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Non-small cell lung carcinoma (NSCLC) is the most 
common cause of cancer death in the world. Programmed 
cell death protein 1 (PD-1)-targeted therapies, which 
showed durable effects in patients with advanced 
NSCLC and superior survival benefits in comparison to 
chemotherapy in patients with advanced NSCLC, were 
established as breakthrough drugs by the development 
of immunotherapy (1-4). On the other hand, there is 
a population that is resistant to immune checkpoint 
inhibitors (ICI) because more than 30–40% of patients 
who receive ICI monotherapy develop progressive 
disease (PD) (5,6). We also reported that the PD was 
43.2% in 44 patients with NSCLC who received anti-
PD-1 antibody monotherapy. In this cohort, the Eastern 
Cooperative Oncology Group performance status (ECOG 
PS), pathological type, standardized uptake value (SUV) 
on positron emission tomography (PET), white blood 
cell count (WBC), neutrophil count, NLR (neutrophil-
to-lymphocyte ratio), LDH (lactate dehydrogenase) and 
albumin were independent prognostic factors in patients 
receiving anti-PD-1 antibody monotherapy (7). Aggressive 
cancers, such as those with a high SUV on PET and a high 
LDH level, may not be sensitive to ICIs. To cover the ICI-
resistant population, combination therapy with ICI and 
chemotherapy is administered to patients with NSCLC, 

and has shown a wide range of effects, as demonstrated in  
Table 1  (8-13). Combination therapy with ICI and 
chemotherapy significantly prolonged overall survival 
(OS) and progression free survival (PFS), and provided 
improvement of the objective response rate in almost 
all trials except for OS in IMpower 131. Although 
the programmed cell death protein ligand-1 (PD-L1) 
expression is an established biomarker that is used to predict 
the effect of anti-PD-1 antibody monotherapy (1,2,4), the 
clinical significance of the PD-L1 expression in patients 
receiving combination therapy with ICIs and chemotherapy 
remains unclear. Recently the PD-L1 expression is mainly 
confirmed for the indication of ICI monotherapy as 
second-line treatment or as a first line treatment in certain 
patients, such as those with chemotherapy-intolerable 
complications or PD-L1 high tumor cells. The effects of 
chemotherapy may cover ICI-resistant-populations such 
as PD-L1-low or -negative tumor cells or immune escape 
tumor cells. Additionally, the PD-L1 expression varies 
according to the tumor microenvironment. The change 
in the tumor microenvironment after the administration 
of chemotherapy is unpredictable. It is sometimes 
confusing to evaluate PD-L1 expression because of this 
heterogeneity. The effects of immunogenic cell death 
induced by anti-cancer drugs may enhance the antitumor 
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immune response, the magnitude of the effects in the 
patient’s body is unclear. Moreover, the antitumor effect 
can be changed according to the dose of agents like 
methotrexate, which has immunosuppressive effect at 
high doses, but immunosupportive effect, by promoting 
the maturation of dendritic cells, at lower doses (14).  
In our multivariate analysis of 44 NSCLC patients treated 
with anti-PD-1 antibody monotherapy, the ECOG PS 
and albumin level before treatment were identified as 
independent prognostic factors (7). We think that early 
treatment with ICIs may be important for an effective 
immune responses before the appearance of cachexia. 

Le et al. reported that a mean of 1,782 somatic mutations 
per tumor in mismatch repair—deficient tumors were 
detected by whole-exome sequencing, in comparison to 73 
in mismatch repair—proficient tumors, and many somatic 
mutations brought better PFS in patients receiving anti-
PD-1 antibody therapy (15). Somatic mutations, which are 
called “Neoantigens”, possess powerful immunogenicity. 
Theoretically, tumors with many somatic mutations related 
to mismatch-repair defects could be good candidates for 
immune check point inhibitors. CheckMate 227 showed 
that tumor mutation burden (TMB) was correlated with the 
clinical response to combination therapy with nivolumab 
and ipilimumab as first-line therapy for NSCLC. This trial 
was the first report to evaluate the TMB as a biomarker 

in NSCLC patients undergoing ICI therapy. Although a 
significant benefit such as prolonged PFS was not observed 
in the overall population of NSCLC patients who received 
combination therapy (nivolumab and ipilimumab) in 
comparison to chemotherapy alone, NSCLC patients 
with a TMB level of 10 ≥ mutation/Mbase who received 
combination therapy with nivolumab and ipilimumab 
showed significantly better PFS in comparison to those 
who received chemotherapy alone, irrespective of the PD-
L1 expression (16). There is a possibility that the TMB is a 
novel biomarker for NSCLC patients receiving ICI therapy.

Squamous cell carcinoma (SCC) is highly associated with 
smoking, which accounts for 15–20% of NSCLC. ICIs 
therapy was associated with good effects in NSCLC patients 
with a smoking history. It is thought that smoking, which 
causes DNA damages due to the extremely toxic smoke 
from cigarettes, is strongly related with gene mutations 
of cancer cells. KEYNOTE 407 is a phase 3 clinical trial 
of carboplatin + paclitaxel or nanoparticle albumin-bound 
(nab)-paclitaxel ± pembrolizumab for SCC. Patients with 
SCC more frequently have current or previous smoking 
history compared to adenocarcinoma, which has a growing 
proportion composed of never-smokers or previous light 
smokers (17). SCC is affected by the genomic mutations 
derived from cigarettes carcinogenesis. TP53 mutations 
are the most frequent (>60–70%) genomic alteration 

Table 1 Summary of the main clinical trials of immune checkpoint inhibitors combined with chemotherapy

Trial Agent
Patients/study design/number of 

patients 
MST, m

Median 
PFS, m

Response 
rate

All AEs 
(%)

Grade 3–5 
AEs (%)

Reference 
number

KEYNOTE 021 CBDCA+ PEM ± 
Pembrolizumab 

non-sq/1st Phase2/N=123 NR* (NR) 13.0* (8.9) 55* (29) 93.0 
(90.0)

39.0 (26.0) 8

KEYNOTE 189 Platina + PEM ± 
Pembrolizumab 

non -sq/1st Phase 3/N=616 NR* 
(11.3) 

8.8* (4.9) 47.6* (18.9) 91.9 
(90.6)

48.4 (39.6) 9

KEYNOTE 407 CBDCA + PAC 
or nabPAC ± 

Pembrolizumab 

sq/1st Phase 3/N=559 15.9* 
(11.3)

6.4* (4.8) 57.9* (38.4) 98.2 
(97.9)

69.8 (68.2) 10

Impower 150 CBDCA + PAC + Beva 
± Atezolizumab 

non -sq/1st Phase 3/N=692 19.2* 
(14.7)

8.3* (6.8) 63.5 (48.0) 94.4 
(95.4)

58.5 (50.0) 11

Impower 130 CBDCA + nabPAC ± 
Atezolizumab 

non -sq/1st Phase 3/N=723 18.6* 
(13.9)

7.0* (5.5) 49.2* (31.9) 96.0 
(93.0)

32.0 (28.0) 12

Impower 131 CBDCA + PAC 
or nabPAC ± 
Atezolizumab 

sq/1st Phase 3/N=683 14.0NS 
(13.9)

6.3* (5.6) 49.3 (41.2) 99.4 
(97.0)

82.5 (70.1) 13. 21

Parentheses: data for chemotherapy alone, *: P<0.05. NS, no significant difference; MST, median survival time; PFS, progression free 
survival; AE, adverse event; CBDCA, carboplatin; PEM, pemetrexed; PAC, paclitaxel; nabPAC, nanoparticle albumin-bound-paclitaxel; 
Beva, bevacizumab; non-sq, non-squamous non-small cell carcinoma; sq, squamous cell carcinoma; NR, not reached; m, month(s).
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found in SCC (18). It is thought that TP53 mutations 
might represent an immunogenic target for promoting an 
antitumor immune response, because we clarified that TP53 
with a point mutation simultaneously induced both cellular 
and humoral immune responses in an NSCLC patient (19).  
Moreover, these TP53 mutation-specific cytotoxic T 
lymphocytes (CTL) and TP53-specific B lymphocytes 
accumulated in the tumor microenvironment. More than 
5-year survival was observed without any other recurrences 
after adrenalectomy to treat postoperative single metastasis 
of the right adrenal gland. Thus, it is possible that the 
promotion of the immune response against TP53 mutation 
contributed to the good prognosis of the patient. Assoun 
et al. revealed that TP53 mutations brought a prognostic 
benefit in NSCLC patients treated with anti-PD-1 
antibodies. The TP53 mutation status was independently 
associated with longer OS in a multivariate analysis [hazard 
ratio (HR): 0.35, 95% CI: 0.16–0.77, P=0.09) (20). 

In KEYNOTE 407, 559 untreated-SCC patients 
underwent randomization. Two hundred seventy-eight 
patients were allocated to the pembrolizumab-combination 
group and 281 were assigned to the placebo-combination 
group. The median follow-up period was 7.8 months. 
The median OS was 15.9 months in the pembrolizumab-
combination group and 11.3 months in the placebo-
combination group (HR for death: 0.64%, 95% CI: 
0.49–0.85, P<0.001). The median PFS was 6.6 months in 
the pembrolizumab-combination group and 4.8 months 
in the placebo-combination group (HR for progression 
or death: 0.56%, 95% CI: 0.45–0.70, P<0.001). The 
incidence of grade 3–5 adverse events (AEs) was 69.8% in 
the pembrolizumab-combination group and 68.2% in the 
placebo-combination group. The rate of discontinuation 
due to AEs was 13.3% in the pembrolizumab-combination 
group and 6.4% in the placebo-combination group. The 
incidence of pneumonitis of all grades and grade 3–5 
was 6.5% and 2.5%, respectively, in the pembrolizumab-
combination group and 2.1% and 1.1% in the placebo-
combination group. Pneumonitis is the most lethal AE. 
Because SCC patients often have a smoking history, we 
should more pay attention to pneumonitis, which is also 
associated with smoking, as an AE. However, the usefulness 
of first line pembrolizumab-combination therapy was also 
confirmed in SCC. On the other hand, the OS benefit was 
independent of the PD-L1 expression level of the tumor 
cells. There was no significant difference in OS between 
the pembrolizumab-combination group and the placebo-
combination group in the analysis of the subgroup of 

patients with PD-L1 >50% (10). 
To evaluate the clinical outcomes of combination 

therapy with ICIs and chemotherapy in SCC patients, 
it is important to compare the results of KEYNOTE 
407 and IMpower 131 (carboplatin + nab-paclitaxel with 
atezolizumab). IMpower 131 revealed that combination 
therapy using atezolizumab for SCC patients significantly 
improved PFS in comparison to chemotherapy alone, 
but not OS. Zhang et al. compared KEYNOTE 407 and 
IMpower 131 and revealed that pembrolizumab treatment 
was associated with significantly better OS (HR: 0.79, 
95% CI: 0.47–0.94, P=0.02) and numerically superior PFS 
(HR: 0.79, 95% CI: 0.60–1.04, P=0.10) in comparison to 
atezolizumab in combination with chemotherapy, while 
they showed a similar ORR, and similar rates of all cause 
AEs and grade 3–5 AEs. In PD-L1-high SCC patients, 
pembrolizumab and atezolizumab demonstrated similar OS 
and PFS, while pembrolizumab showed significantly better 
OS (HR: 0.43, 95% CI: 0.24–0.76; P<0.01) and numerically 
superior PFS (HR: 0.83, 95% CI: 0.51–1.26, P<0.33) in 
comparison to atezolizumab in PD-L1-low SCC patients. 
Moreover, pembrolizumab demonstrated significantly better 
PFS (HR: 0.46, 95% CI: 0.28-0.75, P<0.01) in comparison 
to atezolizumab in patients with PD-L1-negative SCC (21).  
However, this analysis had a number of limitations. The 
follow-up periods were relatively short (the median follow-
up periods in KEYNOTE 407 and IMpower 131 were 7.8 
and 17.1 months, respectively). There was an issue with 
the concordance of anti-PD-L1 antibodies. The PD-L1 
expression was evaluated using 22C3 in KEYNOTE 407 
and SP142 in IMpower131. The sensitivity of SP142 is 
lower in comparison to 22C3 (22,23). Moreover, the SP142 
immunohistochemistry (IHC) assay detects the PD-L1 
expression of tumor cells and tumor-infiltrating immune 
cells, while the 22C3 assay only evaluates the PD-L1 
expression in tumor cells. IMpower 131 has not yet been 
published and is only available as an American Society of 
Clinical Oncology (ASCO) meeting abstract. Therefore, the 
information of IMpower 131 was limited to those available 
in the ASCO meeting abstract (13,21). It is therefore 
difficult to compare these 2 trials directly. 

Chen et al. analyzed the data from 11 clinical trials that 
included 3,112 SCC patients treated with monotherapy 
or combination therapy with ICIs or chemotherapy alone. 
ICI therapy including anti-PD-1 antibody and anti-PD-L1 
antibody showed significant clinical advantage such as 
prolonged OS (HR: 0.74; P<0.001) and PFS (HR: 0.66; 
P<0.001) in SCC patients in comparison to chemotherapy. 
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The clinical benefits of ICI therapy for SCC were similar 
in subgroup analyses that were performed according to 
the evaluation method of each clinical trial. However, no 
significant OS benefit was detected in SCC patients treated 
with anti-PD-L1 antibodies (HR: 0.87, P=0.087) (24). In 
IMpower 131, combination therapy with atezolizumab had 
no significant OS benefit in comparison to chemotherapy 
alone. In a subgroup analysis of the POPLAR trial, 
atezolizumab showed no significant benefit in terms of OS 
(HR: 0.80; 95% CI: 0.49–1.30) (25). However, Checkmate 
017 showed that nivolumab brought significantly better 
PFS and OS in SCC patients (5). Moreover, combination 
therapy with pembrolizumab and chemotherapy showed 
significantly better PFS and OS in comparison to 
chemotherapy alone in KEYNOTE 407 (10). A meta-
analysis using data from KEYNOTE 407 and IMpower 
131 revealed that pembrolizumab brought significantly 
better OS (HR: 0.67, P=0.02) and numerically superior 
PFS (HR: 0.79, P=0.10) in comparison to atezolizumab 
in SCC patients (21). This difference might be due to 
the different ligands and signaling of each of molecules 
targeted by ICIs. Additionally, atezolizumab may not 
easily stimulate the immune microenvironment of SCC. A 
subgroup analysis according to the expression of PD-L1 
showed that ICI therapy prolonged PFS and OS in SCC 
patients, regardless of the PD-L1 expression as shown 
in Checkmate 017 (5,23). Although SCC patients are a 
relatively homogenous population in comparison to non-
squamous NSCLC patients, the clinical effects of ICIs are 
not associated with the PD-L1 expression in SCC patients. 
The reason for this is still unclear. Further fundamental 
research is therefore necessary to clarify the mechanism of 
the uncorrelated relationship between the clinical effect and 
the PD-L1 expression and to identify a novel biomarker 
for SCC. Considering the characteristics of SCC, such 
as the mutation load due to smoking, the TMB may be 
a better predictive biomarker, even though a high TMB 
was not associated with a significant PFS benefit in SCC 
patients undergoing combination therapy (nivolumab 
and ipilimumab) in comparison to those who received 
chemotherapy alone in CheckMate 227 (16). Additional 
studies are expected to confirm this. We think that it may 
be better to prioritize anti-PD-1 antibody over anti-PD-L1 
antibody until new results of ICI therapy for SCC patients 
are obtained.

In conclusion, KEYNOTE407 revealed that combination 
therapy  wi th  pembrol izumab and chemotherapy 
brought significantly better OS and PFS in comparison 

to chemotherapy alone. IMpower 131 revealed that 
combination therapy using atezolizumab for SCC patients 
significantly improved PFS in comparison to chemotherapy 
alone, but not OS. In SCC patients, pembrolizumab may 
have a better OS benefit than atezolizumab in combination 
with chemotherapy. On the other hand, the incidence 
of grade 3–5 AEs was 69.8% in the pembrolizumab-
combination group and 68.2% in the placebo-combination 
group. We should decide the treatment strategy taking 
into account individual patient risks and benefits based on 
patient characteristics. 
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