
Vol.:(0123456789)

Cancer Immunology, Immunotherapy           (2026) 75:17  
https://doi.org/10.1007/s00262-025-04242-6

RESEARCH

Th7R predicts chemo‑immunotherapy response and survival in small 
cell lung cancer

Shota Takei1,2 · Ayako Shiono1 · Satoshi Yamasaki3 · Ou Yamaguchi1 · Atsuto Mouri1 · Yu Miura1 · 
Kosuke Hashimoto1 · Hisao Imai1 · Kyoichi Kaira1 · Hiroshi Kagamu1

Received: 29 August 2025 / Accepted: 16 November 2025 
© The Author(s) 2025

Abstract
Th7R is a novel Th1-like CD4+ T cell lineage characterized by TCF7 and IL-7 receptor expression, exhibiting distinct 
transcriptional and epigenetic profiles compared with classical Th1 cells. The clinical significance of Th7R, including the 
efficacy of immune checkpoint inhibitors and the prediction of postoperative disease-free survival, has been demonstrated 
in non–small cell lung cancer (NSCLC) but not in small cell lung cancer (SCLC). In this study, we investigated Th7R 
expression as a predictive marker in patients with extensive-stage SCLC (ES-SCLC) who received chemotherapy or chemo-
immunotherapy (n = 47). Results showed that Th7R was positively correlated with progression-free survival (PFS) after 
treatment and that long-term PFS was observed only in patients with Th7Rhigh who were treated with anti-programmed cell 
death-1 ligand 1 (PD-L1) antibody combination therapy. Furthermore, high Th7R levels were associated with significantly 
better overall survival. Th7R showed a positive correlation with GZMB−GZMK+ precursor exhausted CD8+ T cells (Tpex), 
which are known target cells for PD-1 blockade therapy. These findings suggest the presence of the Th7R–Tpex axis. Th7R, 
which reflects antitumor T-cell immunity, is a useful predictive marker for treatment efficacy in ES-SCLC.
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(Tpex) · Tumor microenvironment

Introduction

Small cell lung cancer (SCLC) is relatively sensitive to 
cytotoxic anticancer agents, and combination therapy with 
platinum agents and etoposide has long been considered 
the standard treatment. Cytotoxic anticancer agent therapy 
can achieve tumor shrinkage, but not long-term survival in 
patients with extensive-stage SCLC (ES-SCLC) [1]. By con-
trast, the IMpower133 and CASPIAN trials demonstrated 

that the combination of anti-programmed cell death-1 ligand 
1 (PD-L1) antibody therapy extended survival and resulted 
in long-term survival, as indicated by the long tail of overall 
survival (OS) curves [2, 3]. This suggests that long-term 
survival in SCLC is mediated by T cell immunity [4].

In non-SCLC (NSCLC), the pre-treatment PD-L1 tumor 
proportional score (TPS) has been used as a biomarker for 
programmed cell death-1 (PD-1) blockade therapy [5, 6]. 
PD-L1 expression in tumor cells reflects IFNγ in the tumor 
microenvironment (TME), and PD-L1 TPS is considered an 
indirect surrogate marker for the presence of IFNγ- produc-
ing T cells in TME [7]. However, PD-L1 expression is very 
low and often negative in SCLC cells, thus making PD-L1 
unsuitable as a biomarker for patients with SCLC [8].

This is thought to be mainly attributable to two mecha-
nisms: (1) the low expression of MHC class I molecules in 
cancer cells, which impairs antigen presentation to T cells 
and thereby reduces cytokine production [9]; and (2) the 
genetic mutations in the IFNγ signaling pathway, which 
result in decreased IFNγ levels within the TME and conse-
quently the absence of PD-L1 expression. Tumor mutation 

 *	 Hiroshi Kagamu 
	 kagamu19@saitama-med.ac.jp

1	 Department of Respiratory Medicine, Saitama Medical 
University International Medical Center, 1397‑1 Yamane, 
Hidaka, Saitama 350‑1298, Japan

2	 Department of Respiratory Medicine, Kyoto 
Prefectural University of Medicine, 465 Kajii‑Cho, 
Kawaramachi‑Hirokoji, Kamigyo‑Ku, Kyoto 602‑8566, Japan

3	 Department of Clinical Cancer Genomics, Saitama Medical 
University International Medical Center, 1397‑1 Yamane, 
Hidaka, Saitama 350‑1298, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-025-04242-6&domain=pdf


	 Cancer Immunology, Immunotherapy           (2026) 75:17    17   Page 2 of 10

burden is another candidate predictive biomarkers; however, 
its clinical reliability remains unconfirmed [10]. The lack of 
biomarkers indicating the immune status of the host T-cell 
hinders the selection of appropriate therapies for SCLC. 
Immunological biomarkers are essential not only for pre-
dicting the efficacy of anti-PD-L1 antibody therapy but also 
for predicting the efficacy of bispecific antibody therapy that 
binds cancer cells and T cells in the TME [11].

Precursor-exhausted CD8+ T cells (Tpex) have gained 
attention as the origin of the proliferative burst of CD8+ T 
cells induced by PD-1 blockade therapy [12]. Tpex have 
been identified as self-renewing competent cells, that 
express TCF7 and IL-7 receptors, despite expressing PD-1 
through clonal proliferation and repeated antigen stimulation 
after priming [13]. Although Tpex do not express GZMB, 
they undergo asymmetric cell division, producing CD8+ 
T cells that express GZMB while self-renewing, thereby 
sustaining a supply of cytotoxic CD8+ T cells. Upon PD-1 
blockade treatment, Tpex proliferate and serve as a reservoir 
for the production of large numbers of cytotoxic CD8+ T 
cells. Therefore, Tpex are considered one of the most criti-
cal targets of PD-1 blockade [12]. Studies have shown that 
CD4+ T cells are also essential for the generation and main-
tenance of Tpex [14, 15]. CD4+ T cells play a crucial role in 
the formation of ectopic high endothelial venules (HEVs), 
which serve as entry points for Tpex into the TME [16].

We identified a novel Th1-like effector CD4+ T-cell line-
age that is abundant in the peripheral blood of pembroli-
zumab responders on the basis of trajectory analysis using 
single-cell RNA sequencing (scRNA-seq) data [17]. Th7R 
expresses TBX21 and IFN-γ but exhibits transcriptomic 
and epigenetic profiles that are distinct from classical Th1 
cells [17]. On the basis of their high TCF7 expression and 
the IL-7 receptor, we designated this population as “Th7R.” 
Furthermore, in patients with early-stage NSCLC, Th7R 
cells are present in both the TME and draining lymph nodes; 
however, only Th7R cells, —not classical Th1 cells—, are 
associated with postoperative disease-free survival [18]. The 
clinical relevance of the Th7R subset has been elucidated in 
NSCLC; however, its significance in small cell lung cancer 
remains unclear.

In this study, we analyzed peripheral blood samples 
from patients with ES-SCLC to investigate the association 
between T cell clusters including Th7R and clinical out-
comes. We also examined the relationship among these T 
cell subsets, Tpex, and the long term survival achieved with 
anti-PD-L1 Ab therapy.

Materials and methods

Patients and treatment

Between April 2017 and November 2020, a total of 99 
patients were diagnosed with ES-SCLC at Saitama Medi-
cal University International Medical Center. To evaluate the 
association between T-cell immune cluster profiles and clini-
cal outcomes, we analyzed peripheral blood samples from 47 
patients who received first-line chemotherapy or chemoim-
munotherapy and provided informed consent before treat-
ment. Tables 1A and  1B show the detailed patient charac-
teristics, treatments and responses. The final follow-up date 

Table 1A   Patient’s characteristics

ECOG Eastern Cooperative Oncology Group, PR Partial response, 
SD Stable disease, RECIST Response Evaluation Criteria in Solid 
Tumors, SCLC small cell carcinoma, SCC Squamous cell carcinoma

Baseline characteristics (n = 47)

Age
 ≤ 75 or > 75 years 17 (36.2%) / 30 (63.8%)
ECOG performance status
0–1 or 2–4 42 (89.4%) / 5 (10.6%)
Sex
Male / Female 40 (85.1%) / 7 (14.9%)
Smoking index
Yes / No 47 (100%) / 0 (0%)
Staging status
III / IV / Recurrence 4 (4.1%) / 41 (87.2%) / 2 (4.2%)
Histology
SCLC / combined SCLC 45 (95.7%) / 2 (4.3%)
Metastasis (Yes / No)
Brain 11 (23.4%) / 36 (76.6%)
Liver 15 (31.9%) / 31 (68.1%)
Bone 16 (34.0%) / 36 (66.0%)

Table 1B   Treatment and response

Total patients (n = 47)

Treatment regimen
CBDCA + ETP + Atezolizumab 20 (42.6%)
CBDCA + ETP 20 (40.4%)
CDDP + ETP 6 (12.8%)
CBDCA + PTX 1 (2.1%)
CDDP + CPT-11 1 (2.1%)
Response by RECIST
PR / SD / PD 32 (68.1%) / 6 

(12.8%) / 9 
(19.1%)
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was June 30, 2024. Treatment response was evaluated using 
the Response Evaluation Criteria in Solid Tumors version 
1.1. Progression-free survival (PFS) was defined as the time 
from the start of first-line treatment until the occurrence of 
progressive disease or death from any cause. Overall sur-
vival (OS) was defined as the time from the start of first-
line treatment until death from any cause. All samples were 
collected after obtaining written informed consent, and the 
study protocol was approved by the Institutional Review 
Board of Saitama Medical University International Medi-
cal Center in accordance with the Declaration of Helsinki 
(approval number: 16–281).

Analysis of peripheral blood samples

Peripheral blood mononuclear cells (PBMCs) were collected 
at two time points, namely, before treatment initiation and at 
two or three weeks after initiation, by using heparinized CPT 
vacutainer tubes (Becton Dickinson Vacutainer Systems) as 
described previously [19]. The samples were cryopreserved 
using a Cellbanker2 (Nippon Zenyaku Kogyo Co.) and 
stored in a liquid nitrogen tank. For T-cell subset analysis, 
thawed PBMCs were cultured for 32–48 h in RPMI 1640 
medium supplemented with 10% fetal calf serum, followed 
by cell staining for cytometric analysis.

Mass cytometry analysis

Supplementary Table S1 shows the list of monoclonal anti-
bodies used for Helios mass cytometry (CyTOF) analysis. 
For targets without commercially available metal-conjugated 
antibodies, carrier-free purified IgG was selected and in-
house conjugation was performed using the Maxpar® X8 
Antibody Labeling Kit (Standard BioTools) according to the 
manufacturer’s protocol. Sample preparation was performed 
and acquisition using the Helios system according to the 
manufacturer’s protocol (Standard BioTools). Up to 3.0 × 106 
cells were stained with metal-conjugated antibodies for 
CyTOF. For intracellular antigen staining, the cells were 
prepared using MaxPar Nuclear Antigen Staining Buffer and 
subsequently stained. After two washes with MaxPar Cell 
Staining Buffer, the cells were fixed in Maxpar Fix and Perm 
Buffer containing 125 nM iridium nucleic acid intercalator 
(Standard BioTools). The fixed cells were washed once with 
Maxpar Cell Staining Buffer, twice with Maxpar water, and 
finally resuspended in Maxpar water. At least 200,000 cells 
per sample were acquired on the Helios system. Data analy-
sis was performed using Cytobank (https://​www.​cytob​ank.​
org) and FlowJo software. Supplementary Fig. 1 shows the 
gating strategy.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 
10 software (GraphPad Software). Unless otherwise indi-
cated, data are presented as mean ± SEM. Correlations 
between T-cell subset percentages and between each subset 
and clinical outcomes (PFS and OS) were assessed using 
Pearson’s correlation coefficients. Survival curves were 
generated using the Kaplan–Meier method, and group com-
parisons and hazard ratios (HRs) were evaluated using the 
log-rank (Mantel–Cox) test. All P values were calculated 
using two-sided tests, and P values < 0.05 were considered 
statistically significant.

Results

The peripheral Th7R subset is the second 
most abundant CD4+ T‑cell subset in patients 
with ES‑SCLC

Among the 99 patients with ES-SCLC who received 
treatment, the median PFS and median OS were 152 and 
364 days, respectively, which were generally consistent 
with previously reported data (Supplementary Fig.  2). 
Peripheral blood samples from 47 patients with ES-SCLC 
who provided informed consent were analyzed using 
mass spectrometry to assess immune cell phenotypes. 
In the 47 analyzed cases, the median PFS was 155 days, 
and the median OS was 364 days, showing no significant 
difference compared with the entire cohort (Supplemen-
tary Fig. 2B). First, we examined the effect of each CD4+ 
T-cell subset at baseline on PFS and OS. CD4+ helper T 
(Th) cell subsets were annotated on the basis of chemokine 
receptor expression: CXCR3+CCR4−CCR6− (Th1), 
CXCR3−CCR4⁺CCR6⁺ (Th17), CD45RA− Foxp3high (Reg-
ulatory T cells [Tregs]), and CD45RA−Foxp3− CD62Lhigh 
CXCR3−CCR4−CCR6−CD4+ T cells (undifferentiated 
CD4+ T cells). The Th7R lineage includes both CXCR3+ 
and CXCR3− subpopulations and expresses CCR6 but 
not CCR4. Therefore, non-Treg CD4+ T cells that pos-
sess CXCR3±CCR4−CCR6+ pattern is considered as 
Th7R. Among the subsets, CXCR3+CCR4−CCR6− Th1 
were the most abundant (15.97 ± 1.53%), followed by 
CXCR3±CCR4−CCR6+ Th7R (9.45 ± 0.74%) (Supplemen-
tary Fig. 3A); this result is consistent with findings in both 
advanced and early-stage NSCLC [17, 18].

The peripheral blood Th7R subset predicts PFS 
and OS in patients with ES‑SCLC

We investigated the effect of each T-cell subset on treat-
ment response and survival. Given that the reported mPFS 

https://www.cytobank.org
https://www.cytobank.org
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in patients with ES-SCLC receiving chemoimmunotherapy 
is approximately five to six months [2, 3], patients were 
classified as responders or non-responders on the basis of 
a PFS cutoff of 200 days. Strikingly, Th7R cells were the 
only subset that was significantly increased in the responder 
group, whereas no significant differences were observed in 
Th1 cells, Th17 cells, or Tregs (Fig. 1). In responders, undif-
ferentiated CD4+ T cells tended to decrease, suggesting that 
a greater proportion of CD4+ T cells had undergone prim-
ing and activation (Supplementary Fig. S3B). Th7R cells 
were originally identified within the CD62Llow CD4+ T-cell 
population; therefore, we also analyzed CD62Llow CD4+ T 
cells subset. A similar trend was observed for the effector 
phenotype of CD62Llow Th7R cells (Fig. 1). 

Patients were stratified into high and low groups on the 
basis of the median proportion of each CD4+ T-cell subset. 
Kaplan–Meier curves for PFS and OS were generated. The 
median interquartile range values for each subset were as fol-
lows: Th7R, 9.4% (5.1–13.3); Th1, 14.9% (8.7–18.1); Th17, 
8.1% (4.9–9.8); and Treg, 4.2% (3.5–5.9). No significant 
differences in PFS or OS were observed between high and 
low Th1 or Th17 subsets (Fig. 2). Similarly, no significant 
differences were observed in Treg subsets (Supplementary 
Fig. 4). Notably, the Th7Rhigh group showed significantly 
better PFS than the low group (174 vs. 150 days, P =.0224; 
HR, 0.5367; 95% confidence interval [CI], 0.2949–0.9767) 
(Fig. 2). In addition to PFS, OS was significantly longer 
in the Th7Rhigh group (445 vs. 241 days, P =.0274; HR, 
0.5119; 95% CI, 0.2737–0.9573) (Fig. 2). A similar analysis 
was performed in effector CD4+ T cells with low CD62L 
expression (CD62Llow CD4+ T cells). In the CD62Llow Th7R 

subset, the high group showed a trend toward better PFS 
and OS (Supplementary Fig. 5). When comparing patient 
characteristics between the Th7Rhigh and Th7Rlow groups, no 
significant differences were observed in clinicopathological 
factors such as performance status or the presence of distant 
metastasis (Table 2). 

We evaluated the association between the proportion of 
each T-cell subset and PFS and OS by using Pearson’s corre-
lation coefficient. No significant correlations were observed 
between the Th1, Th17, or Treg subsets and PFS. However, 
the Th7R subset showed a significant positive correlation 
with PFS (P =.0124, r = 0.3620) (Fig. 3). A similar trend 
was observed for OS, with a higher Th7R proportion associ-
ated with a longer OS (P =.0557, r = 0.2810).

These findings suggest that the peripheral Th7R subset 
ratio before treatment may serve as a predictive and prog-
nostic biomarker in small-cell lung cancer.

Th7R may serve as a predictive 
marker for the therapeutic efficacy 
of chemoimmunotherapy

Among patients with ES-SCLC, 33 received first-line chem-
otherapy alone, and 66 received chemoimmunotherapy. 
PFS was significantly longer in the chemoimmunotherapy 
group than in the chemotherapy-only group (167 days vs. 
136 days; P =.0451; HR, 0.6519; 95% CI, 0.4108–1.034) 
(Supplementary Fig. 6). Although the difference in OS was 
not statistically significant, a trend toward long-term survival 
was observed in the subset of patients receiving chemoim-
munotherapy (445 vs. 241 days, P =.3349; HR 0.6519; 95% 
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Fig. 1   Differential distribution of CD4⁺ T-cell subsets Accord-
ing to treatment response. Patients with ES-SCLC were classi-
fied as responders or non-responders on the basis of PFS cut-
off of 200  days, and the frequencies of CD4+ T-cell subsets in 
the pre-treatment peripheral blood were compared. Th7R cells 
(CXCR3±CCR4−CCR6+) were significantly more abundant in the 

responder group, whereas no significant differences were observed 
in Th1 (CXCR3+CCR4−CCR6−), Th17 (CXCR3−CCR4+CCR6+), 
or Treg (CD45RA−CD62Lhigh Foxp3+) subsets. A similar trend was 
observed in CD62Llow effector-type Th7R cells. Data are shown 
as mean ± SEM. Statistical comparisons were performed using an 
unpaired two-tailed t-tests
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CI 0.4106–1.034). We previously reported that Th7R, rather 
than Th1 or Th17, predicted the response to pembrolizumab 
in advanced NSCLC [17]. Therefore, we sought to determine 
whether Th7R was involved in the therapeutic efficacy of 
chemoimmunotherapy for ES-SCLC.

Pre-treatment blood samples were available for 27 
patients who received chemotherapy alone and for 20 
patients who received chemoimmunotherapy. The patient 
characteristics in each group are shown in Table 3. We 
assessed the effect of baseline peripheral blood Th7R sub-
sets in each treatment group. In the chemotherapy group, 
there was no significant difference in PFS between the 
Th7Rhigh and Th7Rlow groups; however, OS tended to be 
longer in the Th7Rhigh group (574 vs. 322 days, P =.1219; 
HR 0.5267; 95% CI 0.2282–1.216), thus suggesting the 
potential contribution of Th7R to long-term survival rather 
than short-term treatment response (Fig. 4). By contrast, in 
the chemoimmunotherapy group, the Th7Rhigh group showed 
a significantly prolonged PFS (240 vs. 164 days, P = 0.0382; 
HR 0.4418; 95% CI 0.1707–1.143) (Fig. 4). Although OS 
was also more favorable in the Th7Rhigh group, the differ-
ence was not statistically significant (419 vs. 241 days, P 
=.2091; HR 0.5740; 95% CI 0.2223–1.482) (Supplementary 
Fig. 7. These findings suggest that Th7R may contribute to 
the efficacy of immune checkpoint blockade (ICB) therapy.
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Fig. 2   Kaplan–Meier analysis of PFS and OS stratified by CD4+ 
T-cell subsets in patients with ES-SCLC. Patients were divided 
into high- and low-frequency groups on the basis of the median fre-

quencies of Th1, Th17, and Th7R subsets. Among these, only the 
Th7Rhigh group showed a significantly longer PFS and OS than the 
Th7Rlow group

Table 2   Patient’s characteristics according to Th7R levels

yrs years, ECOG Eastern cooperative oncology group, PS Perfor-
mance status, SCLC Small cell lung carcinoma, PR, Partial response, 
meta Metastasis

Different variables Th7R / CD4 + T cell

Low (≤ 9.4%)
n = 25 (%)

High (9.4% <)
n = 22 (%)

p-value

Age  < 75
 ≥ 75 yrs

16 (64.0)
9 (36.0)

14 (29.8)
8 (17.0)

 > 0.999

Sex Male
Female

23 (92.0)
2 (8.0)

17 (77.3)
5 (22.7)

0.228

ECOG PS 0–1
2–3

22 (88.0)
3 (12.0)

20 (90.9)
2 (9.1)

 > 0.999

Smoking 
Index

Yes
No

25 (100.0)
0 (0.0)

22 (100.0)
0 (0.0)

 > 0.999

Histology SCLC
Combined

24 (96.0)
1 (4.0)

21 (95.5)
1 (4.6)

 > 0.999

Liver meta Yes
No

10 (40.0)
15 (60.0)

5 (22.7)
17 (77.3)

0.23

Brain meta Yes
No

7 (28.0)
18 (72.0)

4 (18.2)
21 (81.8)

0.50

Bone meta Yes
No

10 (40.0)
15 (60.0)

6 (27.3)
16 (72.7)

0.54

Response PR
Non-PR

14 (56.0)
11 (44.0)

18 (81.8)
4 (18.2)

0.07
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Th7R cells are numerically correlated with GZMK+ 
GZMB− CD8+ T cells

The priming, clonal expansion, migration, and cytotoxic 
functions of antitumor CD8+ T cells depend on CD4+ 
T-cell assistance via dendritic cells, as exemplified by the 
interaction between Th1 cells and CTLs. Recently, a sub-
set of tumor-infiltrating T cells expressing the TCF-7 and 
IL-7 receptors (i.e., Tpex) was identified using scRNA-seq. 
These cells retain their self-renewal capacity after priming 
and expansion and have been shown to exert critical anti-
tumor effects alongside CTLs. In this study, we examined 
the numerical relationships between CD4+ and CD8⁺ T-cell 
subsets regardless of treatment timing.

CD8+ Tpex have been reported in multiple analyses to 
exhibit a distinct molecular profile characterized by the 
expression of GZMK and absence of GZMB. By contrast, 
classical CTLs express GZMB but not GZMK, thus dis-
playing a complementary expression pattern. On the basis 
of this differential expression of the proteases GZMB and 
GZMK, CD8+ T cells were classified into two clusters: 
GZMB+GZMK− (CTLs) and GZMB⁻GZMK+ (Tpex). The 
Th1 subset showed a significant positive correlation with 
GZMB+ CTLs (P =.0036, r = 0.3217), but not with GZMK+ 
Tpex, instead exhibiting a trend toward a negative corre-
lation (P = 0.3609, r = − 01035) (Fig. 5). Consistent with 
previous reports, Th1 cells supported CTLs during acute 
infection. Interestingly, in contrast to Th1, the Th7R sub-
set showed a negative correlation with GZMB+ CTLs (P = 

0 20 40 60 80
0

100

200

300

400

%Th1 /CD4+

PF
S
(d
ay

)

P= 0.1589
r = 0.2089

0 5 10 15 20
0

100

200

300

400

%Th17 /CD4+

PF
S
(d
ay

)

P= 0.4196
r = 0.1205

0 5 10 15 20 25
0

100

200

300

400

%Th7R /CD4+

PF
S
(d
ay

)

P= 0.0124
r = 0.3620

0 5 10 15 20 25
0

500

1000

1500

2000

%Th7R /CD4+

OS
(d
ay
)

P= 0.0557
r = 0.2810

0 20 40 60 80
0

500

1000

1500

2000

%Th1 /CD4+

O
S
(d
ay
)

P= 0.4122
r = 0.1225

0 5 10 15 20
0

500

1000

1500

2000

%Th17 /CD4+

O
S
(d
ay
)

P= 0.7442
r = - 0.0489

Fig. 3   Correlation between CD4+ T-cell subset frequencies and clini-
cal outcomes in patients with ES-SCLC. Pearson correlation analysis 
between the proportions of Th1, Th17, Th7R, and Treg subsets and 

survival duration. Only the Th7R subset showed a significant positive 
correlation with PFS and a trend toward a correlation with OS

Table 3   Patient’s characteristics according to Treatment

yrs years, ECOG Eastern cooperative oncology group, PS Perfor-
mance status, SCLC Small cell lung carcinoma, PR partial response 
BI Brinkman index, meta metastasis

Treatment

Chemotherapy
n = 27 (%)

Chemoim-
muno-
therapy
n = 20 (%)

p-value

Age  < 75
 ≥ 75 yrs

15 (55.6)
12 (44.4)

15 (75.0)
5 (25.0)

0.226

Sex Male
Female

24 (88.9)
3 (11.1)

16 (80.0)
4 (20.0)

0.438

ECOG PS 0-1
2-3

25 (88.0)
2 (12.0)

17 (90.9)
3 (9.1)

 > 0.999

Smoking Index Yes
No

27 (100.0)
0 (0.0)

17 (100.0)
0 (0.0)

 > 0.999

Histology SCLC
Combined

25 (92.6)
2 (7.4)

20 (100.0)
0 (0)

0.50

Liver meta Yes
No

12 (40.0)
15 (60.0)

3 (22.7)
17 (77.3)

0.06

Brain meta Yes
No

7 (28.0)
20 (72.0)

4 (18.2)
16 (81.8)

0.737

Bone meta Yes
No

8 (40.0)
19 (60.0)

8 (27.3)
12 (72.7)

0.54

Response PR
Non-PR

16 (56.0)
11 (44.0)

18 (81.8)
2 (18.2)

0.02
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0.0240, r =  − 02523) and was the only subset that exhibited 
a significant positive correlation with GZMK+ +pex (P = 
0.0001, r = 0.4719) (Fig. 5). Th17 cells did not show a signif-
icant correlation with either GZMB⁺ CTLs or GZMK+ Tpex.

CTLs are effector T cells that downregulate CD62L 
expression. To explore their association with CD4+ T-cell 
subsets, we examined their correlation with CD62Llow CD8⁺ 
T cells. Among the subsets, only Th1 cells showed a trend 
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Fig. 4   Effect of baseline Th7R frequency on survival outcomes by 
treatment group in patients with ES-SCLC. The Kaplan–Meier curves 
of PFS stratified into Th7Rhigh and Th7Rlow groups in the chemother-

apy and chemoimmunotherapy cohorts. Th7Rhigh status was associ-
ated with significantly longer PFS in the chemoimmunotherapy group
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Fig. 5   Correlation between CD4+ T-cell subsets and CD8+ T-cell 
subsets defined by GZMB and GZMK expression. Pearson correla-
tion analysis between Th1, Th7R, and Th17 subsets and CD8⁺ T-cell 

clusters classified as GZMB+CD8+ T cells (CTLs) and GZMK+CD8+ 
T cells (Tpex). Th1 cells correlated positively with CTLs, whereas 
Th7R cells correlated positively with Tpex and negatively with CTLs.



	 Cancer Immunology, Immunotherapy           (2026) 75:17    17   Page 8 of 10

toward a positive correlation (P = 0.1115, r = 0.2352) (Sup-
plementary Fig. 8). These findings suggest the presence of 
a Th7R–Tpex axis in addition to the conventional Th1–CTL 
axis.

Discussion

We demonstrated that Th7R in the peripheral blood of SCLC 
patients showed a positive correlation with GZMK+ Tpex 
and a negative correlation with GZMB+ CTLs. On the other 
hand, classical Th1 showed a strong positive correlation with 
GZMB+ CTLs but had no correlation with GZMK+ Tpex. 
These results suggest that two distinct partner relationships 
exist between Th1–CTL and Th7R–Tpex. Tpex are CD8+ T 
cells that have been primed by antigen and undergo clonal 
proliferation. However, unlike CTLs, Tpex express receptors 
and transcription factors such as IL-7R, TCF7, and LEF1, 
which confer self-renewal capacity, and express GZMK, 
which is an effector molecule [20]. Similarly, Th7R cells 
express IL-7R, TCF7, and LEF1, which are not expressed 
in classical Th1 cells [17]. Therefore, Th7R cells and Tpex 
not only correlated in terms of frequency but also share sig-
nificant similarities in gene expression profiles. This finding 
suggests the existence of a Th7R–Tpex axis that is special-
ized for long-term sustained immune responses and is dis-
tinct from the Th1–CTL axis, which is adept at short-term 
immune responses.

Additionally, we reported that Th7R cells express 
CXCL13 and lymphotoxinβ, which are not found in Th1 
cells, within the lung cancer microenvironment [18]. These 
genes are involved in the formation of HEVs and tertiary 
lymphoid structures (TLSs) [21, 22]. Unlike CTLs, Tpex 
express CD62L to recognize perinode addressins, invade 
TMEs via HEVs as entry gates, and reside within TLSs. 
This suggests that Th7R plays a role in establishing the entry 
gateway and residence site for Tpex [23, 24]. To support 
this hypothesis, future mechanistic studies involving genetic 
modification of chemokine receptors in Th7R cells or inhibi-
tion of chemokine signaling pathways will be required.

Th7R is the only CD4+ T cell subset in the pre-treatment 
peripheral blood of ES-SCLC that predicts both PFS and OS, 
and its frequency is significantly associated with the dura-
tion of PFS. However, when stratified by treatment type, this 
association was observed only in the chemo-immunotherapy 
group. Therefore, Th7R does not substantially contribute to 
the response to cytotoxic chemotherapy but may play a role 
in the efficacy of ICB. Tpex are considered the origin of 
the CD8+ T-cell proliferation burst induced by PD-1 block-
ade therapy, and because Th7R cells are numerically cor-
related with Tpex, Th7R may function as an indirect marker 
for predicting ICB responsiveness. Conversely, increasing 
Th7R levels through external interventions may promote the 

induction and expansion of Tpex, thereby enhancing ICB 
efficacy. Regarding OS, an improvement in survival rates 
was observed in the Th7Rhigh group, particularly in patients 
receiving concurrent chemotherapy.

This study has a few limitations. First, all analyses in 
this study were performed using PBMCs, which repre-
sent a clinically practical approach but may not necessar-
ily reflect immune responses within TMEs with full accu-
racy. This is because TMEs represents a highly complex 
concept composed not only of malignant cells but also of 
diverse non-malignant components, including immune cells, 
blood vessels, lymphoid tissues and lymph nodes, nerves, 
extracellular matrix, and metabolites. Diverse intercellular 
mediators, such as cytokines, chemokines, and extracellular 
vesicles, are intricately involved in regulating its formation 
and dynamics [25]. To characterize this complexity with 
higher resolution, recent studies have increasingly employed 
advanced analytical approaches, including single-cell tran-
scriptomics and spatial transcriptomics [26]. However, accu-
mulating evidence in cancer immunotherapy highlights the 
importance of systemic immune responses in addition to 
local immune activity [27]. We previously reported that 
the CD62Llow Th7R cluster in peripheral blood shows a 
significant numerical correlation with CD4+ T cells in the 
tumor stroma, and that effector CD4+ T cells within TMEs 
consist predominantly of CD62Llow Th7R and Th1 subsets 
[18]. These findings suggest a potential continuity between 
the peripheral immune response and the immune landscape 
within TMEs. However, a more precise understanding 
requires assessment of clonal overlap between these immune 
compartments using single-cell TCR sequencing.

Recent studies have reported that SCLC can be divided 
into several subtypes on the basis of gene expression infor-
mation, and that the immunological environment differs 
among these subtypes [28]. However, recent studies reported 
that the number of T cells infiltrating the TME, rather than 
gene-based subtypes, was associated with treatment response 
and prognosis in SCLC; this finding is controversial [29]. 
The current study is a retrospective observational study with 
a relatively small number of cases at a single institution; 
therefore, it was not possible to perform subtype-specific 
analyses on the basis of the genetic mutation information of 
cancer cells. We plan to conduct a prospective study to ana-
lyze both tumor genetic mutation patterns and host immunity 
using by Th7R.

In summary, Th7R, which is a Th1-like CD4+ T-cell sub-
set, may contribute to sustained antitumor immunity and the 
efficacy of ICB not only in NSCLC but also in SCLC. While 
the existence of a Th7R–Tpex axis remains hypothetical, our 
findings suggest a potential link between these populations, 
implying that Th7R could serve as an indirect biomarker for 
predicting ICB responsiveness.
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