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Abstract

Objective To evaluate the efficacy and safety of immune checkpoint inhibitor (ICI) and chemotherapy (CT) versus CT alone
in advanced non-small-cell lung cancer (NSCLC).

Methods Databases (PubMed, Embase and Cochrane Library) were searched for relevant randomized controlled trials
(RCTs). Clinical outcome measures including overall survival (OS), progression-free survival (PFS), objective response rate
(ORR), and grade 3-5 treatment-related adverse events (AEs) were analyzed by Stata 15.0 software; significance level was
0.05.

Results Eight RCTs involving 4227 patients were included. The results showed ICI+ CT significantly improved OS (haz-
ard ratio [HR]=0.74, 95% CI: 0.62-0.85, p<0.001), PFS (HR =0.66, 95% CI: 0.57—0.75, p<0.001) and ORR (odds ratio
[OR]=1.89; 95% CI, 1.43-2.49, p<0.001) compared with CT alone. Subgroup analysis indicated that significantly lon-
ger OS was also observed in subgroups including combination regimens (pembrolizumab + CT, atezolizumab + CT, ipilim-
umab + CT, and nivolumab + ipilimumab + CT) and PD-L1 status [negative (< 1%), positive (> 1%), low (1-49%) and high
(=50%)]. However, ICI+CT showed signifcantly higher grade 3-5 treatment-related AEs than CT (OR=1.46, 95% CI:
1.19-1.79, p<0.001).

Conclusions ICI+CT showed better clinical efficacy than CT alone in patients with advanced NSCLC, with increased
treatment-related AEs.

Keywords Immune checkpoint inhibitor - PD-1/PD-L1 - PD-L1 expression level - Efficacy and safety - Non-small-cell
lung cancer
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Lung cancer is the leading cause of cancer-related deaths
worldwide, and almost half of patients are diagnosed with
advanced or metastatic disease when early symptoms appear
[1, 2]. Over the past several decades, platinum-based che-

= L_i‘lganglg/ll‘a% 163 motherapy was regarded as the first-line standard treatment
xintang @163.com for advanced non-small-cell lung cancer (NSCLC) patients
! Respiratory Department, Binyang County People’s Hospital, without epidermal growth factor receptor (EGFR) or ana-
Ren-Ai Street No.137, Binyang, Guangxi, China plastic lymphoma kinse (ALK) mutations, with a response
2 Radiotherapy Department, The Third Affiliated Hospital of rate of 12.5-37%, median progression-free survival (PFS)
Guangxi Medical University, 530000 Nanning, Guangxi, of 4 to 8 months, and median overall survival (OS) of 8 to

China

@ Springer


http://orcid.org/0000-0003-0606-3048
http://crossmark.crossref.org/dialog/?doi=10.1007/s10637-022-01232-8&domain=pdf&date_stamp=2022-4-11

Investigational New Drugs (2022) 40:810-817

811

13 months [3]. Due to the poor prognosis, novel and effec-
tive treatment strategies are urgently warranted for patients
with advanced NSCLC.

Currently, immune checkpoint inhibitors (ICIs) including
programmed cell death protein 1 (PD-1), programmed cell
death 1 ligand 1 (PD-L1) and cytotoxic T ymphocyte anti-
gen 4 (CTLA-4) inhibitors were widely used in advanced
cancers. Several ICIs, such as pembrolizumab (lambroli-
zumab or MK-3475, a highly IgG4 monoclonal anti-PD-1
antibody), nivolumab (a fully human IgG4 anti-PD-1 anti-
body), atezolizumab (MPDL3280A, an IgG anti-PD-L1
antibody), and ipilimumab (a fully human monoclonal
IgGlk anti-CTLA-4 antibody) have shown promising anti-
tumour activity and safety in advanced NSCLC. However,
it is estimated that only 50% of patients could benefit from
single-agent ICI [4], and several risk factors, such as PD-L1
expression level, EGFR and ALK genetic alteration status,
are important factors affecting the curative effect. Carbone
et al. [5] reported that single-agent nivolumab could not
improve survival compared with chemotherapy in stage IV
or recurrent NSCLC with a PD-L1 expression level of 5%
or more. In the phase 3 KEYNOTE 042 trial [6], single-
agent pembrolizumab resulted in prolonged PFS and OS
than chemotherapy only in the PD-L1 expression level of
>50% group. However, no survival benefit could be seen
in the PD-L1 expression leve of > 1% or >20% groups. A
another study by Lisberg et al. [7] reported that pembro-
lizumab monotherapy showed no survival benefit in PD-
L1-positive, tyrosine kinase inhibitor (TKI) naive, and
EGFR-mutant patients with advanced NSCLC.

Due to the limitations of single-agent ICI, several ran-
domized controlled trials [8—15] (RCTs) have evaluated the
efficacy and safety of ICI and chemotherapy in the first-line
treatment for advanced NSCLC. In order to evaluate the
efficacy and safety of ICI+ CT versus CT alone in advanced
NSCLC, we performed this meta-analysis and examined the
tumor response, survival of patients and treatment-related
AEs in patients with advanced NSCLC.

Methods
Strategy of study screening

We identified original articles by searching databases includ-
ing PUBMED, EMBASE and Cochrane Library from incep-
tion until December 2021. As for the literature search, we
used any of the following key words: “immune checkpoint
blockade OR immune checkpoint inhibitor OR immune
therapy OR immunotherapy OR PD-1 OR PD-L1 OR pem-
brolizumab OR nivolumab OR atezolizumab OR tremeli-
mumab OR avelumab OR durvalumab OR ipilimumab”

AND “Non-small Cell Lung Cancer OR NSCLC” AND
“chemotherapy”. To avoid missing relevant studies, we also
searched manually through relevant references to identify
other relevant clinical trials. Only randomized controlled
studies (RCTs) that investigated the efficacy and safety of
ICI+CT in the first-line treatment for advanced NSCLC
were eligible for inclusion in the meta-analysis. Other inclu-
sion criteria were articles published in English and presenta-
tion of data for any of the efficacy and safety outcomes of
interest that were OS, PFS, objective response rate (ORR)
and treatment related adverse events (AEs). Papers of non
randomized trials, reviews, meta-analysis, letters, and case
reports were excluded. The trials identified through the
search were independently screened by two authors (L.F. M
and J.F. H) for inclusion. Any disagreements were arbitrated
by a third author (P.H. L).

Data extraction and Quality assessment

Two authors (P.H. L and S.X. H) independently extracted
data concerning author details, year, study design, phase,
number of patients, age, sex, and treatment regimens, and
PD-L1 status according to a predefined data extraction
form. Clinical outcomes including ORR, PFS, OS, grade
3-5 treatment related AEs, and treatment related deaths
were recorded for further analysis. Data of OS for patients
with PD-L1-negative (< 1%), PD-L1-positive (>1%), PD-
L1-low (1-49%) and PD-L1-high (>50%) tumors was also
recorded in detailed. When multiple papers of the same trial
were identified, data was extracted and recorded as a single
trial. If any discrepancy occured, problems were resolved
by discussion and consensus. Two authors (P.H. L and H.L.
W) used the Cochrane Collaboration risk of bias assessment
tool to assess the risk of bias of the included RCTs [18].

Statistical analysis

Stata SE 15.0 (Stata Corporation, College Station, TX,
USA) was used to conduct meta-analysis in the study. We
calculated the pooled hazard ratio and 95% CI for OS and
PFS and the pooled odds ratio and 95% CI for ORR and
the incidence of grade 3—5 treatment related AEs. Between-
study heterogeneity was analysed through I-squared (I%)
tests in the meta-analysis. The heterogeneity was consid-
ered as high (either I>>50% or p<0.1), then the random-
ized-effects model was applied; otherwise, the fixed-effects
model was used. P value <0.05 would be treated as statisti-
cally significant.
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Results
Search results and study characteristics

The fowchart of the selection process and detailed identifca-
tion are shown in Fig. 1. After the duplicate removal, eight
RCTs with a total of 4227 patients were included [8—15].
Among the eight global, multi-center RCTs, six [8, 9, 11, 12,
14, 15] were phase 3 studies and two [10, 13] were phase 2
studies. All patients were diagnosed with NSCLC by pathol-
ogy and were adults with advanced or metastatic disease,
and received ICI+CT in the first-line treatment. Across
these eight trials, six trials reported OS for patients with PD-
L1-negative (< 1%) tumors, and five trials reported OS for
patients with PD-L1-low (1-49%) and PD-L1-high (> 50%)
tumors, while only 4 trials reported OS for patients with
PD-L1-positive (>1%) tumors. All articles were published
between 2012 and 2021. All the eight trials were identi-
fied in the systematic evaluation, including three pembro-
lizumab plus chemotherapy [8—10], two atezolizumab plus
chemotherapy [11, 12], two ipilimumab plus chemotherapy
[13, 14], and one nivolumab + ipilimumab + chemotherapy
[15]. The main characteristics of the included studies are
shown in Table 1.

Efficacy

Data of OS, PFS, and ORR was reported in all the eight
included trials. Randomized-effects model was used in these
outcome measurements because of the significant hetero-
geneity (I>>50%). The forest plot of these outcomes are
showed in Fig. 2.

Total potentially relevant records identified and screened n = 222

Citations excluded after screening titles n= 171
Study of single agent imunotherapy n =62

»  Review or meta-analysis n = 56

Pre-clinical study n = 32

Others n =21

Studies retrieved for detailed evaluation n = 51

Excluded after full assessment n = 43
Non-randomized controlled trial n =22
The same trailn=17
Others n=4

Studies included for this meta-analysis n =8

[ Included ] [ Eligibility] [ Screening ] [ldentiﬁcation]

Fig. 1 Flow diagram representing the selection process
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The meta-analysis indicated that ICI+CT significantly
improved OS (HR=0.74, 95% CI: 0.62-0.85, p<0.001)
(Fig. 2 A), PFS (HR=0.66, 95% CI: 0.57—-0.75, p<0.001)
(Fig. 2B), and (OR=1.89; 95% CI, 1.43-2.49, p<0.001)
(Fig. 2 C) in comparison to CT alone. Subgroup analysis
showed that improved OS for ICI+CT was observed in
either pembrolizumab plus chemotherapy, atezolizumab
plus chemotherapy, ipilimumab plus chemotherapy or
nivolumab plus ipilimumab plus chemotherapy group
(HR=0.57,95% CI: 0.45-0.69, p<0.001; HR=0.82, 95%
CIL: 0.70-0.95, p<0.001; HR=0.90, 95% CI: 0.77—1.04,
p<0.001, and HR=0.70, 95% CI: 0.52-0.88, p<0.001,
respectively) (Fig. 3).

In the PD-L1 subgroups, ICI+CT was associated with
significantly longer OS than CT in either PD-L1-nega-
tive, PD-L1-positive, PD-L1-low and PD-L1-high group
(HR=0.59, 95% CI: 0.49 - 0.68,p<0.001; HR=0.58, 95%
CI: 0.48-0.68, p<0.001; HR=0.63, 95% CI: 0.52—-0.75,
p<0.001, and HR=0.55, 95% CI: 0.42-0.68, p<0.001,
respectively). (Fig. 4).

Safety

The incidence of grade 3-5 treatment-related AEs were
reported in all the eight publications. Randomized-effects
model was used because of the high heterogeneity (I> > 50%).
As shown in Fig. 5 A, ICI+CT significantly increased the
incidence of grade 3-5 treatment-related AEs (OR=1.46,
95% CI: 1.19-1.79, p<0.001) compared with CT alone.

Among the eight trials, treatment-related deaths were
reported in seven trials. Fixed-effects model was used
because of the low heterogeneity (I><50%). As shown in
Fig. 5B, there was no statistical difference in the incidence
of treatment-related deaths between the ICI+CT and CT
groups (OR=1.94, 95% CI: 0.97-3.88, p=0.061).

Quality of the included studies

The risks of bias of the included studies in this meta-anal-
ysis are summarized in Fig. 6. The methodological quality
was assessed as high in all the eight RCTs.

Discussion

Immune checkpoint inhibitors have played an important role
in the treatment of advanced NSCLC nowadays [19, 20]. In
recent years, many clinical trials showed that ICI combina-
tion therapies offered a better survival benefit than mono-
therapies in advanced NSCLC [17, 21-22]. Mo et al. [23]
reported that ICI combination therapies including ICI+ CT,
double-agent ICIs (nivolumab plus ipilimumab) and ICIs



Investigational New Drugs (2022) 40:810-817 813
Table 1 The main characteristics of included studies
Study Study Phase Num-  Age, median Sex PD-L1 subgroups ORR, Grade3-5 Treatment-
design berof  (range) (% <1% 1- >50% 7o treatment-  related
patients male) (%)  49% (%) related deaths, n
(%) AEs, % (%)
KEYNOTE-189 (2018) [8]
pembrolizumab + chemotherapy RCT 3 410 65 (34-84) 254 127 128 132 84.6% 67.2% 3(0.7)
(62) (31.0) (31.2) (32.2)
chemotherapy 206 64 (34-84) 109 63 58 70 70.4% 65.8% 0(0)
(53) (30.6) (28.2) (34.0)
KEYNOTE-407 (2018) [9]
pembrolizumab + chemotherapy RCT 3 278 65 (29-87) 220 95 103 73 57.9% 69.8% 1(0.4)
79) (34.2) (37.1) (26.3)
chemotherapy 281 65 (36-88) 235 99 104 73 38.4% 68.2% 1(0.4)
(84) (35.2) (37.0) (26.0)
KEYNOTE-021 (2020) [10]
pembrolizumab + chemotherapy RCT 2 60 63 (40-77) 22 (37) 21 19 20 55.0% 40.0% 1(1.7)
(35.00 (31.7) (33.3)
chemotherapy 63 66 (37-80) 26(41) 23 23 17 28.6% 25.8% 2(3.2)
(36.5) (36.5) (27.0)
IMpowerl30 (2019)[11]
atezolizumab + chemotherapy RCT 3 451 64 (18-86) 266 235 128 88 49.2% 74.8% 8(1.8)
(59) (52.1) (28.4) (19.5)
chemotherapy 228 65 (38-85) 134 121 65 42 31.9% 60.8% 1(0.4)
(59) (53.1) (28.5) (18.4)
IMpowerl32 (2020) [12]
atezolizumab + chemotherapy RCT 3 292 64 (31-85) 192 88 63 25 47.2% 91.4% 0(0)
(66) (50.0) (35.8) (14.2)
chemotherapy 286 63 (33-83) 192 75 73 20 31.8% 87.6% 0(0)
67) (44.6) (43.5) (11.9)
Lynch (2012) [13]
ipilimumab + chemotherapy RCT 2 138 60 (36-88) 102 NR NR NR 32.4% 58.2% 2(1.4)
(74)
chemotherapy 66 62 (36-82) 49(74) NR NR NR 18.2% 56.9% 1(1.5)
Govindan (2017) [14]
ipilimumab + chemotherapy RCT 3 388 64 (28-84) 326 NR NR NR 44.3% 52.8% 7 (1.8)
(84)
chemotherapy 361 64 (28-85) 309 NR NR NR 46.8% 35.7% 1(0.3)
(85)
CheckMate 9LA (2021) [15]
nivolumab + ipilimumab + RCT 3 361 65 (59-70) 252 135 127 76 382% 46.9% 7(1.9)
chemotherapy (70) (37.4) (352) (21.1)
chemotherapy 358 65 (58-70) 252 (70) 129 106  98(27.4)24.9% 37.8% 6 (1.7)

(36.0) (29.6)

NSCLC =non-small-cell lung cancer; PD-L1 =programmed cell death protein-1; ORR = objective responserates; AEs =adverse events; NR =not

reported

plus targeted therapy plus chemotherapy could significantly
improve OS and PFS over monotherapies in patients with
advanced NSCLC. However, despite the advent of novel
ICI combination therapies, the optimal first-line setting for
advanced NSCLC has not been established, and the combi-
nation of ICI and CT has become one of the most promising
approaches in the treatment of advanced NSCLC. Due to
the insufficient evidence regarding the efficacy and safety
of ICT+CT versus CT alone in advanced NSCLC and the
controversial role of PD-L1 as a prognostic predictor, a

meta-analysis is warranted to provide more evidence for
clinical use of this treatment strategy.

Our meta-analysis shows that ICI+CT significantly
improved OS (HR=0.74, 95% CI: 0.62-0.85, p<0.001),
PFS (HR=0.66, 95% CI: 0.57-0.75, p<0.001), and
(OR=1.89; 95% CI, 1.43-2.49, p<0.001) compared with
CT alone in advanced NSCLC, and significantly longer OS
was observed in either pembrolizumab + chemotherapy,
atezolizumab + chemotherapy, ipilimumab + chemotherapy,
and nivolumab + ipilimumab + chemotherapy subgroup (all
p<0.001), indicating that ICI+CT is more effective than
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IMpower-132 (2020) +r 0.56 (0.47, 0.67) 17.21
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Govindan (2017) — 0.87 (0.75, 1.01) 15.11
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Overall, DL (I = 63.7%, p = 0.007) <> 0.66 (0.57,0.75)  100.00
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C objective response rate ©dds Ratio

Study (year) (95% Cl) Weight
KEYNOTE-189 (2018) —— 2.32 (1.5, 3.46) 13.03
KEYNOTE-407 (2018) —é—’— 2.20 (1.57, 3.09) 1417
KEYNOTE-021 (2020) ———————  3.06(1.45,6.45) 777
IMpower-130 (2019) —34—— 2.07 (1.48, 2.90) 14.22
IMpower-132 (2020) —-— 1.92 (1.37,2.69) 14.16
Lynch (2012) + 2.15 (0.96, 4.82) 7.11
Govindan (2017) — 3 0.90 (0.68, 1.21) 15.05
CheckMate 9LA (2021) — 1.87 (1.36, 2.58) 14.49
Overall, DL (I? = 74.7%, p = 0.000) <> 1.89 (1.43, 2.49) 100.00

T T

126 1 8

Fig.2 Forest plot of OS, PFS and ORR. A, Forest plot of OS. B, Forest
plot of PFS. C, Forest plot of ORR

CT alone in the first-line treatment of advanced NSCLC.
Similar results were found in other malignant tumors. In
the phase 3 KEYNOTE-355 trial [24], pembrolizumab plus
chemotherapy showed improved PFS versus chemotherapy
among patients with metastatic triple-negative breast cancer
with combined positive score (CPS) of 10 or more. In the
CheckMate 649 trial [25], nivolumab in combination with
chemotherapy was associated with significantly longer OS
and PFS versus chemotherapy alone in previously untreated
patients with advanced gastric, gastro-oesophageal junc-
tion, or oesophageal adenocarcinoma. In the IMpower133
trial [26], atezolizumab + chemotherapy resulted in signifi-
cantly longer OS and PFS than chemotherapy alone in the
first-line treatment of extensive-stage small-cell lung can-
cer (SCLC). These results suggest combined inhibition of
immune checkpoint PD-1/PD-L1/CTLA-4 signaling path-
way and chemotherapy resulting in enhanced anti-tumor
activity. Preclinical studies suggests that PD-1/PD-L1/
CTLA-4 checkpoint inhibitors increase T cells’ responses
and reduce the acquired immune system tolerance which is
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Fig.3 Subgroup analysis of OS in patients treated with different com-
bination regimens. pemb, pembrolizumab; atez, atezolizumab; ipil,
ipilimumab; nivo, nivolumab; CT, chemotherapy

%
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IMpower-132 (2020) —_— 045(0.31,0.64) 3341
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Fig. 4 Subgroup analysis of OS in patients with different PD-L1
expression levels

overexpressed by cancer and tumor icroenvironment [27],
and chemotherapeutic agents may increase immune-poten-
tiating effects under certain condition, thereby enhancing
the anti-tumor immune effects in tumors [28]. In addition,
biomarkers for predicting an enhanced benefit for ICI com-
bination therapies remain elusive, and whether PD-L1 can
be used as a biomarker to predict outcome is controversial
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dre et al. [31], who reported that PD-1/PD-L1 inhibitor plus
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CT alone for negative or < 1% PDL1expressing in the first-
line treatment for metastatic NSCLC. These indicate that KEYNOTE-189 . . . ? . . .
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treated with ICI+ CT in advanced NSCLC.

Regarding toxicities, the safety and tolerability profile
of single-agent ICI was well established in cancers [32—
34]. However, ICI combination therapies were reported
to show increased treatment-related AEs over monothera-
pies in many studies. In the phase 3 CheckMate 649 trial
[25], nivolumab plus chemotherapy significantly increased
the incidence of grade 3—5 treatment-related AEs (59% vs.
44%) versus chemotherapy alone in patients with advanced
gastric, gastro-oesophageal junction, and oesophageal ade-
nocarcinoma. A recent meta-analysis [23] demonstrates that
ICI combination therapies, including ICI+ CT, were asso-
ciated with significantly increased grade 3 or higher AEs
(OR=1.30, 95% CI: 1.03—-1.57, p=0.007) compared with
monotherapies. In our study, the meta-analysis showed that
the incidence of grade 3—5 treatment-related AEs in the
ICI+ CT group were significantly higher than that in the CT
group (OR=1.46, 95% CI: 1.19-1.79, p<0.001). Treat-
ment-related deaths showed similar between the two groups

Fig. 6 The assessment of bias of included studies using the Cochrane
Collaboration Risk of Bias Assessment Tool

(OR=1.94, 95% CI: 0.97-3.88, p=0.061). Although the
general safety profile of ICI+ CT was found to be worse
than that of CT, the incidence of treatment-related deaths
is overall rare (0.7-1.9%) (Table 1), and the toxicities were
manageable with appropriate monitoring.

Despite encouraging results, our study has several limi-
tations. First, patients in each trial received different com-
bination regimens (pembrolizumab plus chemotherapy,
atezolizumab plus chemotherapy, ipilimumab plus che-
motherapy, and nivolumab plus ipilimumab plus chemo-
therapy), and the anti-tumor mechanisms of ICIs (including
PD-1, PD-L1 and CTLA-4 inhibitors) are different, which
add heterogeneity to our analysis. Second, the number of
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included studies is small and only one trial was included in
the nivolumab plus ipilimumab plus chemotherapy group,
which may lead to a limitation in the evaluation of results
in this study. Finally, the follow-up time among each trial is
different, and the data of OS from some included trials were
not mature enough because of the limited follow-up time.

Conclusions

Compared with CT alone, ICI+CT greatly enhances OS,
PFS, and ORR rates in the first-line treatment for advanced
NSCLC, with increased grade 3—5 treatment-related AEs.
Survival benefit was observed for ICI+CT among all
patients regardless PD-L1 expression levels. PD-L1 can not
be used as a biomarker for predicting outcome for patients
treated with ICI+CT. Due to the limitations in our study,
further investigations are required.
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