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Introduction

Lung cancer, particularly non-small cell lung can-
cer (NSCLC) adenocarcinoma and squamous
cell carcinoma, is the leading cause of cancer-
related deaths worldwide.! Most NSCLC patients
are diagnosed at an advanced stage.? Recently,
immune checkpoint inhibitors (ICIs) have
become the main treatment modality for advanced
NSCLC, alongside traditional platinum-based
chemotherapy.3#

Previous studies investigated several prognostic
biomarkers and clinicopathological factors related
to the prognosis of patients receiving immuno-
therapy.> High programmed death-ligand 1 (PD-
L1) expression is a biomarker widely used to
predict immunotherapy responses, and other
potential biomarkers, including the tumor muta-
tional burden, are being studied.%’ Baseline
patient factors such as sex, performance status,
and body mass index (BMI) have been analyzed
for their association with progression free survival
(PFS) and overall survival (OS). Neutrophil-to-
lymphocyte ratio, lactate dehydrogenase, and
C-reactive protein levels before ICI, have been
associated with unfavorable outcomes in several
studies.81© However, other than PD-L1 expres-
sion, no biomarkers are currently in wide use to
predict ICI efficacy.

In patients with NSCLC, comorbid lung diseases
are common, and NSCLC patients often exhibit
reduced pulmonary function compared with indi-
viduals without lung cancer.!! Previous studies
have shown an association between impaired
forced expiratory volume in 1s (FEV,) and poor
outcomes in lung cancer patients receiving cyto-
toxic chemotherapy.!? Furthermore, a study has
suggested that decreased baseline forced vital
capacity (FVQ) is a risk factor for the occurrence
of chemotherapy-associated acute exacerbation
of interstitial lung disease (ILD), which can
increase the mortality rate in patients with
NSCLC. However, analyses of the association
between baseline lung function and prognosis in
NSCLC patients undergoing immunotherapy are
insufficient. One retrospective study found that a
low FEV, is associated with an inferior survival
outcome in advanced NSCLC patients receiving
ICIs.13

Patients exhibiting a restrictive spirometry pattern
with reduced FVC often have sequelae of previous
lung infection or injury.1415> Additionally, there is a
prior research indicating that restrictive spirometry

is associated with systemic inflammation.!®
Furthermore, a decrease in FVC is an indicator of
lung function distinct from FEV,, as it can be
influenced by factors like subclinical ILD, pleural
abnormalities, or impaired lung growth.!” FVC
reduction not only reflects the state of lung paren-
chyma but also reflects poor performance status
and is associated with various systemic comorbidi-
ties.18:19 Considering the previous evidences, FVC
can be a valuable and more comprehensive clinical
parameter, which had been understudied in terms
of its impact on immunotherapy in NSCLC
patients. In real-world management of lung cancer
patients, treatment modalities, especially immuno-
therapy, are administered according to pre-speci-
fied guidelines, status of concurrent genetic
alterations, or PD-L1 expression.2%21 However,
clinicians should not only focus on the genetic and
molecular pathological characteristics of the can-
cer but also consider a range of patient baseline
factors and underlying conditions when predicting
immunotherapy outcomes. Considering that the
majority of lung cancer patients are more likely to
have impaired lung functions compared to other
solid tumors, a more personalized approach con-
sidering patients’ lung conditions is necessary.??
Chronic lung diseases, such as emphysema, entail
decreased lung function and accompany chronic
inflammatory conditions of the lung parenchyma,
which can affect the tumor microenvironment. In
the airways and alveolar lumen of chronic obstruc-
tive pulmonary disease (COPD) patients, the
number of CD4" T cells increases significantly
with airflow limitation and emphysema staging.23
Studies have suggested that lung cancer patients
with COPD may benefit more than non-COPD
lung cancer patients in terms of clinical outcome,
with more favorable PFS and response rates.2425
While COPD has received much clinical attention
for its prognostic value in lung cancer patients
undergoing immunotherapy, other pulmonary
function parameters are yet to be explored. In this
context, assessing patients who have undergone
immunotherapy with the consideration of high or
low baseline FVC will be significant, as it can more
comprehensively cover both comorbidities and
lung functions compared to other pulmonary func-
tion parameters.

This study aims to assess the impact of pretreat-
ment clinical parameters, including lung function
measures such as FVC, on patient prognosis fol-
lowing ICI therapy, by analyzing a consecutively
enrolled, multicenter cohort of patients with
NSCLC.
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1741 lung cancer patients

Excluded patients with SCLC

1524 patients diagnosed with
NSCLC

(n=217)

Excluded patients without ICI

289 patients receiving ICI

Figure 1. Study flowchart.

(n=1235)

ICI, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

Materials and methods

Patient selection

Study participants were patients with NSCLC
who received ICI treatment, regardless of the
number of prior non-immunotherapy treatment
lines or their initial cancer stage (stage I-IV).
These patients were consecutively selected from a
multicenter cohort (Figure 1). Between January
2016 and December 2021, 1958 patients were
diagnosed with lung cancer at seven university
hospitals in South Korea: Seoul St. Mary’s
Hospital, Yeouido St. Mary’s Hospital, Bucheon
St. Mary’s Hospital, Eunpyeong St. Mary’s
Hospital, St. Vincent Hospital, Incheon St.
Mary’s Hospital, and Uijeongbu St. Mary’s
Hospital. After excluding 217 patients diagnosed
with small cell lung cancer (SCLC), 1741 patients
remained. Out of that group, 289 patients who
underwent ICI treatment were enrolled in this
study cohort. Inclusion criteria for the study were:
(1) diagnosed with NSCLC and (2) underwent
immunotherapy. The exclusion criterion was: (1)
patients with SCLC and (2) patients without con-
sent for data use.

0S and PFS

Immunotherapy-related overall survival (iOS) was
defined as the time between the date of ICI initia-
tion and the date of death from any cause or last
known date alive. PFS was defined as the duration
from ICI initiation to the date of initial disease
progression. Patients underwent computed
tomography scans after every two treatment cycles
to evaluate their response. This evaluation was
conducted by the treating physicians and inde-
pendent radiologists, and the response evaluation
was performed using Response Evaluation Criteria

in Solid Tumors version 1.1.26 Among the selected
patients, 141 patients were eligible for the PFS
analysis. If patients’ best response was a partial
response or complete response, they were classi-
fied as responders; otherwise, patients were classi-
fied as non-responders.

Assessments and data collection

The following clinicopathological data were col-
lected for all enrolled patients: age, sex, smoking
history, Eastern Cooperative Oncology Group
performance status (ECOG PS), tumor charac-
teristics (histology, cancer stage, and mutation
status), and treatment modalities. Spirometry
values were acquired before bronchodilator appli-
cation and were performed within the year before
the first ICI treatment. The spirometry tests were
performed using a VMAX22 ENCORE spirom-
eter and V62] plethysmographic cabinet,
VYAIRE-USA, VMAX Carefusion software, and
were performed by qualified technicians. The
reporting data were interpreted in accordance
with the American Thoracic Society/European
Respiratory Society guidelines.?” The cut-off
value used to distinguish between the low FVC
group and the preserved FVC group was set at
70% of the predicted FVC.?8

For treatment data, regimens other than pem-
brolizumab + pemetrexed + platinum, and mono-
therapy regimen of pembrolizumab, nivolumab,
durvalumab, or atezolizumab were classified as
“other regimens.” This group included regimens
such as mk7684a+ pembrolizumab, peme-
trexed + platinum + durvalumab, gemcitabine +
platinum + durvalumab, atezolizumab or pla-
cebo + nab-paclitaxel + platinum, nivolumab +
ipilimumab, durvalumab + vactosertib, and
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bevacizumab + atezolizumab + paclitaxel + plati-
num. The reporting of this study conforms to the
STROBE Statement (Supplemental Material).

Subgroup analysis

In order to evaluate outcomes in a less heteroge-
neous subgroup, we excluded patients harboring
epidermal growth factor receptor (EGFR) or ana-
plastic lymphoma kinase (ALK) mutations and
those who underwent regimens including plati-
num chemotherapy. A subgroup of 195 patients
underwent separate analyses for general clinical
characteristics, baseline factors associated with
FVC <70%, and survival analysis.

Statistical analysis

The baseline demographics and clinical features
of patients were compared between the low FVC
and preserved FVC groups. Additionally, the
entire patient cohort was divided into responders
and non-responders based on their best responses
to ICI treatment. Data for continuous variables
are presented as means with standard deviations.
The Chi-square test was performed to compare
categorical parameters, and continuous variables
were compared using two-sided 7 testing. A logis-
tic regression analysis was used to evaluate factors
associated with impaired FVC. The cumulative
rates of OS and PFS were estimated using the
Kaplan—Meier method with the log-rank test.
Univariate analyses and multivariable Cox regres-
sion analyses were used to investigate the varia-
bles associated with iOS. Variables found to be
statistically significant in the univariate analyses
were included in the multivariable analysis to
determine the independent factors associated
with i0OS. For multivariable Cox regression analy-
sis, we applied a complete case approach by
excluding patients with any missing data in the
variables. A two-sided p-value <0.05 was consid-
ered statistically significant in all tests. All statisti-
cal analyses were performed in IBM SPSS
Statistics for Windows, version 24.0 (IBM Corp.,
Armonk, NY, USA).

Results

Patient characteristics and treatment

We enrolled 289 patients in this study, and the
median time from ICI treatment initiation to dis-
ease progression was 5.03 +0.93months (95%
confidence interval (95% confidence interval

(CI)), 3.21-6.58 months). The median iOS was
10.90 + 1.71 months 95% CI, 7.55—
14.25 months). Within the study population, 253
patients underwent pulmonary function testing
(PFT) prior to their first ICI, and those results
placed 197 (77.9%) patients in the preserved
FVC group and 56 patients (22.1%) in the low
FVC group. The baseline characteristics of all
participants and the two FVC groups are sum-
marized in Table 1. The mean age, sex, BMI, and
smoking history did not differ significantly
between the groups. The proportion of patients
with ECOG PS=2 was higher in the low FVC
group than the preserved FVC group (8.9% vs
2.5%, p=0.030). The low FVC group had a sig-
nificantly higher proportion of patients with con-
current intrathoracic metastatic lesions at the
time of diagnosis (42.9% vs 23%, p=0.004). The
primary mass size was greater in the low FVC
group (5.30+2.97cm vs 4.78 £2.22cm,
$»=0.039). PD-L1 expression levels and concur-
rent extrathoracic metastasis at the time of diag-
nosis did not differ significantly. The mean FEV,/
FVC ratio was 0.67 = 0.11 in all patients, with no
differences observed between the low FVC and
preserved FVC groups. Other PFT parameters,
such as FEV,, diffusing lung capacity for carbon
monoxide (DLco; %), and residual volume/total
lung capacity (%), had significantly lower mean
values in the low FVC group than the preserved
FVC group.

Table 2 compares lung cancer treatment data
between the low and preserved FVC groups. The
median number of ICI cycles administered to all
patients was 4 (range, 1-42 cycles), and 203
(70.2%) patients received ICI as second-line
treatment. The most frequently used regimen was
atezolizumab monotherapy (32.2%). The pro-
portion of patients who underwent surgery prior
to ICI was significantly higher in the preserved
FVC group (5.5% vs 25.0%, p=0.002). In the
study cohort, only seven patients (2.8%) had ICI-
related pneumonitis, with two cases in the low
FVC group and five cases in the preserved FVC

group.

Clinical factors associated with low FVC

To identify risk factors associated with low FVC,
a logistic regression analysis was performed, and
the results are presented in Table 3. In the
univariate logistic regression analyses, poor PS
(ECOG score =2; odds ratio (OR), 3.765;
p»=0.042) and concurrent intrathoracic metastasis

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

JU Lim, HS Kang et al.

Table 1. Clinical characteristics of the overall study population.

Overall patients  Patients who received PFT  FVC=70% FVC<70% p-Value?

Number 289 253 197 56

Age (years) 66.0 (38-86) 65.9 (41-86) 65.59 +9.01 66.64+8.58 0.671

Sex (male) 234 (81.0) 209 (82.6) 162 (82.2) 47 (83.9) 0.844

BMI 232238 23.3x3.4 23.49 £ 3.49 22.74+3.21 0.151

History of smoking 0.546
Never 42 (14.5) 34 (13.4) 24.(12.2) 10 (17.9)

Former 108 (37.4) 99 (39.1) 78 (39.5) 21 (37.5)
Current 139 (48.1) 120 (47.4) 95 (48.2) 25 (44.6)

Pack years 35.0+24.5 34.9+£22.9 33.92+22.43 38.35+24.58 0.455

ECOG PS 0.030
0-1 274 (90.4) 243 (96.0) 192 (97.5) 51 (91.1)

2 or More 15 (9.9) 10 (4.0) 5(2.5) 5(8.9)

Pathology 0.863
Squamous 112 (38.8) 101 (39.9) 79 (40.1) 22(39.3)
Adenocarcinoma 148 (51.2) 125 (49.4) 96 (48.7) 29(51.8)

Others® 29 (10) 27(10.7) 22(11.2) 5(8.9)

EGFR mutation (n=280) 25(8.7) 22(8.7) 19 (10.1) 3(5.4) 0.280

ALK translocation (n=269) 6 (2.2) 4(1.6) 3(1.5) 1(1.8) 0.530

PD-L1 (SP263; n=273) 0.273
<1% 57 (20.9) 48(19.0) 33(17.9) 15 (27.8)

1%-49% 121 (44.3) 108 (42.7) 85 (46.2) 23 (42.6)
=50% 89 (32.6) 82 (32.4) 66 (35.9) 16 (29.6)

Clinical stage at diagnosis 0.376

Stage | 10 (3.5) 9 (3.6) 7 (3.6) 2 (3.6)
Stage |l 13 (4.5) 13 (5.1) 12 (6.1) 1(1.8)
Stage Il 113 (39.1) 108 (42.7) 87 (44.2) 21 (37.5)

Stage IV 153 (52.9) 123 (48.6) 91 (46.2) 32(57.1)

Primary mass size (cm) 4.89 +2.35 4.89 =2.40 4.78£2.22 5.30%£2.97 0.039

Concurrent intrathoracic 86 (29.8) 70 (27.7) 46 (23.4) 24 (42.9) 0.004

metastatic lesions at the

time of diagnosis
MPE 27(9.3) 20 (7.9) 11 (5.6) 9(16.1) 0.010

(Continued)
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Table 1. (Continued)
Overall patients  Patients who received PFT  FVC=70% FVC <70% p-Value?
Contralateral lung 37(12.8) 32(12.6) 25 (12.7) 7(12.5) 0.970
Extrathoracic metastatic 111 (38.4) 89 (35.2) 66 (33.5) 23 (41.1) 0.295
sites at the time of
diagnosis
Bone 62 (21.5) 49 (19.4) 36 (18.3) 13(23.2) 0.409
Brain 43 (14.9) 34(13.4) 28 (14.2) 6(10.7) 0.498
Adrenal 27 (9.3) 21(8.3) 17 (8.6) 4(7.1) 0.722
Liver 17 (5.9) 9 (3.6) 6 (3.0) 3(5.4) 0.410
Extrathoracic LN 14 (4.8) 12 (4.7) 10 (5.1) 2 (3.6) 0.640
Other sites 13 (4.4) 12 (4.7) 10 (5.1) 2 (3.6 0.640
PFT (prebronchodilator)
FVC (absolute) 3.1+£0.8 3.37=0.71 217 £0.46 <0.001
FVC (% predicted) 83.6 £18.2 90.85+12.71 57.86 =9.30 <0.001
FEV, (absolute) 2.1x0.7 2.27£0.60 1.46 = 0.44 <0.001
FEV; (% predicted) 80.0=22.8 87.12+19.50 55.09+14.48  <0.001
FEV,/FVC 0.67=0.11 0.67%0.11 0.67+0.13 0.804
FEV,/FVC < 70% 142 (56.1) 110 (55.8) 32 (57.1) 0.862
DLco (% predicted; n=243) 79.2+x21.4 83.91+20.53 63.25+15.94 <0.001
RV/TLC (%; n=231) 38.1+10.4 35.93+8.86 45.40+11.89 <0.001

Continuous variables are presented as mean *+ standard deviation, and categorical variables as number (%),
ap-Value between preserved FVC group and low FVC group.
b0thers include NSCLC not specified, adenosquamous carcinoma, large cell carcinoma, and sarcomatoid type.

ALK, anaplastic lymphoma kinase; BMI, body mass index; DLco, diffusing lung capacity for carbon monoxide; ECOG PS, Eastern Cooperative
Oncology Group performance status; EGFR, epidermal growth factor receptor; FEV,, forced expiratory volume in 1s; FEV,/FVC, FEV,-to-FVC ratio;
FVC, forced vital capacity; LN, lymph node; MPE, malignant pleural effusion; NSCLC, non-small cell lung cancer; PD-L1, programmed death-ligand
1; PFT, pulmonary function test; RV/TLC, residual volume/total lung capacity.

(OR, 2.462; p=0.005) were associated with low
FVC. Among the PFT parameters, an FEV,/FVC
ratio < 0.7 was not associated with low FVC, but a
low DLco (OR, 7.038; p<<0.001) was significantly
associated with low FVC.

Treatment response and PFS in patients treated
with immunotherapy

Table 4 compares patients based on their best
response to ICI, categorized as responders and
non-responders. A total of 223 patients were eligi-
ble for the immunotherapy treatment response

evaluation. Among them were 161 (72.2%) non-
responders and 62 (27.8%) responders. No sig-
nificant differences between groups were observed
in the clinicopathological factors. Although
responders demonstrated higher mean FVC,
FEV,, and DLco values than non-responders,
those differences were not statistically significant.

In the Kaplan—Meier analysis, the low FVC group
had a significantly shorter median PFS than the
preserved FVC group (2.99 (95% CI, 1.25-
4.74)months vs 5.26 (95% CI, 2.85-
7.68) months, p=0.031)) (Figure 2(a)). Patients
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Table 2. Patient characteristics based on treatment modality.

Overall Patients who FVC=70% FVC<70% p Value?
patients received PFT
Number 289 253 197 56
Immunotherapy cycle 4 (1-42) 4 (1-42) 7.87 +7.85 6.33+8.25 0.204
Immunotherapy as the nth line treatment 0.862
1 38 (13.1) 36 (14.2) 26 (13.2) 10 (17.9)
2 203 (70.2) 178 (70.4) 141 (71.6) 37 (66.1)
3 33(11.4) 28 (11.1) 21(10.7) 7 (12.5)
4 13 (4.5 10 (4.0) 8 (4.1) 2 (3.6)
5 2(0.7) 1(0.4) 1(0.5) 0(0)
Immunotherapy regimen 0.082
Pembrolizumab + pemed + platinum 33 (11.4) 32 (12.6) 26 (13.2) 6(10.7)
Pembrolizumab monotherapy 76 (26.3) 65 (25.7) 46 (23.4) 19 (33.9)
Nivolumab 29 (10.0) 27 (10.7) 21(10.7) 6 (10.7)
Durvalumab 50 (17.3) 49 (19.4) 44(22.2) 5(8.9)
Atezolizumab 93 (32.2) 72 (28.5) 56 (28.4) 16 (28.6)
Other regimen combinations 8(2.8) 8(3.2) 4(2.0) 4(7.1)
Best response to immunotherapy (n=266) 0.089
Complete response 4(1.5) 4(1.6) 4(2.0) 0(0)
Partial response 58 (21.8) 52 (20.6) 42(21.3) 10 (14.5)
Stable disease 92 (34.6) 83 (32.8) 71 (36.0) 12 (21.4)
Progressive disease 69 (25.9) 62 (24.5) 41 (20.8) 21(37.5)
Not evaluable 43(16.2) 34 (13.4) 26(13.2) 8 (14.3)
Progression free survival rate
6months 28/129 (21.7) 25/119 (21.0) 21/90 (23.3) 4/29 (13.8) 0.273
12months 10/129 (7.8) 8/119 (6.7) 8/90 (8.9) 0/29 (0) 0.096
18 months 6/129 (4.7) 5/119 (4.2) 5/90 (5.6) 0/29 (0) 0.195
Other treatment modalities received
Surgery 56 (19.5) 52 (20.6) 49 (25.0) 3(5.5) 0.002
Concurrent chemoradiotherapy 74 (25.7) 73 (28.9) 64 (32.5) 9(16.1) 0.017
Radiotherapy alone 115 (40.0) 102 (40.3) 84 (42.6) 18 (32.7) 0.185

Continuous variables are presented as mean * standard deviation, and categorical variables as number (%).
ap-Value between preserved FVC group and low FVC group.
FVC, forced vital capacity; pemed, pemetrexed; PFT, pulmonary function test.
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Table 3. Risk factors associated with low FVC in study patients.
0dds ratio with FVC <70% p-Value
Age (n=253)

=65 (147, 58.1%) 1.045 0.887
BMI (kg/m?) 0.935 0.151
ECOG PS 0-1 vs 2-3 (n=253])

ECOG PS 2-3 (10, 4.0%) 3.765 0.042
Smoking history (n=253)

Ever smoker (219, 86.6%) 0.799 0.275
Pack-years 1.008 0.203
Patient-reported COPD (n=253)

Positive (66, 26.1%) 0.61 0.132
Heart disease (n=253)

Positive (24, 9.5%) 1.469 0.500
Initial clinical stage (n=253)

Stage I1IB-1V (180, 71.1%) 1.879 0.088
Concurrent intrathoracic metastasis (n=253)

Positive (70, 27.7%) 2.462 0.005
Primary mass size (cm) 1.089 0.159
Targetable mutation (EGFR, ALK, ROS1; n=248])

Positive (26, 10.5%) 0.594 0.358
PD-L1 expression (22C3; n=220)

Positive (164, 74.5%) 1.106 0.788
Squamous vs non-squamous (n=253)

Squamous (101, 39.9%]) 1.045 0.887
FEV,/FVC <0.7 (Prebronchodilator, n=253)

FEV,/FVC<0.7 (142, 56.1%) 1.055 0.862
DLco (%) <0.7 (n=243)

DLco (%) <0.7 (85, 35.0%) 7.038 0.000

Categorical variables represented as number (%).

ALK, anaplastic lymphoma kinase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DLco, diffusing
lung capacity for carbon monoxide; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal
growth factor receptor; FEV,, forced expiratory volume in 1s; FEV,/FVC, FEV,-to-FVC ratio; FVC, forced vital capacity;

PD-L1, programmed death-ligand 1.
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Table 4. Patient characteristics based on best treatment response.

Overall patients PD/SD PR/CR p-Value?
Number 223 161(72.2) 62 (27.8)
Age [years) 65.17+9.01 65.24 +9.31 64.97 +8.39 0.840
Sex [male) 179 (80.3) 129 (80.1) 50 (80.6) 0.930
Ever smoker 189 (84.8) 137 (85.1) 52 (83.9) 0.820
Pack years 35.09 + 25.02 34.92 +25.52 35.52+23.86 0.873
ECOG PS 0.155
0-1 212(95.1) 151 (93.8%) 611(98.4%)
2 or More 11 (4.9) 10 (6.2%) 1(1.6%)
COPD 53(23.8) 15 (24.2) 38 (23.6) 0.926
Stage at diagnosis 0.356
Ll 64 (28.7) 49 (30.4) 15 (24.2)
i, v 159 (71.3) 112 (69.6) 47(75.8)
Primary mass size (cm; n=214) 4.89 +2.40 4.95+2.48 4.73+2.21 0.542
Pathology 0.482
Adenocarcinoma 115 (51.6) 80 (49.7) 35 (56.5)
Squamous cell carcinoma 86 (38.6) 63 (39.1) 23 (37.1)
Others® 22(9.9) 18(11.2) 46.5)
Key targetable mutations: EGFR, ALK, ROS' 22 (10.1) 15 (9.6) 7 (11.7) 0.645
EGFR mutation (n=217) 18 (8.4) 11 (11.7) 11(7.1) 0.278
ALK mutation (n=205) 4(2.0) 4(2.6) 0(0.0) 0.233
ROS1 mutation (n=163) 1(0.6) 0(0.0) 1(2.6) 0.074
PD-L1 (SP263; n=203) 0.340
<1% 411(20.2) 33 (22.1) 8 (14.8)
1%-49% 90 (44.3) 67 (45.0) 23 (42.6)
=50% 72 (35.5) 49 (32.9) 23 (42.6)
PFT (prebronchodilator]
FVC (absolute; n=201) 3.13+0.84 3.10+0.82 3.18+0.88 0.517
FVC (% predicted) 84.60 + 18.50 84.06 + 17.90 86.00 = 20.07 0.505
FEV, (absolute; n=201) 2.11=0.64 2.07=0.65 2.19+0.72 0.261
FEV, (% predicted) 80.82+23.16 79.83 +22.24 83.36 + 25.42 0.335
FEV,/FVC (n=201) 0.674 =0.102 0.669+0.117 0.688=0.117 0.299
DLco (% predicted; n=194) 79.45 +21.20 78.73 +21.01 81.25+22.76 0.463
DLco (absolute) 1h.bb + 444 14.25+4.63 14.92+3.92 0.340

Continuous variables are presented as mean *+ standard deviation, and categorical variables as number (%).

ap-Value between non-responder and responder.

b0thers include NSCLC not specified, adenosquamous carcinoma, large cell carcinoma, and sarcomatoid type.
ALK, anaplastic lymphoma kinase; COPD, chronic obstructive pulmonary disease; CR, complete response; DLco, diffusing lung capacity for carbon
monoxide; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; FEV,, forced expiratory
volume in 1s; FEV,/FVC, FEV,-to-FVC ratio; FVC, forced vital capacity; NSCLC, non-small cell lung cancer; PD, progressive disease; PD-L1,

programmed death-ligand 1; PFT, pulmonary function test; PR, partial response; SD, stable disease.
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Figure 2. Kaplan-Meier curves for PFS by (a) FVC <70% predicted. (b) FEV, < 70% predicted. (c) FEV,/FVC

ratio <0.7. (d) DLco < 70% predicted as cut-off values.

DLco, diffusing lung capacity for carbon monoxide; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; PFS,

progression free survival.

with FEV, (%) <70 were also associated with
poor PFS (3.39 (95% CI, 2.68-4.09) months vs
6.41 (95% CI, 3.60-9.22)months, p=0.013))
(Figure 2(b)), but groups stratified by an FEV,/
FVC cut-off of 0.7 or DLco (%) <70 showed no
significant difference (Figure 2(c) and (d)).

In the univariate Cox analyses, male sex, poor PS,
the presence of a concurrent intrathoracic lesion
at the time of diagnosis, and PD-L1 (SP263)
expression <1% were significant predictive fac-
tors for poor PFS. Conversely, high FVC (%) and
FEV, (%) values were associated with improved

PFS (Supplemental Table S1). Based on those
findings, the multivariable analysis, which
included a total of 158 patients, indicated that
male sex, poor PS, and the presence of a concur-
rent intrathoracic metastasis at the time of diag-
nosis were significantly associated with poor PFS,
and PD-L1 (SP263) expression =50% was asso-
ciated with improved PFS. FVC (%) did not
demonstrate a statistically significant association
with PFS in the multivariable analysis, and when
FVC (%) was replaced with FEV, (%), FEV, (%)
also did not show a statistically significant rela-
tionship with PFS.
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Figure 3. Kaplan-Meier curves for i0S in NSCLC patients who received ICl, stratified by FVC with a cut-off
value of 70% predicted. (a) All study patients. (b] Initially stage IV patients.
FVC, forced vital capacity; ICl, immune checkpoint inhibitor; i0S, immunotherapy-related overall survival; NSCLC, non-small

cell lung cancer.

i0S in patients treated with immunotherapy

During the observation period from January 2016
to February 2022, among the 253 patients who
underwent PFT, 38 patients (67.9%) in the low
FVC group and 94 patients (47.7%) in the pre-
served FVC group died. In the Kaplan—Meier anal-
ysis, the median iOS of the low FVC group was
significantly shorter than that in the preserved FVC
group (6.10 (95% CI, 4.45-7.76) months vs 14.40
(95% CI, 10.61-18.34)months, p<<0.001))
(Figure 3). Subgroup analyses for groups catego-
rized by initial stage, pathology, and smoking status
all revealed that patients with low FVC had shorter
iOS (Supplemental Figure S1). A further Kaplan—
Meier analysis of the correlation between iOS and
other pulmonary function factors revealed that
patients with COPD confirmed in the medical
record review had shorter iOS (9.10 (95% CI,
4.18-14.02)months vs 11.70 (95% CI, 2.31-
16.24) months, p=0.045)) (Figure 4(a)). However,
i0S did not differ significantly between patients
with an FEV,/FVC ratio=<0.7 and those with an
FEV,/FVC ratio > 0.7 (Figure 4(b)). Patients with
an FEV,<70% or DLco<70% had shorter
median iOS than those with preserved FEV, or
preserved DLco, respectively (Figure 4(c) and (d)).

The results of the univariate and multivariable
Cox analyses for iOS are shown in Table 5.
Among the pulmonary function parameters, low
FVC (%; hazard ratio (HR), 0.982; 95% CI,

0.973-0.991; p<0.001), FEV, (%; HR, 0.988;
95% CI, 0.981-0.995; p=0.002), absolute DLco
(HR, 0.937; 95% CI, 0.898-0.977; p=0.002),
and DLco (%; HR, 0.987; 95% CI, 0.979-0.996;
p»=0.004) were all significant factors in poor iOS
in the univariate analyses. Among clinical factors
other than lung function, older age, male sex,
poor PS, concurrent intrathoracic metastasis at
diagnosis, brain metastasis, liver metastasis, high
PD-L1 (SP263) expression, and stage at diagno-
sis were associated with poor iOS. In the multi-
variable analysis, a total of 237 patients were
included in the study, low FVC (%; HR, 0.985;
95% CI, 0.975-0.995; p=0.003) older age, male
sex, poor PS, high PD-LL1 (SP263) expression,
and stage at diagnosis were independent factors
associated with poor iOS. When we replaced
FVC (%) in the multivariable analysis with FEV,
(%; HR, 0.990; 95% CI, 0.982-0.998; p=0.020),
DLco (%; HR, 0.983; 95% CI, 0.975-0.992;
$»<0.001), or absolute DLco (HR, 0.921; 95%
CI, 0.877-0.967; p=0.001), each of the pulmo-
nary function factors showed a significant associ-
ation with i0S.

Subgroup analyses [patients who do not

harbor EGFR or ALK mutations or underwent
platinum-containing regimens)]

General characteristics. After excluding patients
with EGFR or ALK mutations and those who
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Figure 4. Kaplan-Meier curves for i0S when stratifying the cohort based on COPD status and PFT parameters.
(a) COPD reported in the medical records. (b) COPD defined by spirometry. (c) FEV, <70% predicted. (d)

DLco <70% predicted as cut-off values.

COPD, chronic obstructive pulmonary disease; DLco, diffusing lung capacity for carbon monoxide; FEV,, forced expiratory
volume in 1s;i0S, immunotherapy-related overall survival; PFT, pulmonary function test.

underwent platinum-containing regimens, a total of
195 patients were analyzed. When stratified by an
FVC cutoff of 70%, 150 patients had FVC=70%,
and 45 patients had FVC <70%. There was no sig-
nificant difference between the two groups regard-
ing baseline patient factors, other than pulmonary
function parameters (Supplemental Table S2).

Supplemental Table S3 shows a comparison of
treatment-related parameters between the two

groups. Significant differences were observed in
the immunotherapy regimen and the best
response to immunotherapy. The FVC<70%
group had a significantly higher proportion of
patients treated with pembrolizumab (40.0% vs
27.3%, p=0.022). Additionally, the FVC <70%
group had a higher proportion of patients who
showed progressive disease as the best response to
immunotherapy (52.8% vs 28.9%, p=0.035).
Regarding treatment modalities other than
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Table 5. Univariate and multivariable Cox regression analyses of clinicopathologic variables affecting i0S in NSCLC patients
receiving ICl.

Covariable Univariate Mutltivariable (FVC included among PFT)
p Value HR (95% Cl) p Value HR (95% ClI)
Age (n=289), years 0.039 1.019 (1.001-1.038) 0.014 1.027 (1.005-1.049)
Sex (n=289)
Male (234) 0.003 2.009 (1.259-3.207) 0.004 2.326 (1.302-4.157)

Smoking history (n=289)

Never (42) 0.223 1

Ex-smoker (108) 0.129 1.543 (0.881-2.700)

Current smoker (139) 0.086 1.602 (0.936-2.743)
BMI (n=287), kg/m? 0.260 0.975 (0.934-1.019)

ECOG PS 0-1 vs 2-3 (n=289)

ECOG PS 2-3 (15) <0.001 4.042 (2.247-7.271) 0.037 2.152 (1.046-4.428)
Concurrent intrathoracic lesion (n=289)

Present (86) 0.038 1.439 (1.020-2.030) 0.310 0.769 (0.463-1.277)
Metastatic lesion, brain (n=289)

Present (43) 0.009 1.733 (1.148-2.617) 0.466 1.229 (0.705-2.550)

Metastatic lesion, liver (n=289)

Present (17) 0.003 2.375 (1.342-4.203) 0.773 1.128 (0.499-2.550)
Pathology

Non-squamous (177) 0.945 1

Squamous (112) 0.989 (0.712-1.372)

Targetable mutation (n=283)
Positive (31) 0.207 0.661(0.347-1.257)

PD-L1 (SP263; n=265)

<1% (57) <0.001 1 0.012 1
1-49 (121) 0.002 0.516 (0.341-0.780) 0.077 0.658 (0.414-1.047)
=50 (89) <0.001 0.377 (0.239-0.594) 0.003 0.468 (0.283-0.773)

Stage at diagnosis (n=289)

Stage | (10) <0.001 1 0.002 1

Stage I1 (13) 0.075 0.284(0.071-1.137) 0.014 0.167 (0.040-0.700)
Stage 111 (113]) 0.191 0.567 (0.254-1.326) 0.001 0.233(0.095-0.573)
Stage IV (153) 0.862 1.076 (0.469-2.469) 0.116 0.467 (0.180-1.209)

(Continued)
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Table 5. (Continued)

Covariable Univariate Mutltivariable (FVC included among PFT)
p Value HR (95% CI) p Value HR (95% CI)

Primary mass size (n=275), cm 0.554 1.020 (0.956-1.088)

FVC (absolute; n=252], L 0.172 0.867 (0.707-1.064)

FVC (% predicted; n=252) <0.001 0.982 (0.973-0.991) 0.003 0.985 (0.975-0.995)

FEV, (absolute; n=252), L 0.062 0.778 (0.597-1.012)

FEV, (% predicted; n=252) 0.002 0.988 (0.981-0.995)

DLco (absolute; n=243), L 0.002 0.937 (0.898-0.977)

DLco (% predicted; n=243) 0.004 0.987 (0.979-0.996)

FEV,/FVC (n=252), ratio 0.188 0.381 (0.091-1.600)

*In separate multivariable analyses, each of FEV1 (%), DLco (%), and absolute DLco was entered in place of FVC (%). All of these parameters
showed a significant association with i0S in multivariable analyses. FEV1 (%) p=0.020 HR 0.990 (0.982-0.998), DLco (%) p <0.001 HR 0.983 (0.975-
0.992), DLco (L) p=0.001 HR 0.921 (0.877-0.967).

BMI, body mass index; Cl, confidence interval; DLco, diffusing lung capacity for carbon monoxide; ECOG PS, Eastern Cooperative Oncology Group

performance status; FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; HR, hazard ratio; ICl, immune checkpoint inhibitor; iOS,
immunotherapy-related overall survival; NSCLC, non-small cell lung cancer; PD-L1, programmed death-ligand 1; PFT, pulmonary function test.

immunotherapy, the FVC <70% group received
less surgery, concurrent chemotherapy, and radi-
otherapy alone, with statistically significant differ-
ences (p=0.010, p=0.021, and p=0.021,
respectively).

Association with FVC < 70% in the subgroup

When various parameters including age, BMI,
ECOG score, smoking history, and initial clinical
stage were analyzed for their association with
FVC <70%, only DLco (%) <0.7 showed a sig-
nificant association (OR=7.655, p<0.001)
(Supplemental Table S4).

Comparison between responders

and non-responders

Among the subgroup, there were 157 patients
evaluable for immunotherapy response assess-
ment. There were 122 patients included in
the non-responders group and 35 patients
included in the good responders group.
There were no significant differences between
the baseline parameters, including pathology,
stage at diagnosis, PD-L1 expression, and
pulmonary functions parameters (Supplemental
Table S5).

i0S analysis in the subgroup

In the wunivariate analysis, significant factors
included sex, ECOG performance score, PD-L1
expression, stage at diagnosis, FVC (%), FEV,
(%), and DLco (%). In the multivariable analysis,
where FVC (%) was included among pulmonary
function parameters, the significant predictors of
i0S were male sex (HR: 3.020, 95% CI: 1.542—
5.914, p=0.001), ECOG PS 2-3 (HR: 3.244,
95% CI: 1.477-7.126, p=0.003), stages at diag-
nosis (reference, p<<0.001), and FVC predicted
(%; HR: 0.984, 95% CI: 0.973-0.995, p=0.003)
(Supplemental Table S6). In separate multivari-
able analyses, each of FEV, (%), DLco (%), and
absolute DLco was entered in place of FVC (%).
All of these parameters showed a significant asso-
ciation with iOS in multivariable analyses (FEV,
(%) p=0.038 HR 0.991 (0.982-0.999), DlLco
(%) p<<0.001 HR 0.982 (0.973-0.991), and
DLco (L) p=0.001 HR 0.921 (0.877-0.967)).

Discussion

This study evaluated the impact of baseline pul-
monary function on the iOS of NSCLC patients
undergoing immunotherapy. Older age, male sex,
poor PS, and decreased baseline lung function
were identified as factors associated with poor
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iOS in NSCLC patients treated with ICIs. Low
FVC, FEV,, and DLco were identified as signifi-
cant factors associated with poor iOS. However,
the FEV,/FVC ratio was not associated with PFS
or i0S. In separate analyses based on the stage at
diagnosis, pathologic type, smoking status, and
PD-L1 expression, we consistently observed that
the low FVC group, defined as patients with
FVC <70%, exhibited significantly lower iOS in
each subgroup. The low FVC group showed a
higher prevalence of concurrent intrathoracic
metastasis, malignant pleural effusion, and poor
PS. In addition, the low FVC group exhibited sig-
nificantly lower mean FEV, and DILco values.

A decreased FVC is associated with intrinsic lung
factors such as lung parenchymal damage and
various lung diseases that cause problems in the
pulmonary parenchyma, including different types
of ILDs, post-infection sequelae, pneumoconio-
sis, drug-induced pneumonitis, and pulmonary
vasculitis.??30 In addition to lung parenchymal
abnormalities, factors such as respiratory muscle
weakness, rib cage deformities, and pleural effu-
sion can also lead to a decrease in FVC, which is
associated with an increased risk of all-cause mor-
tality.3132 In the general population, FVC <80%
in adults is a risk factor for increased risk of car-
diovascular mortality.3? Furthermore, low FVC is
associated not only with functional impairment
but also with various comorbid conditions,
including metabolic syndrome, diabetes, hyper-
tension, and stroke.3?436 Thus, FVC serves as an
indicator of a different aspect of pulmonary status
from FEV,, and it also holds distinct clinical sig-
nificance in representing the overall systemic con-
dition and wunderlying diseases of patients,
differing from the implications of FEV,. Given
that NSCLC patients undergoing immunother-
apy are dealing with systemic disease, FVC’s abil-
ity to reflect the patient’s overall systemic
condition beyond pulmonary status suggests its
potential as an independent risk factor. In our
study, the FVC<70% group showed a signifi-
cantly higher proportion of patients with poor
ECOG performance scores, intrathoracic metas-
tases at diagnosis, and larger tumor mass, as dem-
onstrated in the comparative analysis. Beyond the
impact of decreased lung function, these concur-
rent conditions could have also contributed to the
worse survival observed in this group. Previous
research on lung function in lung cancer patients
showed that a low FVC is associated with worse
OS in NSCLC patients undergoing curative
resection.?” Furthermore, several studies have

reported associations between pretreatment FVC
impairment and acute exacerbation of ILD3® and
ICI-pneumonitis3® in NSCLC patients receiving
cytotoxic chemotherapy. To the best of our
knowledge, few studies have investigated the
association between FVC as a marker of pre-
immunotherapy lung function and clinical out-
comes such as iOS in patients undergoing
immunotherapy. To minimize the impact of con-
current driver mutations (EGFR and ALK muta-
tions) and variability in treatment regimens, we
conducted a subgroup analysis excluding patients
with targetable mutations and those who received
platinum-based treatments. The independent
association between FVC and iOS remained sig-
nificant in the subgroups analysis. While prospec-
tive studies are necessary to confirm the
association between FVC and immunotherapy-
related outcomes, clinicians identifying potential
risk factors associated with decreased FVC (%)
before immunotherapy could be beneficial to
NSCLC patients. Additionally, regular surveil-
lance for the aggravation of concurrent comor-
bidities, including chronic lung disease, should be
conducted when managing NSCLC patients
undergoing immunotherapy with decreased base-
line FVC.

In addition to findings on FVC, our study
revealed significant observations about the
impact of COPD on NSCLC patients receiving
immunotherapy. Previous reports indicate that
NSCLC patients with coexisting COPD under-
going immunotherapy may experience longer
PFS compared to those without COPD.40:41
Mark et al. demonstrated, based on resected
human lung tissue and a murine cigarette smoke
exposure model, that COPD-affected lung tissue
displayed increased Thl differentiation and that
PD-1 expression was elevated in tumors of
patients with COPD.%° However, the influence
of underlying chronic lung diseases on the effi-
cacy of immunotherapy in NSCLC remains con-
troversial. In our study, when patients were
categorized by self-reported COPD, those with
COPD had significantly worse iOS compared to
non-COPD patients, suggesting that the pres-
ence of COPD does not positively impact immu-
notherapy-related outcomes. We believe that the
presence of COPD, along with other comorbidi-
ties and decreased lung functions, may nega-
tively impact patient prognosis. Thus, the
adverse effects associated with COPD likely out-
weigh any potential positive impact on the tumor
microenvironment.
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In this study, the low FVC group showed signifi-
cantly lower mean FEV, and DLco values than
patients with preserved FVC. In the multivariable
Cox analysis, substituting FVC (%) with FEV,
(%), DLco (%), or absolute DLco showed that
each pulmonary function factor significantly asso-
ciated with i0S. This suggests that a decrease in
lung function parameters, including FVC, prior to
ICI can contribute significantly to poor prognosis
in NSCLC patients receiving ICI. A previous
study demonstrated that patients with advanced
NSCLC receiving ICI therapy had worse PFS and
OS when their FEV, was less than 80%.1%> The
present study supports those findings by showing
that a low FEV, is associated with unfavorable
outcomes in NSCLC patients receiving ICI.

A low DLco is associated with CT-detected
emphysema and an increased risk of lung cancer
mortality in COPD patients.#%43 It has been
reported that chemotherapy and radiotherapy can
induce pulmonary toxicity, leading to a signifi-
cant decline in DLco in NSCLC patients that is
further exacerbated by their combination.44:45
The PFTs, including DLco, used in this study,
were performed within 1 year before the initiation
of ICI, with 86.9% of patients starting immuno-
therapy as second-line therapy or beyond and
25.7% of patients receiving concurrent chemora-
diotherapy. Therefore, the decrease in DLco
might have been influenced by pre-ICI treat-
ments, indicating that our analysis alone is insuf-
ficient to consider DLco as a standalone predictive
factor for ICI. Further investigation is needed to
show the potential prognostic value of DLco in
patients undergoing ICI therapy.

It was also found that historical parameters associ-
ated with iOS were consistent in our studies. Age,
PD-L1 expression at diagnosis, and ECOG score
showed significant association with iOS in multi-
variable analysis. Age, as with other chemotherapy
treatments for NSCLC, was shown to be an inde-
pendent predictor for i0S. PD-L1 expression was
associated with iOS in patients undergoing immu-
notherapy, consistent with previous findings.46:47
Poor ECOG scores have been shown to be associ-
ated with PFS and OS in meta-analyses.*8

This study has several limitations. First, the study
was retrospective, and sample heterogeneity may
not have been adequately accounted for, so we
performed a subgroup analysis in a group with less
variability. The absence of rigorous inclusion and
exclusion criteria may limit final results. More

efforts should be conducted in a possible prospec-
tive trial. Second, although recruiting patients
from all stages, 36 out of the enrolled participants
lacked PFT values. In an effort to maximize the
sample size and investigate the presence of other
risk factors beyond PFT, these patients were also
included in the analysis. A subsequent study with
a larger cohort of patients is warranted in the
future. Third, although previous studies have sug-
gested an association between low FVC and
immune-related adverse events (irAEs), this study
was unable to confirm that association due to the
small number of patients exhibiting irAE. Finally,
FVC values could have been influenced by pre-
immunotherapy treatment toxicities or recent
infections. Although only a small percentage of
patients received prior radiotherapy to lung lesions
in the present study, these factors should be con-
sidered in future prospective studies. The results
of this study should be interpreted with the under-
standing that patient heterogeneity could have
influenced the outcomes. For example, in patients
who underwent EGFR Tyrosine kinase inhibitor
(TKI) treatment prior to immunotherapy, the
type of EGFR mutation or TKI regimen could
have impacted the FVC value.®

Despite those limitations, our study is multi-insti-
tutional and has demonstrated that a low FVC,
independent of treatment line and stage, is associ-
ated with worse outcomes following immunother-
apy. This finding indicates FVC’s potential as a
clinical factor that can be used with proven bio-
markers such as PD-L1 to predict ICI treatment
outcomes. Nonetheless, it requires a separate
validation study. Additional large-scale prospec-
tive studies to examine patterns in FVC changes
before and after ICI treatment, as well as the
long-term prognosis associated with decreased
FVC, could clarify the correlation between pul-
monary function and prognosis in patients receiv-
ing ICIs. After validating the potential of FVC as
a biomarker through such studies, the use of
PFTs before ICI administration, irrespective of
the presence of dyspnea, could provide clinicians
with comprehensive prognostic information for
NSCLC patients undergoing ICI.

Conclusion

In conclusion, pre-immunotherapy FVC (%) was
associated with immunotherapy-related out-
comes in NSCLC patients, regardless of the ini-
tial stage at diagnosis and prior treatment
modalities. Conducting pretreatment spirometry

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

JU Lim, HS Kang et al.

in NSCLC patients receiving ICI could assist in
predicting their prognosis. Further research is
needed to investigate whether improving lung
function through pulmonary rehabilitation before
and during ICI treatment can improve the clinical
outcomes of patients with NSCLC.
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