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ABSTRACT
J-TAIL-2 evaluated the efficacy and safety of atezolizumab, an anti–programmed death-ligand 1 (PD-L1), plus chemotherapy 
in patients with non-small cell lung cancer (NSCLC) and extensive-stage small cell lung cancer (ES-SCLC) in Japanese clin-
ical practice, demonstrating comparable outcomes to those in the corresponding Phase 3 trials. Although PD-L1 expression 
is predictive of atezolizumab efficacy in some settings, additional minimally invasive, blood-based biomarkers are needed. 
This exploratory biomarker study included 359 J-TAIL-2 patients. The NSCLC cohort received atezolizumab combined with 
carboplatin and nab-paclitaxel (CnP, n = 42), cisplatin/carboplatin and pemetrexed (n = 72), or bevacizumab plus carbopla-
tin and paclitaxel (bev + CP, n = 135). The ES-SCLC cohort received atezolizumab plus carboplatin and etoposide (n = 100). 
Approximately 560 cancer- or immune-related proteins were evaluated using the Proximity Extension Assay from blood 
plasma collected at three timepoints: baseline, before the second atezolizumab dose, and at the onset of immune-related 
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adverse events (irAEs). Protein-wise comparisons were made to evaluate significant changes (P < 0.05 and > 0.5 log2 fold 
change) and linked to clinical outcomes reported in J-TAIL-2. IL-6, MUC-16, and KRT-19 were associated with shorter 
progression-free survival across multiple regimens. Granzyme A and B, immune activation markers, were elevated in re-
sponders who received atezolizumab + CnP and atezolizumab + bev + CP. High levels of baseline immune stimulation 
proteins were associated with irAEs across regimens. Protein expression changes were varied and regimen-dependent in 
subgroup analyses including older patients and those with EGFR-mutant tumors. These data warrant further investigation 
across different cancer types and atezolizumab-containing regimens to determine their relevance to efficacy and irAE oc-
currence of atezolizumab combination therapy.
Trial Registration: Clini​calTr​ials.​gov ID, NCT04501497 (J-TAIL-2) and NCT04818983 (biomarker study)

1   |   Introduction

Globally, lung cancer is the leading cause of cancer-related death 
and commonly diagnosed at advanced stages [1]. Non-small cell 
lung cancer (NSCLC) represents 85% of lung cancer cases and 
has a poor prognosis, indicated by a 5-year survival rate of less 
than 10% [2, 3]. Extensive-stage small-cell lung cancer (ES-
SCLC) accounts for approximately 10% of lung cancer cases and 
is characterized by high metastatic potential, rapid progression, 
and poor prognosis [4–6].

Recent advances in combination immune checkpoint inhibi-
tor (ICI) therapy, including atezolizumab (anti–programmed 
death-ligand 1 [PD-L1]) with chemotherapy, have signifi-
cantly improved survival, resulting in these regimens becom-
ing a standard treatment for both ES-SCLC and advanced 
NSCLC [7, 8]. Approvals of first-line atezolizumab plus che-
motherapy for advanced or recurrent nonsquamous NSCLC 
treatment were based on the global Phase 3 trials IMpower130 
[9], IMpower132 [10], and IMpower150 [11], and for ES-SCLC 
treatment following the IMpower133 [12] trial. J-TAIL-2 
(NCT04501497) evaluated the efficacy and safety of atezoli-
zumab plus chemotherapy combinations in real-world pa-
tients with NSCLC or ES-SCLC in Japanese clinical practice. 
Previously, the primary analyses from the J-TAIL-2 NSCLC 
and ES-SCLC cohorts reported comparable efficacy and safety 
of atezolizumab combination therapy to those in correspond-
ing IMpower studies [13, 14].

Although PD-L1 expression is a routine marker predictive of the 
efficacy of atezolizumab in many settings, intra-tumor hetero-
geneity and changes of expression over time can make PD-L1 
an insufficient biomarker on its own. The identification of ad-
ditional biomarkers is needed [15, 16]. ICI efficacy may be as-
sociated with baseline levels and changes in immune-related 
proteins found in the blood plasma shortly after treatment [17]. 
These protein changes may also predict the occurrence of serious 
immune-related adverse events (irAEs) [18]. There is a clinical 
need to identify new biomarkers that predict both efficacy and 
safety of atezolizumab.

To investigate this clinical gap, an exploratory biomarker 
study (NCT04818983) was conducted in a subpopulation of J-
TAIL-2. We conducted plasma proteomics analyses to evaluate 
potential predictive biomarkers of efficacy and safety for four 
atezolizumab-containing regimens in real-world patients with 
lung cancer from J-TAIL-2.

2   |   Methods

2.1   |   Study Design and Patient Population

The main J-TAIL-2 study was an observational, prospective 
study that enrolled patients with NSCLC or ES-SCLC sched-
uled to receive atezolizumab combination therapy in clinical 
practice in Japan (based on the latest guidelines for optimal 
use and prescribing information) across 150 study sites. In the 
NSCLC cohort, patients received atezolizumab combined with 
chemotherapy (carboplatin and nab-paclitaxel [CnP], carbo-
platin or cisplatin plus pemetrexed [PP], or bevacizumab plus 
carboplatin and paclitaxel [bev + CP]) in clinical practice. These 
atezolizumab combination regimens were investigated in the 
global, randomized, Phase 3 IMpower130, IMpower132, and 
IMpower150 trials, respectively [9–11]. Patients with ES-SCLC 
received atezolizumab plus carboplatin and etoposide (CE), 
which was evaluated in the IMpower133 trial [12].

The J-TAIL-2 subset for this exploratory biomarker study en-
rolled patients from 97 study sites with methodology previously 
described [14, 19]. Evaluable patients in this analysis had re-
ceived ≥ 1 dose of atezolizumab and had provided samples for 
biomarker measurements as described below. Patients deter-
mined to be ineligible on study and those missing efficacy as-
sessments were not included (Figure S1).

J-TAIL-2 was conducted in accordance with the Declaration of 
Helsinki (Japan Medical Association translation), the Act on the 
Protection of Personal Information, and the Ethical Guidelines 
for Medical and Health Research Involving Human Subjects. 
Enrolled patients received a full explanation of the contents of this 
clinical research and provided written consent. The Ethics Review 
Committee of each study site approved the study protocol and in-
formed consent form before the site could participate in the study. 
Additional study details were previously reported [14, 19].

2.2   |   Assessments

Collected plasma was used to measure expression levels of ap-
proximately 560 proteins using the Proximity Extension Assay 
(PEA; Olink Proteomics). The detailed protocol of the PEA has 
been previously published [20]. PEA analysis was performed at 
three timepoints: baseline (≤ 7 days before first dose of atezoli-
zumab), before the second dose of atezolizumab (≤ 3 days be-
fore the second dose), and onset of irAEs. Peripheral blood was 
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collected at the same time as a blood test performed during rou-
tine care: 1 mL before the first dose of atezolizumab, 1 mL before 
the second dose of atezolizumab, and 1 mL at the onset of irAE. 
The following standard Olink panels were used in all PEA anal-
yses: cell regulation, immune response, immuno-oncology, in-
flammation, metabolism, oncology II, and organ damage. There 
are some proteins across multiple Olink panels (e.g., immune 
response and inflammation panels), but these proteins are cap-
tured by the same pair of antibodies. Panel-specific optimization 
can result in differences in upper and lower limits of quantifica-
tion and dynamic range across panels (Figure S2).

2.3   |   Statistical Analysis

At each evaluated timepoint (baseline, before the second dose, 
and for the change between before the second dose and baseline), 
protein-wise comparisons were performed between two sample 
groups using the Wilcoxon test, with nominal P-values < 0.05 con-
sidered significant. P-values were not adjusted for multiplicity in 
this exploratory analysis. Sample group comparisons for all regi-
mens included those with shorter versus longer (< vs. ≥ median) 
progression-free survival (PFS) or overall survival (OS) based on 
the main J-TAIL-2 study data, older vs. younger patients (patients 
with NSCLC ≥ 75 vs. < 75 years, and patients with ES-SCLC ≥ 70 
vs. < 70 years), and those who achieved complete or partial re-
sponses vs. progressive disease per Response Evaluation Criteria 
in Solid Tumors (patients with stable disease or those not evaluable 
were excluded). If no differential proteins were identified between 
sample groups, a comparison analysis could not be performed and 
those results are not described or shown. Protein expression of pa-
tients who did vs. did not experience an irAE were compared by 
regimen; the atezolizumab + CnP and atezolizumab + PP regi-
mens were combined for this analysis due to the small subset with 
post-irAE samples. For patients given atezolizumab + bev + CP, 
EGFR-mutant (EGFRmt) vs. non-mutant status was compared. OS 
analysis was performed in patients with EGFR mutations. Volcano 
plot evaluation of protein changes focused on those considered sig-
nificant and with ≥ 0.5 log2 fold change between groups.

3   |   Results

3.1   |   Patients and Baseline Characteristics

In total, 359 patients who were scheduled to receive treatment in 
the J-TAIL-2 study between April 2021 and February 2022 were 
included in the intention-to-treat population of this biomarker 
study. The analysis population (n = 349) included patients who 
had received ≥ 1 dose of atezolizumab and had provided sam-
ples for biomarker measurements; 10 patients were excluded 
from the analysis due to not having received study treatment 
(n = 9) or other exclusions (n = 1) (Figure S1). The NSCLC cohort 
consisted of 42 patients treated with atezolizumab + CnP (regi-
men from IMpower130), 72 patients treated with atezolizumab 
+ PP (regimen from IMpower132), and 135 patients treated with 
atezolizumab + bev + CP (regimen from IMpower150). The ES-
SCLC cohort included 100 patients treated with atezolizumab + 
CE (regimen from IMpower133). Baseline patient characteristics 
in the biomarker study were generally representative of the main 
J-TAIL-2 population (Table 1) [14, 19].

3.2   |   PFS

As previously reported for the main J-TAIL-2 study, the median 
PFS (95% confidence interval [CI]) for patients with NSCLC 
was 5.6 months (5.1, 6.9) with atezolizumab + CnP, 7.0 months 
(5.5, 8.3) with atezolizumab + PP, and 6.3 months (5.7, 6.7) with 
atezolizumab + bev + CP [14]. The median PFS for patients with 
ES-SCLC was 5.1 months (4.7, 5.3) with atezolizumab + CE [19]. 
At baseline, proteins significantly associated with longer or 
shorter (≥ or < median) PFS were identified in common across 
all regimens at baseline. Although longer PFS was associated 
with higher baseline expression of several immune activation 
factors, these were regimen specific: IL-12 and IL-12B in pa-
tients given atezolizumab + CnP and CD40-L in those given 
atezolizumab + CE (Figure  1). By contrast, shorter PFS was 
significantly associated with expression of MUC-16, IL-6, and 
KRT19 in multiple regimens (Figure  1 and Figure  S2). MUC-
16 and KRT19 expression was also non-significantly associated 
with short PFS for the atezolizumab + bev + CP regimen. No 
proteins were found to be significantly associated with shorter 
or longer PFS for patients given atezolizumab + bev + CP.

3.3   |   OS

In the main J-TAIL-2 study, the median OS (95% CI) was 19.7 
(16.1, 25.9), 23.5 (17.7, not estimable), 17.3 (15.6, 19.9), and 16.5 
(14.9, 18.2) months in patients receiving atezolizumab + CnP, 
atezolizumab + PP, atezolizumab + bev + CP, and atezolizumab 
+ CE, respectively [14, 19]. Protein expression analysis of OS 
at baseline is shown in Figure S3. For the atezolizumab + CnP 
regimen, no significant correlates of longer OS were seen, but 
shorter OS was associated with markers including elevated N-
cadherin and NECTIN-2 (CD112) (Figure S3A), markers which 
are related to epithelial-to-mesenchymal and TIGIT ligand, re-
spectively, and potentially associated with poor prognosis. For 
the atezolizumab + bev + CP regimen, several proteins were 
significantly elevated in patients with long OS including OMG 
and LHB, although relevance to cancer immunology is poorly 
defined; proteins associated with short OS included syndecan-1, 
CXCL9, and EN-RAGE (S100A12) among others (Figure S3B). 
MUC-16 and IL-6 had high baseline protein expression in the 
shorter OS group, but this was not statistically significant. For 
the atezolizumab + CE regimen, long OS was associated with 
TRANCE (RANK-L) and shorter OS was linked to proteins in-
cluding KRT-19, MUC-16, IL-8, and CCL-20 (Figure S3C).

3.4   |   Treatment Response

Protein expression analysis at baseline and before the second dose 
are shown in Figure  2 and Figure  S4, respectively. At baseline, 
patients given atezolizumab + CnP who achieved a response on 
study had significantly higher expression of CXCL10 and gran-
zyme B compared with those with progressive disease (Figure 2A). 
Before dose 2, response in this group was also associated with 
granzyme B and other immune activation markers, including 
granzyme A, FASLG, PDCD1 (PD-1), TNF, TLR3, CD28, and 
CX3CL1 (Figure  S4A). Before dose 2, responders given atezoli-
zumab + bev + CP also had high granzyme A and B, and CD8 had 
similar high expression in post-treatment (Figure S4C).
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3.5   |   Older Patient Subgroup Analysis

At baseline, protein comparisons between older and younger pa-
tients (patients aged ≥ 75 or < 75 years with NSCLC and patients 
aged ≥ 70 vs. < 70 years with ES-SCLC) were performed by regi-
men (Figure 3). The number of older vs. younger patients was 16 
vs. 26 in the atezolizumab + CnP group, 24 vs. 53 in the atezoli-
zumab + PP group, 18 vs. 122 in the atezolizumab + bev + CP 
group, and 62 vs. 38 in the atezolizumab + CE group (Table 1). 

For patients given atezolizumab + CnP, inflammatory proteins 
including IL-6, IL-8, and IL-10 were significantly associated 
with older age (Figure 3A). For those given atezolizumab + PP, 
prognostic markers like MUC-16 and KRT-19 were associated 
with older age (Figure 3B). No proteins were identified to be sig-
nificantly and highly expressed in older patients given atezoli-
zumab + bev + CP and atezolizumab + CE (Figure  3C,D). In 
older patients, protein expression was associated with OS only 
in patients who received atezolizumab + CE (Figure  S5). Of 

TABLE 1    |    Baseline patient characteristics in the ITT population.

Patient 
characteristics

NSCLC cohort ES-SCLC cohort

Overall (n = 259)
Atezo + CnP 

(n = 42)
Atezo + PP 

(n = 77)
Atezo + Bev + CP 

(n = 140) Atezo + CE (n = 100)

Age, n (%)

< 70 years 126 (48.6) 14 (33.3) 23 (29.9) 89 (63.6) 38 (38.0)

≥ 70 to < 75 years 75 (29.0) 12 (28.6) 30 (39.0) 33 (23.6) 35 (35.0)

≥ 75 years 58 (22.4) 16 (38.1) 24 (31.2) 18 (12.9) 27 (27.0)

Sex, n (%)

Male 176 (68.0) 36 (85.7) 55 (71.4) 85 (60.7) 81 (81.0)

ECOG PS, n (%)

0 93 (35.9) 14 (33.3) 28 (36.4) 51 (36.4) 31 (31.0)

1 142 (54.8) 24 (57.1) 40 (51.9) 78 (55.7) 54 (54.0)

2 21 (8.1) 4 (9.5) 8 (10.4) 9 (6.4) 13 (13.0)

3 2 (0.8) 0 1 (1.3) 1 (0.7) 2 (2.0)

4 1 (0.4) 0 0 1 (0.7) 0

Histology, n (%)

Adenocarcinoma 221 (85.3) 26 (61.9) 75 (97.4) 120 (85.7) 0

NOS 22 (8.5) 10 (23.8) 0 12 (8.6) 0

Large cell 
carcinoma

5 (1.9) 2 (4.8) 1 (1.3) 2 (1.4) 0

LCNEC 3 (1.2) 1 (2.4) 0 2 (1.4) 98 (98.0)

Small cell 
carcinoma

NA NA NA NA 2 (2.0)

Staging, n (%)

IIIA/B/C 11 (4.2) 1 (2.4) 4 (5.2) 6 (4.3) 5 (5.0)

IVA/B 207 (79.9) 33 (78.6) 66 (85.7) 108 (77.1) 86 (86.0)

Recurrence 
after operation/
chemotherapy/
radiotherapy

41 (15.8) 8 (19.0) 7 (9.1) 26 (18.6) 9 (9.0)

EGFR mutation status, n (%)

Negative 155 (59.8) 39 (92.9) 53 (68.8) 63 (45.0) NA

Positive 82 (31.7) 1 (2.4) 13 (16.9) 68 (48.6) NA

Abbreviations: Bev, bevacizumab; CE, carboplatin + etoposide; CnP, carboplatin + nab-paclitaxel; CP, carboplatin + paclitaxel; ECOG PS, Eastern Cooperative 
Oncology Group performance status; ES-SCLC, extensive-stage small cell lung cancer; ITT, intention-to-treat; LCNEC, large cell neuroendocrine carcinoma; NA, not 
applicable; NSCLC, non-small cell lung cancer; PP, carboplatin or cisplatin + pemetrexed.
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note, short OS was associated with elevated expression of IL-
17C, MMP12, CCL20, SYND1, and IL-8, proteins regardless of 
age (Figure S3C).

3.6   |   EGFRmt Subgroup

J-TAIL-2 enrolled patients with EGFR mutations NSCLC after 
tyrosine kinase inhibitor failure. Most of these patients received 
atezolizumab + bev + CP (n = 68); therefore, only patients in this 
regimen are the focus of the PEA subgroup analysis reported 
here. When comparing EGFRmt vs. non-mutant samples at 
baseline (Figure  4), many proteins related to poor prognosis 

or efficacy, including IL-6, KRT19, MUC-16, IL-8, and CCL20, 
were significantly elevated in the EGFRmt group (Figure 4A). 
However, almost all significantly elevated proteins associated 
with the EGFRmt group at baseline were no longer significant 
in the samples taken before the second dose of atezolizumab 
(Figure  4B). Of note, changes in the significance of IL-6 and 
CCL20 expression based on EGFR status became apparent when 
evaluating expression between the timepoints (Figure  S6). In 
patients with EGFRmt tumors at baseline, OMG was found to 
be significantly associated with longer OS (Figure 5A). Proteins 
ZBTB17, KIM1, SYND1, LAMP3, and CALCA were significantly 
expressed in patients with longer OS independent of EGFRmt 
status (Figure  S3B). In patients with EGFRmt tumors, before 

FIGURE 1    |    Baseline protein expression analysis of PFS by regimen. (A) Atezolizumab + CnP (NSCLC, n = 42), (B) atezolizumab + PP (NSCLC, 
n = 72), (C) atezolizumab + bev + CP (NSCLC, n = 135), (D) atezolizumab + CE (ES-SCLC, n = 100). Bev, bevacizumab; CE, carboplatin + etoposide; 
CnP, carboplatin + nab-paclitaxel; CP, carboplatin + paclitaxel; ES-SCLC, extensive-stage small cell lung cancer; NSCLC, non-small cell lung cancer; 
PFS, progression-free survival; PP, carboplatin or cisplatin + pemetrexed.
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dose 2, proteins associated with immune activation, including 
CXCL10, PD-L1, FASLG, and IL-18, were elevated in patients 
with longer OS, whereas VEGFA and IL-6 were elevated and 
associated with shorter OS (Figure  5B). This observation was 
further confirmed when analyzing protein expression differ-
ences between the two timepoints, wherein numerous markers 
of immune stimulation were found significant in patients with 
EGFRmt tumors with longer OS (Figure S7).

3.7   |   irAE Analysis

The irAE incidence was relatively balanced between the 
atezolizumab + CE group (n = 25, 25.0%) and the combined 
atezolizumab + CnP or PP group (n = 28, 22.7%), and higher 

in the atezolizumab + bev + CP group (n = 46, 32.9%). At base-
line, the incidence of any-grade irAEs was significantly asso-
ciated with several chemokines for multiple regimens. CCL17 
and CXCL9 were elevated in the combined group treated with 
atezolizumab + CnP or PP, and CXCL5 and CXCL1 were ele-
vated in the atezolizumab + bev + CP regimen. There were no 
relevant proteins with high expression associated with the oc-
currence of irAEs in patients who received atezolizumab + CE 
(Figure 6).

Given the limited number of proteins identified, an exploratory 
approach was adopted to investigate the association of irAEs 
and efficacy, including all proteins with P-values < 0.05. Table 2 
summarizes proteins with significant differences identified in 
this exploratory analysis that were associated with irAEs and 

FIGURE 2    |    Baseline protein expression analysis of CR/PR vs PD by regimen. (A) Atezolizumab + CnP (NSCLC, n = 42), (B) atezolizumab + PP 
(NSCLC, n = 72), (C) atezolizumab + bev + CP (NSCLC, n = 135), (D) atezolizumab + CE (ES-SCLC, n = 100). Bev, bevacizumab; CE, carboplatin + 
etoposide; CnP, carboplatin + nab-paclitaxel; CP, carboplatin + paclitaxel; CR, complete response; ES-SCLC, extensive-stage small cell lung cancer; 
NSCLC, non-small cell lung cancer; PD, progressive disease; PP, carboplatin or cisplatin + pemetrexed; PR, partial response.
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PFS at baseline. Although no significantly elevated proteins 
were common among all regimens, proteins with elevated ex-
pression that could be potential markers of immune activation 
were seen across regimens.

4   |   Discussion

There is a clinical need for more minimally invasive, blood-
based biomarkers that are predictive of immunotherapy efficacy 
and safety in lung cancer. In this exploratory PEA analysis of a J-
TAIL-2 subpopulation, we identified several candidate biomark-
ers in patient plasma with predictive value on clinical outcomes 
across multiple atezolizumab combination regimens.

A comprehensive protein assay was used to examine more than 
500 proteins related to cancer biology, immune responses, and in-
flammation, and several proteins were associated with PFS and 
OS. Most notably, IL-6, MUC-16, and KRT-19 had significant as-
sociations with shorter PFS in patients treated across multiple reg-
imens. Many reports have demonstrated an association between 
high IL-6 expression and poor prognoses across cancer types, in-
cluding a recent bioinformatic study in lung cancer [21, 22]. IL-6 
has also been associated with resistance to ICIs through various 
immune-related mechanisms including direct suppression of 
CD8+ T cells and enhanced production of immunosuppressive 
adenosine [23, 24]. A well-established tumor marker in ovarian 
cancer, MUC-16, also known as CA125, has been recently iden-
tified as a potential predictor of immunotherapy in lung cancer 

FIGURE 3    |    Baseline protein expression analysis of older vs younger patients by regimen. (A) Atezolizumab + CnP (NSCLC, n = 42), (B) atezoli-
zumab + PP (NSCLC, n = 72), (C) atezolizumab + bev + CP (NSCLC, n = 135), (D) atezolizumab + CE (ES-SCLC, n = 100). Bev, bevacizumab; CE, 
carboplatin + etoposide; CnP, carboplatin + nab-paclitaxel; CP, carboplatin + paclitaxel; ES-SCLC, extensive-stage small cell lung cancer; NSCLC, 
non-small cell lung cancer; PP, carboplatin or cisplatin + pemetrexed.
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[25, 26]. Recent reports have described its potential involvement 
in evasion of immune surveillance, for instance by binding the 
inhibitory receptor SIGLEC-9 on T and NK cells to impair their 
function [27], or promoting Treg differentiation through the 
production of IL-6 [28]. KRT-19 is associated with epithelial-to-
mesenchymal transition and linked to poor prognosis in lung 
cancer [29]. A pancreatic ductal adenocarcinoma animal model 
study found that KRT-19+ tumor cells formed CXCL12–KRT-19 

cell-surface complexes that reduced the motility of CXCR4+ T 
cells [30], consequently forming a T-cell–exclusionary tumor mi-
croenvironment that can contribute to resistance to anti–PD-1 
immunotherapies. Although IL-6, MUC-16, and KRT-19 have 
been established as poor prognostic markers [21, 31, 32], fur-
ther study with larger sample sizes and multivariate analyses is 
needed to confirm their utility as biomarkers of immunotherapy 
efficacy in lung cancer.

FIGURE 4    |    Protein expression analysis of patients with EGFRmt vs non-mutant tumors who received atezolizumab + bev + CP (NSCLC, n = 135) 
at (A) baseline and (B) before the second dose of atezolizumab. Bev, bevacizumab; CP, carboplatin + paclitaxel; mt, mutant; NSCLC, non-small cell 
lung cancer.
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cancer; OS, overall survival.
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In patients who received atezolizumab + bev + CP, between 
baseline and dose 2, there was a marked decrease in significantly 
elevated proteins for patients with EGFRmt vs. non-mutant tu-
mors and increased expression of immune stimulation markers 
in patients with EGFRmt tumors with long OS between baseline 
and before dose 2. Studies have previously reported that VEGF 
inhibition can induce immune-stimulating mechanisms in 
many cancer types [33–35] (e.g., by increasing T-cell infiltration 
into tumors, promoting the maturation of dendritic cells, and 
reducing Tregs) [36–38]. Whether these effects counteract some 
functions of the aforementioned resistance proteins (i.e., IL-6, 
MUC-16, and KRT19), thereby mitigating their impact on drug 

efficacy, warrants further study. The differences in baseline pro-
tein profiles and disparate treatment response between patients 
with EGFRmt and non-mutant tumors may contribute to the 
difficulty in extracting common factors between regimens. In 
patients with EGFRmt tumors, the clear trend of immune stim-
ulation with longer OS and VEGFA and IL-6 with shorter OS 
may be attributed to the fact that patients with EGFRmt tumors 
are a relatively homogeneous population compared with the 
non-mutant population, allowing for pronounced changes to be 
detected. In the responder group of the all-patient analysis for 
atezolizumab + bev + CP, many proteins were significantly ele-
vated before the second dose of atezolizumab. When analyzing 

FIGURE 6    |    Baseline protein expression analysis of patients with irAE (any grade) vs no irAE. (A) Atezolizumab + CnP (NSCLC, n = 42) and 
atezolizumab + PP (NSCLC, n = 72), (B) atezolizumab + bev + CP (NSCLC, n = 135), (C) atezolizumab + CE (ES-SCLC, n = 100). Bev, bevacizumab; 
CE, carboplatin + etoposide; CnP, carboplatin + nab-paclitaxel; CP, carboplatin + paclitaxel; ES-SCLC, extensive-stage small cell lung cancer; irAE, 
immune-related adverse event; NSCLC, non-small cell lung cancer; PP, carboplatin or cisplatin + pemetrexed.
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the EGFRmt subset of this regimen, we observed a substantial 
increase in proteins associated with anti-tumor activation in the 
longer OS group, particularly after treatment. These findings 
suggest that the elevated signal in all-patient population could 
be due to the strong signal from the EGFRmt subset.

Additionally, this study evaluated biomarkers for older patients. 
At baseline, inflammatory proteins like IL-6, IL-8, and IL-
10 were significant in older vs. younger patients who received 
atezolizumab + CnP. However, other regimens do not share this 
signature, and further investigation is necessary. This study also 
evaluated biomarkers associated with irAEs, which represent 
toxicities commonly seen with immunotherapies [39, 40]. Of the 
15 proteins with significant differences between patients with or 
without irAEs, 14 were significantly associated with longer PFS 
in patients with irAEs and conversely shorter PFS in patients 
without irAEs when looking at P-values < 0.05 and excluding 
the log2 fold change. In the population that experienced irAEs, 
proteins related to immune-stimulation, like ICOSLG, CD5, 
CD83, IL-12, and FASLG, were present at baseline, suggesting 
that inflammatory status before treatment may indicate suscep-
tibility to irAEs [41–47]. Collectively, these data warrant further 
investigation across cancer types and regimens to determine 
their relevance to efficacy and the occurrence of irAEs.

There were several limitations to this study. As J-TAIL-2 was 
a real-world observational study, there was no control group. 
Additionally, the exploratory approach of this study analyzed 
over 500 plasma proteins using nominal P-values (< 0.05) with-
out adjustment for multiple comparisons. As a result, there is 
an increased risk of false-positive findings due to the potential 
for type I error. The decision not to apply multiplicity correction 
was based on the hypothesis-generating nature of the study and 
the limited sample size, which could reduce statistical power 

if stringent corrections were used. Therefore, the associations 
identified in this study should be interpreted with caution and 
considered preliminary until validated in larger, independent 
cohorts or through confirmatory analyses. As protein expression 
analysis is semi-quantitative, specific quantitative assays for se-
lected candidate proteins, such as Multiplex ELISAs, would be 
necessary to confirm their presence and absolute concentration 
in plasma. Additional validation of candidate proteins in larger 
sample sizes and independent cohorts would be helpful to estab-
lish feasible systems for diagnosis.

This exploratory biomarker study conducted in Japan identi-
fied multiple potential biomarker candidates for predicting the 
efficacy and irAEs of atezolizumab combination therapies for 
patients with lung cancer. These findings may contribute to im-
proving personalized medicine by refining patient selection and 
require further study.

Author Contributions

Yasushi Goto: visualization, conceptualization, methodology, formal 
analysis, investigation, funding acquisition, writing – original draft, writ-
ing – review and editing. Makoto Nishio: investigation, supervision, 
project administration, writing – review and editing. Kadoaki Ohashi: 
investigation, writing – review and editing. Atsushi Osoegawa: investi-
gation, writing – review and editing. Eiki Kikuchi: investigation, writ-
ing – review and editing. Hideharu Kimura: investigation, supervision, 
writing – original draft, writing – review and editing. Junichi Shimizu: 
investigation, writing – review and editing. Eisaku Miyauchi: inves-
tigation, writing – review and editing. Hiroshige Yoshioka: investi-
gation, writing – review and editing. Ichiro Yoshino: investigation, 
writing – review and editing. Toshihiro Misumi: formal analysis, 
investigation, writing – review and editing. Yasutaka Watanabe: in-
vestigation, writing – review and editing. Nobuyuki Katakami: inves-
tigation, writing – review and editing. Akira Kisohara: investigation, 

TABLE 2    |    Proteins associated with irAE incidence and PFS with significant differences at baseline.

Atezolizumab + CnP (NSCLC, 
n = 42) and atezolizumab + PP 

(NSCLC, n = 72)
Atezolizumab + bev + CP 

(NSCLC, n = 135)
Atezolizumab + CE 
(ES-SCLC, n = 100)

No. of proteins with 
significant differences 
between patients with vs. 
without irAEs

40 49 15

No. of proteins with 
significant differences 
between patients with vs. 
without irAEs and those with 
long or short PFS

8 5 2

Identified proteins ICOSLG
ENTPD5

CD5
TANK
ENO2
S100P
CD83
IL12

CD1C
FASLG
GHRL

ADAM8
DSG4

HGF
LRRN1

Abbreviations: Bev, bevacizumab; CE, carboplatin + etoposide; CnP, carboplatin + nab-paclitaxel; CP, carboplatin + paclitaxel; ES-SCLC, extensive-stage small cell lung 
cancer; irAE, immune-related adverse event; NSCLC, non-small cell lung cancer; PFS, progression-free survival; PP, carboplatin or cisplatin + pemetrexed.

 13497006, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cas.70375 by O

kayam
a U

niversity, W
iley O

nline L
ibrary on [23/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



11Cancer Science, 2026

writing – review and editing. Masafumi Yamaguchi: investigation, 
writing – review and editing. Hirotaka Kuroki: writing – review and 
editing. Masamichi Sugimoto: writing – original draft, writing – re-
view and editing. Hisao Ashimura: writing – original draft, writing 
– review and editing. Misa Tanaka: writing – original draft, writing 
– review and editing. Akihiko Gemma: project administration, super-
vision, writing – review and editing.

Acknowledgments

This study was funded by Chugai Pharmaceutical Co. Ltd. Medical 
writing support was provided by Lidija Garan, PhD, of Nucleus Global, 
an Inizio Company, and funded by Chugai Pharmaceutical Co. Ltd.

Funding

This study was supported by Chugai Pharmaceutical Co. Ltd. who spon-
sored the J-TAIL-2 study. Chugai Pharmaceutical Co. Ltd. and the Lung 
Cancer Society of Japan collaborated with the authors on study design, 
data collection, data analysis, and data interpretation. Medical writing 
assistance funded by Chugai Pharmaceutical Co. Ltd. was provided by 
an independent medical writer under the guidance of the authors.

Ethics Statement

Approval of the research protocol by an Institutional Reviewer Board: J-
TAIL-2 was conducted in accordance with the Declaration of Helsinki, 
the Act on the Protection of Personal Information, and the Ethical 
Guidelines for Medical and Health Research Involving Human Subjects. 
The Ethics Review Committee of each study site approved the study pro-
tocol and the informed consent form prior to study initiation at the site.

Consent

Enrolled patients received a full explanation of the clinical research and 
provided written consent to participate.

Conflicts of Interest

All authors declare editorial support from Chugai Pharmaceutical 
Co. Ltd. All authors declare additional conflicts below. Y.G., is an ed-
itorial board member of Cancer Science; declares grants (to the insti-
tution) from AbbVie, Bristol Myers Squibb, Daiichi Sankyo, Eli Lilly, 
Kyowa Kirin, Novartis, Ono Pharmaceutical, Pfizer, and Preferred 
Networks; honoraria from Boehringer Ingelheim, Bristol Myers Squibb, 
Chugai Pharmaceutical Co. Ltd. Eli Lilly, Merck, MSD, Novartis, Ono 
Pharmaceutical, Pfizer, Taiho Pharmaceutical, and Thermo Fisher 
Scientific; advisory board participation for AstraZeneca, Boehringer 
Ingelheim, Bristol Myers Squibb, Chugai Pharmaceutical Co. Ltd. 
Daiichi Sankyo, Eli Lilly, Guardant Health Inc., Illumina, MSD, 
Novartis, Ono Pharmaceutical, Pfizer, and Taiho Pharmaceutical; and 
leadership or fiduciary roles in Cancer Net Japan and JAMT. M.N., has 
received payment or honoraria for lectures from AbbVie, AstraZeneca, 
Boehringer Ingelheim, Bristol Myers Squibb, Chugai Pharmaceutical 
Co. Ltd. Daiichi Sankyo, Janssen, Lilly, Nippon Kayaku, Merck, MSD, 
Novartis, Ono Pharmaceuticals, Pfizer, Taiho Pharmaceutical, and 
Takeda. K.O., has received grants or contracts and honoraria from 
Chugai Pharmaceutical Co. Ltd. A.O., has received grants from Chugai 
Pharmaceutical Co. Ltd. and Taiho Pharmaceutical; and has received 
honoraria from Chugai Pharmaceutical Co. Ltd. AstraZeneca, Ono 
Pharmaceutical, MSD, and Bristol Myers Squibb. E.K., declares hon-
oraria from Chugai Pharmaceutical Co. Ltd. H. Kimura, has received 
honoraria from Chugai Pharmaceutical Co. Ltd. J.S., has received 
honoraria for speakers bureaus from Taiho Pharmaceutical, Takeda, 
Chugai Pharmaceutical Co. Ltd. MSD, AstraZeneca, Novartis, Pfizer, 
and Amgen. E.M., has received grants from Chugai Pharmaceutical Co. 
Ltd. has received honoraria from Taiho Pharmaceutical, Daiichi Sankyo 
KK, Boehringer Ingelheim Japan, Bristol Myers Squibb, Novartis 
Pharma KK, MSD KK, Kyowa Kirin, Merck Biopharma, Pfizer, Ono 
Pharmaceutical, Chugai Pharmaceutical Co. Ltd. Amgen, Thermo 

Fisher Scientific K.K., Nippon Kayaku, Takeda, Eli Lilly Japan KK, 
Sysmex Co, and AstraZeneca K.K.; and has participated in advisory 
boards for Chugai Pharmaceutical Co. Ltd. Boehringer Ingelheim Japan, 
Eli Lilly Japan KK, Merck Biopharma, Daiichi Sankyo KK, and Ono 
Pharmaceutical. H.Y., received research funding from Daiichi Sankyo, 
AstraZeneca, Janssen Pharmaceutical, MSD, Novartis Pharma, Delta 
Fly Pharma, and Boehringer Ingelheim; consulting fees from Delta Fly 
Pharma; and lecture fees from Eli Lilly, Chugai Pharmaceutical Co. Ltd. 
MSD, AstraZeneca, Boehringer Ingelheim, Ono Pharmaceutical, Bristol 
Myers Squibb, Novartis Pharma, Kyowa Kirin, Nippon Kayaku, Otsuka 
Pharmaceutical, Amgen, Pfizer, Nipro Pharma, Daiichi Sankyo, and 
Merck Biopharma. I.Y., has received consulting fees from AstraZeneca, 
Chugai Pharmaceutical Co. Ltd. Medicaroid, Johnson & Johnson, and 
Covidien Japan; has received honoraria from Chugai Pharmaceutical 
Co. Ltd. and has received payment or honoraria for lectures, presen-
tations, speakers bureaus, manuscript writing, or educational events 
from AstraZeneca, Johnson & Johnson, Covidien Japan, Daiichi 
Sankyo, Takeda, and MSD. T.M., has received payment or honoraria 
for lectures and speakers bureaus, or educational events from Chugai 
Pharmaceutical Co. Ltd. and has received payment or honoraria for 
lectures, presentations, speakers bureaus, manuscript writing, or edu-
cational events from AstraZeneca and Miyarisan. Y.W. declares speak-
er's fees from Chugai Pharmaceutical Co. Ltd. N.K., has received grants 
(Institution) and honoraria from Chugai Pharmaceutical Co. Ltd. A.K., 
declares grants and honoraria from Chugai Pharmaceutical Co. Ltd. M.Y. 
declares grants from Bristol Myers Squibb, Chugai Pharmaceutical Co. 
Ltd. Eli Lilly Japan, MSD, Nippon Kayaku, Taiho Pharmaceutical, and 
Takeda; and honoraria from AstraZeneca, Bristol Myers Squibb, Chugai 
Pharmaceutical Co. Ltd. Daiichi Sankyo, Eli Lilly Japan, Johnson & 
Johnson, MSD, Nippon Kayaku, Ono Pharmaceutical, Pfizer Japan, and 
Taiho Pharmaceutical. H. Kuroki, H.A, M.S., and M.T. are employees of 
and have received stock/stock options from Chugai Pharmaceutical Co. 
Ltd. A.G. declares study participation as an investigator for the J-TAIL-2 
study; has received honoraria for educational lectures from Nihon 
Kayaku; and has participated on an ILD board for MSD, AstraZeneca, 
Daiichi Sankyo, and Chugai Pharmaceutical Co. Ltd.

Data Availability Statement

The data generated/analyzed during the current study are available 
from the corresponding author on reasonable request.

References

1. F. Bray, M. Laversanne, H. Sung, et  al., “Global Cancer Statistics 
2022: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 
36 Cancers in 185 Countries,” CA: A Cancer Journal for Clinicians 74 
(2024): 229–263.

2. A. K. Ganti, A. B. Klein, I. Cotarla, B. Seal, and E. Chou, “Update 
of Incidence, Prevalence, Survival, and Initial Treatment in Patients 
With Non–Small Cell Lung Cancer in the US,” JAMA Oncology 7 (2021): 
1824–1832.

3. C. Gridelli, A. Rossi, D. P. Carbone, et al., “Non-Small-Cell Lung Can-
cer,” Nature Reviews. Disease Primers 1 (2015): 15009.

4. S. Wang, S. Zimmermann, K. Parikh, A. S. Mansfield, and A. A. 
Adjei, “Current Diagnosis and Management of Small-Cell Lung Can-
cer,” Mayo Clinic Proceedings 94 (2019): 1599–1622.

5. E. B. Bernhardt and S. I. Jalal, “Small Cell Lung Cancer,” Cancer 
Treatment and Research 170 (2016): 301–322.

6. I. Gomez-Randulfe, R. Leporati, B. Gupta, S. Liu, and R. Califano, 
“Recent Advances and Future Strategies in First-Line Treatment of ES-
SCLC,” European Journal of Cancer 200 (2024): 113581.

7. J. Remon, J. C. Soria, and S. Peters, “Early and Locally Advanced 
Non-Small-Cell Lung Cancer: An Update of the ESMO Clinical Practice 
Guidelines Focusing on Diagnosis, Staging, Systemic and Local Ther-
apy,” Annals of Oncology 32 (2021): 1637–1642.

 13497006, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cas.70375 by O

kayam
a U

niversity, W
iley O

nline L
ibrary on [23/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12 Cancer Science, 2026

8. L. Mathieu, S. Shah, L. Pai-Scherf, et al., “FDA Approval Summary: 
Atezolizumab and Durvalumab in Combination With Platinum-Based 
Chemotherapy in Extensive Stage Small Cell Lung Cancer,” Oncologist 
26 (2021): 433–438.

9. H. West, M. McCleod, M. Hussein, et al., “Atezolizumab in Combi-
nation With Carboplatin Plus Nab-Paclitaxel Chemotherapy Compared 
With Chemotherapy Alone as First-Line Treatment for Metastatic Non-
Squamous Non-Small-Cell Lung Cancer (IMpower130): A Multicentre, 
Randomised, Open-Label, Phase 3 Trial,” Lancet Oncology 20 (2019): 
924–937.

10. M. Nishio, F. Barlesi, H. West, et al., “Atezolizumab Plus Chemother-
apy for First-Line Treatment of Nonsquamous NSCLC: Results From 
the Randomized Phase 3 IMpower132 Trial,” Journal of Thoracic Oncol-
ogy 16 (2021): 653–664.

11. M. A. Socinski, R. M. Jotte, F. Cappuzzo, et al., “Atezolizumab for 
First-Line Treatment of Metastatic Nonsquamous NSCLC,” New En-
gland Journal of Medicine 378 (2018): 2288–2301.

12. L. Horn, A. S. Mansfield, A. Szczesna, et  al., “First-Line Atezoli-
zumab Plus Chemotherapy in Extensive-Stage Small-Cell Lung Can-
cer,” New England Journal of Medicine 379 (2018): 2220–2229.

13. R. Saito, M. Nishio, K. Ohashi, et al., “J-TAIL-2: A Prospective, Ob-
servational Study of Atezolizumab (Atezo) Combined With Carboplatin 
and Etoposide (CE) in Patients (Pts) With Extensive-Stage Small Cell 
Lung Cancer (ES-SCLC) in Japan,” Journal of Clinical Oncology 42, no. 
16_Suppl (2024): 8573.

14. Y. Watanabe, M. Nishio, K. Ohashi, et al., “J-TAIL-2: A Prospective 
Observational Study of Atezolizumab (Atezo) Combination Therapy in 
Patients (Pts) With Non-Small Cell Lung Cancer (NSCLC) in Japan,” 
Journal of Clinical Oncology 42, no. 16_Suppl (2024): 8573.

15. X. Wang, F. Teng, L. Kong, and J. Yu, “PD-L1 Expression in Human 
Cancers and Its Association With Clinical Outcomes,” OncoTargets and 
Therapy 9 (2016): 5023–5039.

16. M. Inoue, N. Sawada, T. Matsuda, et  al., “Attributable Causes of 
Cancer in Japan in 2005-Systematic Assessment to Estimate Current 
Burden of Cancer Attributable to Known Preventable Risk Factors in 
Japan,” Annals of Oncology 23 (2012): 1362–1369.

17. M. F. Sanmamed, J. L. Perez-Gracia, K. A. Schalper, et al., “Changes 
in Serum Interleukin-8 (IL-8) Levels Reflect and Predict Response to 
Anti-PD-1 Treatment in Melanoma and Non-Small-Cell Lung Cancer 
Patients,” Annals of Oncology 28 (2017): 1988–1995.

18. T. Fujimura, Y. Sato, K. Tanita, et  al., “Serum Levels of Soluble 
CD163 and CXCL5 May Be Predictive Markers for Immune-Related 
Adverse Events in Patients With Advanced Melanoma Treated With 
Nivolumab: A Pilot Study,” Oncotarget 9 (2018): 15542–15551.

19. E. Miyauchi, M. Nishio, K. Ohashi, et al., “J-TAIL-2: A Prospective, 
Observational Study of Atezolizumab Combined With Carboplatin and 
Etoposide in Patients With Extensive-Stage SCLC in Japan,” JTO Clini-
cal and Research Reports 6 (2025): 100783.

20. E. Assarsson, M. Lundberg, G. Holmquist, et al., “Homogenous 96-
Plex PEA Immunoassay Exhibiting High Sensitivity, Specificity, and 
Excellent Scalability,” PLoS One 9 (2014): e95192.

21. H. Xie, L. Wei, G. Ruan, H. Zhang, and H. Shi, “Interleukin-6 as a 
Pan-Cancer Prognostic Inflammatory Biomarker: A Population-Based 
Study and Comprehensive Bioinformatics Analysis,” Journal of Inflam-
mation Research 18 (2025): 573–587.

22. B. E. Lippitz and R. A. Harris, “Cytokine Patterns in Cancer Pa-
tients: A Review of the Correlation Between Interleukin 6 and Progno-
sis,” Oncoimmunology 5 (2016): e1093722.

23. M. A. Huseni, L. Wang, J. E. Klementowicz, et  al., “CD8+ T Cell-
Intrinsic IL-6 Signaling Promotes Resistance to Anti-PD-L1 Immuno-
therapy,” Cell Reports Medicine 4 (2023): 100878.

24. A. R. Naqash, J. D. McCallen, E. Mi, et al., “Increased Interleukin-
6-C-Reactive Protein Levels Are Associated With the Upregulation of 
the Adenosine Pathway and Serve as Potential Markers of Therapeu-
tic Resistance to Immune Checkpoint Inhibitor-Based Therapies in 
Non-Small Cell Lung Cancer,” Journal for Immunotherapy of Cancer 11 
(2023): e007310.

25. M. Zhang, S. Cheng, Y. Jin, Y. Zhao, and Y. Wang, “Roles of CA125 in 
Diagnosis, Prediction, and Oncogenesis of Ovarian Cancer,” Biochimica 
Et Biophysica Acta. Reviews on Cancer 1875 (2021): 188503.

26. M. R. Clevers, E. A. Kastelijn, B. J. M. Peters, H. Kelder, and F. 
Schramel, “Evaluation of Serum Biomarker CEA and ca-125 as Immu-
notherapy Response Predictors in Metastatic Non-Small Cell Lung Can-
cer,” Anticancer Research 41 (2021): 869–876.

27. J. A. Belisle, S. Horibata, G. A. Jennifer, et al., “Identification of Si-
glec-9 as the Receptor for MUC16 on Human NK Cells, B Cells, and 
Monocytes,” Molecular Cancer 9 (2010): 118.

28. K. Fan, C. Yang, Z. Fan, et al., “MUC16 C Terminal-Induced Se-
cretion of Tumor-Derived IL-6 Contributes to Tumor-Associated  
Treg Enrichment in Pancreatic Cancer,” Cancer Letters 418 (2018): 
167–175.

29. W. Wang, J. He, H. Lu, Q. Kong, and S. Lin, “KRT8 and KRT19, As-
sociated With EMT, Are Hypomethylated and Overexpressed in Lung 
Adenocarcinoma and Link to Unfavorable Prognosis,” Bioscience Re-
ports 40 (2020): BSR20193468.

30. Z. Wang, P. Moresco, R. Yan, et al., “Carcinomas Assemble a Fila-
mentous CXCL12-Keratin-19 Coating That Suppresses T Cell-Mediated 
Immune Attack,” Proceedings of The National Academy of Sciences of 
United States of America 119 (2022): e2119463119.

31. R. S. Suidan, P. T. Ramirez, D. M. Sarasohn, et al., “A Multicenter 
Prospective Trial Evaluating the Ability of Preoperative Computed To-
mography Scan and Serum CA-125 to Predict Suboptimal Cytoreduction 
at Primary Debulking Surgery for Advanced Ovarian, Fallopian Tube, 
and Peritoneal Cancer,” Gynecologic Oncology 134 (2014): 455–461.

32. H. Rhee, J. H. Nahm, H. Kim, et al., “Poor Outcome of Hepatocel-
lular Carcinoma With Stemness Marker Under Hypoxia: Resistance 
to Transarterial Chemoembolization,” Modern Pathology 29 (2016): 
1038–1049.

33. P. M. Lacal, M. G. Atzori, F. Ruffini, et al., “Targeting the Vascu-
lar Endothelial Growth Factor Receptor-1 by the Monoclonal Anti-
body D16F7 to Increase the Activity of Immune Checkpoint Inhibitors 
Against Cutaneous Melanoma,” Pharmacological Research 159 (2020): 
104957.

34. M. Manzoni, B. Rovati, M. Ronzoni, et al., “Immunological Effects 
of Bevacizumab-Based Treatment in Metastatic Colorectal Cancer,” On-
cology 79 (2010): 187–196.

35. E. C. Martino, G. Misso, P. Pastina, et  al., “Immune-Modulating 
Effects of Bevacizumab in Metastatic Non-Small-Cell Lung Cancer Pa-
tients,” Cell Death Discovery 2 (2016): 16025.

36. J. Wada, H. Suzuki, R. Fuchino, et al., “The Contribution of Vascu-
lar Endothelial Growth Factor to the Induction of Regulatory T-Cells in 
Malignant Effusions,” Anticancer Research 29 (2009): 881–888.

37. T. Osada, G. Chong, R. Tansik, et  al., “The Effect of Anti-VEGF 
Therapy on Immature Myeloid Cell and Dendritic Cells in Cancer Pa-
tients,” Cancer Immunology, Immunotherapy 57 (2008): 1115–1124.

38. G. P. Sharma, R. Kosuru, S. Lakshmikanthan, et al., “Endothelial 
Rap1B Mediates T-Cell Exclusion to Promote Tumor Growth: A Novel 
Mechanism Underlying Vascular Immunosuppression,” Angiogenesis 
26 (2023): 265–278.

39. M. A. Postow, R. Sidlow, and M. D. Hellmann, “Immune-Related 
Adverse Events Associated With Immune Checkpoint Blockade,” New 
England Journal of Medicine 378 (2018): 158–168.

 13497006, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cas.70375 by O

kayam
a U

niversity, W
iley O

nline L
ibrary on [23/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



13Cancer Science, 2026

40. J. R. Brahmer, H. Abu-Sbeih, P. A. Ascierto, et al., “Society for Im-
munotherapy of Cancer (SITC) Clinical Practice Guideline on Immune 
Checkpoint Inhibitor-Related Adverse Events,” Journal for Immuno-
therapy of Cancer 9 (2021): e002435.

41. D. Mallardo, M. Fordellone, M. Ottaviano, et  al., “ICOSLG Is As-
sociated With Anti-PD-1 and Concomitant Antihistamine Treatment 
Response in Advanced Melanoma,” International Journal of Molecular 
Sciences 25 (2024): 12439.

42. C. Solinas, C. Gu-Trantien, and K. Willard-Gallo, “The Rationale 
Behind Targeting the ICOS-ICOS Ligand Costimulatory Pathway in 
Cancer Immunotherapy,” ESMO Open 5 (2020): e000544.

43. F. Alotaibi, M. Rytelewski, R. Figueredo, et al., “CD5 Blockade En-
hances Ex Vivo CD8+ T Cell Activation and Tumour Cell Cytotoxicity,” 
European Journal of Immunology 50 (2020): 695–704.

44. T. E. Taher, J. Bystrom, O. Mignen, J. O. Pers, Y. Renaudineau, and 
R. A. Mageed, “CD5 and B Lymphocyte Responses: Multifaceted Effects 
Through Multitudes of Pathways and Channels,” Cellular & Molecular 
Immunology 17 (2020): 1201–1203.

45. M. Breloer and B. Fleischer, “CD83 Regulates Lymphocyte Matu-
ration, Activation and Homeostasis,” Trends in Immunology 29 (2008): 
186–194.

46. C. R. Glassman, Y. K. Mathiharan, K. M. Jude, et  al., “Structural 
Basis for IL-12 and IL-23 Receptor Sharing Reveals a Gateway for Shap-
ing Actions on T Versus NK Cells,” Cell 184 (2021): 983–999.e924.

47. S. Nagata, “Fas Ligand-Induced Apoptosis,” Annual Review of Genet-
ics 33 (1999): 29–55.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Figure S1: Patient disposition. 
IMpower130 regimen: atezolizumab plus carboplatin and nab-
paclitaxel; IMpower132 regimen: atezolizumab plus carboplatin or 
cisplatin plus pemetrexed; IMpower150 regimen: atezolizumab plus 
bevacizumab plus carboplatin and paclitaxel; IMpower133 regimen: 
atezolizumab plus carboplatin and etoposide. Figure S2: Temporal dy-
namics of IL-6, KRT-19, and MUC-16 protein expression at baseline and 
before the second dose of atezolizumab of PFS by regimen and Olink 
panel. (A) Atezolizumab + CnP (NSCLC, n = 42), (B) atezolizumab + PP 
(NSCLC, n = 72), (C) atezolizumab + CE (ES-SCLC, n = 100). CE, carbo-
platin + etoposide; CnP, carboplatin + nab-paclitaxel; CP, carboplatin 
+ paclitaxel; ES-SCLC, extensive-stage small cell lung cancer; NSCLC, 
non-small cell lung cancer; PFS, progression-free survival; PP, carbopla-
tin or cisplatin + pemetrexed. Figure S3: Baseline protein expression 
analysis of OS. (A) Atezolizumab + CnP (NSCLC, n = 42), (B) atezoli-
zumab + bev + CP (NSCLC, n = 135), (C) atezolizumab + CE (ES-SCLC, 
n = 100). Bev, bevacizumab; CE, carboplatin + etoposide; CnP, carbopla-
tin + nab-paclitaxel; CP, carboplatin + paclitaxel; ES-SCLC, extensive-
stage small cell lung cancer; NSCLC, non-small cell lung cancer; OS, 
overall survival; PP, carboplatin or cisplatin + pemetrexed. Figure S4: 
Protein expression analysis of CR/PR vs PD before the second dose of 
atezolizumab. (A) Atezolizumab + CnP (NSCLC, n = 42), (B) atezoli-
zumab + PP (NSCLC, n = 72), (C) atezolizumab + bev + CP (NSCLC, 
n = 135), (D) atezolizumab + CE (ES-SCLC, n = 100). Bev, bevacizumab; 
CE, carboplatin + etoposide; CnP, carboplatin + nab-paclitaxel; CP, car-
boplatin + paclitaxel; CR, complete response; ES-SCLC, extensive-stage 
small cell lung cancer; NSCLC, non-small cell lung cancer; PD, progres-
sive disease; PP, carboplatin or cisplatin + pemetrexed; PR, partial re-
sponse. Figure S5: Protein expression analysis of OS at baseline in older 
patients who received (A) atezolizumab + bev + CP (NSCLC, n = 135) 
and (B) atezolizumab + CE (ES-SCLC, n = 100). Bev, bevacizumab; CP, 
carboplatin + paclitaxel; ES-SCLC, extensive-stage small cell lung can-
cer; NSCLC, non-small cell lung cancer; OS, overall survival. Figure S6: 
Protein expression analysis of protein changes for patients with EGFRmt 
vs non-mutant who received atezolizumab + bev + CP (NSCLC, n = 135) 
between baseline and before the second dose of atezolizumab. Bev, 

bevacizumab; CP, carboplatin + paclitaxel; mt, mutant; NSCLC, non-
small cell lung cancer. Figure. S7. Protein expression analysis of OS for 
patients with EGFRmt who received atezolizumab + bev + CP (NSCLC, 
n = 135) of protein changes between baseline and before the second dose 
of atezolizumab. Bev, bevacizumab; CP, carboplatin + paclitaxel; mt, 
mutant; NSCLC, non-small cell lung cancer; OS, overall survival.
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