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Non-small cell lung cancer (NSCLC) accounts for 85% of 
all primary lung cancers (1). A subset of NSCLC patients 
with driver mutations is able to benefit from targeted 
therapy (2); however, platinum-based chemotherapy is 
still received by patients who lack driver mutations. For 
patients with NSCLC, immune checkpoint inhibitors 
( ICIs ) ,  inc lud ing  programmed dea th-1  (PD-1) ,  
programmed death-ligand 1 (PD-L1), and cytotoxic-
lymphocyte antigen 4 (CTL-4) inhibitors, have brought 
great progress. The KEYNOTE-024 study showed that, 
as a first-line treatment, pembrolizumab monotherapy 
remarkably improved the treatment efficacy in patients with 
advanced NSCLC and PD-L1 expression ≥50% compared 
with chemotherapy (3). In KEYNOTE 042, compared 
with chemotherapy, progression-free survival (PFS) of 
pembrolizumab monotherapy was not statistically different 
in the PD-L1 expression ≥20% and≥1% groups, but it was 
significantly longer in the PD-L1 expression ≥50% group. 
In addition, overall survival (OS) in the ICI group was 
significantly longer than in the chemotherapy group in all 
three populations with different PD-L1 expression, and the 
difference is largest in the PD-L1 expression ≥50% group 
[hazard ratio (HR) = 0.69 vs. 0.77 vs. 0.81] (4). Similarly, 
IMpower 110 demonstrated atezolizumab alone did not 
differ in OS compared to chemotherapy in the PD-L1 
expression ≥1% group, but significantly prolonged OS in 
the PD-L1 expression ≥50% group (5). The good efficacy 
of immunotherapy combined with doublet chemotherapy 
was confirmed in non-squamous and squamous NSCLC by 
KEYNOTE-189 (6) and KEYNOTE-407 (7), respectively; 

however, patients with a high PD-L1 expression level were 
found to be more likely to respond to ICIs than those with 
lower PD-L1 expression level. In the IMpower 150 (8) 
and IMpower 130 (9) studies, the efficacy of atezolizumab 
combined with chemotherapy with or without bevacizumab 
was superior to chemotherapy in the PD-L1 high expression 
group.

In part 1 of the CheckMate 227 phase 3 trial (10), 
patients with stage IV or recurrent NSCLC were randomly 
assigned at a ratio of 1:1:1 to receive nivolumab plus 
ipilimumab, nivolumab alone, or chemotherapy. Among 
all the trial participants, the median OS was 17.1 months 
with nivolumab plus ipilimumab versus 13.9 months with 
chemotherapy. In patients with a PD-L1 expression level 
of 1% or more, the median OS was longer with nivolumab 
plus ipilimumab [17.1 months; 95% confidence interval 
(CI), 15.0 to 20.1] than with chemotherapy (14.9 months; 
95% CI, 12.7–16.7), with a HR for death of 0.79 (95% 
CI, 0.65–0.96). Among the participants with a PD-L1 
expression level of less than 1%, the median OS reached 
17.2 and 12.2 months in the nivolumab plus ipilimumab 
group and the chemotherapy group, respectively (HR 
=0.62; 95% CI, 0.48–0.78). In CheckMate 227, dual 
immunotherapy without chemotherapy (chemo-free) was 
demonstrated to have survival benefit regardless of patients’ 
PD-L1 expression levels, providing an additional option for 
the front-line therapy of patients with advanced NSCLC, 
especially those with negative PD-L1 expression. The 
PFS of patients with a high tumor mutational burden (≥10 
mutations per megabase) in the dual immunotherapy group 
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was significantly longer than that in the chemotherapy 
group, which validated tumor mutational burden as a 
biomarker for dual immunotherapy (11). Furthermore, 
patients in the immunotherapy group experienced slightly 
fewer severe adverse events than those in the chemotherapy 
group. 

Paz-Ares and colleagues recently reported the results 
of a double-blind phase III study of nivolumab plus 
ipilimumab in combination with 2 cycles of chemotherapy 
(CheckMate 9LA) (12). The primary endpoint was OS, and 
the secondary endpoints included PFS, overall response 
rate (ORR), and OS, PFS, and ORR by PD-L1 expression 
level. A total of 719 eligible patients were randomly 
assigned at a 1:1 ratio to receive nivolumab (360 mg Q3W) 
plus ipilimumab (1 mg/kg Q6W) with either 2 cycles of 
histology-based platinum doublet chemotherapy (n=361) or 
4 cycles of chemotherapy alone (n=358). In both treatment 
groups, the chemotherapy regimens were carboplatin plus 
paclitaxel for squamous NSCLC and carboplatin/cisplatin 
plus pemetrexed for non-squamous NSCLC. 

CheckMate 9LA (12) reported significant improvement in 
the primary endpoints in the experimental group compared 
to the control group: median OS (14.1 vs. 10.7 months;  
HR, 0.69; 95% CI, 0.55–0.87, P=0.00065). With a further 
3.5 months of follow-up, the median OS was 15.6 months 
in the doublet immunotherapy-chemotherapy arm and  
10.9 months in the chemotherapy arm. A 12-month 
OS benefit was observed in the experimental group 
when compared to the control group (63% vs. 47%). 
The participants in the experimental group experienced 
improved PFS compared to those in the control group  
(6.8 vs. 5.0 months). Similarly, a significant improvement was 
also observed in the ORR with combination therapy (37.7% 
vs. 25.1%; P=0.00030). In the PD-L1 expression ≥1% 
group, the median OS was 15.8 months and 10.9 months  
in the combination and chemotherapy groups, respectively 
(HR =0.64; 95% CI, 0.50–0.82). Among patients with 
PD-L1 expression <1%, the median OS reached 16.8 
months and 9.8 months with combination therapy and 
chemotherapy, respectively (HR =0.62; 95% CI, 0.45–0.85). 
Thus, CheckMate 9LA confirmed that the survival benefit 
of double immunotherapy plus chemotherapy was not 
related to PD-L1 expression. The robust positive results 
of the clinical trial led the United States Food and Drug 
Administration to approve nivolumab combined with 
ipilimumab and 2 cycles of chemotherapy for the treatment 
of advanced NSCLC without targetable driver mutations.

Previous studies have shown that the early survival curves 

of patients who receive immunotherapy are entangled with, 
or are lower than, those of chemotherapy-treated patients 
(4,13,14). CheckMate 9LA demonstrated the OS and PFS 
curves of the combination treatment group were separated 
from those of the chemotherapy group at an early point 
without crossover. The addition of limited chemotherapy 
may benefit those patients who have not benefited from 
immunotherapy in the first place. Additionally, CheckMate 
9LA (HR of 0.66) may have a greater difference in OS 
between the experimental group and the control group, 
than did CheckMate 227 (HR of 0.73) (10). The effect of 
immunotherapy alone may be restricted due to extensive 
tumor antigen heterogeneity that prevents the immune 
system from triggering effective attacks (15). Chemotherapy, 
even at a low dose, has synergistic effects when combined 
with immunotherapy. Chemotherapy can release antigens, 
induce immunogenic cell death, activate the antitumor 
immune response, and increase PD-L1 expression on 
malignant cells (16-18). Importantly, chemotherapy 
can convert immunologically “cold” tumors into “hot” 
tumors with infiltration by dendritic cells and CD8 + 
cytotoxic T lymphocytes, promoting a response to ICIs in 
the early stage (19). Additionally, limited chemotherapy 
may minimize the adverse events associated with full-
dose chemotherapy. In CheckMate 9LA, adverse events 
of grade 3–5 were increased slightly in the experimental 
group compared to the control group; nevertheless, severe 
myelosuppression was more common in patients treated 
with chemotherapy alone. 

Two cycles of chemotherapy can enhance the efficacy of 
immunotherapy without suppressing immunogenicity or 
increasing the incidence of adverse events. It is not clear 
whether the addition of other chemotherapeutic modalities 
to immunotherapy can also attain survival benefits. In 
vitro experiments confirmed that the immunomodulatory 
effects of pemetrexed or paclitaxel appeared to be reduced 
when combined with platinum (20). Whether ICIs can be 
combined with platinum-free chemotherapy is also worthy 
of further study. André et al. demonstrated that metronomic 
chemotherapy combined with ICIs is a promising 
treatment that can improve the activity of ICIs and 
maintain the chemotherapeutic effect (21). The addition 
of chemotherapy to immunotherapy, whether single or 
dual, should not be restricted to the regimen of 4 courses 
of standard platinum-containing chemotherapy. Thus, we 
propose the concept of “chemo-reform”: the addition of 
post-reform chemotherapy to immunotherapy, including 
single-drug chemotherapy (without platinum), platinum 



1926 Deng and Zhou. The status of chemotherapy in the immunotherapy era

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(4):1924-1927 | http://dx.doi.org/10.21037/tlcr-21-179

alone, low-dose chemotherapy, chemotherapy with the 
adjusted course, or cycle interval-adjusted chemotherapy. 

So is  the status of  chemotherapy in the era of 
immunotherapy chemo-free or chemo-reform? CheckMate 
227 and CheckMate 9LA showed that chemo-reform may 
be more effective than chemo-free, with the advantage of 
early survival benefit. However, the incidence of severe 
adverse events was higher with chemo-reform than with 
chemo-free. Therefore, this question remains unanswered 
and warrants further study.

In summary, both CheckMate 227 and CheckMate 
9LA have confirmed that a chemo-free or chemo-reform 
doublet immunotherapy approach significantly improves 
patients’ OS regardless of their PD-L1 expression status, 
and has a favorable safety profile. Additionally, CheckMate 
9LA showed the addition of 2 chemotherapy cycles in 
double immunotherapy has avoided the typical early 
intersection of the curves, saving those patients who do not 
respond to immunotherapy alone. How chemotherapy and 
immunotherapy can be combined to achieve the best effect 
and reduce adverse events is deserving of further study.
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