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Abstract

Background: Despite the therapeutic efficacy of immune checkpoint inhibitors (ICIs) in a subset of patients, consistent and
easily obtainable predictors of efficacy remain elusive. Methods: This study was conducted on 644 advanced non-small cell
lung cancer (NSCLC) patients treated with ICI monotherapy between April 2013 and September 2020 at the Dana-Farber
Cancer Institute and Brigham and Women’s Hospital. Patient smoking history, clinicopathological characteristics, tumor mu-
tation burden (TMB) by clinical targeted next-generation sequencing, and programmed death ligand-1 (PD-L1) tumor propor-
tion score (TPS) by immunohistochemistry were prospectively collected. The association of smoking history with clinical out-
comes of ICI monotherapy in metastatic NSCLC patients was evaluated after adjusting for other potential predictors. All
statistical tests were 2-sided. Results: Of 644 advanced NSCLC patients, 105 (16.3%) were never smokers, 375 (58.2%) were
former smokers (median pack-years ¼ 28), and 164 (25.4%) were current smokers (median pack-years ¼ 40). Multivariable lo-
gistic and Cox proportional hazards regression analyses suggested that doubling of smoking pack-years is statistically signifi-
cantly associated with improved clinical outcomes of patients treated with ICI monotherapy (objective response rate odds ra-
tio ¼ 1.21, 95% confidence interval [CI] ¼ 1.09 to 1.36, P< .001; progression-free survival hazard ratio ¼ 0.92, 95% CI ¼ 0.88 to
0.95, P< .001; overall survival hazard ratio ¼ 0.94, 95% CI ¼ 0.90 to 0.99, P¼ .01). Predictive models incorporating pack-years
and PD-L1 TPS yielded additional information and achieved similar model performance compared with using TMB and PD-L1
TPS. Conclusions: Increased smoking exposure had a statistically significant association with improved clinical outcomes in
metastatic NSCLC treated with ICI monotherapy independent of PD-L1 TPS. Pack-years may serve as a consistent and readily
obtainable surrogate of ICI efficacy when TMB is not available to inform prompt clinical decisions and allow more patients to
benefit from ICIs.

The treatment paradigm for metastatic non-small cell lung can-
cer (NSCLC) has been changed dramatically with the introduc-
tion of immune checkpoint inhibitors (ICIs) as systemic
therapy. Despite the remarkable therapeutic benefit from ICIs,
only a minority of patients have a durable response from ICI
monotherapy, and consistent clinicopathological and genomic
predictors of therapeutic efficacy remain elusive (1,2).

The use of programmed death ligand-1 (PD-L1) tumor pro-
portion score (TPS) as a predictive biomarker for ICIs has been
extensively studied and is the only FDA-approved biomarker for
ICI patient selection in NSCLC. Despite the promising clinical

benefit for NSCLC patients with PD-L1 TPS of 50% or greater
with ICI monotherapy, the treatment recommendations for PD-
L1 negative and those with PD-L1 TPS less than 50% are still
unclear (3). In addition, tumor mutation burden (TMB) has also
emerged as a potential predictive biomarker for ICIs (4). Higher
TMB is associated with improved clinical responses to ICIs, and
this possibly could be explained by higher probability of tumor
neoantigen production and thus, illicit immunogenicity and in-
duce remarkable response (1,5-7). However, lack of access to ad-
equate tumor specimens for next-generation sequencing,
prolonged turnaround time, high expense for TMB assessment,
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and variations across platforms and pipelines, including assay
types, panel size, and types of mutations, included into TMB
limit its standardization and widespread use (2,8). Moreover,
the high failure rates for PD-L1 TPS and challenges in obtaining
TMB values also plague the biomarker field for ICIs (5).
Therefore, it is imperative to discover consistent and readily ob-
tainable predictors to help clinicians make prompt treatment
decisions, especially for metastatic patients with high symptom
burden (4,9).

Tobacco smoking, as the leading cause of lung cancer, has
been consistently reported to be associated with higher TMB
and increased response to immunotherapy (10-14). The clinical
trials that have reported on smoking typically designated
patients into never, former, or current smokers. Diverging
results of the qualitative smoking effect on objective response
rate (ORR) and progression-free survival (PFS) have been ob-
served (3,6,7,15-17). The qualitative smoking status typically
collected in this manner has been unable to sufficiently capture
quantitative smoking exposure and thus limits its potential be-
ing a predictor for ICI efficacy. Although imperfect, detailed
smoking history may be a readily obtainable and consistent sur-
rogate for TMB given its challenges in generating this correlative
value. As such, we hypothesize that quantitative smoking pack-
years provides information that is predictive of the efficacy of
ICI monotherapy in metastatic NSCLC.

In this study, we aimed to assess the predictive impact of
thoroughly collected smoking exposure on ORR, PFS, and overall
survival (OS) of advanced NSCLC patients treated with ICI
monotherapy to validate the potential clinical utility of cigarette
exposure in addition to PD-L1 TPS in patients with metastatic
NSCLC where TMB is a challenge to generate.

Methods

Clinical Samples and Study Population

Patients with advanced NSCLC who had consented to a correla-
tive research study (DF/HCC protocol #02–180), received ICI
monotherapy, and whose tumors underwent successful clinical
targeted OncoPanel sequencing from April 2013 to September
2020 at the Dana-Farber Cancer Institute and Brigham and
Women’s Hospital were identified (18). Clinicopathological
characteristics, including age at treatment initiation, gender,
detailed smoking history, histology, Eastern Cooperative
Oncology Group Performance Status (ECOG PS) and lines of
treatment, were prospectively collected. The smoking status
and smoking pack-years were consistently obtained from
patients and recorded in the Thoracic Oncology Basic
Assessment of Cancer and Clinical Outcomes database that has
been previously described (19). Smoking status included never
smokers (<100 cigarettes in a lifetime), former smokers (quit
>12 months before diagnosis), and current smokers (quit
<12 months before diagnosis or currently still smoking).
Smoking pack-years, defined as packs per day (1 pack ¼ 20 ciga-
rettes) � years of smoking, was directly extracted from the
Thoracic Oncology Basic Assessment of Cancer and Clinical
Outcomes database.

TMB Assessment and PD-L1 Testing

Sample collection and DNA extraction were performed as previ-
ously described (20). TMB, defined as the number of somatic,
nonsynonymous, base substitution, and small InDels mutations

per Mb , was calculated from the Dana-Farber Cancer Institute
OncoPanel next-generation sequencing platforms as previously
described (18,20). OncoPanel was conducted only on tumor-
derived samples, and potential polymorphisms were systemati-
cally filtered on the basis of the allele frequency at the popula-
tion level of greater than 0.1% in the Exome Sequencing Project
database (RRID: SCR_012761) and on an in-house panel of con-
trol samples (21). Several antibodies, including 22C3 (DAKO),
SP263 (Ventana), and E1L3N (Danvers), were used to identify the
PD-L1 TPS. PD-L1 TPS was reported as a percentage of tumor
cells with positive membranous staining.

Clinical Outcomes

The ORR and PFS were determined using Response Evaluation
Criteria In Solid Tumors version 1.1. ORR was defined as the
proportion of patients with complete response or partial re-
sponse. PFS was measured from ICI initiation to the date of dis-
ease progression or death, whichever occurred first. OS was
defined as from the start of ICI to last contact or death, which-
ever occurred first.

Statistical Analysis

The Wilcoxon rank sum test and Fisher exact test were used to
test for associations between continuous and categorical varia-
bles between groups. Time to event distributions were esti-
mated using Kaplan–Meier methodology, and log-rank tests
were used for testing the crude differences in event-time distri-
butions between groups (22,23). The association between PFS
and OS and independent variables, such as smoking exposure,
TMB, and PD-L1 TPS, were estimated as a hazard ratio (HR) us-
ing Cox proportional hazards regression model and assessed us-
ing the score test (24). The proportional hazards assumption
was assessed graphically and with Schoenfeld residuals. No in-
dication of assumption violation was observed. Multivariable
analyses on ORR, PFS, and OS consistently adjusted for age at
treatment initiation, gender, histology, ECOG PS, PD-L1 TPS, and
lines of treatment (24,25). Predictive logistic regression on ORR
and Cox proportional hazards regression on PFS and OS were
constructed in the training set (80%). Model performance was
evaluated in the test set (20%) using 10-fold cross-validation
based on the area under the curve (AUC) and 95% confidence in-
terval of AUC was calculated based on 500 bootstrapping. The
performance of the predictive models was assessed and vali-
dated by R software, version 3.6.1, R package survivalROC, pROC
(26,27). Mediation analysis was conducted by R package
mediation (28).

Base 2 log transformation was used for TMB and pack-years
to meet the linearity assumption and to facilitate easy interpre-
tation. Inverse probability weighting (IPW) was used to account
for the potential selection bias resulting from missingness
in PD-L1 TPS. All P values were 2-sided, and confidence inter-
vals were at the 95% level, with a statistical significance level
of .05.

Results

Study Population

A total of 644 metastatic NSCLC patients who were treated with
ICI monotherapy were identified: 105 (16.3%) never smokers,
375 (58.2%) former smokers (median pack-years ¼ 28), and 164
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(25.4%) current smokers (median pack-years ¼ 40). Never, former,
and current smokers were well balanced in gender, histology, and
ECOG PS (Table 1). PD-L1 TPS of at least 50% were common in for-
mer and current smokers compared with never smokers (P¼ .07).
Most never smokers (82.9%) received ICI monotherapy in second-
line settings and beyond, while former (37.1%) and current smokers
(36.0%) were more likely to receive it as first-line treatment
(P< .001). Among those who received it as first-line therapy, 145
(67.1%) had PD-L1 TPS of at least 50%. A total of 453 (70.3%) patients
had known PD-L1 TPS, and TMB was available for all patients.

Molecular Characteristics

We compared the baseline molecular characteristics by smok-
ing status. As expected, never smokers were more likely to har-
bor EGFR (37.1%), ALK (1.9%), HER2 (5.7%), and MET (5.7%)
mutations compared with former (5.9%, 0.5%,1.6%, and 2.9%, re-
spectively) and current smokers (2.4%, 0.6%, 0.6%, and 0.6%, re-
spectively) (Supplementary Table 1, available online). KRAS
mutations were more common in former (41.1%) and current
smokers (39.0%) compared with never smokers (11.4%) (P< .001
for both comparisons). We also compared the TMB distribution
across different smoking subgroups. Median TMB among cur-
rent smokers (12.2 mut/Mb) was the highest, followed by former
smokers (9.9 mut/Mb) and never smokers (7.6 mut/Mb) (P< .001
for both comparisons) (Figure 1, A).

Association Between Smoking History and Clinical
Outcomes

Best objective responses were observed in 11.4%, 23.5%, and
28.0% of never, former, and current smokers, respectively

(former vs never smokers, P¼ .009; current vs never smokers,
P¼ .002; former vs current smokers, P¼ .26, respectively) (Figure
1, B; Supplementary Table 2, available online). In multivariable
analysis, after controlling for PD-L1 TPS and other clinicopatho-
logical characteristics, smoking status was statistically signifi-
cantly associated with increased ORR (former vs never smokers,
OR ¼ 2.07, 95% CI ¼ 1.08 to 4.25, P¼ .04; current vs never smok-
ers, OR ¼ 3.04, 95% CI ¼ 1.52 to 6.47, P¼ .003; current vs former
smokers, OR ¼ 1.34, 95% CI ¼ 0.85 to 2.09, P¼ .20, respectively).
Never smokers had a statistically significantly shorter PFS than
former (2.07 months vs 3.65 months, HR ¼ 0.74, 95% CI ¼ 0.59 to
0.93, P¼ .01) and current smokers (2.07 months vs 3.68 months,
HR ¼ 0.60, 95% CI ¼ 0.46 to 0.79, P< .001). Never smokers had a
numerically shorter OS than former (9.9 months vs 12.9 months,
HR ¼ 0.85, 95% CI ¼ 0.66 to 1.11, P¼ .23) and current smokers
(9.9 months vs 13.2 months, HR ¼ 0.78, 95% CI ¼ 0.58 to 1.04,
P¼ .10) (Figure 1, C and D; Table 2). Similar results were observed
in sensitivity analysis based on complete dataset (n¼ 451) and
using the IPW method to account for potential selection bias be-
cause of PD-L1 TPS missingness (Supplementary Table 3, avail-
able online).

We next investigated whether pack-years is associated with
clinical outcomes and found that doubling smoking pack-years
was statistically significantly associated with improved clinical
outcomes in multivariable analyses after adjusting for PD-L1
TPS and other clinicopathological characteristics (ORR OR ¼
1.21, 95% CI ¼ 1.09 to 1.36, P< .001; PFS HR ¼ 0.92, 95% CI ¼ 0.88
to 0.95, P< .001; OS HR ¼ 0.94, 95% CI ¼ 0.90 to 0.99, P¼ .01)
(Table 3). Similar results were observed in sensitivity analyses
(Supplementary Table 4, available online). In stratified analysis
by oncogenic driver mutation status, consistent improved
trends in clinical response and outcomes with increased smok-
ing exposure were observed in both groups. Numerically larger

Table 1. Baseline clinicopathological characteristics (N¼ 644)

Characteristics Never smoker (n¼ 105) Former smoker (n¼ 375) Current smoker (n¼ 164) Pa

Age, median (range), y 63 (25-87) 69 (35-92) 63 (38-88) <.001
Gender, No. (%) .80

Female 60 (57.1) 207 (55.2) 88 (53.0)
Male 45 (42.9) 168 (44.8) 77 (47.0)

Histology, No. (%) .27
Nonsquamous cell carcinoma 97 (92.4) 332 (88.5) 141 (86.0)
Squamous cell carcinoma 8 (7.6) 43 (11.5) 23 (14.0)

ECOG PSb, No. (%) .48
0-1 82 (78.1) 298 (79.5) 123 (75.0)
�2 22 (21.0) 74 (19.7) 40 (24.4)
Unknown 1 (1.0) 3 (0.8) 1 (0.6)

PD-L1 TPSc, No. (%) .07
Negative 20 (19.0) 48 (12.8) 12 (7.3)
1%-49% 23 (21.9) 86 (22.9) 41 (25.0)
�50% 30 (28.6) 137 (36.5) 56 (34.1)
Unknown 32 (30.5) 104 (27.7) 55 (33.5)

Lines of therapyd, No. (%) <.001
1 18 (17.1) 139 (37.1) 59 (36.0)
�2 87 (82.9) 236 (62.9) 105 (64.0)

Median pack-yearse (IQR) 0 (0) 28 (25) 40 (26.3) <.001
Median TMB (IQR), (mut/Mb) 7.6 (6.1) 9.9 (6.8) 12.2 (7.7) <.001

aP values were based on a Wald test and were 2-sided. ECOG PS ¼ Eastern Cooperative Oncology Group Performance Status; IQR ¼ interquartile range; NA ¼ not applica-

ble; PD-L1 TPS ¼ programmed death ligand-1 tumor proportion score; TMB ¼ tumor mutation burden.
bECOG PS not available for 5 patients.
cPD-L1 TPS not available for 191 patients.
d1L present first-line treatment setting; 2 Lþ present second-line treatment setting and beyond.
eSmoking pack-years not available for 1 patient.
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effects were consistently observed in patients with oncogenic
driver mutations compared with wild-type patients (ORR OR ¼
1.16, 95% CI ¼ 1.01 to 1.36, P¼ .04; PFS HR ¼ 0.96, 95% CI ¼ 0.90 to
1.00, P¼ .06; OS HR ¼ 0.95, 95% CI 0.89 to 1.01, P¼ .11)
(Supplementary Table 5, available online). We explored further
the association between pack-years and clinical outcomes in
metastatic NSCLC with PD-L1 TPS of at least 50% or less than
50% as a subgroup analysis in the patients with PD-L1 TPS avail-
able. A statistically significant effect on clinical outcomes was
observed only in patients with PD-L1 TPS of at least 50% (ORR
OR ¼ 1.18, 95% CI ¼ 1.01 to 1.41, P¼ .05; PFS HR ¼ 0.88, 95% CI ¼
0.81 to 0.95, P¼ .002; OS HR ¼ 0.87, 95% CI ¼ 0.79 to 0.96, P¼ .007).
A numerically larger effect on clinical outcomes was consis-
tently observed in patients with PD-L1 TPS of at least 50% com-
pared with those with PD-L1 TPS of less than 50%
(Supplementary Table 6, available online). We further explored
different PD-L1 TPS cutoffs of 55%, 60%, and 70%, and consistent
results were observed. Of note, pack-years was statistically sig-
nificantly associated with PFS regardless of PD-L1 TPS levels
(Supplementary Table 7, available online). Collectively, pack-

years was confirmed to be associated with clinical responses to
ICI monotherapy in metastatic NSCLC.

Validation of Clinical Utility

Approximately 30% of the patients in our cohort did not have
PD-L1 TPS values. Therefore, predictive models were con-
structed and validated in the complete dataset (n¼ 451) to max-
imize accuracy. Baseline model was constructed on age at
treatment initiation, gender, ECOG PS, histology, and lines of
treatment, and they were consistently incorporated in the mod-
els with the addition of PD-L1 TPS, pack-years, and TMB.
Incorporating smoking pack-years improved the model perfor-
mance (ORR AUC ¼ 0.67, 95% CI ¼ 0.54 to 0.75; PFS AUC ¼ 0.65,
95% CI ¼ 0.60 to 0.70; OS AUC ¼ 0.73, 95% CI ¼ 0.66 to 0.77) com-
pared with the baseline model (ORR AUC ¼ 0.64, 95% CI ¼ 0.53 to
0.72; PFS AUC ¼ 0.62, 95% CI ¼ 0.56 to 0.67; OS AUC ¼ 0.72, 95%
CI ¼ 0.65 to 0.76), indicating the additional predictive value of
pack-years on clinical outcomes in addition to PD-L1 TPS.
Incorporating pack-years along with PD-L1 TPS (ORR AUC ¼

Figure 1. Clinical outcomes by smoking status. A) Distribution of tumor mutation burden (TMB) among never, former, and current smokers were presented. Clinical

outcomes of (B) objective response rate (ORR), (C) progression-free survival according to Response Evaluation Criteria In Solid Tumors version 1.1, and (D) overall sur-

vival among never, former, and current smokers are presented.
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0.71, 95% CI ¼ 0.61 to 0.77; PFS AUC 0.66¼ 95% CI ¼ 0.61 to 0.71;
OS AUC ¼ 0.73, 95% CI ¼ 0.67 to 0.78) achieved similar model
performance compared with the one using PD-L1 TPS and TMB
(ORR AUC ¼ 0.71, 95% CI ¼ 0.63 to 0.77; PFS AUC ¼ 0.68, 95% CI ¼
0.64 to 0.72; OS AUC ¼ 0.74, 95% CI ¼ 0.68 to 0.78), providing clin-
ical evidence of using smoking pack-years as a surrogate for
TMB (Figure 2). Sensitivity analysis using IPW showed consis-
tent results (Supplementary Table 8, available online).
Mediation analysis suggested that the effect of smoking infor-
mation on clinical outcomes of ICI monotherapy was largely
mediated by the increased TMB (Supplementary Table 9, avail-
able online).

Discussion

Our study comprehensively assesses the association between a
quantitative assessment of smoking exposure and clinical out-
comes of advanced NSCLC patients treated with ICI monother-
apy. The study shows that after accounting for the PD-L1 TPS
effect and other clinicopathological characteristics, a detailed
smoking history was statistically significantly associated with
better response for NSCLC patients treated with ICI monother-
apy and informs patient outcomes, particularly when TMB as-
sessment is not available.

A high TMB is associated with improved outcomes to immu-
notherapy, but a minority of patients in the large clinical trials
have that data available at the time of patient entry or time of
analyses. There is still a lack of prospective randomized data us-
ing of TMB as biomarkers for prospective patient stratification
(2,8,17,29–34). In contrast, several studies have shown a correla-
tion between smoking status and response to immunotherapy,

and nearly all patients have that information available. Gainor
et al (16) reported that heavy smokers have a numerically better
ORR compared with light or never smokers in a retrospective
study of 58 NSCLC patients treated with PD-(L)1 inhibitors.
Consistently, in the KEYNOTE-001 trial, heavy smokers had pro-
longed PFS and OS compared with never smokers, a potential
surrogate for higher TMB of tumors arising in patients with a
smoking history (7). In the CheckMate 568 study, 98 patients
(82%) of 120 were evaluable for TMB by whole exome sequenc-
ing at the time of protocol amendment, and a TMB greater than
10 mut/Mb was associated with an improved response to low-
dose ipilimumab and nivolumab as first-line treatment of ad-
vanced NSCLC (2,35). Our study prospectively captured very de-
tailed smoking information, which has not been included in
many of the clinical trial reports of patients treated with immu-
notherapy. The information on cigarette smoking allowed us to
assess the association between smoking history and clinical
outcomes of ICI monotherapy, and our analysis included infor-
mation on the contribution of PD-L1 TPS and TMB to the likeli-
hood of response and patient outcomes. Our analyses showed
both smoking history and PD-L1 TPS are complementary corre-
lates of improved clinical outcomes. As expected, increased
smoking exposure in our NSCLC patients treated with ICI mono-
therapy showed an association with increased TMB and im-
proved clinical outcomes. This finding assists with clinical
decisions on ICI treatment allocation given smoking informa-
tion is available for more patients in real practice.

Our analysis suggests that smoking pack-years may provide
additional predictive information above and beyond the rou-
tinely assessed PD-L1 TPS. Specifically, we observed trends to-
wards better response and prolonged PFS and OS in patients

Figure 2. Model performance on objective response rate (ORR), progression-free survival (PFS) at 6 months, and overall survival (OS) at 24 months. Predictive logistic

and Cox proportional hazards regression models were constructed and validated in the patients with complete information (n ¼ 451) using 10-fold cross-validation.

Receiver operating characteristics (ROC) area under the curve (AUC) illustrates the model performance on ORR, and time-dependent AUC on PFS at 6 months and on

OS at 24 months using different predictors. The baseline model incorporated age at treatment initiation, gender, histology, Eastern Cooperative Oncology Group

Performance Status, and lines of treatment, and they were consistently incorporated in all of the models. The table below the graphs displays the AUCs with 95% confi-

dence intervals shown within parentheses. These 95% confidence intervals were calculated from 500 bootstrapping. PD-L1 TPS ¼ programmed cell death ligand-1 tu-

mor proportion score; TMB ¼ tumor mutation burden.
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with PD-L1 TPS of at least 50% compared with the PD-L1 TPS of
less than 50% subgroup when smoking history was added , and
this was consistently observed in OS and PFS when using differ-
ent PD-L1 TPS cut points (Supplementary Table 7, available on-
line). Although these differences by PD-L1 TPS cut points were
not statistically significant, likely owing to the sample size in
never smokers with PD-L1 TPS above the cut points, these find-
ings suggest that there may be interactions between smoking-
related molecular characteristics and immunological features.
Additional subgroup analysis with detailed smoking history in
larger prospective trials is necessary to confirm these findings.

In addition to the qualitative smoking effect that has been
reported, a statistically significant dose-dependent association
between log2 (pack-years) and log2 (TMB) was observed in our co-
hort (Supplementary Figure 1, available online). Consistent with
our previous research findings in a larger cohort of advanced
NSCLC (14), former and current smokers had higher TMB com-
pared with never smokers controlling for age, gender, and histol-
ogy. Although TMB is emerging as a predictor for ICI efficacy, it is
a challenge to assess because of the need for tumor tissue, high
expense, and the prolonged turnaround time and thus may not
be available for early clinical decision making. The linear dose-
dependent association between smoking pack-years and TMB as
well as the extensive predictive modeling provide a clinically rele-
vant implication that smoking pack-years may serve as a more
easily obtainable surrogate for TMB. The improvement in predic-
tive models, in particular for ORR, with addition of pack-years
compared with the baseline model emphasizes the clinical rele-
vance of collecting and using detailed smoking information when
PD-L1 TPS and TMB are not available in real practice (Figure 2).
Results from model comparison also suggest that low PD-L1 TPS
could be complemented with an additional profile containing de-
tailed smoking information and TMB.

Our study has several limitations. First, this is a retrospective
study, and our observations should be validated in a larger pro-
spective cohort study. Second, certain molecularly defined
NSCLC, for example, EGFR-mutant, ALK-rearranged NSCLC were
underrepresented (Supplementary Table 1, available online).
These patients are more likely to receive targeted therapy, are
typically excluded from most ICI treatment trials, and avoid or
are offered immunotherapy in later treatment course (36).
Nonetheless, this is the largest cohort of advanced NSCLC treated
with ICI monotherapy and with detailed smoking history pro-
spectively collected to date, and the distribution of other genetic
alterations reflects real-world data. Third, a majority of the
patients in our study received PD-(L)1 inhibitors, and further
studies are necessary to elucidate the potential predictive effect
of these variables on other types of immunotherapies. Lastly, the
predictive model performance could be compromised by the ab-
sence of PD-L1 TPS values in 30% of our cohort, especially for the
models using predictors other than PD-L1 TPS. Yet, this reflects
the real situation of PD-L1 TPS and emphasizes the clinical signif-
icance in the discovery of consistent and obtainable predictors
that are available in more patients. Model construction and exter-
nal validation based on a larger cohort will be necessary before
implementation in clinical practice.

In conclusion, this study provides important implications
that smoking history may serve as an independent surrogate
for TMB in ICI efficacy in advanced NSCLC. Improved clinical re-
sponse and outcomes to ICI monotherapy with increased to-
bacco exposure are statistically significantly mediated by TMB,
giving rise to a more robust immune response. A detailed smok-
ing history should be collected in future clinical practice to

make prompt clinical decisions and to enhance the proportion
of patients who may benefit from ICIs.
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