of differentiation protein 8 [CD8] T cells) in the
tumor microenvironment through programmed cell death
protein 1 (PD-1)/PD-L1 interactions [13, 14], and the cyto-
toxic T-lymphocyte associated protein 4 (CTLA-4) displaces
interactions between CD28 and its ligands, CD80 and CD86,
preventing CD8 T-cell priming in lymphatic tissue (Fig. 1) [12,
14, 15]. Monoclonal antibody (mAb) checkpoint inhibitors
have been developed, however, that disrupt both PD-1/
PD-L1 and CTLA-4/CD80(86) interactions, re-engaging the
effector and activation phases of T-cell activity and enhanc-
ing immune-mediated cytotoxic antitumor responses [14,
15]. Although agents against both CTLA-4 and PD-1/PD-L1
are considered checkpoint inhibitors, single-agent anti-PD-
1/PD-L1 agents have had more success to date in the treat-
ment of NSCLC, significantly improving overall survival
(OS) in patients with advanced NSCLC [11, 16–22], often
with durable responses. Despite the success of single-agent
checkpoint inhibitors in advanced disease, new regimens
continue to be developed to improve efficacy and expand
checkpoint inhibitor use.

Current standards of care for first-line advanced NSCLC
vary depending on the presence of absence of driver muta-
tions, histology, and PD-L1 expression [23–25]. Patients with
driver mutations (EGFR+/ALK+) should receive targeted ther-
apy based on substantial survival benefit compared with che-
motherapy [26], until resistance to available lines of targeted
therapies has developed. For patients with EGFR/ALK wild-
type (EGFR−/ALK−) tumors and patients with unknown, no,
or low levels of PD-L1 expression (TPS 0%–49%), 4–6 cycles
of platinum-based chemotherapy (CT) for squamous disease
and the same with or without bevacizumab followed with
possible maintenance therapy with pemetrexed has been
standard treatment for nonsquamous disease. For patients
with higher levels of PD-L1 expression (≥50% PD-L1), single-
agent pembrolizumab is indicated [27]. Second-line therapy
has consisted of either chemotherapy or a checkpoint inhibi-
tor, depending on prior treatments.

Increasing interest has developed in combining check-
point inhibitors with other therapeutics in order to improve

outcomes. A number of biological rationales suggest potential
additive or synergistic benefit for combining checkpoint inhibi-
tors with other established therapies, including enhanced tumor
antigen uptake and presentation for T-cell priming, reducing the
activity of immunosuppressive cells, and potentially increasing
PD-L1 expression on NSCLC tumor cells (Fig. 1) [11, 20, 22,
28–34]. Early clinical trial data on checkpoint inhibitor combina-
tions showed promising activity [35–38], and rapidly emerging
phase III data have led to the approval of some checkpoint inhib-
itor combinations for the first-line treatment of metastatic non-
squamous [39, 40] and squamous [41] NSCLC. There is therefore
a great need for a systematic analysis to guide the clinical use of
checkpoint inhibitor combinations. The purpose of this review is
to evaluate emerging phase III data on the efficacy and safety of
checkpoint inhibitor combinations for first-line advanced NSCLC
and to assess whether additional changes in clinical practice are
warranted.

MATERIALS AND METHODS

PubMed (to October 17, 2018), the proceedings of the American
Society of Clinical Oncology (2016–2018), the Annual Con-
gress of the European Society for Medical Oncology (ESMO;
2016–2018), ESMO Immuno-Oncology Congress (2016–2017),
and the World Conference on Lung Cancer of the International
Association for the Study of Lung Cancer (2016–2018) meetings
were searched using the key search terms “non-small cell lung
cancer” AND “checkpoint inhibitors” (OR respective aliases)
AND phase III trials aliases and/or filters. A supplemental biblio-
graphic search of recent review articles and directed searches
for updated reports of specific studies was also conducted.
Records were vetted at abstract and confirmed at full text level
as needed, and only phase III trials with published or presented
efficacy results evaluating checkpoint inhibitor combinations for
first-line advanced NSCLC were eligible. Line of therapy was
assigned based on the majority of the study population.

FINDINGS
The literature search produced a total of 543 records rep-
resenting seven randomized phase III clinical trials reporting
outcomes of checkpoint inhibitor combinations in first-line
advanced NSCLC (PRISMA Diagram, Fig. 2) [42–48].

First-Line Advanced

Nonsquamous
First-line atezolizumab plus platinum CT showed promising effi-
cacy with a tolerable safety profile in an early phase trial [35].
The phase III IMpower-150 trial randomized PD-L1 unselected
patients with stage IV or recurrent metastatic nonsquamous
NSCLC to receive atezolizumab plus carboplatin and paclitaxel
followed by atezolizumab maintenance (Atez-CP, n = 402),
atezolizumab plus bevacizumab and carboplatin and paclitaxel
followed by atezolizumab and bevacizumabmaintenance (Atez-
Bev-CP, n = 400), or bevacizumab and carboplatin and paclitaxel
followed by bevacizumabmaintenance (Bev-CP, n = 400). EGFR+/
ALK+ patients were eligible if they progressed on or were
intolerant to one or more approved targeted therapies. These
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patients were included in the intention-to-treat (ITT) anal-
ysis; however, they were excluded from the primary end-
point analyses, which included only EGFR−/ALK− patients
(ITT EGFR−/ALK−; Atez-Bev-CP, n = 359; Atez-CP, n = 349;

Bev-CP, n = 337 for the OS analysis). At a median follow-up of
approximately 15.5 months, significant improvements for Atez-
Bev-CP versus Bev-CP were seen in the coprimary endpoints of
investigator-assessed progression-free survival (PFS) in ITT

Figure 1. Rationale for checkpoint inhibitor combinations with chemo/targeted therapy in the antitumor response. (A): Cytotoxic
chemotherapy. Chemotherapy kills tumor cells through cytotoxicity (1), releasing tumor antigens that are carried to lymphatic tis-
sue by dendritic cells (2). Antigen is presented to naive CD8 T cells to prime them for the antitumor response (3). Primed CD8 T
cells travel back to the tumor microenvironment, where they recognize the tumor cell and initiate T-cell mediated immunogenic
tumor cell death (4) [80–82]. Chemotherapy inhibits immune-suppressive cells (myeloid-derived suppressor cells [MDSCs] and regu-
latory T cells) (5), which relieves inhibition of CD8 T cells to initiate T-cell mediated immunogenic tumor cell death (4) [80, 82]. Che-
motherapy may increase expression of PD-L1 on tumor cells, enhancing immunotherapy efficacy (6) [83]. (B): Targeted therapy.
Bevacizumab stimulates dendritic cell maturation (7) to increase CD8 T-cell priming (2, 3) and T-cell mediated immunogenic tumor cell
death (4) in the tumor microenvironment [81]. Bevacizumab inhibits MDSC immune-suppressive cells (8), which relieves inhibition of CD8
T-cells to initiate T-cell mediated immunogenic tumor cell death (4) [81]. (C): Radiation therapy. Ionizing radiation leads to direct cytotoxic-
ity (1) and enhances both antigen uptake (2) and cross presentation of antigen by dendritic cells to prime CD8 T cells (3) for T-cell medi-
ated immunogenic tumor cell death (4) [82]. Ionizing radiation may increase PD-L1 expression on tumor cells [28, 29, 31, 84–87],
enhancing immunotherapy efficacy (6). (D): Immune checkpoint inhibitors. Interaction between PD-L1/(PD-L2) $ PD-1 suppresses CD8
T-cell activity (9) [13, 14], reducing T-cell mediated immunogenic tumor cell death (4). Anti-PD-1/PD-L1 agents disrupt the interaction
between PD-L1/(PD-L2)$ PD-1 (10), relieving tumor-mediated PD-L1/(PD-L2) inhibition of T-cell mediated immunogenic tumor cell death
(11) [12, 14, 88]. Anti-CTLA-4 agents disrupt the interaction between CTLA-4$ CD80/86 (12), blocking CTLA-4$ CD80/86 mediated inhi-
bition (13) of CD8 T-cell priming (3), and have also been reported to inhibit Tregs [34, 89–91]. Primed CD8 T cells travel back to the tumor
microenvironment, where they recognize the tumor cell and initiate T-cell mediated immunogenic tumor cell death (4) [92, 93].
Abbreviations: CD28, cluster of differentiation 28; CD8 T-Cell, cluster of differentiation 8 T lymphocyte; CD80/86, cluster of differentiation
80/86; CKTi, checkpoint-inhibitor; CT, chemotherapy; CTLA-4, cytotoxic T-lymphocyte associated protein 4; MHC, major histocompatibility
complex; MDSC, myeloid-derived suppressor cell; PD-1, programmed cell death protein 1; PD-L1, programmed death ligand-1; PD-L2,
programmed death ligand 2; TCR, T cell receptor; Treg, regulatory T cell.

© AlphaMed Press 2019

First-Line NSCLC Checkpoint Inhibitor Combinations66



EGFR−/ALK− patients (median, 8.3 vs. 6.8 months; hazard ratio
[HR], 0.62; 95% confidence interval [CI] 0.52–0.74, p < .001;
Table 1), and in patients with high expression of the
T-effector (Teff ) gene signature (Teff-high)/ EGFR−/ALK−
patients (median, 11.3 vs. 6.8 months; HR, 0.51; 95% CI,
0.38–0.68, p < .001) [48]. At amedian follow-up of approximately
20 months, OS in the ITT EGFR−/ALK− population was also sig-
nificantly improved (median, 19.2 vs. 14.7 months; HR, 0.78;
95% CI, 0.64–0.96; p = .02). Although not yet mature, median OS
was not significantly improved for Atez-CP versus Bev-CP (19.4
vs. 14.7 months; HR, 0.88; 95% CI, 0.72–1.08; p = .20) [49]. Dis-
continuation of any treatment because of any-grade adverse

events (AEs) was 33.8% for Atez-Bev-CP, 13.3% for Atez-CP, and
24.9% for Bev-CP (Table 2) [49]. Grade 3/4 treatment-related AEs
(TRAEs) occurred in 56.7%, 43.0%, and 48.5% in patients receiv-
ing Atez-Bev-CP, Atez-CP, and Bev-CP, respectively, with themost
common grade 3/4 immune-related AEs (irAEs) reported in
the Atez-Bev-CP arm being hepatitis/laboratory abnormali-
ties (5.1%/4.6%), rash (2.3%), colitis (1.8%), and pneumoni-
tis (1.5%).

Early data from KEYNOTE-021 (cohort G) in patients with
untreated stage IIIb/IV EGFR−/ALK− nonsquamous NSCLC
showed significantly improved PFS and OS for pembrolizumab
plus pemetrexed and carboplatin versus pemetrexed and

Figure 2. PRISMA diagram of eligible first-line checkpoint inhibitor combination phase III trials.
aPrimary reports of eligible studies that were not identified through database.
Abbreviations: AACR, American Association for Cancer Research; ASCO, American Society of Clinical Oncology; ESMO, European
Society for Medical Oncology; ESMO IO, European Society for Medical Oncology Immuno-Oncology; NSCLC, non-small cell lung can-
cer; PD-(L)1, programmed cell death protein (ligand) 1; WCLC,World Conference on Lung Cancer
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Table 1. Randomized first-line phase III trials assessing efficacy of checkpoint inhibitor combinations for the treatment of
advanced NSCLC in ITT populations

Trial
Setting; line of
treatment Regimen(s)

Maintenance
therapy n

Median age
[range], yr

Median
follow-up,
mo

Overall
response
rate
(95% CI), %

Median duration
of response
(95% CI)
[range], mo

Median
progression-free
survival,
(95% CI), mo

Median
overall survival,
(95% CI), mo

Nonsquamous

IMpower-150
[44, 45]

Stage IV; (including
EGFR+/ALK+)a

PD-L1 unselected

Atezolizumab 1,200
mg + carboplatin
AUC 6 + paclitaxel
200 mg/m2 q3w for
4 or 6 cycles

Atezolizumab 1,200
mg q3w until PD

349b 63c [32–85] ~20 40c 8.3c [1.9–26.0] NR 19.4b,d

Atez-CP vs. Bev-CP:
HR 0.88
(0.72–1.08)
p = .20

Atezolizumab 1,200
mg + carboplatin
AUC 6 + paclitaxel
200 mg/m2 q3w for
4 or 6 cycles +
bevacizumab 15
mg/kg q3w

Atezolizumab 1,200
mg + bevacizumab
15 mg/kg IV q3w
until PD

359b 63c [31–89] 15.4b 63.5b (58.2–68.5) 9.0b [0.4–24.9] 8.3b

Atez-Bev-CP vs.
Bev-CP: HR 0.62
(0.52–0.74)
p < .001

19.2
Atez-Bev-CP vs.
Bev-CPb,d: HR 0.78
(0.64–0.96)
p = .02

Carboplatin AUC 6
+ paclitaxel 200
mg/m2 q3w for 4
or 6 cycles +
bevacizumab 15
mg/kg q3w

Bevacizumab 15
mg/kg q3w until
PD

337b 63c [31–90] 15.5b 48.0b (42.5–53.6) 5.7b [0.0–22.1] 6.8b 14.7

KEYNOTE-189
[40]

Metastatic EGFR
−/ALK−; PD-L1
unselected

Pembrolizumab
200 mg +
pemetrexed 500
mg/m2 + (cisplatin
75 mg/m2 or
carboplatin AUC 6)
q3w × 4

Pembrolizumab
200 mg q3w ≤x31 +
pemetrexed 500
mg/m2 q3w

410 65.0
[34.0–84.0]

10.5 47.6 (42.6–52.5),
p < .001

11.2 [1.1+ to 18.0+] 8.8
HR 0.52
(0.43–0.64)
p < .001

NYR
HR 0.49
(0.38–0.64)
p < .001

Placebo +
pemetrexed 500
mg/m2 + (cisplatin
75 mg/m2 or
carboplatin AUC 5)
q3w × 4

Placebo +
pemetrexed 500
mg/m2 q3wn

206 63.5
[34.0–84.0]

18.9 (13.8–25.0) 7.8 [2.1+ to 16.4+] 4.9 11.3

IMpower-132
[47]

Stage IV EGFR
−/ALK−; PD-L1
unselected

Atezolizumab 1,200
mg + pemetrexed
500 mg/m2 +
(cisplatin 75 mg/m2

or carboplatin AUC
6) q3w × 4 or 6

Atezolizumab 1,200
mg + pemetrexed
500 mg/m2 q3w

292 64.0
[31.0–85.0]

14.8 47 10.1 7.6
HR 0.60
(0.49–0.72)
p < .0001

18.1
HR 0.81
(0.64–1.03)
p = .08

Pemetrexed 500
mg/m2 + (cisplatin
75 mg/m2 or
carboplatin AUC 5)
q3w × 4 or 6

Pemetrexed 500
mg/m2 q3w

286 63.0
[33.0–83.0]

32 7.2 5.2 13.6

IMpower-130
[46]

Stage IV (including
EGFR+/ALK+)b,e;
PD-L1 unselected

Atezolizumab 1,200
mg + carboplatin
AUC 6 +
nab-paclitaxel 100
mg/m2 q3w for 4
or 6 cycles

Atezolizumab 1,200
mg q3w until PD

451 NR ~19.0 49.2 8.4 (6.9–11.8)
p = .0004

7.0
HR 0.64
(0.54–0.77)
p < .0001

18.6
HR 0.79
(0.64–0.98)
p = .033

Carboplatin AUC 6
+ nab-paclitaxel
100 mg/m2 q3w for
4 or 6 cycles

BSC or pemetrexed
500 mg/m2 q3w

228 NR 31.9 6.1 (5.5–7.9) 5.5 13.9

Squamous

KEYNOTE-407
[48]

Stage IV; PD-L1
unselected

Pembrolizumab
200 mg +
carboplatin AUC 6
q3w + paclitaxel
200 mg/m2 q3w or
nab-paclitaxel 100
mg/m2 q1w for 4
cycles

Pembrolizumab
200 mg q3w ≤x31

278 65.0
[29–87]

7.8 57.9 (51.9–63.8)
p = .0004

7.7 [1.1+to 14.7+] 6.4
HR 0.56
(0.45–0.70)
p < .001

15.9
HR 0.64
(0.49–0.85)
p < .001

Placebo +
carboplatin AUC 6
q3w + paclitaxel
200 mg/m2 q3w or
nab-paclitaxel 100
mg/m2 q1w for 4
cycles

Placebo q3w ≤x31f 281 65.0
[36–88]

38.4 (32.7–44.4) 4.8 [1.3+ to 15.8+] 4.8 11.3

IMPower-131
[42, 51]

Stage IV (including
EGFR+/ALK+)j.k;
PD-L1 unselected

Atezolizumab 1,200
mg + carboplatin
AUC 6 q3w +
nab-paclitaxel 100
mg/m2 q1w for 4
or 6 cycles

Atezolizumab 1,200
mg q3w until PD

343 65 [23–83] 17.1 49 7.2 [1.7–28.1] 6.3
HR 0.71
(0.60–0.85)
p = .0001

14.6
HR 0.92
(0.76–1.12)
p = .41

Carboplatin AUC 6
q3w +
nab-paclitaxel 100
mg/m2 q1w for 4
or 6 cycles

Best Supportive
Care until PD

340 65 [38–86] 41 5.2 [2.1–27.6] 5.6 14.3

(continued)
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carboplatin followed by optional pemetrexed maintenance in
both arms [37, 50, 51]. The KEYNOTE-189 phase III trial random-
ized PD-L1-unselected patients with stage IV nonsquamous
EGFR−/ALK− NSCLC 2:1 to receive pembrolizumab plus
pemetrexed and platinum chemotherapy followed by
pembrolizumab plus pemetrexed maintenance (Pembro-
pemCT, n = 410) or placebo plus pemetrexed and platinum
chemotherapy followed by pemetrexed maintenance CT
(Pb-pemCT, n = 206). Crossover to pembrolizumab was
allowed in the Pb-pemCT arm following disease progression.
With a median follow-up of 10.5 months, significant im-
provements were seen for the coprimary endpoints of median
PFS (8.8 vs. 4.9 months; HR, 0.52; 95% CI, 0.43–0.64; p < .001)
as assessed by blinded independent central review (BICR) and
median OS (not yet reached vs. 11.3 months; HR, 0.49; 95% CI,
0.38–0.64; p < .001) for the Pembro-pemCT versus Pb-pemCT
arms, respectively (Table 1) [43]. Discontinuation of any treat-
ment component because of AEs occurred in 27.7% versus
14.9% of patients in the Pembro-pemCT versus Pb-pemCT
arms (Table 2). Although TRAEs were not reported, any-cause
grade 3–5 AEs were similar between arms (67.2% vs. 65.8%),
and the most common grade 3–5 irAEs of interest were pneu-
monitis (2.7%), severe skin reactions (2.0%), nephritis (1.5%),
and hepatitis (1.0%).

The phase III IMpower-132 trial randomized PD-L1-
unselected patients with stage IV nonsquamous EGFR−/ALK−
NSCLC to receive atezolizumab plus pemetrexed and platinum
chemotherapy followed by atezolizumab plus pemetrexed
maintenance (Atez-pemCT, n = 292) or pemetrexed and
platinum chemotherapy followed by pemetrexed maintenance
(pemCT, n = 286). At a median follow-up of 14.8 months, sig-
nificant improvements for Atez-pemCT versus pemCT were
seen in the coprimary endpoint of investigator-assessed
PFS (median, 7.6 vs. 5.2 months; HR, 0.60; 95% CI,
0.49–0.72; p < .0001; Table 1), with no improvement in OS

(median, 18.1 vs. 13.6 months; HR, 0.81; 95% CI, 0.64–1.03;
p = .08) [46]. Discontinuation of any treatment because of
any-grade AEs occurred in 23.7% of patients receiving Atez-
pemCT and 17.5% of patients in the pemCT arms (Table 2).
Grade 3/4 TRAEs occurred in 53.6% and 39.1% of patients
receiving Atez-pemCT and pemCT, respectively, with the
most common grade 3/4 AEs of special interest in the Atez-
pemCT arm being rash (3.1%), hepatitis (2.4%), and pneu-
monitis (2.1%).

The phase III IMpower-130 trial randomized PD-L1-
unselected patients with stage IV nonsquamous NSCLC to
receive atezolizumab plus carboplatin and nab-paclitaxel
followed by atezolizumab maintenance (Atez-CnP) or car-
boplatin and nab-paclitaxel followed by best supportive
care (CnP). EGFR+/ALK+ patients were eligible for the trial
but excluded from the primary endpoint analyses, which
included only ITT EGFR−/ALK− patients (Atez-CnP, n = 451;
CnP, n = 228). At a median follow-up of approximately
19 months, significant improvements for Atez-CnP versus CnP
were seen in the coprimary endpoints of investigator-assessed
PFS in ITT EGFR−/ALK− patients (median, 7.0 vs. 5.5months; HR,
0.64; 95% CI, 0.54–0.77; p < .0001; Table 1) and OS in ITT EGFR
−/ALK− patients (median, 18.6 vs. 13.9 months; HR, 0.79; 95%
CI, 0.64–0.98; p = .033) [42]. Discontinuation of any treatment
because of AEs in ITT occurred in 26.4% of patients receiving
Atez-CnP and 22.0% of patients in the CnP arm (Table 2). Grade
3/4 TRAEs occurred in 73.2% and 60.3% of patients receiving
Atez-CnP and CnP, respectively, with the most common grade
3/4 AEs of special interest in the Atez-CnP arm being colitis
(1.1%), hypothyroidism (0.6%), hepatitis (0.4%), and diabetes
melitus (0.4%).

Squamous
The phase III KEYNOTE-407 study randomized PD-L1-
unselected patients with stage IV untreated squamous

Table 1. (continued)

Trial
Setting; line of
treatment Regimen(s)

Maintenance
therapy n

Median age
[range], yr

Median
follow-up,
mo

Overall
response
rate
(95% CI), %

Median duration
of response
(95% CI)
[range], mo

Median
progression-free
survival,
(95% CI), mo

Median
overall survival,
(95% CI), mo

All-comers
histology

CHECKMATE-227
[41]

Stage IV or
recurrent EGFR
−/ALK−; PD-L1
unselectedg

Nivolumab 3 mg/kg
q2w + ipilimumab
1 mg/kg q6w

None 583 64 [NR] 11.2h NR NR 4.9
HR 0.83
(0.72–0.96)
p = NR

NR

Histology-based CTi Pemetrexed 500
mg/m2 q3w
(nonsquamous
only)

583 64 [NR] NR NR 5.5 NR

Arms of randomized first-line phase III trials of checkpoint inhibitor combinations with outcomes available in ITT were ordered by line of therapy beginning with the later lines, then by histology
and chronology.
aPatients with EGFR+/ALK+ disease that had disease progression or were intolerant to ≥1 approved TKIs were randomized and enrolled in the trial (ITT) but excluded from the primary analyses
(ITT EGFR−/ALK−). Outcomes and values reported as ITT EGFR−/ALK− unless otherwise stated.
bData reflect the ITT EGFR−/ALK− population.
cData reflect ITT population.
dMedian follow-up approximately 20 months.
e32 patients in the atezo + CnP arm and 12 patients in the CnP arm had EGFR or ALK genomic alterations and were not included in the ITT EGFR−/ALK− population.
fPatients with disease progression were eligible to cross over to receive pembrolizumab monotherapy.
gOutcomes for nivolumab plus chemotherapy and nivolumab monotherapy arms in ITT populations not yet available.
hMinimum follow-up.
iNonsquamous: pemetrexed + cisplatin or carboplatin with optional pemetrexed maintenance or nivolumab + pemetrexed maintenance following nivolumab; squamous: gemcitabine + cisplatin,
or gemcitabine + carboplatin.
jPatients with EGFR or ALK genomic alterations could be included if they had had disease progression or were intolerant to ≥1 approved TKI.
kAnalysis of a third arm evaluating atezolizumab + carboplatin + paclitaxel is planned if the reported analysis shows significant OS benefit for the addition of atezolizumab.
lNonsquamous: pemetrexed + cisplatin or carboplatin with optional pemetrexed maintenance or nivolumab + pemetrexed maintenance following nivolumab; squamous: gemcitabine + cisplatin,
or gemcitabine + carboplatin.
Abbreviations: ALK, anaplastic lymphoma kinase; Atez, atezolizumab; Bev, bevacizumab; AUC, area under the curve; BSC, best supportive care; CI, confidence interval; CP, carboplatin and pacli-
taxel; CT, chemotherapy; EGFR, epidermal growth factor receptor; HR, hazard ratio; ITT, intent-to-treat; NSCLC, non-small cell lung cancer; NR, not reported; NYR, not yet reached; OS, overall
survival; PD, progressive disease; PD-L1, programmed death ligand-1; TKI, tyrosine kinase inhibitor.
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NSCLC to receive pembrolizumab plus carboplatin and pacli-
taxel or nab-paclitaxel followed by pembrolizumab mainte-
nance [Pembro-C(n)P, n = 278] or placebo plus carboplatin
and paclitaxel or nab-paclitaxel followed by placebo mainte-
nance [Pb-C(n)P, n = 281]. Crossover to pembrolizumab was
permitted in the Pb-C(n)P arm upon progressive disease. At
a median follow-up of 7.8 months, significant improvements
were seen for Pembro-C(n)P versus Pb-C(n)P in the coprimary
endpoints of BICR-assessed PFS (median, 6.4 vs. 4.8 months;
HR, 0.56; 95% CI, 0.45–0.70; p < .001) and OS (median, 15.9
vs. 11.3 months; HR, 0.64; 95% CI, 0.49–0.85; p < .001;
Table 1) [47]. Discontinuation of any treatment because of
any-cause AEs occurred in 23.4% and 11.8% of patients in the
Pembro-C(n)P and Pb-C(n)P arms, respectively (Table 2).
TRAEs were not reported, although any-cause grade 3–5
AEs were similar between arms (69.8% vs. 68.2%). The most

common grade 3–5 irAEs in the Pembro-C(n)P arm were
pneumonitis (2.5%), colitis (2.2%), and hepatitis (1.8%).

The phase III IMpower-131 study randomized PD-L1-
unselected patients with stage IV squamous NSCLC to receive
atezolizumab plus carboplatin and paclitaxel followed by
atezolizumab maintenance (Atez-CP, n = 338), atezolizumab
plus carboplatin and carboplatin and nab-paclitaxel followed by
atezolizumab maintenance (Atez-CnP, n = 343), or carboplatin
and nab-paclitaxel followed by best supportive care (CnP,
n = 340). Crossover during maintenance was not permitted.
Outcomes for the Atez-CnP and CnP arms were available at a
median follow-up of 17.1 months. A significant benefit in the
coprimary endpoint of investigator-assessed PFS was seen for
Atez-CnP versus CnP (median, 6.3 vs. 5.6 months; HR, 0.71; 95%
CI, 0.60–0.85; p = .0001; Table 1) [45]. The coprimary end-
point of OS was comparable between arms (median, 14.0

Table 2. Safety outcomes from phase III trials evaluating checkpoint inhibitor combinations for the treatment of advanced
or stage III NSCLC

Trial
IMpower-150 Socinski ASCO
2018 Socinski NEJM 2018

KEYNOTE-189
Gandhi 2018

IMpower 132
Papadimitrakopoulou

WCLC 2018

IMpower-130
Cappuzzo
ESMO 2018

KEYNOTE-407
Paz-Ares 2018

IMpower-131
Jotte 2018

CHECKMATE-227
Hellmann 2018

Hellmann AACR 2018

Histology Nonsquamous Squamous All-comers histology

Disease stage IV IIIb or IV IV IV IV IV IV (or recurrent)

Regimen(s) Atez-Bev-CP Atez-CP Bev-CP Pembro-pemCT Pb-pemCT Atez-pemCT pemCT Atez-CnP CnP Pembro-C(n)P Pb-C(n)P Atez-CnP CnP Niv-Ipi HCT

Safety Population (n) 393 400 394 405 202 291 274 473 232 278 280 334 334 576 570

Overall

Treatment-related AEs, n (%)

Any Gr 370 (94.1) 377 (94.3) 377 (95.7) 404 (99.8)a 200 (99.0)a 267 (91.8) 239 (87.2) 455 (96.2) 215 (92.7) 273 (98.2)a 274 (97.9)a 316 (94.6) 303 (90.7) 433 (75.2) 460 (80.7)

Gr 3/4 223 (56.7) 172 (43.0) 191 (48.5) 272 (67.2)a 133 (65.8)a 156 (53.6) 107 (39.1) 346 (73.2) 140 (60.3) 194 (69.8)a 191 (68.2)a 227 (68.0) 190 (56.9) 180 (31.2) 206 (36.1)

Treatment-related Serious
AEs, n (%)

100 (25.4) NR 76 (19.3) NR NR 96 (33.0) 43 (15.7) 112 (23.7) 30 (12.9) NR NR 68 (20.4) 35 (10.5) 138 (24.0) 79 (13.9)

AEs leading to
discontinuation of any
treatment, n (%)

133 (33.8) 53 (13.3) 98 (24.9) 112 (27.7) 30 (14.9) 69 (23.7) 48 (17.5) 125 (26.4) 51 (22.0) 65 (23.4) 33 (11.8) 97 (29.0) 58 (17.4) 100 (17.4)b 51 (8.9)

AE- or treatment-
associated deaths, n (%)

11 (2.8) 4 (1.0) 9 (2.3) 27 (6.7)c 12 (5.9)c 11 (3.8) 7 (2.6) 25 (5.3) 13 (5.6) 10 (3.6) 6 (2.1) 4 (1.2) 3 (0.9) 7 (1.2) 6 (1.1)

Select immune-related AEs

Pneumonitis, n (%)

Any Gr 13 (3.3) 23 (5.8) 5 (1.3) 18 (4.4)d 5 (2.5)d 16 (5.5) 6 (2.2) 31 (6.6) 3 (1.3) 18 (6.5)d 6 (2.1)d 23 (6.9) 5 (1.5) NR (8)e NR

Gr 3/4 6 (1.5) 8 (2.0) 2 (0.5) 11 (2.7)d 4 (2.0)d 6 (2.1) 3 (1.1) 0 (0.0) 1 (0.4) 7 (2.5)d 3 (1.1)d 4 (1.2) 3 (0.9) NR (3)e NR

Hypothyroidism, n (%)

Any Gr 56 (14.2) 34 (8.5) 18 (4.6) 27 (6.7)d 5 (2.5)d 23 (7.9) 6 (2.2) 70 (14.8) 1 (0.4) 22 (7.9)d 5 (1.8)d 34 (10.2) 3 (0.9) Any grade:
NR (23)e

Grade 3/4:
NR (~4)

e

NR

Gr 3/4 1 (0.3) 1 (0.3) 0 (0.0) 2 (0.5)d 0 (0.0)d 1 (0.3) 0 (0.0) 3 (0.6) 0 (0.0) 1 (0.4)d 0 (0.0)d 2 (0.6) 0 (0.0)

Hyperthyroidism, n (%)

Any Gr 16 (4.1) 11 (2.8) 5 (1.3) 16 (4.0)d 6 (3.0)d 6 (2.1) 3 (1.1) 23 (4.9) 1 (0.4) 20 (7.2)d 2 (0.7)d 11 (3.3) 1 (0.3)

Gr 3/4 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)d 0 (0.0)d 1 (0.3) 0 (0.0) 1 (0.2) 0 (0.0) 1 (0.4)d 0 (0.0)d 1 (0.3) 0 (0.0)

Rash/severe skin reaction, n (%)

Any Gr 117/4
(29.8/1.0)

119/NR
(29.8/NR)

53/1
(13.5/0.3)

82f/8d

(20.2f/2.0)
23f/5d

(11.4f/2.5)d
71/4
(24.4/1.4)

58/2
(21.2/0.7)

NR NR NR/5
(1.8)d

NR/1
(0.4)d

74/NR
(22.2/NR)

39/NR
(11.7/NR)

96 (16.7)/
NR (34)e

29 (5.1)/NR

Gr 3/4 9/NR
(2.3/NR)

14/NR
(3.5/NR)

2/NR
(0.5/NR)

7f/8d

(1.7f/2.0d)
3f/4d

(1.5i/2.0d)
9/2
(3.1/0.7)

5/0
(1.8/0.0)

NR NR NR/3
(1.1)d

NR/1
(0.4)d

6/NR
(1.8/NR)

1/NR
(0.3/NR)

9 (1.6) /
NR (4)e

0 (0.0)/NR

Hepatitis, n (%)

Any Gr 54 (13.7) 42 (10.5) 29 (7.4) 5 (1.2)d 0 (0.0)d 13 (4.5) 2 (0.7) 8 (1.7) 3 (1.3) 5 (1.8)d 0 (0.0)d 58 (17.4) 29 (8.7) NR (15)e NR

Gr 3/4 20 (5.1) 12 (3.0) 3 (0.8) 4 (1.0)d 0 (0.0)d 7 (2.4) 0 (0.0) 2 (0.4) 1 (0.4) 5 (1.8)d 0 (0.0)d 18 (5.4) 4 (1.2) NR (8)e NR

Colitis, n (%)

Any Gr 11 (2.8) 3 (0.8) 2 (0.5) 9 (2.2)d 0 (0.0)d 5 (1.7) 0 (0.0) 5 (1.1) 1 (0.4) 7 (2.5)d 4 (1.4)d 6 (1.8) 0 (0.0) NR (18)e NR

Gr 3/4 7 (1.8) 2 (0.5) 2 (0.5) 3 (0.7)d 0 (0.0)d 2 (0.7) 0 (0.0) 5 (1.1) 0 (0.0) 6 (2.2)d 3 (1.1)d 4 (1.2) 0 (0.0) NR (2)e NR

Nephritis, n (%)

Any Gr 3 (0.8) NR 0 (0.0) 7 (1.7)d 0 (0.0)d NR NR NR NR 2 (0.7)d 2 (0.7)d NR NR NR (4)e NR

Gr 3/4 1 (0.3) NR 0 (0.0) 6 (1.5)d 0 (0.0)d NR NR NR NR 2 (0.7)d 2 (0.7)d NR NR NR (1)e NR

Overall safety outcomes and select immune-related AEs from phase III checkpoint inhibitor trials ordered by histology and stage.
aAdverse events of any cause in the as-treated population.
bEvents include treatment-related adverse events leading to discontinuation of ipilimumab or both trial drugs.
cGrade 5 adverse events of any cause or Grade 5 events deemed related to treatment.
dAdverse events of interest in the as-Treated Population. Grade 3–4 AEs includes grade 5 AEs.
eTreatment-related select AEs by category; pulmonary = pneumonitis, endocrine = hyper(hypo)thyroidism, skin = severe skin reaction; hepatic = hepatitis, gastrointestinal = colitis, renal = nephritis.
fAny cause AE.
Abbreviations: AEs, adverse events; Atez, atezolizumab; Bev, bevacizumab; C(n)P, carboplatin and (nab)paclitaxel; Gr, grade; HCT, histology-based chemotherapy; Ipi, ipilimumab; Niv, nivolumab; NR, not reported; NSCLC, non-small
cell lung cancer; Pb, placebo; Pembro, pembrolizumab; pemCT, pemetrexed and platinum chemotherapy.
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vs. 13.9 months; HR, 0.96; 95% CI, 0.78–1.18; p = .69) and did
not improve with further follow-up (HR, 0.92; p = .41) [52].
Discontinuation of any treatment because of AEs (29.0%
vs. 17.4%) and grade 3/4 TRAEs (68.0% vs. 56.9%) were moder-
ately higher for Atez-CnP versus CnP (Table 2) [45]. The most
common grade 3/4 irAEs in the Atez-CnP arm were hepatitis
(5.4%), rash (1.8%), pneumonitis (1.2%), and colitis (1.2%).

All-Comers Histology
High durable responses with manageable tolerability were
seen for nivolumab plus the CTLA-4 inhibitor ipilimumab
in CHECKMATE-012 [53]. Additional data indicated greater
responses in patients with high tumor mutation burden
(TMB), established as ≥10 mutations per Mb in CHECKMATE-
568 [54]. The phase III CHECKMATE-227 trial randomized PD-
L1-unselected patients with stage IV or recurrent squamous or
nonsquamous EGFR−/ALK− NSCLC to receive nivolumab plus
ipilimumab (Niv-Ipi; n = 583) or histology-based chemotherapy
(HCT; n = 583), or nivolumab with HCT (Niv-HCT; n = 177) or
without HCT (Niv; n = 396) depending on PD-L1 expression.
Optional maintenance pemetrexed or pemetrexed plus
nivolumab was administered to nonsquamous patients in the
HCT and Niv-HCT arms, respectively. Crossover was not permit-
ted. At a minimum follow-up of 11.2 months, a BICR analysis of
all randomized patients showed a comparable median PFS for
Niv-Ipi versus HCT (4.9 vs. 5.5 months; HR, 0.83; 95% CI,
0.72–0.96; p value not reported, Table 1) [44]. An amended
coprimary analysis among high-TMB patients regardless of PD-
L1 expression, however, showed significantly improved median
PFS for Niv-Ipi versus HCT (7.2 vs. 5.5 months; HR, 0.58; 97.5%
CI, 0.41–0.81; p < .001), although a recent press release showed
no differences in OS between high and low TMB groups [55].
Outcomes for the coprimary endpoint of OS in PD-L1 selected
patients have yet to be reported. Among patients receiving
Niv-Ipi and HCT, discontinuation of any treatment because of
TRAEs occurred in 17.4% and 8.9%, respectively (Table 2).
Grade 3/4 TRAEs were lower in patients receiving Niv-Ipi ver-
sus HCT (31.2% vs. 36.1%). The most common grade 3/4
treatment-related select AEs in the Niv-Ipi arm were hepatic
(8%), skin (4%), endocrine (4%), and pulmonary (3%) in origin.

DISCUSSION

Results from seven phase III trials comparing checkpoint inhibitor
combinations with previous standards of care have now been
reported [42–48]. Four trials evaluated checkpoint inhibitor com-
binations in nonsquamous NSCLC, with all meeting coprimary
endpoints [42, 43, 46, 48], although only three showed OS bene-
fit to date [42, 43, 48]. Two trials evaluated checkpoint inhibitor
combinations in squamous disease [45, 47, 52], with both meet-
ing coprimary endpoints, although only one showing OS benefit
[47]. One trial evaluated checkpoint inhibitor combinations in
patients with all-comer histology, showing improvements in PFS
but not OS for this strategy in patients with high-TMB [44].

Do Checkpoint Inhibitor Combinations Improve
Clinical Benefit Compared with Standard Therapy in
First-Line Biomarker Unselected EGFR−/ALK−
Advanced NSCLC?
Four phase III trials evaluated checkpoint inhibitor combinations
in patients with PD-L1 unselected advanced nonsquamous

EGFR−/ALK− NSCLC [42, 43, 46, 48], and three (KEYNOTE-189,
IMPower-150, and IMPower-130) demonstrated statistically sig-
nificant improvements in OS [42, 43, 48]. At a median follow-up
of 10.5 months, KEYNOTE-189 showed an early (log-rank
curves separating after the first month) and statistically sig-
nificant 51% reduction in risk of death (HR, 0.49; 95% CI,
0.38–0.64; p < .001) [43] and a higher proportion of patients
with improved global health-related quality of life (HRQoL)
at week 21 (30.1% vs. 22.5%; p = .05) with Pembro-pemCT
compared with Pb-pemCT [56]. At a median follow-up of
14.8 months, IMPower-130 showed an early significant 21%
reduction in the risk of death (HR, 0.79; 95% CI, 0.64–0.98;
p = .033) for Atez-CnP versus CnP [42]. With a much longer
follow-up (median, �20 months), IMPower-150 showed a
late (log-rank curves separating after 8 months) yet signifi-
cant 22% reduction in risk of death for Atez-Bev-CP versus
Bev-CP (HR, 0.78; 95% CI, 0.64–0.96; p = .02) [48] with com-
parable HRQoL [57]. The rates of discontinuation of any
treatment because of AEs were highest for Atez-Bev-CP
(33.8%) [49] followed by Pembro-pemCT (27.7%) [43] and
then Atez-CnP (26.4%) [42]. Both Pembro-pemCT (August
20, 2018) [39] and Atez-Bev-CP (December 6, 2018) [40]
were approved by the U.S. Food and Drug Administration
(FDA), and Atez-CnP is under review (decision expected
September 2, 2019) [58]. Although all three regimens are rea-
sonable choices for the first-line treatment of PD-L1-unselected
NSCLC, the early and robust OS benefits and favorable toxicity
profile, including the reduced risk of neuropathy, make Pembro-
pemCT a preferred option.

Two trials, KEYNOTE-189 and IMPower-132, assessed the
benefits of adding checkpoint inhibitors, pembrolizumab and
atezolizumab, to a pemetrexed-platinum backbone [43, 46].
Pembro-pemCT showed an early, robust, and significant OS
benefit (HR, 0.49; 95% CI, 0.38–0.64; p < .001) at 10.5 months
follow-up [43], whereas a preliminary analysis showed that
Atez-pemCT failed to show an OS benefit at a median follow-
up of 19.0 months (HR, 0.81; 95% CI, 0.64–1.03; p = .08) [46].
As the two regimens were not directly compared, differences
in outcomes might be explained by differences in trial
design, patient populations, or the fact that OS data for the
IMPower-132 are not yet mature. However, outcomes may
also point to differences in activity between the PD-1 inhibi-
tors pembrolizumab and the PD-L1 inhibitor atezolizumab in
this setting, a hypothesis that would need to be confirmed in
a randomized setting. At this point, Pembro-pemCT is rec-
ommended and we await mature OS data for IMPower-132.

Two phase III trials, KEYNOTE-407 and IMPower-131,
showed significant improvements in PFS with the addition
of a checkpoint inhibitor to chemotherapy in patients with
PD-L1 unselected squamous NSCLC [45, 47, 52]; however,
only one demonstrated improved survival [47]. At a median
follow-up of 7.8 months, KEYNOTE-407 showed a significant
36% reduction in risk of death (HR, 0.64; 95% CI, 0.49–0.85;
p < .001) for Pembro-C(n)P versus Pb-C(n)P, despite 31.7%
of patients receiving chemotherapy alone, effectively crossing
over to receive checkpoint inhibitors [47], and HRQoL was
maintained or improved with the addition of pembrolizumab
[59]. At a minimum follow-up of 12.8 months, IMPower-131
survival data were not mature and did not show an OS bene-
fit (HR, 0.92; 95% CI, 0.76–1.12; p = .41) for Atez-CnP versus
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CnP [52]. Given the current trajectory of the data and that
43% of patients in the CnP arm have received subsequent
immunotherapy, it is unlikely that significant differences in OS
will emerge with longer follow-up. The early and significant
OS benefit seen for Pembro-C(n)P and not Atez-CnP may
be explained by differences in trial design and patient
populations, differences in the activity of pembrolizumab
and atezolizumab, or differences in the type of taxanes
used [45, 47]. Pembro-C(n)P is the preferred regimen for
squamous NSCLC and was approved by the FDA for use in
this setting on October 30, 2018 [41].

Should Biomarkers Be Used to Guide Checkpoint
Inhibitor Combination Therapy in Advanced NSCLC?
PD-L1 is an established biomarker for single-agent checkpoint
inhibitors in NSCLC [60]. Cross trial comparisons of PD-L1
subgroup outcomes are particularly complex, complicated by
the fact that checkpoint inhibitor trials use various assays
and scoring methods to ascertain PD-L1 status. Atezolizumab
trials evaluate both tumor cell and tumor microenvironment
PD-L1 immune cell expression, and other checkpoint inhibi-
tor trials evaluate only tumor cell PD-L1 levels. Moreover,
checkpoint inhibitor trials are rarely stratified or powered for
this level of analysis.

Five studies reported PD-L1 OS subgroup outcomes
for checkpoint- inhibitors compared with chemotherapy in
advanced EGFR−/ALK− NSCLC (Table 3) [42, 43, 45, 47,
49]. In the nonsquamous KEYNOTE-189 trial, a strong rela-
tionship between higher levels of PD-L1 expression and OS
was evident, with PD-L1-negative patients experiencing a

41% reduction in risk of death (median OS, 15.2 months),
and high PD-L1-expressing patients experiencing a 58%
reduction in the risk of death (median OS not yet reached)
for Pembro-pemCT compared with Pb-pemCT [43, 61]. Differ-
ences were less evident in the nonsquamous atezolizumab
combination trials, with reductions in the risk of death ranging
from 18–19% in PD-L1-negative patients (median OS, 15.2–
17.1 months) and 16–30% in patients with high levels of PD-
L1 expression (median OS, 17.3–25.2 months) [45, 47]. As in
the squamous CHECKMATE-017 trial evaluating single-agent
nivolumab in second-line patients [18], the relationship
between OS and PD-L1 expression in the squamous KEYNOTE-
407 and IMPower-131 trials was even less apparent [45, 47],
which may be due to the higher mutational burden from
smoking in patients with squamous disease [62, 63].

The Teff gene signature is defined by mRNA expression of
three genes (PD-L1, CXCL9, and IFNγ), may reflect pre-existing
immunity, and was hypothesized to be a more sensitive bio-
marker for PFS compared with PD-L1 [48, 64, 65]. In the EGFR
−/ALK− patients in IMPower-150, PFS benefit for Atez-Bev-CT
was seen regardless of Teff status, with outcomes showing
greater benefit in Teff-high (43% of patients, HR, 0.51;
p < .0001) compared with Teff-low (57% of patients, HR,
0.76; p = not reported) patients [48]. As the Teff gene signa-
ture is not significantly more predictive than PD-L1, develop-
ment of this biomarker may not be pursued, although
research into predictive gene signatures is ongoing [66].

TMB is an emerging biomarker for checkpoint inhibitor
selection [67]. CHECKMATE-227 assessed outcomes based on
TMB and included an amended coprimary endpoint of PFS in

Table 3. OS outcomes by PD-L1 expression for ITT EGFR−/ALK− trial populations

Trial (checkpoint inhibitor)

ITT EGFR−/
ALK−median
OS HR (95% CI)

PD-L1 Negative TC0
and ICO TC <1% %
population, median
OS HR (95% CI)

Low PD-L1 TC1/2 or
IC1/2 TC 1–49% %
population, median
OS HR (95% CI)

High PD-L1 TC3
or IC3 TC ≥50% %
population, median
OS HR (95% CI)

Nonsquamous

KEYNOTE-189[61] (Pembro) NYR
0.49 (0.38–0.64)
p < .00001

31%, 15.2 mo
0.59 (0.38– 0.92)
p = . 0095

30%, NYR
0.55 (0.34–0.90)
p = .0081

33%, NYR
0.42 (0.26–0.68)
p = .0001

IMPower-150[45] (Atez)a 19.2 mo
0.78 (0.64–0.96)
p = .016

49%, 17.1 mo
0.82 (0.62–1.08)

32%, 20.3 mo
0.80 (0.55–1.15)

20%, 25.2 mo
0.70 (0.43–1.13)

IMPower-132[47] (Atez)b Not reported Not reported Not reported Not reported

IMPower-130[46] (Atez) 18.6 mo
0.79 (0.64 to 0.98)
p = .033

52%, 15.2 mo
0.81 (0.61–1.08)

28%, 23.7 mo
0.70 (0.45–1.08)

20%, 17.3 mo
0.84 (0.51–1.39)

Squamous

KEYNOTE-407[48] (Pembro) 15.9 mo
0.64 (0.49 to 0.85)
p < .001

35%, 15.9 mo
0.61 (0.38–0.98)

37%, 14.0 mo
0.57 (0.36–0.90)

26%, NYR
0.64 (0.37–1.10)

IMPower-131[42] (Atez)c 14.0 mo
0.96 (0.78 to 1.18)
p = .69

48%, 13.8 mo
0.86 (0.65–1.15)

37%, 12.4 mo
1.34 (0.95–1.90)

15%, 23.6 mo
0.56 (0.32–0.99)

Percent population OS hazard ratios for ITT and PD-L1 subgroups ordered by histology. PD-L1 subgroup outcomes for CHECKMATE-227 not
included as unavailable for ITT population.
aComparisons are for EGFR−/ALK− patients in the Atez-Bev-CP versus Bev-CP arms.
bOnly 60% of ITT patients were PD-L1 evaluable.
cComparisons are for the Atez-CnP versus CnP arms.
Abbreviations: ALK, anaplastic lymphoma kinase; Atez, atezolizumab; Bev, bevacizumab; CI, confidence interval; CnP, carboplation plus
nab-paclitaxel; CP, carboplation plus paclitaxel; EGFR, epidermal growth factor receptor; HR, hazard ratio; IC, tumor-infiltrating immune cells;
ITT, intent-to-treat population; NYR, not yet reached; OS, overall survival; PD-L1, programmed cell death ligand-1; Pembro, pembrolizumab; TC,
tumor cell.
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high-TMB (<10 mutations per Mb) patients. An initial analysis
showed a significantly improved median PFS (HR, 0.58; 97.5% CI,
0.41–0.81; p < .001) for Niv-Ipi over HCT in patients with high-
TMB [44]. However, a recent press release showed no significant
OS benefit regardless of TMB status [55].Clinically meaningful
improvements in HRQoL and time to deterioration in disease-
related symptomswere seen for Niv-Ipi comparedwith HCT [68].

Should Patients with a Known Mutation Be Treated
with Checkpoint Inhibitor Combinations?
Checkpoint inhibitor outcomes for EGFR+/ALK+ patients were
only available for the IMPower-150 and IMPower-130 trials
[42, 48, 64]. In these studies, EGFR+/ALK+ patients were eligi-
ble for enrollment then later excluded from the primary analy-
sis when signals from other trials indicated a lack of activity for
checkpoint inhibitors in this population. An unstratified explor-
atory subgroup analysis of EGFR+/ALK+ patients of IMPower-
150 (13.5% of patients) indicated improved median PFS (9.7
vs. 6.1 months; HR, 0.59; 95% CI, 0.37–0.94) and median OS
(17.5 vs. not estimable; HR, 0.54; 95% CI, 0.29–1.03) for Atez-
Bev-CP compared with Bev-CP [48, 49]. However, there was no
apparent PFS (HR, 0.75; 95% CI, 0.36–1.54) or OS (HR, 0.98;
95% CI, 0.41–2.31) benefit for Atez-CnP versus CnP among
EGFR+/ALK+ patients (6.1% of patients) in IMPower-130 [42].
The combination of checkpoint inhibitors with bevacizumab
and chemotherapy in patients with EGFR+/ALK+ disease is
encouraging and requires further exploration.

What Is the Place in Therapy of Various Checkpoint
Inhibitor Combinations?
There is considerable phase III evidence informing first-line
checkpoint inhibitor combination use in patients with advanced
NSCLC and Eastern Cooperative Oncology Group performance

status (PS) 0 and 1 [42–48] and less evidence supporting their
use in PS 2 patients or in those with untreated or symptomatic
central nervous system metastases [43, 48, 69]. For non-
squamous patients with PD-L1 expression <50%, Pembro-
pemCT, Atez-CnP, and Atez-Bev-CP are reasonable treatment
options given the improved OS associated with these regimens
compared with chemotherapy alone. However, given the early
and robust OS benefits and favorable safety profile associated
with Pembro-pemCT, it should receive preferential consider-
ation. For patients with squamous NSCLCwith PD-L1 expression
<50%, Pembro-C(n)P is the regimen of choice (Fig. 3).

For patients expressing PD-L1 ≥50%, pembrolizumab mon-
otherapy has been the standard of care for patients regardless
of histology since its FDA approval in May 2017 [27]. As both
pembrolizumab monotherapy (40% reduction in risk of death)
[16] and pembrolizumab-chemotherapy have demonstrated
improved OS compared with platinum-based chemotherapy
(nonsquamous, Pembro-pemCT, 51% reduction in the risk of
death [43] and squamous, Pembro-C(n)P, 36% reduction in
risk of death [47]), it is difficult to make definitive statements
about the relative activities of monotherapy and chemother-
apy combination options. However, given that pembrolizumab
monotherapy is active with a preferred safety profile (discon-
tinuation due to AEs, 7.1% vs 23.4%–27.7%, monotherapy
vs. chemotherapy combination, respectively), it should receive
primary consideration, with pembrolizumab-chemotherapy
combinations reserved for higher-risk patients or for those
with a high tumor burden (overall response rate, all-comer
histology, 47.6%–57.9% vs. 44.8% for pembrolizumab-chemo-
therapy vs. pembrolizumab alone) [16, 43, 47] (Fig. 3).

In later lines of therapy, treatment selection should con-
sider efficacy and safety as well as clinical and disease charac-
teristics, prior therapy, histology, administration schedules, and

Figure 3. Proposed NSCLC treatment algorithm based on histology and biomarker status.
Abbreviations: ALK, anaplastic lymphoma kinase; Atez-Bev-CP, atezolizumab plus bevacizumab, carboplatin and paclitaxel; Atez-CnP,
atezolizumab plus carboplatin and nab-paclitaxel followed by atezolizumab maintenance; EGFR, epidermal growth factor receptor;
NSCLC, non-small cell lung cancer; PD-L1, programmed cell death ligand 1; Pembro-C(n)P, pembrolizumab plus carboplatin and pacli-
taxel or nab-paclitaxel followed by pembrolizumab maintenance; Pembro-monotherapy, pembrolizumab monotherapy; Pembro-
pemCT, pembrolizumab plus pemetrexed and platinum therapy followed by pembrolizumab plus pemetrexed maintenance.
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cost. PD-L1 status may be helpful to guide treatment sequenc-
ing in patient subgroups in which benefit is less clear.

WHAT IS THE DIRECTION OF ONGOING CHECKPOINT

INHIBITOR COMBINATION RESEARCH?
The landscape of checkpoint inhibitor therapy for NSCLC is rap-
idly evolving, with phase III trials evaluating checkpoint inhibitor

combinations underway in both advanced and early disease
(Table 4). In advanced disease, trials exploring optimal adminis-
tration of both established combinations of checkpoint inhibi-
tors plus chemotherapy, immunotherapy, and targeted therapy
are underway. Trial data confirming the activity of checkpoint
inhibitor combinations in PD-L1-negative, high-TMB expressing,
and EGFR+/ALK+ subpopulations in advanced NSCLC are pend-
ing, although the potential for minimal benefit and increased

Table 4. Ongoing phase III clinical trials checkpoint inhibitor combinations in NSCLC

PD-L1 inhibitor (target) Trial ID (NCT no.) Patient population Experimental regimen Comparator
Primary
endpoint(s) Estimated PCD

Neoadjuvant/adjuvant

Pembrolizumab (PD-1) PEARLS (NCT02504372) Stage IB–IIIA, PD-L1
unselected

Pembro following surgery �
adjuvant CT

Placebo following surgery �
adjuvant CT

DFS August 19, 2021

Nivolumab (PD-1) CheckMate-816
(NCT02998528)

Stage IB–IIIA, PD-L1
unselected

Neoadjuvant Niv +
ipilimumab or Niv + Pt
doublet

Neoadjuvant Pt doublet EFS/pCR May 8, 2023

Pembrolizumab (PD-1) KEYNOTE-671
(NCT03425643)

Stage IIB or IIIA, PD-L1
unselected

Neoadjuvant Pembro + Pt
doublet then adjuvant
Pembro

Neoadjuvant placebo + Pt
doublet then adjuvant
placebo

EFS/OS January 20, 2024

Nivolumab (PD-1) ANVIL (NCT02595944) Stage IB–IIIA, PD-L1
unselected

Niv following surgery �
adjuvant CT � RT

Observation following
surgery � adjuvant CT � RT

OS/DFS July 1, 2024

Atezolizumab (PD-L1) IMPower010 (NCT02486718) Stage IB–IIIA, PD-L1
unselected

Atez following adjuvant Pt
doublet

BSC following adjuvant Pt
doublet

DFS September 25, 2026

Atezolizumab (PD-L1) IMPower030 (NCT03456063) Stage II, IIIA, or select IIIB,
PD-L1 unselected

Neoadjuvant Atez + Pt
doublet then adjuvant Atez

Neoadjuvant placebo + Pt
doublet then BSC

MPR March 31, 2020

Stage III

Durvalumab (PD-L1) D933KC00001
(NCT03519971)

Stage III, unresectable Durv + Pt doublet + RT Placebo + Pt doublet + RT PFS/ORR September 30, 2020

Nivolumab (PD-1) RTOG 3,505 (NCT02768558) Stage III, unresectable Niv following Pt doublet + RT Placebo following Pt doublet
+ RT

OS/PFS October 2022

First-line advanced

Checkpoint inhibitor and chemotherapy combinations

Camrelizumab (PD-1) SHR-1210-III-303-NSCLC
(NCT03134872)

Nonsquamous, EGFR−/ALK−,
PD-L1 unselected

Cam + Pt + Pem then
optional maintenance Cam
and Pem

Pt + Pem then optional
maintenance Pem

PFS December 31, 2018

Nivolumab (PD-1) EDEN (NCT03542461) Squamous, PD-L1 unselected Pt doublet then maintenance
Niv

Pt doublet followed by BSC
until PD then Niv (2nd-line)

OS September 30, 2022

Checkpoint inhibitor and immunotherapy combinations

Durvalumab (PD-L1) NEPTUNE (NCT02542293) EGFR−/ALK−,PD-L1
unselected

Durv + tremelimumab Pt doublet OS October 4, 2018

Durvalumab (PD-L1) MYSTIC (NCT02453282) EGFR−/ALK−, PD-L1
unselected

Durv � tremelimumab Pt doublet OS/PFS December 31, 2018

Nivolumab (PD-1) CheckMate 9LA
(NCT03215706)

PD-L1 unselected Niv + ipilimumab + Pt
doublet

Pt doublet OS August 25, 2019

Durvalumab (PD-L1) POSEIDON (NCT03164616) EGFR−/ALK−, PD-L1
unselected

Durv + Pt doublet �
tremelimumab

Pt doublet PFS September 30, 2019

Nivolumab (PD-1) eNERGY (NCT03351361) PS 2 or >75 years, EGFR
−/ALK−, PD-L1 unselected

Niv + ipilimumab Pt doublet then maintenance
Pem

OS June 2021

Cemiplimab (PD-1) R2810-ONC-16113
(NCT03409614)

EGFR−/ALK−, PD-L1 <50% Cem + Pt doublet or Cem +
abbreviated Pt doublet +
ipilimumab

Pt doublet PFS July 18, 2022

Nivolumab (PD-1) LONESTAR (NCT03391869) Immunotherapy-naive, EGFR
−/ALK−, PD-L1 unselected

Niv + ipilimumab then LCT
(surgery � RT)

Niv + ipilimumab OS December 2022

Cemiplimab (PD-1) R2810-ONC-16111
(NCT03515629)

EGFR−/ALK−, PD-L1 ≥50% Cem + ipilimumab � Pt
doublet

Pembro PFS December 22, 2022

Pembrolizumab (PD-1) KEYNOTE-598
(NCT03302234)

EGFR−/ALK−, PD-L1 ≥50% Pembro + ipilimumab Pembro + placebo OS/PFS February 28, 2023

Nivolumab (PD-1) DICIPLE (NCT03469960) EGFR−/ALK−, PD-L1 1–49% Niv + ipilimumab (6 months)
then observation until PD
then Niv + ipilimumab until
PD then Pt doublet

Niv + ipilimumab until PD
then Pt doublet

PFS May 2023

Checkpoint inhibitor and targeted therapy combinations

Nivolumab (PD-1) ONO-4538-52
(NCT03117049)

Nonsquamous, EGFR−/ALK−,
PD-L1 unselected

Niv + bevacizumab + Pt + Pac Placebo + bevacizumab + Pt
+ Pac

PFS April 2020

Ongoing phase III trials of checkpoint inhibitor combinations for first-line disease or earlier as listed at CT.gov on July 27, 2018 ordered by line of therapy and estimated primary completion
date. Ongoing trials defined as trials that are actively recruiting for which efficacy outcomes are not yet available.
Abbreviations: ALK, anaplastic lymphoma kinase; Atez, atezolizumab; BSC, best supportive care; Cam, camrelizumab; Cem, cemiplimab; CT, chemotherapy; DFS, disease-free survival; Durv,
durvalumab; EFS, event-free survival; EGFR, epidermal growth factor receptor; LCT, local consolidation therapy; MPR, major pathological response; NCT, National Clinical Trial; Niv, nivolumab;
NSCLC, non-small cell lung cancer; ORR, overall response rate; OS, overall survival; Pac, paclitaxel; PCD, primary completion date; pCR, pathological complete response; PD, progressive disease;
PD-1, programmed cell death protein 1; PD-L1, programmed death ligand 1; Pem, pemetrexed; Pembro, pembrolizumab; PFS, progression-free survival; PS, performance status; Pt, platinum CT
(cisplatin or carboplatin); RT, radiotherapy.
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toxicity may prevent the combination of checkpoint inhibitors
with TKIs in patients with EGFR+/ALK+ disease [70–74]. In stage
III unresectable disease, durvalumab added as consolidation fol-
lowing chemoradiotherapy has demonstrated improved OS in
the phase III PACIFIC trial [75], leading to its approval in this set-
ting on February 16, 2018 [76], and additional trials evaluating
checkpoint inhibitors in conjunction with chemoradiotherapy
are underway [77–79]. Finally, trials assessing the benefits of
adding checkpoint inhibitor combinations to established neo-
adjuvant and adjuvant regimens in early disease are ongoing.
Research into biomarkers for patient selection continues.

SUMMARY

First-line Pembro-pemCT, Atez-CnP, and Atez-Bev-CP showed
significantly improved overall survival compared with con-
trols in patients with advanced, nonsquamous, EGFR−/ALK−
NSCLC, and Pembro-C(n)P significantly improved OS compared
with chemotherapy in advanced squamous NSCLC. Either
pembrolizumab monotherapy or pembrolizumab plus che-
motherapy, administered based on PD-L1 status and histol-
ogy, are preferred treatment options for first-line patients,
and the use of Atez-Bev-CP in patients with EGFR+/ALK+
disease is encouraging and requires further exploration.
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