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Whole-section digital analysis of immune profiles in surgically 
resected small cell lung carcinoma and their associations with 
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Background: The molecular subtype-specific features of the tumor immune microenvironment (TIME) 
in small cell lung carcinoma (SCLC) remain poorly understood. We aimed to analyze the immune profiles in 
surgically resected SCLC and their associations with molecular subtypes.
Methods: Tumor samples from 83 treatment-naive SCLC patients who underwent surgical resection were 
analyzed. The protein expression of subtype-defining markers (ASCL1, NEUROD1, POU2F3, and YAP1) 
and nine immune-related markers were assessed using whole-section immunohistochemistry. Digital image 
analysis was employed for precise quantification of immune cell infiltrates and distributions. The findings 
were subsequently correlated with clinicopathological parameters and patient prognoses.
Results: Unsupervised hierarchical clustering categorized the tumors into four molecular subtypes: achaete-
scute homologue 1-dominant (ASCL1; SCLC-A, 71.1%, n=59), neuronal differentiation factor 1-dominant 
(NEUROD1; SCLC-N, 12.1%, n=10), POU class 2 homeobox 3-dominant (POU2F3; SCLC-P, 10.8%, 
n=9), and quadruple-negative (SCLC-QN, 6.0%, n=5). Expression of major histocompatibility complex class 
I (MHC I) and class II (MHC II; P=0.02, P=0.02), tumor programmed death-ligand 1 (PD-L1; P=0.006), 
and an inflamed phenotype characterized by CD8+/CD3+ T cells (P=0.001, P=0.003) were more prominent 
in SCLC-P tumors compared to other subtypes. Additionally, SCLC-P tumors demonstrated the highest 
levels of MHC II (P=0.04) and PD-L1 expression on both tumor and stromal cells (P=0.003, P=0.01). The 
tumor proportion score of PD-L1 positively correlated with tumor expression levels of POU2F3 (rho=0.297, 
P=0.006) and MHC I (rho=0.239, P=0.03), as well as the combined positive score of PD-L1 (rho=0.222, 
P=0.04; rho=0.433, P<0.001). Intra-tumoral tertiary lymphoid structures (intra-TLS) and peri-tumoral TLS 
(peri-TLS) were observed in 60.2% (n=50) and 96.4% (n=80) of patients, respectively. High intra-TLS 
density was more frequently associated with SCLC-P tumors (P=0.02). Notably, low peri-TLS density and 
stromal PD-L1 expression were linked to improved overall survival (OS) and progression-free survival (PFS), 
respectively.
Conclusions: This study highlights the heterogeneity of the TIME across molecular subtypes of SCLC. 
The SCLC-P subtype and MHC I expression may serve as predictive biomarkers for immunotherapy 
response, while peri-TLS density and stromal PD-L1 expression might serve as prognostic indicators in 
resected SCLC.
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Introduction

Small cell lung carcinoma (SCLC) is a high-grade 
neuroendocrine neoplasm, with a dismal 5-year overall 
survival rate of only 6% (1). Recently, immune checkpoint 
inhibitors (ICIs)-based immunotherapy targeting 
programmed cell death protein 1 (PD-1), or its ligand, 
programmed death-ligand 1 (PD-L1), has been introduced 
as frontline therapy for SCLC. However, ICIs have led 

to only modest improvements in overall survival (2,3). 
Despite this, recent clinical trials have consistently reported 
a subset of SCLC patients who derive significant and 
durable benefits from immunotherapy (4,5). Identifying 
predictive biomarkers is therefore crucial to pinpoint the 
small population of SCLC patients most likely to respond 
favorably to ICIs. Furthermore, a comprehensive analysis of 
the immune landscape within the tumor microenvironment 
is urgently needed, as the tumor immune microenvironment 
(TIME) may play a critical role in determining the efficacy 
of ICIs (6).

Recent profiling studies of SCLC have identified 
molecular subtypes based on the relative expression profiles 
of four key transcriptional regulators: achaete-scute 
homologue 1 (ASCL1; SCLC-A), neuronal differentiation 
factor 1 (NEUROD1; SCLC-N), POU class 2 homeobox 
3 (POU2F3; SCLC-P) and Yes-associated protein 1 (YAP1; 
SCLC-Y), and each subtype exhibits distinct molecular 
characteristics and specific therapeutic vulnerabilities (7).  
The neuroendocrine (NE) phenotype, encompassing 
SCLC-A and SCLC-N, accounts for approximately 80% of 
all SCLCs and is generally associated with immune desert 
properties. In contrast, non-NE SCLCs (approximately 
20%), are more likely to exhibit immune oasis properties (8).  
However, the role of YAP1 as a defining marker for 
SCLC remains controversial, as its expression is typically 
absent or minimal (9-12). Consequently, a new subtype, 
SCLC-I, has been proposed, characterized by high 
expression of inflammatory genes, including multiple 
immune checkpoints and human lymphocyte antigens (9).  
Retrospective analyses from the IMpower133 and 
CASPIAN trials revealed that patients with SCLC-I tumors 
exhibited higher overall survival rates with immunotherapy 
compared to other subtypes (9,13). Recent studies have 
further highlighted the immunogenic nature of POU2F3. 
Best et al. reported that the T cell scores were highest in the 
POU2F3 subset (14). Similarly, Chen et al. demonstrated 
that among 10 genes used to predict the SCLC-I subtype, 
POU2F3 was the most significantly upregulated gene with 
high expression. Furthermore, POU2F3 protein level was 
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positively correlated with improved prognosis in patients 
receiving immunotherapy or chemo-immunotherapy (15).  
In contrast, data from the IMpower133 trial suggested 
that the SCLC-P subtype might represent a poor 
prognostic marker for immunotherapy compared to the 
other subtypes (9). Interestingly, it has been reported 
that immune-inflamed subsets can exist within both 
NE and non-NE phenotypes (16), and the inflamed 
phenotype appears across molecular subtypes with varying  
prevalence (17). Collectively, these findings highlight 
a potential correlation between molecular subtypes 
and the TIME in SCLC. However, this relationship 
remains unclear. A comprehensive analysis of the TIME 
characteristics within each molecular subtype is essential to 
elucidate the precise link between these subtypes and their 
responsiveness to immunotherapy.

In this study, we collected surgically resected primary 
samples from untreated SCLC patients and analyzed the 
protein expression of four molecular subtype markers 
(ASCL1, NEUROD1, POU2F3 and YAP1) as well as 
four immunotherapy-related markers, including major 
histocompatibility complex class I (MHC I), major 
histocompatibility complex class II (MHC II), PD-L1 and 
retinoblastoma (Rb) (18-21), using immunohistochemistry 
(IHC). In addition, we evaluated immune cell infiltration 
in the stroma and tumor nests using several immune 
biomarkers, including CD3, CD4, CD8, CD20 and CD68. 
To address the potential inaccuracies of manual analysis, 
we employed whole-slide images-based digital pathology, 
a method that has been validated in multiple studies to 
provide precise quantification of immune cell infiltrates 
in IHC-stained sections (22,23). Finally, survival analysis 
was conducted to investigate the relationship between 
clinicopathologic parameters, including molecular subtypes 
and TIME features, and patient outcomes. We present 
this article in accordance with the REMARK reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-24-924/rc).

Methods

Patient selection and data collection

This retrospective study included surgically resected 
SCLC specimens from Peking University Cancer Hospital, 
collected between January 2010 and December 2021. A 
total of 83 SCLC patients were enrolled, with the following 
inclusion criteria: (I) pathologically diagnosed with pure 
SCLC; (II) no preoperative neoadjuvant treatment; (III) 

accessible tumor tissues with a size ≥0.5 cm, and absence of 
background lung diseases (e.g., smoking-related pneumonia 
and interstitial pneumonia); (IV) availability of clinical 
and pathologic data, including progression-free survival 
(PFS) and overall survival (OS) data, which were either 
retrieved from electronic medical records or obtained 
via telephone interviews. This study was approved by the 
Ethics Committee of Peking University Cancer Hospital 
(2023KT23). Given the retrospective design, informed 
consent from patients was not required, and all patient 
data was kept confidential. The study was conducted in 
accordance with the Declaration of Helsinki (as revised  
in 2013).

All archival slides, including a panel of immunohistochemical 
markers for the differential diagnosis [TTF-1, Napsin A, 
P40, CK5/6, LCA, CD56, CgA, Syn, NUT, INI-1 and 
SMARCA4 (BRG1)], were independently reviewed by two 
senior pathologists (Y.Z. and H.W.) to confirm the diagnosis 
of pure SCLC. Discrepant cases were resolved through 
consensus using a multiheaded microscope. Tumors were 
staged according to the 8th edition of the American Joint 
Committee on Cancer (AJCC) tumor-node-metastasis 
(TNM) classification (24).

IHC staining and digital image analysis

Formalin-fixed, paraffin-embedded specimens were 
prepared, and consecutive 4-μm-thick tissue sections were 
cut for IHC analysis. All samples were stained for molecular 
subtype markers (ASCL1, NEUROD1, POU2F3 and 
YAP1) as described in our previous study (25), as well as 
a panel of nine TIME related markers: MHC I, MHC II, 
PD-L1, Rb, CD3, CD4, CD8, CD20 and CD68. Detailed 
IHC protocols are summarized in Table S1. All IHC 
analyses were evaluated by two experienced observers (Y.Z. 
and H.W.), who were blinded to the patients’ clinical data.
For molecular subtype markers and MHC I/II, a histoscore 
(H-score) was calculated. The entire tumor area of 
each specimen was evaluated, and marker expression 
was quantified using the H-score, which was derived 
by multiplying the percentage of positivity cells by the 
intensity score (ranging from 1 to 3), and this method 
yielded an H-score range of 0–300 (26). As previously 
reported, an H score ≤10 was considered negative, while an 
H-score >10 was considered positive (27). To classify SCLC 
molecular subtypes, unsupervised hierarchal clustering 
using the Complex Heatmap R package (R version 3.6.3) 
was performed based on the H-score expression levels of 
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the four subtype-defining transcription factors (ASCL1, 
NEUROD1, POU2F3, and YAP1). For Rb, IHC was 
classified as negative/mutant-type (complete absence of 
nuclear expression) or positive/wild-type (normal, variable 
nuclear expression).

Special attention was given to the interpretation of  
PD-L1 status, as the 22C3 clone is an approved companion 
diagnostic antibody in clinic practice, based on a mixture 
of tumor and immune cell expression. Consequently, both 
tumor and stromal-infiltrating immune cell expressions 
were evaluated for PD-L1 protein expression. Positivity was 
defined as PD-L1 expression ≥1% in either tumor cells or 
immune cells (28). Additionally, the tumor proportion score 
(TPS) and the combined positive score (CPS) of PD-L1  
were assessed. TPS was calculated as the percentage of at 
least 100 viable cancer cells exhibiting partial or complete 
membrane staining, while CPS was defined as the ratio 
of all PD-L1-expressing cells (tumor cells, lymphocytes, 
macrophages) to the total number of tumor cells (29). 
During evaluations, alveolar macrophages, which frequently 
express PD-L1, and areas of necrosis were excluded from 
analysis.

Immunostaining for CD3, CD4, CD8, CD20 and CD68 
was captured at 200× magnification using the Pannoramic 
250 Flash III scanner (3DHISTECH, Budapest, Hungary) 
and quantified by absolute cell count with QuPath (version 
0.5.1), detecting 3,30-diaminobenzidine (DAB)-positive 
cells (30). Whole-slide imaging was classified into three 
regions: “tumor” (within the mass of tumor cells), “stroma” 
(non-cancer cells adjacent to tumor cells) and “region” (the 
area within 2 millimeters of the leading edge of the tumor). 
Classification was performed using user-defined examples 
and QuPath’s machine learning features, as described 
previously (30). The number of positive cells in each region 
was then counted, and results from the whole-slide imaging 
were averaged prior to statistical assessment. Further 
classification into low and high densities of immune cells 
was performed based on the median cell density as the cut-
off point.

A d d i t i o n a l l y,  t u m o r s  w e r e  c a t e g o r i z e d  i n t o 
immunophenotypes based on the presence and pattern 
of immune cell infiltration relative to tumor cells. These 
immunophenotypes were defined as follows: “desert”, 
characterized by low prevalence of immune cells; “excluded”, 
when immune cells were predominantly found in the 
stroma adjacent to or within the tumor; and “inflamed”, 
when immune cells were in direct contact with tumor 
cells, either as spillover from stromal infiltrates into tumor 

cell aggregates or as diffuse infiltration of tumor cells  
(Figure S1) (31).

Finally, the presence and localization of tertiary lymphoid 
structures (TLSs) were evaluated. TLSs are characterized 
by clusters of B-cell follicles surrounded by T cells, and 
their existence and structure were confirmed by IHC 
staining: CD20 marked the B-cell area, and CD3 marked 
the T-cell area (Figure 1A-1D). Tumors with at least one 
TLS were classified as TLS-positive, while those without 
any TLS were classified as TLS-negative. Based on their 
distribution, TLSs were divided into intra-tumoral TLS 
(intra-TLS) and peritumoral TLS (peri-TLS). Intra-TLS 
and peri-TLS were further categorized into low and high 
sets. High intra-TLS was defined as the presence of at least 
three TLSs within the tumor areas, while high peri-TLS 
referred to a TLS distribution spanning more than 50% of 
the peritumoral region or extensive TLS infiltration across 
the entire peritumoral region (Figure 1E-1L) (32).

Statistical analysis

Data visualization and statistical analysis were performed 
using SPSS software (version 26.0; SPSS Inc., USA) and 
Prism version 8.0 (GraphPad Software, San Diego, CA, 
USA). Categorical variables are presented as numbers 
and percentages, while continuous variables are presented 
as ranges and medians. Associations between categorical 
variables were analyzed using the χ2 test or Fisher’s 
exact test. For non-parametric variables, Kruskal-Wallis 
or Mann-Whitney U tests were applied. Spearman’s 
correlation was used to assess the strength and direction of 
the linear relationship between two continuous variables. 
OS was calculated from the date of pathological diagnosis 
to the date of death, while PFS was calculated from the 
date of pathological diagnosis to the date of the last clinical 
evidence of recurrence, progression, or death. Univariable 
and multivariable Cox proportional hazards regression 
analyses were conducted to evaluate the hazard ratio and 
95% confidence interval of risk factors. Kaplan-Meier 
survival curves and log-rank tests were used to compare the 
survival difference between two or more groups. A two-
sided P value <0.05 was considered statistically significant.

Results

Patient and sample characteristics

A total of 83 patients with SCLC were included in this 
study. As shown in Table 1, the median patient age of 
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the patients was 60.1 years (range, 33–82 years). Of the 
patients, 58 (69.9%) were men, and 9 (10.8%) were never-
smokers with de novo SCLC. No patients had histologic 
transformation after treatment with tyrosine kinase 
inhibitors (TKIs). Among the patients, 5 (6.0%) had 
central tumors, while 78 (94.0%) had peripheral tumors. 
The disease stages were distributed as follows: 45 (54.2%) 
patients had stage I, 21 (25.3%) had stage II and 17 (20.5%) 
had stage III disease. After surgical resection, 48 (57.8%) 
patients received postoperative chemotherapy, 35 (42.2%) 
received postoperative radiotherapy, and 35 (42.2%) 
received prophylactic cranial irradiation (PCI).

Molecular subtypes

The positive expression rates of the four molecular subtype 
markers—ASCL1, NEUROD1, POU2F3 and YAP1—were 
78.3%, 26.5%, 12.0% and 16.9%, respectively. In addition 
to the previously identified SCLC-A (ASCL1-dominant), 
SCLC-N (NEUROD1-dominant ) ,  and  SCLC-P 
(POU2F3-dominant), unsupervised hierarchical clustering 
analysis revealed a fourth subtype, the quadruple-negative 
SCLC subtype (SCLC-QN), characterized by the low 
expression of all four subtype-specific proteins (Figure 2A).  
Among the patients, 71.1% (n=59) were categorized as 
SCLC-A, 12.1% (n=10) as SCLC-N, 10.8% (n=9) as 

Figure 1 Characteristics of TLSs. (A) H&E-stained SCLC tissue showing a peri-TLS (magnification: ×50). (B) A representative TLS 
assessed in H&E sections (magnification: ×150). (C) The B-cell zone of the TLS, marked by CD20 expression in IHC sections (magnification: 
×150). (D) The T-cell zone of the TLS, marked by CD3 expression in IHC sections (magnification: ×150). (E,F) Representative images of 
a case with low intra-TLS and low peri-TLS in IHC sections (magnification: ×20). (G,H) Representative images of a case with low intra-
TLS and high peri-TLS in IHC sections (magnification: ×20). (I,J) Representative images of a case with high intra-TLS and high peri-
TLS in IHC sections (magnification: ×20). (K,L) Representative images of a case with high intra-TLS and low peri-TLS in IHC sections 
(magnification: ×20). The red lines in (E-L) were drawn by us, suggesting the boundary between tumor and the invasive frontier. SCLC, 
small cell lung carcinoma; TLS, tertiary lymphoid structure; intra-TLS, intra-tumoral tertiary lymphoid structure; peri-TLS, peri-tumoral 
tertiary lymphoid structure; H&E, hematoxylin and eosin; IHC, immunohistochemistry.
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SCLC-P, and 6.0% (n=5) as SCLC-QN. Representative 
histopathological images of the marker-defined SCLC 
molecular subtypes are shown in Figure 2B, and the clinical 
and TIME characteristics of each molecular subtype are 
summarized in Table 2.

Expression of MHC I, MHC II, PD-L1 and Rb in different 
molecular subtypes

The expression of MHC I and MHC II on tumor cells 
was assessed in 83 SCLC samples. Forty-seven samples 
(56.6%%) were positive for MHC I, and seventeen samples 
(20.5%) were positive for MHC II. The expression rates 

of both MHC I and MHC II were highest in the SCLC-P 
subtype, with significant differences compared to other 
molecular subtypes (P=0.02, P=0.02) (Table 2). Moreover, 
the expression level of MHC II was the strongest in the 
SCLC-P subtype among all four molecular subtypes 
(P=0.04) (Figure 3A).

Next, PD-L1 protein expression was evaluated on both 
tumor cells and stromal-infiltrating immune cells. The 
range of TPS and CPS values for PD-L1 in this cohort 
were 0–80% and 0–90, respectively. The positive expression 
rate of PD-L1 on tumor cells was 15.7% (13/83), while 
PD-L1 expression on the stromal cells was more prevalent, 
occurring in 53.0% (44/83) of samples. This difference in 
expression between tumor and stromal cells was statistically 
significant (P<0.001). A significant correlation was observed 
between positive tumor PD-L1 expression and the SCLC-P 
subtype compared to the other molecular subtypes (P=0.006) 
(Table 2). Additionally, the expression level of PD-L1 on 
both tumor and stromal cells were strongest in the SCLC-P 
subtype (P=0.003, P=0.01) (Figure 3B,3C).

For Rb expression, six cases were classified as positive/
wild-type. However, no significant difference in Rb 
expression were observed among the four molecular 
subtypes (P>0.99) (Table 2). Moreover, there were no 
significant differences in the expression of MHC I among 
the four molecular subtypes (Figure S2).

Correlation of molecular subtyping and MHC I, MHC II, 
PD-L1 and Rb expression

We first analyzed the relationship between the expression 
level of subtype-specific protein and MHC I, MHC II, PD-
L1, and Rb expression. Significant positive correlations 
were found between ASCL1 and the TPS of PD-L1 
(rho=−0.305, P=0.005), between POU2F3 and the TPS of 
PD-L1 (rho=0.297, P=0.006), between POU2F3 and the 
CPS of PD-L1 (rho=0.222, P=0.04), and between YAP1 and 
the TPS of PD-L1 (rho=0.349, P=0.001) (Figure 3D-3G).  
No significant correlations were observed between the 
other groups (Figure S3).

Given the MHC I and MHC II molecules play key 
roles in antigen presentation and immunological crosstalk 
within the tumor microenvironment, we further evaluated 
the association between the expression of MHC I/II and 
other immune-related markers. Expression levels of MHC I 
were positively correlated with TPS of PD-L1 (rho=0.239, 
P=0.03), and CPS of PD-L1 (rho=0.433, P<0.001)  

Table 1 Demographics of the included patients and samples

Parameter Value

Age (years), median [range] 61 [33–82]

Sex, n (%)

Male 58 (69.9)

Female 25 (30.1)

Smoking history, n (%)

Yes 74 (89.2)

No 9 (10.8)

Tumor location, n (%)

Central 5 (6.0)

Peripheral 78 (94.0)

TNM stage, n (%)

I 45 (54.2)

II 21 (25.3)

III 17 (20.5)

Postoperative chemotherapy, n (%)

Yes 48 (57.8)

No 35 (42.2)

Postoperative radiotherapy, n (%)

Yes 35 (42.2)

No 48 (57.8)

Prophylactic cranial irradiation, n (%)

Yes 35 (42.2)

No 48 (57.8)

TNM, tumor-node-metastasis.
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(Figure 3H-3J). However, no significant correlation was 
found between MHC II expression and PD-L1 expression 
(Figure S3). Additionally, we compared the expression of 
TIME markers based on the positive or negative results for 
MHC I and MHC II expressions. Significant differences 
were observed in the positive rate of PD-L1 expression and 
CD8+ immune inflamed between the MHC I-positive and 
MHC I-negative groups (Table 3).

Comparison of immunophenotypes among the SCLC 
tumors grouped by molecular subtypes

Tumors were categorized into immunophenotypes—
“desert”, “excluded”, and “inflamed”—based on the 
presence of immune cells and their infiltration patterns 
relative to tumor cells. Tumors with an inflamed phenotype 
often show better responses to therapy. In our analysis, 
CD68+ phagocytes were most prevalent in the inflamed 
phenotype (51.8%), followed by CD8+ T cells (38.6%), 
CD3+ T cells (27.7%) and CD4+ T cells (25.3%). Notably, 
no inflamed phenotype was observed in CD20+ B cells.

We then examined the association between molecular 

subtypes and tumor-associated immunophenotypes of these 
immune cells. The inflamed phenotype of CD8+ T cells 
was more commonly observed in the SCLC-P subtype 
compared to the other molecular subtypes (P=0.001). 
Similarly, a significant positive correlation was found 
between the inflamed phenotype of CD3+ T cells and 
the SCLC-P subtype (P=0.003). However, no significant 
differences in the immunophenotypes of other immune cells 
(CD4+, CD20+, and CD68+) were observed across molecular 
subtypes (Table 2).

Immune cells infiltration density and spatial distribution

Digital pathology quantification of CD3, CD4, CD8, 
CD20, and CD68 expression revealed that, in the TIME 
of resected SCLC, the highest density of immune cells was 
found in the invasive margin of the tumors, with relatively 
few immune cells infiltrating the tumor interior. Among 
the immune cell types, region CD20+ B cells density was 
the highest, followed by region CD4+ T cells. In contrast, 
the density of tumor CD20+ B cells and tumor CD4+ T 
cells was relatively lower (Figure 4A). Next, we analyzed the 

Figure 2 Molecular subtypes distribution. (A) Unsupervised hierarchical clustering identified four molecular subtypes in SCLC: SCLC-A 
(ASCL1-dominant), SCLC-N (NEUROD1-dominant), SCLC-P (POU2F3-dominant), and a fourth subtype, SCLC-QN, characterized 
by low expression of all four subtype-specific proteins. (B) Representative histopathological images of SCLC tumors classified by molecular 
subtypes (magnification: ×400). SCLC, small cell lung carcinoma; ASCL1, achaete-scute homologue 1; NEUROD1, neuronal differentiation 
1; POU2F3, POU class 2 homeobox 3; SCLC-QN, quadruple-negative SCLC subtype.
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Table 2 Clinical and tumor immune microenvironment characteristics of each molecular subtype in small cell lung carcinoma

Parameter SCLC-A SCLC-N SCLC-P SCLC-QN P value

Sex 0.13

Male 42 (71.2) 4 (40.0) 8 (88.9) 4 (80.0)

Female 17 (28.8) 6 (60.0) 1 (11.1) 1 (20.0)

Age (years) 0.77

≤60 30 (50.8) 5 (50.0) 3 (33.3) 3 (60.0)

>60 29 (49.2) 5 (50.0) 6 (66.7) 2 (40.0)

Smoking history 0.09

Yes 55 (93.2) 7 (70.0) 8 (88.9) 4 (80.0)

No 4 (6.8) 3 (30.0) 1 (11.1) 1 (20.0)

TNM stage 0.49

I 31 (52.5) 4 (40.0) 6 (66.7) 4 (80.0)

II–III 28 (47.5) 6 (60.0) 3 (33.3) 1 (20.0)

MHC I expression 0.02*

Negative 29 (49.2) 2 (20.0) 1 (11.1) 4 (80.0)

Positive 30 (50.8) 8 (80.0) 8 (88.9) 1 (20.0)

MHC II expression 0.02*

Negative 47 (79.7) 10 (100.0) 4 (44.4) 5 (100.0)

Positive 12 (20.3) 0 (0) 5 (55.6) 0 (0)

Tumor PD-L1 expression 0.006*

Negative 54 (91.5) 8 (80.0) 4 (44.4) 4 (80.0)

Positive 5 (8.5) 2 (20.0) 5 (55.6) 1 (20.0)

Stroma PD-L1 expression 0.14

Negative 30 (50.8) 5 (50.0) 1 (11.1) 3 (60.0)

Positive 29 (49.2) 5 (50.0) 8 (88.9) 2 (40.0)

Rb expression >0.99

Negative 54 (91.5) 9 (90.0) 9 (100.0) 5 (100.0)

Positive 5 (8.5) 1 (10.0) 0 (0) 0 (0)

CD3 immunophenotypes 0.003*

Immune desert 10 (16.9) 2 (20.0) 0 (0) 0 (0)

Immune excluded 38 (64.4) 6 (60.0) 1 (11.1) 3 (60.0)

Immune inflamed 11 (18.6) 2 (20.0) 8 (88.9) 2 (40.0)

CD4 immunophenotypes 0.96

Immune desert 6 (10.2) 0 (0) 0 (0) 0 (0)

Immune excluded 39 (66.1) 7 (70.0) 6 (66.7) 4 (80.0)

Immune inflamed 14 (23.7) 3 (30.0) 3 (33.3) 1 (20.0)

Table 2 (continued)
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spatial distribution of immune cells in tumor nests versus 
stroma. Statistically significant differences were observed in 
the density of CD3+, CD4+, CD8+, CD20+, and CD68+ cells 
between the tumor and stroma. The density of all these 
immune markers was higher in the SCLC tumor stroma 
than in the tumor interior (Figure 4B). The Figure 4C  
further demonstrates that the stroma of tumors is more 
extensively infiltrated by these immune cells compared to 

tumor nests.
Additionally, we compared immune cells counts in 

SCLC tumors grouped by molecular subtype markers and 
found no significant differences in the density of these 
immune markers across the different molecular subtypes 
of SCLC (Figure S2). No significant correlations were 
detected between immune marker density and subtype-
specific protein expression (Figure S4). Significant positive 

Table 2 (continued)

Parameter SCLC-A SCLC-N SCLC-P SCLC-QN P value

CD8 immunophenotypes 0.001*

Immune desert 16 (27.1) 3 (30.0) 0 (0) 2 (40.0)

Immune excluded 26 (44.1) 4 (40.0) 0 (0) 0 (0)

Immune inflamed 17 (28.8) 3 (30.0) 9 (100.0) 3 (60.0)

CD20 immunophenotypes 0.48

Immune desert 23 (39.0) 5 (50.0) 2 (22.2) 3 (60.0)

Immune excluded 36 (61.0) 5 (50.0) 7 (77.8) 2 (40.0)

Immune inflamed 0 (0) 0 (0) 0 (0) 0 (0)

CD68 immunophenotypes 0.79

Immune desert 5 (8.5) 2 (20.0) 0 (0) 0 (0)

Immune excluded 23 (39.0) 3 (30.0) 5 (55.6) 2 (40.0)

Immune inflamed 31 (52.5) 5 (50.0) 4 (44.4) 3 (60.0)

TLS 0.50

Absent 7 (11.9) 2 (20.0) 2 (22.2) 0 (0)

Present 52 (88.1) 8 (80.0) 7 (77.8) 5 (100.0)

Intra-TLS density 0.02*

Low 42 (71.2) 10 (100.0) 4 (44.4) 5 (100.0)

High 17 (28.8) 0 (0) 5 (55.6) 0 (0)

Peri-TLS density 0.31

Low 31 (52.5) 6 (60.0) 2 (22.2) 3 (60.0)

High 28 (47.5) 4 (40.0) 7 (77.8) 2 (40.0)

Stroma CD4 density 0.01*

Low 24 (40.7) 9 (90.0) 5 (55.6) 4 (80.0)

High 35 (59.3) 1 (10.0) 4 (44.4) 1 (20.0)

Data are presented as n (%). *, significant P values. SCLC, small cell lung carcinoma; SCLC-A, small cell lung carcinomas with ASCL1 
dominant expression; SCLC-N, small cell lung carcinomas with NEUROD1 dominant expression; SCLC-P, small cell lung carcinomas 
with POU2F3 dominant expression; SCLC-QN, small cell lung carcinomas characterized by the low expression of all four investigated 
transcription factors; TNM, tumor-node-metastasis; MHC I, major histocompatibility complex class I; MHC II, major histocompatibility 
complex class II; PD-L1, programmed death-ligand; Rb, retinoblastoma; TLS, tertiary lymphoid structure; intra-TLS, intra-tumoral tertiary 
lymphoid structure; peri-TLS, peri-tumoral tertiary lymphoid structure.
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Figure 3 Expression of MHC I, MHC II, PD-L1 and Rb and their correlations with molecular subtypes. (A-C) The expression level of 
MHC II and PD-L1 were highest in the SCLC-P subtype compared to the other molecular subtypes. (D-G) Significant positive correlations 
were observed between ASCL1 and PD-L1 TPS (rho=-0.305, P=0.005), between POU2F3 and PD-L1 TPS (rho=0.297, P=0.006), between 
POU2F3 and PD-L1 CPS (rho=0.222, P=0.04), and between YAP1 and PD-L1 TPS (rho=0.349, P=0.001). (H-I) Expression levels of MHC 
I were positively associated with PD-L1 TPS (rho=0.239, P=0.03) and PD-L1 CPS (rho=0.433, P<0.001). (J) Representative images of a case 
showing positive staining for POU2F3, PD-L1 and MHC I, with the expression of POU2F3, PD-L1 (TPS), and MHC I at 220, 80% and 
170, respectively (magnification: ×400). MHC I, major histocompatibility complex class I; MHC II, major histocompatibility complex class 
II; PD-L1, programmed death-ligand; Rb, retinoblastoma; ASCL1, achaete-scute homologue 1; POU2F3, POU class 2 homeobox 3; YAP1, 
Yes-associated protein 1; TPS, the tumor proportion score; CPS, the combined positive score.

Table 3 Tumor immune microenvironment characteristics of small cell lung carcinoma with MHC I/II expression

Parameter
MHC I MHC II

Negative Positive P value Negative Positive P value

Tumor PD-L1 expression 0.005* >0.99

Negative 35 (97.2) 35 (74.5) 56 (84.8) 14 (82.4)

Positive 1 (2.8) 12 (25.5) 10 (15.2) 3 (17.6)

Stroma PD-L1 expression <0.001* >0.99

Negative 25 (69.4) 14 (29.8) 31 (47.0) 8 (47.1)

Positive 11 (30.6) 33 (70.2) 35 (53.0) 9 (52.9)

Table 3 (continued)
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Table 3 (continued)

Parameter
MHC I MHC II

Negative Positive P value Negative Positive P value

Rb expression 0.40 >0.99

Negative 32 (88.9) 45 (95.7) 61 (92.4) 16 (94.1)

Positive 4 (11.1) 2 (4.3) 5 (7.6) 1 (5.9)

CD3 immunophenotypes 0.12 0.16

Immune desert 5 (13.9) 7 (14.9) 10 (15.2) 2 (11.8)

Immune excluded 25 (69.4) 23 (48.9) 41 (62.1) 7 (41.2)

Immune inflamed 6 (16.7) 17(36.2) 15 (22.7) 8 (47.0)

CD4 immunophenotypes 0.71 0.22

Immune desert 2 (5.6) 4 (8.5) 6 (9.1) 0 (0)

Immune excluded 26 (72.2) 30 (63.8) 45 (68.2) 11 (64.7)

Immune inflamed 8 (22.2) 13 (27.7) 15 (22.7) 6 (35.3)

CD8 immunophenotypes 0.048* 0.17

Immune desert 13 (36.1) 8 (17.0) 18 (27.3) 3 (17.7)

Immune excluded 14 (38.9) 16 (34.0) 26 (39.4) 4 (23.5)

Immune inflamed 9 (25.0) 23 (49.0) 22 (33.3) 10 (58.8)

CD20 immunophenotypes 0.50 0.41

Immune desert 16 (44.4) 17 (36.2) 28 (42.4) 5 (29.4)

Immune excluded 20 (55.6) 30 (63.8) 38 (57.6) 12 (70.6)

Immune inflamed 0 (0) 0 (0) 0 (0) 0 (0)

CD68 immunophenotypes 0.72 0.25

Immune desert 4 (11.1) 3 (6.4) 7 (10.6) 0 (0)

Immune excluded 13 (36.1) 20 (42.6) 25 (37.9) 8 (47.1)

Immune inflamed 19 (52.8) 24 (51.0) 34 (51.5) 9 (52.9)

TLS 0.52 0.45

Absent 6 (16.7) 5 (10.6) 10 (15.2) 1 (5.9)

Present 30 (83.3) 42 (89.4) 56 (84.8) 16 (94.1)

Intra-TLS density 0.22 0.78

Low 29 (80.6) 32 (68.1) 48 (72.7) 13 (76.5)

High 7 (19.4) 15 (31.9) 18 (27.3) 4 (23.5)

Peri-TLS density 0.27 0.79

Low 21 (58.3) 21 (44.7) 34 (51.5) 8 (47.1)

High 15 (41.7) 26 (55.3) 32 (48.5) 9 (52.9)

Data are presented as n (%). *, significant P values. MHC I, major histocompatibility complex class I; MHC II, major histocompatibility 
complex class II; SCLC, small cell lung carcinoma; PD-L1, programmed death-ligand; Rb, retinoblastoma; TLS, tertiary lymphoid structure; 
intra-TLS, intra-tumoral tertiary lymphoid structure; peri-TLS, peri-tumoral tertiary lymphoid structure. 
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Figure 4 Immune cells infiltration density and spatial distribution. (A) Digital pathology quantification of CD3, CD4, CD8, CD20, and 
CD68 expressions revealed that in the TIME of resected SCLC, immune cells density was highest in the invasive margin of the tumors, with 
relatively few immune cells in the tumor interior. Among these, region CD20+ B cells exhibited the highest density, followed by region CD4+ 
T cells. In contrast, tumor-associated CD20+ B cells and CD4+ T cells showed relatively lower infiltration. (B) The density of all immune 
markers in the SCLC tumor stroma was higher than in the tumor interior. (C) Representative histopathological images demonstrated a 
higher extent of immune cell infiltration in the tumor stroma compared to the tumor nests (magnification: ×100). SCLC, small cell lung 
carcinoma; TIME, tumor immune microenvironment.

correlations were present between MHC II expression 
and tumor CD3 cell density, and between MHC II 
expression and tumor CD4 cell density, while no significant 
correlations were detected between other immune marker 
density and MHC I/II expression (Figure S5). Furthermore, 
when we grouped all tumors based on the median immune 
cells density, we found that high expression of stromal CD4+ 
T cells was more commonly associated with the SCLC-A 
subtype (Table 2, Table S2).

The number and distribution of TLSs

TLSs were identified through immunostaining of CD20 
and CD3. We quantified the number of TLSs across whole-
slide images and assessed their location. A total of 80 cases 
exhibited TLSs, with intra-TLS and peri-TLS present in 
50 (60.2%) and 80 (96.4%) patients, respectively. Notably, 
high intra-TLS density was more frequently observed in 
tumors of the SCLC-P subtype (P=0.02) (Table 2). However, 
neither the presence of TLSs nor the density of peri-
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TILs was associated with the molecular subtypes of SCLC  
(Table 2).

Survival analysis in relation to clinicopathologic parameters 
including molecular subtypes and TIME features

All patients were routinely followed up. By the follow-up 
deadline of 31 May 2024, 51 cases (61.4%) had experienced 
tumor recurrence or metastasis, 26 (31.3%) were disease-
free, 56 (67.5%) had died, 21 (25.3%) were alive, and 6  
(7.2%) were lost to follow-up. The median OS and 
PFS were 44 and 31 months, respectively. To assess the 
prognostic value of molecular subtypes, TIME features, and 
other clinicopathologic parameters, we conducted univariate 
Cox regression analyses, and the results are summarized in 
Table S3. In the univariable analysis, male sex (P=0.003), 
TNM stage I (P=0.03), and low peri-TLS density (P<0.001) 
were significantly associated with better survival outcomes. 
Additionally, male sex (P=0.02), stromal PD-L1 expression 
(P=0.02), low tumor CD4 density (P=0.03), low region 
CD20 density (P=0.04), low tumor CD20 density (P=0.04), 
and low peri-TLS density (P=0.048) were significantly 
associated with longer PFS.

Next, clinicopathologic parameters with statistically 
significant differences in univariate analyses were included 
in a multivariate Cox proportional hazards regression 
model. The multivariable Cox analysis confirmed the 
independent prognostic roles of TNM stage, tumor CD4 
density, and peri-TLS density for OS, and stromal PD-L1 
expression for PFS (Figure 5A,5B).

Furthermore, Kaplan-Meier analysis was performed to 
compare risk stratification in subgroups according to these 
prognostic factors, included in the multivariate analysis 
(Figure 5C, Figure S6). The results showed that, in addition 
to sex and peri-TLS density, which were independent 
prognostic factors in this cohort, early TNM stage (I) was 
a predictive factor for OS. Stromal PD-L1 expression, 
low tumor CD4 density, low region CD20 density, and 
low tumor CD20 density were associated with longer PFS 
(Figure 5C). Kaplan-Meier curves for OS and PFS according 
to molecular subtypes were examined, but no significant 
differences were found among molecular subtypes  
(Figure S6).

Discussion

The clinical outlook for immunotherapy in SCLC remains 
challenging, with no reliable predictive biomarkers 

identified to date. Evaluating the TIME and specific 
immune signatures in SCLC is a critical step toward 
improving the efficacy of current immunotherapeutic 
strategies. While molecular subtypes of SCLC have been 
proposed, their clinical relevance and the therapeutic 
implications of TIME are not yet fully understood. In this 
study, we investigated the protein expression profiles of 
molecular subtype markers and analyzed the immunological 
landscape of SCLC by assessing the expression pattern of 
nine immune-related markers in surgically resected SCLC 
tumors.

No YAP1 subtype was identified in our cohort, which 
is in consistent with most reports (9-12,33). Similarly, our 
unsupervised hierarchal clustering analyses identified a 
new SCLC subtype, SCLC-QN, characterized by the low 
expression of all four subtype-specific proteins. Although 
SCLC-QN (NAPY−) tumors shared some similarities with 
the SCLC-I subtype as reported by Gay et al. (9), they were 
classified based on different tumor transcriptome data. 
Recent studies have shown that the inflamed phenotype 
in SCLC is not exclusive to a specific subtype, but rather 
varies in prevalence across molecular subtypes (17). In our 
study, we found that the inflamed phenotype of CD8+ T 
cells and CD3+ T cells was more commonly observed in 
the SCLC-P subtype than in other molecular subtypes 
(P=0.001 and P=0.003). Previous research has demonstrated 
that tumor-associated CD8+ T-cells play a role in cytotoxic 
killing and are associated with clinical responses to ICI 
in relapsed SCLC (34). In line with the findings of Chen  
et al. (15), we speculate that SCLC-P subtype could serve as 
a predictive biomarker for ICIs response in SCLC. Further 
investigation is needed to understand the mechanisms by 
which POU2F3, a key transcriptional regulator, influences 
immune regulation in SCLC.

In addition, we found that the expression rates of both 
MHC I and MHC II on tumor cells in the SCLC-P 
subtype were significantly higher compared to other 
molecular subtypes (P=0.02, P=0.02). Furthermore, 
the expression level of MHC II on tumor cells in the 
SCLC-P subtype was the highest among the four 
molecular subtypes (P=0.04). These findings suggest that 
tumors with the SCLC-P subtype may recruit T cells 
via MHC I/II, a hypothesis that warrants further clinical 
validation. Notably, the CASPIAN trial demonstrated 
longer OS in SCLC patients with MHC II expression who 
received durvalumab plus tremelimumab in combination 
with etoposide and plat inum chemotherapy (35).  
When combined with our analysis of PD-L1 expression, 
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Figure 5 Survival analysis in relation to clinicopathologic parameters including molecular subtypes and TIME features. (A,B) Multivariable 
Cox analysis identified TNM stage, tumor CD4 density, peri-TLS density, and stromal PD-L1 expression as independent prognostic factors 
for OS and PFS. (C) Kaplan-Meier analysis was used to compare the risk stratification of subgroups based on these prognostic factors, 
which were included in the multivariate analysis. The results showed that, in addition to sex and peri-TLS density, which were independent 
prognostic factors in the cohort, early TNM stage (Stage I) was predictive of better OS, while stromal PD-L1 expression, low tumor CD4 
density, low region CD20 density and low tumor CD20 density were associated with longer PFS. TIME, tumor immune microenvironment; 
peri-TLS, peri-tumoral tertiary lymphoid structure; OS, overall survival; PFS, progression-free survival; TNM, tumor-node-metastasis.
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which revealed higher PD-L1 levels in patients with 
SCLC-P subtype and MHC I expression, it is likely that 
these patients could benefit more from ICIs treatment. 
Collectively, these results suggest that the SCLC-P subtype 
and tumor MHC I expression may serve as potential 
predictors of immunotherapy efficacy in SCLC patients, 
although further validation through larger, prospective 
studies is required.

Previous studies have reported that NE-low SCLC is 
characterized by greater T cell infiltration compared to 
NE-high SCLC (27,36,37). Additionally, recent studies 
have shown that T cell scores are highest in the POU2F3 
subtype, which also exhibits elevated expression of immune-
related genes (14). Among the 10 genes used to predict 
SCLC-I, POU2F3 was the most significantly upregulated 
with high expression (15). However, Nabet et al. recently 
presented a contrasting view, suggesting that NE-high 
tumors with high T cell and low macrophage infiltration 
benefit from anti-PD-L1 combined with chemotherapy (16).  
Furthermore, it has been reported that patients with the 
SCLC-A/N subtype had similar PFS compared to non-
SCLC-A/N patients following treatment with ICIs plus 
chemotherapy (38). These findings suggest that the current 
binary classification of SCLC into NE-high and NE-low is 
insufficient. There is an urgent need for a comprehensive 
analysis of immune cells status in the TIME of each 
molecular subtype, including the identification of immune 
cells subtypes, their proportions, density, distribution, and 
spatial relationships with tumor cells.

Consistent with previously published data, most SCLC 
tumors exhibited diffuse staining for CD3+ T cells (39), with 
CD3+, CD4+, and CD8+ tumor-infiltrating T lymphocytes 
primarily localized within the tumor stroma (40,41). 
Additionally, we observed that the density of CD20+ B cells 
and CD68+ macrophages was higher in the tumor stroma 
than in the tumor interior. This supports the idea that the 
microenvironments of the tumor parenchyma and stroma 
are differently constructed, resulting in distinct anti-tumor 
immune responses (42). Notably, we found the highest 
immune cell density at the leading edge of the tumors, 
with relatively few immune cells within the tumor core. 
The higher density of CD20+ B cells and CD4+ T cells at 
the invasive margin may partly explain the lower immune 
cell infiltration in the tumor core, potentially contributing 
to the immunosuppressive mechanism observed in SCLC. 
To further understand the characteristics and mechanisms 
underlying the spatial distribution of these immune cells, 
more advanced techniques such as multiplex IHC and 

single-cell RNA sequencing, and spatial transcriptomics will 
be essential in future studies.

It has been reported that TLSs provide a crucial 
microenvironment for both cellular and humoral immune 
responses against tumor cells and are present in various 
types of cancer (43,44). To our knowledge, this is the first 
study to evaluate the presence and location of TLSs in situ 
with SCLC whole tissue samples from a relatively large 
patient cohort. Our results the number of peri-TILs was 
significantly higher than intra-TLSs (96.4% vs. 60.2%). 
Notably, high intra-TLS density was more frequently 
observed in tumors of the SCLC-P subtype (P=0.02). Given 
that the expression rate of MHC I and MHC II on tumor 
cells in the SCLC-P subtype were the highest compared to 
other molecular subtypes, we hypothesize that intra-TLSs 
may contribute to effective anti-tumor immune responses 
by promoting local antigen presentation and lymphocyte 
differentiation. However, the specific roles and underlying 
mechanisms of TLSs in this context require further 
investigation.

Moreover, recent studies have suggested that TLSs 
are associated with favorable clinical outcomes in various 
malignancies (43,45). However, we did not observe a 
prognostic significance for intra-TILs in our study. This 
discrepancy may be partly explained by the relatively low 
incidence of high intra-TLS density (22/83, 26.5%). Our 
survival analysis indicated that patients with high peri-TLS 
density had significantly poorer OS in both univariable and 
multivariable Cox analyses. These findings align with those 
of Gong et al., who reported that high peri-TLS density was 
associated with worse survival in patients with combined 
hepatocellular-cholangiocarcinoma (32). To validate the 
prognostic significance of TLSs in our study, further 
multicenter prospective research is needed.

Another important f inding in our study is  the 
independent prognostic role of stromal immune cells with 
PD-L1 expression for PFS, as demonstrated by multivariable 
Cox analysis. This suggests that PD-L1 expression on 
stromal immune cells reflects the presence of in situ, 
effective anti-tumor immunity. Supporting this, previous 
studies have shown that PD-L1 expression is predominantly 
present on inflammatory cells and serves as an indicator 
of favorable prognosis for SCLC patients (46-49).  
Therefore, CPS could serve as an alternative method for 
evaluating PD-L1 expression in SCLC. Although the 
definition of CPS is more complex than the TPS, CPS has 
been widely used in PD-L1 evaluation across various cancer 
types. More evidence is needed to validate the utility of 
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CPS in predicting response to ICIs in SCLC, and further 
research is required to explore the underlying molecular 
mechanisms.

There are limitations in this study. First, it was a 
retrospective and single-center study, which inherently 
introduces selection bias. Second, although we managed 
to collect a relatively large number of surgically resected 
SCLC samples for immune landscape analysis, the overall 
sample size remains modest. Third, exploring the direct 
effects of immunotherapy is not feasible in this study, 
as we only included surgically treated, limited-stage 
SCLC patients who did not receive ICIs as part of their 
standard treatment. Whether the SCLC-P subtype and 
MHC I expression can serve as predictive biomarkers for 
immunotherapy efficacy will require validation in future 
clinical trials. Lastly, conventional IHC was employed in 
this study; more advanced, information-rich techniques 
such as multiplex IHC, single-cell sequencing, and spatial 
transcriptome analysis will be needed to further explore the 
spatial distribution and underlying mechanisms of immune 
cell infiltration. Nevertheless, by utilizing whole-slide 
image-based digital pathology, our results are hypothesis-
generating and provide a foundation for future studies 
aiming to validate these findings.

Conclusions

In summary, our study highlights the heterogeneity of the 
TIME across different molecular subtypes of SCLC. We 
found that the SCLC-P subtype and MHC I expression may 
be predictive markers for the efficacy of immunotherapy. 
Additionally, the stroma of SCLC tumors exhibited 
significantly higher immune cell infiltration than the 
tumor interior, with the highest density of CD20+ B cells 
and CD4+ T cells observed in the tumor’s invasive margin. 
This pattern may play a role in the immunosuppressive 
mechanism of SCLC. Moreover, low peri-TLS density 
was associated with better survival outcomes. Multivariable 
Cox analysis further supported the independent prognostic 
value of stromal immune cells expressing PD-L1 for 
PFS, suggesting that these cells contribute to anti-tumor 
immunity. Furthermore, the CPS could be a useful 
alternative for evaluating PD-L1 expression in SCLC.
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