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Background: Immunotherapy has provided a novel therapeutic option for lung cancer but studies
involving patients with advanced non-small cell lung cancer (NSCLC) coupled with various degrees of
comorbid chronic obstructive pulmonary disease (COPD) are limited. Thus, we performed a retrospective
cohort study to optimize the use of immunotherapy in this special population.

Methods: We enrolled a total of 99 patients with advanced (stage ITIIB/C-IV) NSCLC with comorbid
COPD who had received immune checkpoint inhibitors (ICIs) according to the inclusion and exclusion
criteria. They were divided into four groups according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guideline criteria as follows: no COPD group (n,=19), mild COPD group (n,=24),
moderate COPD group (n;=31), and severe COPD group (n,=25). Routine blood, imaging characteristics,
related cytokines including interleukin (IL)-6, IL-8, IL-10, etc., Krebs Von den Lungen (KL)-6, and
corresponding indicators of immune-related adverse events (irAEs), incidence of irAEs, objective response
rate (ORR), disease control rate (DCR) and progression-free survival (PFS) were recorded and analyzed.
Comparability of baseline factors above and clinical characteristics were evaluated.

Results: There were statistically significant differences in the incidence of irAEs among the four groups
(P=0.003). The incidence of irAEs in patients with no COPD (n;, 21.1%) and mild to moderate COPD
(0,3, 8.3%, 32.3%) was lower than that in patients with severe COPD (n,, 56.0%) (P=0.003). The median
PES of the mild to moderate COPD group was significantly longer than the severe COPD group (19.0
vs. 8.00 months, log-rank P=0.004). A significant increase of both ORR (P=0.004) and DCR (P=0.037),
as well as higher IL-6 (P=0.000), IL-8 (P=0.026), and IL-10 (P=0.010) levels, have been observed in the
mild to moderate COPD group compared with severe COPD group. IL-6 level was an independent factor
influencing PFS [P=0.007, 95% confidence interval (95% CI): 1.000-1.002] and COPD grading was an
independent predictor of irAEs (P=0.037, 95% CI: 1.035-3.039).

Conclusions: Immunotherapy should be selected with caution for advanced NSCLC patients with
comorbid severe COPD, considering the limited efficacy and the increased risk of immune-related adverse

events related to the immune-checkpoint inhibitors administration in this special population.
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Introduction

Lung cancer and chronic obstructive pulmonary disease
(COPD) are two major respiratory diseases affecting the
quality of human life. Lung cancer still represents the main
cause cancer-related deaths, with non-small cell lung cancer
(NSCLC) accounting for about 85% of all types of lung
cancers. However, approximately 75% of NSCLC patients
are diagnosed at an advanced stage (1). COPD is already the
third leading cause of death worldwide, and its prevalence
is expected to rise in the next 40 years. COPD and NSCLC
are mutually important causes of death of each other.
Recent research has suggested that the incidence of COPD
is higher in NSCLC patients (2), and the incidence of
comorbidities in both diseases is not low. Some researchers
found that 69% had COPD or emphysema (39% with
COPD, 59% with emphysema) in their lung cancer patients
studied (2). Others also found that 50.5% patients with
advanced NSCLC had COPD in their study (3). For this
reason, clinicians are gradually paying more attention to
this cohort, with relevant content added to the 2021 Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines. However, currently little is known about the
treatment of advanced NSCLC with comorbid COPD,
and there is no consensus on how to optimize treatment for
these patients.

In recent years, immune checkpoint inhibitors (ICIs)
have become a new standard of care for NSCLC, but
evidence in NSCLC patients with comorbid COPD
remain lacking. There is currently no uniform conclusion
on the correlation between GOLD grading of COPD and
the efficacy of immunotherapy. A study by Zhou er a/. (4)
found that PES had a tendency to prolong in patients with
comorbid moderate to severe COPD compared with no
COPD patients, while Shin SH (5) found that PFS is better
in patients with mild COPD. Therefore, this study analyzed
the efficacy and tolerability of ICIs in advanced NSCLC
patients with various degrees of comorbid COPD in order
to optimize the use of immunotherapy in this special
population. We present the following article in accordance
with the STROBE reporting checklist (available at https://
tler.amegroups.com/article/view/10.21037/tlcr-22-667/rc).
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Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by Medical Ethics Committee of the First
Affiliated Hospital of Guangzhou Medical University
(Medical Research Ethics 2022 No. K-22). Individual
consent for this retrospective analysis was waived.

Patients

We conducted a retrospective analysis of advanced NSCLC
patients with and without comorbid COPD who were
admitted to the First Affiliated Hospital of Guangzhou
Medical University for immunotherapy between January 1,
2019, and April 30, 2021.

The inclusion criteria were as follows: (I) patients with
NSCLC who had received ICIs; (IT) stage IIIB/C to IV lung
cancer patients evaluated unsuitable for surgery according
to the 8" edition of the Union for International Cancer
Control (UICC) staging criteria for NSCLC (6); (I1I)
patients in which at least one measurable lesion was found
according to the Response Evaluation Criteria in Solid
Tumors (RECIST1.1); (IV) comorbid COPD according to
the 2021 GOLD standard of diagnosis (https://goldcopd.
org/2021-gold-reports/), i.e., the forced expiratory volume
in 1 second (FEV,)/forced vital capacity (FVC) after
inhalation of bronchodilators <70%. The following severity
rating was applied: mild (GOLD 1, FEV,% predicted
>80%), moderate (GOLD 2, 50%< FEV,% predicted
<79%), severe (GOLD 3, 30%< FEV,% predicted <49%),
and extremely severe (GOLD 4, FEV,% predicted pred
<30%); and (V) patients with imaging manifestations that
supported the diagnosis of COPD.

The exclusion criteria were as follows: (I) patients with
known intolerance or allergy to ICIs or any excipient
ingredient in ICIs; (I) those with severe primary diseases
in organs or systems vitally; (III) patients with disabilities
either mentally or physically; (IV) patients in the active stage
of infectious diseases, such as acquired immunodeficiency
syndrome (AIDS), hepatitis, tuberculosis, and connective
tissue diseases; (V) patients with lung infections or any other
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severe infections; (VI) patients participating in other clinical
trials; and (VII) patients with incomplete clinical data.

The final study population included 99 patients
according to the above criteria, with 19 no COPD patients
(no COPD group, n,=19) and 80 advanced NSCLC coupled
with various degrees of COPD patients. The latter group of
patients were further divided into three groups according to
the 2021 GOLD standard of diagnosis: mild COPD group
(n,=24), moderate COPD group (n;=31), and severe COPD
group (n,=25). All patients completed lung function tests
during the study period, and were continuously observed
and followed up until the occurrence of immune-related
adverse events (irAEs), tumor progression, death, or loss of
follow-up. Selected patients were diagnosed and evaluated
by specialists in the Department of Respiratory Oncology,
in strict accordance with the above guidelines.

Data collection

The demographic characteristics of the patients included
age, gender, body mass index (BMI), smoking status,
physical state (PS) score, imaging characteristics, tumor
node metastasis (INM) stage, pathological tumor type,
metastasis, etc. In addition, irAEs and biochemical indexes
including (but not limited to) routine blood test (e.g.,
creatinine, etc.), related cytokines [interleukin (IL)-6, IL-
8, IL-10, etc.], and Krebs Von den Lungen (KL)-6, were
also evaluated after each line of treatment. Comparability
of baseline factors above and clinical characteristics were
evaluated.

Endpoints and clinical efficacy

In this study, the primary endpoint was progression-
free survival (PFS) and the secondary endpoints were the
incidence of irAEs, the objective response rate (ORR), and
the disease control rate (DCR). The PFS was defined as
the time from the first administration of ICIs to disease
progression, death, or last follow-up. Median PFS (mPFS)
was defined as the time taken until 50% of patients
experienced disease progression. The incidence of irAEs
was calculated as the number of cases with irAEs/total cases
x100%.

Clinical efficacy was evaluated according to the RECIST
1.1 criteria. Complete response (CR) was defined as
the disappearance of all measurable lesions, and partial
response (PR) was defined as at least a 30% decrease in
the sum of diameters of target lesions, taking the baseline
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sum diameters as a reference. Stable disease (SD) refers
to a condition of insufficient shrinkage to qualify for PR
nor a sufficient increase to qualify for progressive disease
(PD), taking the smallest sum diameters in the study as a
reference. PD was defined as at least a 20% increase in the
sum of diameters of the target lesions, taking the smallest
sum in the study as a reference. The appearance of one or
more new lesions was also considered progression. The
ORR was calculated as (CR + PR)/total number of cases
x100%, and the DCR was calculated as (CR + PR + SD)/
total number of cases x100%.

Statistical analyses

International Business Machines Corporation (IBM,
America) Statistical Product Service Solutions (SPSS) 25.0
software was used for statistical analysis. The Chi-square
test or Fisher’s exact test was used to compare categorical
variables, and the 7-test or analysis of variance was used
to compare the differences between continuous variables.
Survival analysis was estimated using the Kaplan Meier
survival curve and log-rank test. The hazard ratio (HR)
and 95% confidence interval (95% CI) of the survival
time multivariate analysis were calculated using a Cox
proportional hazards model. Bilateral P values less than 0.05
were considered statistically significant.

Results

Clinical characteristics of NSCLC patients with comorbid
COPD

A total of 99 patients were included in this study, including
19 patients without COPD and 80 NSCLC patients with
various degrees of comorbid COPD. We divided the
NSCLC patients with comorbid COPD into three groups
according to the GOLD guidelines: a mild group (GOLD 1),
a moderate group (GOLD 2), and a severe group (GOLD 3)
(shown in Figure I).

Comparability of baseline factors above and clinical
characteristics were evaluated. There were statistically
significant differences between the four groups of patients
in terms of gender, smoking status, smoking index, Eastern
Cooperative Oncology Group physical state (ECOG PS),
and lung function indicators (P<0.05). However, there were
no differences in terms of age, histological type, body mass
index (BMI), TNM stage, and metastasis in the baseline
data (P>0.05). 44 patients conducted genetic testing, none
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Advanced NSCLC patients with and without comorbid COPD
between January 1, 2019, and April 30, 2021 (158 patients)
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A total of 99 patients were included according to
the inclusion and exclusion criteria
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Figure 1 The flow diagram of study participants. NSCLC, non-small cell lung cancer; COPD, chronic obstructive pulmonary disease;

GOLD, Global Initiative for Chronic Obstructive Lung Disease.

of them had EGFR mutations (shown in Table 1).

irAEs and their relationship with cytokines

Among the 99 included patients, a total of 30 experienced
irAEs. The clinical manifestations included fatigue (n,
15.8%, n, 8.33%, n, 22.6%, n,36.0%), pruritus (n, 5.26%,
n, 4.17%, n; 12.9%, n, 16.0%), immune-related enteritis
(n, 5.26%, n, 4.17%, n; 0, n,; 8.00%), immune-related
pneumonia (n; 5.26%, n, 0, n;3.23%, n,28.0%), and
immune-related hepatitis (n; 0, n, 0, n; 0, n,; 8.00%). The
incidence of different irAEs varied, with that of fatigue
being the highest, and the incidence of irAEs among the
four groups was statistically different (P=0.003). In addition,
IL-6, IL-8, IL-10, and KL-6 levels appeared statistically
different among the four groups (P<0.05). In the subgroup
analysis, the differences in IL-6, IL-8, and IL-10 between
the mild to moderate COPD group and the severe COPD
group were statistically significant (P<0.05), as detailed in
Tuble 2.

Analysis of ICIs activity

The ORRs of each group were 31.6% (n,), 37.5% (n,),
35.5% (n3), 8.0% (n,), and the DCRs of each group were
84.2% (n,), 87.5% (n,), 74.2% (n3), 56.0% (n,) separately.

© Translational Lung Cancer Research. All rights reserved.

In the subgroup analysis, there were no marked differences
in the ORRs and DCRs between the no COPD group (n,)
and the mild to moderate COPD group (n,;) (P>0.05).
Conversely, the differences in the ORRs and DCRs between
the no COPD group (n,) and the severe COPD group (n,)
were significant statistically (ORR, 31.6% vs. 8.0%; DCR,
84.2% wvs. 56.0%, P<0.05). Moreover, statistical significance
also existed between the mild to moderate COPD group
(n,;) and the severe COPD group (n,) (P<0.05), as detailed
in Table 3.

Among the 99 included patients, 17 were lost to
follow-up, with a median follow-up time of 42.0 months
(17.6-66.4 months). The mPFS of the four groups were
12.0 months (n,), 19.0 months (n,), not reached (n;) and
8.0 months (n,) respectively. In the subgroup analysis, the
mPFS differences between the no COPD (n,), mild to
moderate COPD (n,;), and severe COPD (n,) groups were
statistically significant (log-rank P=0.011), as shown in
Figure 2.

Factors related to ICIs’ activity/tolerability

Univariate analysis showed that the GOLD degree
(P=0.034) and the levels of cytokines IL-6 (P=0.003),
IL-8 (P=0.005), and IL-10 (P=0.014) were significantly
correlated with mPFS. As shown in Table 4, multivariate
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Table 1 Clinical characteristics of NSCLC patients with different degrees of COPD

Variables No COPD (n,=19) Mild group (n,=24) Moderate group (n;=31)  Severe group (n,=25) P value
Age (years) 64.11+6.24 62.46+7.43 66.29+9.51 66.04+7.37 0.276
Sex 0.049
Male 15 23 29 25
Female 4 1 2 0
BMI (kg/m?) 22.22+2.50 22.25+2.67 23.02+2.74 21.88+3.77 0.642
Smoking status 0.022
Yes 8 19 25 17
No 11 5 6 8
Smoking index 321+409 725+612 776+604 646+581 0.046
ECOG PS 0.038
0-1 18 22 30 24
>2 1 2 1 1
Histology 0.852
Adenocarcinoma 10 11 14 12
Squamous cell carcinoma 5 11 13 10
Other 4 2 4 3
TNM stage 0.649
11B/C 5 8 10 11
\% 14 16 21 14
Metastasis 0.660
Yes 14 15 20 14
No 5 9 11 10

Pulmonary function

FVC (L) 3.45+0.50 3.58+0.54 2.88+0.47 2.78+0.92 0.000
FVC% predicted 101.8+15.16 100.5+15.00 83.62+10.37 79.52+22.06 0.000
FEV, (L) 2.69+0.48 2.41+0.49 1.75+0.36 1.62+0.94 0.000
FEV,% predicted 99.87+15.57 85.01+£15.40 64.97+8.07 58.86+30.63 0.000
FEV,/FVC 96.47+11.65 82.12+9.27 77.25+x11.71 69.48+21.14 0.000

The data are expressed as n or mean + SD. NSCLC, non-small cell lung cancer; COPD, chronic obstructive pulmonary disease; BMI, body
mass index; ECOG, Eastern Cooperative Oncology Group; PS, physical state; FVC, forced vital capacity; FEV,, forced expiratory volume
in 1 second; SD, standard deviation.
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Table 2 irAEs and cytokines

irAEs/cytokines No COPD (n,=19) Mild group (n,=24) Moderate group (n;=31)  Severe group (n,=25) P value
irAEs 21.1%' 8.3% 32.3%" 56.0% 0.003
Fatigue 15.8% 8.33% 22.6% 36.0%
Pruritus 5.26% 4.17% 12.9% 16.0%
Immune-related enteritis 5.26% 4.17% 0 8.00%
Immune-related pneumonia 5.26% 0 3.23% 28.0%
Immune-related hepatitis 0 0 0 8.00%
Cytokines
IL-6 (pg/mL) 7.95+9.71 11.65+14.81 14.38+12.72" 37.74+40.45 0.000
IL-8 (pg/mL) 14.89+11.28 27.37+32.53 19.30+17.72" 61.03+69.19 0.030
IL-10 (pg/mL) 2.52+2.69 3.37+2.00 3.07+2.29" 4.67+2.42 0.024
KL-6 (U/mL) 1,209+1,266 472+263 537+304 644+521 0.029

The data are expressed as % or mean + SD. ', no COPD group vs. severe COPD group (P=0.024); *, mild to moderate COPD group vs.
severe COPD group (P=0.003); ", mild to moderate COPD group vs. severe COPD group (P=0.000); ", mild to moderate COPD group vs.
severe COPD group (P=0.026); *, mild to moderate COPD group vs. severe COPD group (P=0.010). irAEs, immune-related adverse events;

COPD, chronic obstructive pulmonary disease; IL-6, interleukin-6;
SD, standard deviation.

Table 3 Clinical efficacy in patients

Efficacy No COPD Mild group Moderate Severe
group group group
CR 0 1 0 0
PR 6 8 11 2
SD 10 12 12 12
PD 3 3 8 1
ORR 31.6%' 37.5% 35.5%" 8.0%
DCR 84.2%" 87.5% 74.2%" 56.0%

', no COPD group vs. severe COPD group (P=0.009); ", mild
to moderate COPD group vs. severe COPD group (P=0.004),
no COPD group vs. mild to moderate COPD group (P=0.586);
" "'no COPD group vs. severe COPD group (P=0.016); ", mild
to moderate COPD group vs. severe COPD group (P=0.037),
no COPD group vs. mild to moderate COPD group (P=0.936).
COPD, chronic obstructive pulmonary disease; CR, complete
response; PR, partial response; SD, stable disease; PD,
progressive disease; ORR, objective response rate; DCR,

disease control rate.
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IL-8, interleukin-8; IL-10, interleukin-10; KL-6, Krebs Von den Lungen-6;
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Figure 2 In the subgroup analysis, the differences between the
no COPD, mild to moderate COPD, and severe COPD groups
were statistically significant (log-rank P=0.011)/[no COPD group
vs. mild to moderate COPD group (log-rank P=0.530); no COPD
group vs. severe COPD group (P=0.099); mild to moderate COPD
group vs. severe COPD group (P=0.004)]. PFS, progression-free

survival; COPD, chronic obstructive pulmonary disease.
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Table 4 Factors related to PFS
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Univariate analysis

Multivariate analysis

Factors
HR (95% Cl) P value HR (95% ClI) P value
Smoking index 1.000 (0.999-1.001) 0.685
ECOG PS 0.950 (0.400-2.258) 0.908
Histology
Adenocarcinoma 1 0.843
Squamous cell carcinoma 1.292 (0.285-5.860) 0.740
Other 1.514 (0.333-6.886) 0.591
TNM stage 1.042 (0.409-2.651) 0.931
Anti-COPD drugs 1.187 (0.352-4.004) 0.783
GOLD degree 1.667 (1.038-2.677) 0.034
Cytokines
IL-6 1.001 (1.000-1.002) 0.003 1.001 (1.000-1.002) 0.007
IL-8 1.014 (1.004-1.024) 0.005
IL-10 1.049 (1.010-1.090) 0.014
KL-6 1.000 (0.999-1.001) 0.833

PFS, progression-free survival; ECOG, Eastern Cooperative Oncology Group; PS, physical state; TNM, tumor node metastasis;
COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; IL-6, interleukin-6; IL-8,
interleukin-8; IL-10, interleukin-10; KL-6, Krebs Von den Lungen-6; HR, hazard ratio; Cl, confidence interval.

analysis confirmed that IL-6 levels remained the only factor
significantly correlated with mPFS (P=0.007).

The univariate analysis also indicated that the GOLD
degree (P=0.003) and the levels of cytokines IL-6 (P=0.007),
IL-8 (P=0.022), and IL-10 (P=0.006) were significantly
related to the occurrence of irAEs, while anti-COPD drugs
did not affect the occurrence of irAEs (P>0.05). Multivariate
analysis found that the GOLD degree remained the only
factor significantly associated to irAEs (P=0.037), as detailed
in Table 5.

Discussion

COPD and lung cancer are two major respiratory diseases
affecting patients’ survival and quality of life. COPD patients
are 3—6 times more likely to develop lung cancer than
people with normal lung function, and about 40% of COPD
patients die within 1 year after the diagnosis of lung cancer,
which accounts for 33% of COPD-related deaths (7).
On these bases clinicians have gradually paid greater
attention to these patients’ cohorts. Our team first proposed
the concept of “Severe Lung Cancer” in 2017 (8,9). The

© Translational Lung Cancer Research. All rights reserved.

first edition of the International Consensus on Severe Lung
Cancer (10) in 2021 offers a clear definition of the concept
of severe lung cancer, i.e., a disease in which the patient
with stage IIIB, IIIC, and IV lung cancer has a PS score
between 2 and 4 in certain stages due to various acute or
chronic comorbidities, the tumor itself, and/or treatment-
related adverse events. However, these patients will likely
benefit from existing systemic anti-tumor therapy following
supportive care and anti-tumor treatment based on dynamic
and precise testing. With this clear definition, this special
population has been gradually regarded as patients with
severe lung cancer for clinical diagnosis, treatment, and
management. However, there is currently insufficient
clinical experience in the diagnosis and treatment of
such severe lung cancer patients, and the efficacy of
immunotherapy is unclear. Therefore, we conducted this
retrospective cohort study of advanced NSCLC patients
with comorbid COPD who received immunotherapy.

A previous study has shown that lung cancer and
COPD may have similar physiological and pathological
mechanisms, such as genetic susceptibility, telomere
shortening, mitochondrial dysfunction, or premature
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Univariate analysis

Multivariate analysis

Factors
HR (95% Cl) P value HR (95% ClI) P value

Smoking index 1.000 (0.999-1.001) 0.850
ECOG PS 1.396 (0.589-3.311) 0.449
Histology

Adenocarcinoma 1 0.478

Squamous cell carcinoma 1.889 (0.456-7.821) 0.380

Other 1.149 (0.262-5.034) 0.853
TNM stage 1.326 (0.527-3.335) 0.549
Anti-COPD drugs 1.806 (0.545-5.983) 0.334
GOLD degree 2.063 (1.286-3.309) 0.003 1.774 (1.035-3.039) 0.037
Cytokines

IL-6 1.032 (1.008-1.056) 0.007 1.013 (0.989-1.038) 0.275

IL-8 1.036 (1.005-1.067) 0.022

IL-10 1.349 (1.091-1.668) 0.006 1.219 (0.976-1.521) 0.080
KL-6 1.001 (1.000-1.002) 0.060

irAEs, immune-related adverse events; ECOG, Eastern Cooperative Oncology Group; PS, physical state; TNM, tumor node metastasis;
COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; IL-6, interleukin-6; IL-8,

interleukin-8; IL-10, interleukin-10; KL-6, Krebs Von den Lungen-6; HR, hazard ratio; Cl, confidence interval.

aging (11). A prospective trial following nearly 500,000
non-smokers showed that lung cancer was more common in
non-smokers with COPD (12), emphasizing the importance
of increased chronic inflammation and oxidative stress.
Lung damage in COPD can be caused by exogenous or
endogenous oxidative stress and the release of inflammatory
cytokines, which in turn leads to airway destruction and
obstruction. COPD drives the occurrence of lung cancer
by increasing oxidative stress and chronic exposure to pro-
inflammatory cytokines (13). Study (14) has shown that
inflammation is the main source of persistent reactive
oxygen species in COPD, and patients with lung cancer
also exhibit increased levels of inflammation. Our research
showed that smoking is not an essential factor in the
occurrence of the disease. Smoking has no statistically
significant effects on tumor progression and irAEs in
NSCLC patients, while IL-6, an inflammatory cytokine, is
an independent factor influencing tumor progression. This
indicates that chronic inflammation of COPD may be a
powerful factor driving NSCLC. Furthermore, the enrolled
patients conducting genetic testing exhibited no EGFR
mutations, which was consistent with previous studies that
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COPD was also significantly correlated with low prevalence
of EGFR mutations in non-smoker NSCLC patients (15).
Regarding the immune mechanism, a study (16) used
immunohistochemistry to detect the immune-related
cell subtypes and cytokines in the tumor and non-tumor
specimens of 33 lung cancer patients with comorbid
COPD and 20 simple lung cancer patients. This study
found that IL-10 is significantly higher in patients with
COPD, suggesting that lung cancer patients with comorbid
COPD have a certain immune effect on the application
of immunotherapy. Basic research (17) has demonstrated
that chronic inflammation similar with COPD creates a
good immunosuppressive microenvironment for tumor
development, and COPD-related lung tumors may respond
better to immune checkpoint therapy. Mark ez a/. (18) found
that the helper T 1 (Th1) cell phenotype differentiation was
enhanced in COPD patients, and this phenotype also existed
in the tumor microenvironment. The abovementioned
research indicates that the state of chronic inflammation
characterized by persistent lung injury increases the activity
of the adaptive system. This increased activity also activates
a regulatory mechanism that reduces the immune response.
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In our study, we also found that the cytokines IL-6, IL-
8, and IL-10 varied markedly between the different COPD
groups. Moreover, significant differences also existed
between the mild to moderate COPD group and the severe
COPD group. NSCLC patients with severe comorbid
COPD have poorer pulmonary function and other basic
conditions, which may lead to more severe autoimmune
system damage and immune response overexpression
compared to patients with mild to moderate COPD.
Therefore, the poor sensitivity of such patients to IClIs leads
to poor final immunotherapy efficacy.

In terms of irAEs, the American Society of Clinical
Oncology (ASCO) and National Comprehensive Cancer
Network (NCCN) jointly issued the Immunotherapy-
related Adverse Events Management Guidelines in
2018 (19), which pointed out that the adverse events caused
by immunotherapy can affect many individual organs, such
as the skin, digestive tract, lungs, endocrine, etc. IrAEs
involved in our study were consistent with those in the
guidelines. At the same time, our study also found that
the incidence of irAEs in patients with mild to moderate
COPD was relatively lower than that in patients with severe
COPD. Mark et al. (18) found that the proportion of cluster
of differentiation 3 (CD3), CD4", and CD8" cells increased
in the non-tumor lung tissue of COPD patients compared
with that in non-COPD patients. Other studies (20,21) have
shown that T cells are exposed to persistent inflammatory
signals and their exhaustion was usually related to the
ineffective control of persistent infections and tumors.
Exhausted T cells exhibit dysfunctional tumor-specific
immunity. The response is also accompanied by an increased
expression of inhibitory receptors such as programmed cell
death protein-1 (PD-1), T cell immunoglobulin domain
and mucin domain-3 (TIM-3), cytotoxic T-lymphocyte-
associated protein-4 (CTLA-4), lymphocyte activation
gene-3 (LAG-3), and B- and T-lymphocyte attenuator
(BTLA), and a decrease in cytokines. Therefore, we believe
that the destruction of immune checkpoint molecular
functions during immunotherapy may lead to the failure of
immune tolerance. However, patients with severe COPD
have worse inflammation and infection, immune imbalance,
and poorer immune response than patients with mild to
moderate COPD, which leads to more irAEs. Therefore,
immunotherapy must be carefully considered for NSCLC
patients with severe COPD. On the other hand, the GOLD
guidelines (22) indicate that inhaled bronchodilators and/
or glucocorticoids should be used according to the disease
in stable periods. Antibiotics should be used reasonably
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in the acute exacerbation phase according to the disease,
and inhalants should be appropriately increased. Also,
patients who are followed up regularly in outpatient
clinics are suitable for COPD treatment (23). Patients
with COPD in our study were treated with standardized
medications strictly according to the guidelines, which
did not increase the occurrence of adverse events, and the
efficacy of immunotherapy was not affected. Therefore,
we also advocate that for severe lung cancer patients with
advanced NSCLC and comorbid COPD, standardized drug
treatment should also be strictly carried out to achieve the
simultaneous treatment of both cancer and the lung.

In terms of survival and prognosis, although this type of
severe lung cancer patient is associated with COPD and has
a poor basic status, the overall survival is not high. However,
the results of a retrospective cohort study (18) showed that
the presence of COPD significantly improved the response
to ICI treatment in patients with COPD or simple lung
cancer who received ICI treatment, and the PFS and overall
survival in the COPD group were longer than those in non-
COPD patients. This suggested that advanced NSCLC
patients with comorbid COPD are not contraindicated for
immunotherapy. However, of the patients who are clinically
diagnosed with COPD, the lung volume is recorded in only
30% of patients.

Despite its limitations, this study reminds us that
advanced NSCLC patients with comorbid COPD should
be strictly evaluated and graded for the severity of COPD
before undergoing immunotherapy to be clear about the
impact of COPD with different severities on the efficacy of
immunotherapy. There are also similar studies by different
scholars in the early stage. Biton er a/. (24) observed a
greater response to nivolumab in COPD patients and the
PFS of COPD patients was longer, suggesting that COPD
patients are more sensitive to PD-1 blockade. Shin ez /. (5)
pointed out that NSCLC patients with comorbid COPD
treated with pembrolizumab had a longer overall survival
and PFS, and a higher ORR compared to patients with
simple lung cancer, and patients with mild COPD benefited
most. This provides favorable evidence for the use of ICI
therapy in NSCLC patients with comorbid COPD and
suggests that lung cancer patients with mild COPD may
benefit the most. However, this study was limited to patients
receiving second-line NSCLC treatment and programmed
cell death-ligand 1 tumor proportion score (PD-L1 TPS)
>50%. Put simply, previous studies have not emphasized the
grading of lung function and it is impossible to clarify the
different efficacies of immunotherapy in NSCLC patients
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with various degrees of comorbid COPD.

Our study is an independent exploration of immunotherapy
in NSCLC patients with various degrees of comorbid
COPD. We classified the patients’ lung function indicators
strictly according to the GOLD guidelines, and not only
compared the differences in immunotherapy between
patients with and without COPD but also divided the
NSCLC patients with comorbid COPD into detailed
groups that were not limited to the types of ICIs. Finally,
we found that the PFS of patients with mild to moderate
COPD was longer than patients with severe COPD
following immunotherapy, and the incidence of irAEs was
lower, confirming the necessity of lung function assessment
for severe lung cancer patients (such as those with NSCLC
and comorbid COPD) before receiving immunotherapy.

There are limitations in this study that should be
noted. Firstly, this is a single-center retrospective cohort
study, which involves certain limitations on the general
applicability and versatility of the research results. Thus,
a larger-scale multi-center clinical study is necessary.
Secondly, the follow-up time of this study was relatively
short and the study cohort was relatively small. Also, the
overall survival of immunotherapy for NSCLC patients
with various degrees of comorbid COPD remains unknown,
and thus, longer follow-up periods are needed to obtain
more stable results. Tumor mutational burden (TMB), a
biomarker which was missed to test in our study, should also
be noted since it is in general associated to response to ICIs.

In summary, advanced NSCLC patients with comorbid
COPD are not contraindicated for immunotherapy, and
more attention should be paid to the assessment and
grading of their lung function before immunotherapy.
Moreover, the PFS of patients with mild-to-moderate
COPD is longer than that in patients with severe COPD
after immunotherapy. Also, the incidence of irAEs is
lower in this group, and the efficacy of immunotherapy
is better. However, NSCLC patients with severe COPD
should receive immunotherapy cautiously because of its
high toxicity and poor efficacy. At the same time, attention
should be paid to the independent influence of IL-6 on
tumor progression. Immunotherapy could bring new hope
for advanced NSCLC patients with comorbid COPD,
which are considered to be among the populations with
severe lung cancer. Immunotherapy may be the preferred
treatment plan to improve the prognosis of this special
cohort. However, standardized anti-COPD drug treatment,
which does not increase toxicity and will not affect the
occurrence of irAEs, should be also strictly administered to

© Translational Lung Cancer Research. All rights reserved.
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achieve the simultaneous treatment of both cancer and the
lung (9).
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