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Abstract 

Background  With a series of clinical trials confirming the sensitivity of small cell lung cancer (SCLC) to immuno-
therapy, research on personalized treatment for SCLC has gained increasing attention. Currently, the most widely 
accepted subtype of SCLC is based on the expression levels of Achaete-Scute Family BHLH Transcription Factor 1 
(ASCL1), neurogenic differentiation factor 1 (NEUROD1), and POU class 2 homeobox 3 (POU2F3). However, real-world 
studies on this classification remain limited.

Methods  We retrospectively collected biopsy specimens from patients who received immunotherapy at Shandong 
Provincial Hospital between January 2019 and July 2021. After determining the patient subtypes using immunohisto-
chemistry, we analyzed the relationships between each subtype and survival as well as some clinical characteristics.

Results  In our study, we found that the subtype I achieved a significant survival advantage compared to the other 
groups. Additionally, the subtype A demonstrated a significant survival disadvantage. Among patients in the subtype 
I, there was a higher proportion of early brain metastasis and patients with a family history of tumors, while the sub-
type A had a lower proportion. Furthermore, the subtype A exhibited relatively poor immune infiltration.

Conclusion  In a diverse cohort of SCLC patients receiving immunotherapy, the subtype-I showed significant survival 
advantages while the subtype-A experienced a worse survival.
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Introduction
In the study of lung cancer, it is customary to categorize 
it into two major types: small cell lung cancer (SCLC), 
accounting for approximately 15% of cases, and non-
small cell lung cancer (NSCLC), constituting the remain-
ing 85% [1]. Meanwhile, advancements in therapeutic 
modalities for NSCLC have gradually led to an increasing 
number of cases in which lung adenocarcinoma trans-
forms into SCLC [2]. This trend not only indicates the 
dynamic changes in lung cancer cells during treatment 
but also underscores the necessity of precise therapy for 
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SCLC [2]. SCLC, characterized by early metastasis and 
high malignancy [3] as its predominant features, exhibits 
poor clinical outcomes with a two-year overall survival 
(OS) rate of approximately 3–13% [4, 5]. Apart from its 
aggressive nature, the poor prognosis of SCLC can also 
be attributed to the lack of specific treatment options [1]. 
In contrast to NSCLC, where patients without surgical 
opportunities can still achieve considerable survival ben-
efits with targeted therapies and immunotherapies [2], 
SCLC remains challenging. The high mutational burden 
observed in SCLC suggests its potential immunogenic-
ity and responsiveness to immune checkpoint inhibitors 
(ICIs) [1]. Building on this understanding, numerous 
clinical trials have been conducted, exploring the efficacy 
of monoclonal antibodies targeting programmed cell 
death protein 1 (PD-1), programmed death ligand 1 (PD-
L1), and cytotoxic T-lymphocyte antigen 4 (CTLA-4) for 
SCLC [1, 5, 6]. However, not all trials have achieved sat-
isfactory results [4]. For SCLC, despite being proved that 
adding immunotherapy to platinum-based chemotherapy 
can generate survival benefits, the improvement remains 
modest and the benefits vary among patients [7]. In the 
era of immunotherapy, gaining a clearer understanding 
of intratumoral and stromal heterogeneity in SCLC will 
undoubtedly help us devise a more targeted treatment for 
every patient. [8–10].

Recently, Gay et  al. made some significant findings 
reference to previous work concerning some meaning-
ful transcription factors of SCLC [9, 11]. By employ-
ing non-negative matrix factorization (NMF), Gay et  al. 
classified SCLC into four distinct subtypes based on the 
expression levels of three genes: Achaete-Scute Fam-
ily BHLH Transcription Factor 1 (ASCL1), neurogenic 
differentiation factor 1 (NEUROD1), and POU class 2 
homeobox  3 (POU2F3) [12]. These subtypes were des-
ignated as SCLC-A (ASCL1-dominant), SCLC-N (NEU-
ROD1-dominant), SCLC-P (POU2F3-dominant), and 
SCLC-I (triple-negative). This approach allows for a 
comprehensive characterization of SCLC heterogeneity, 
paving the way for further insights into the underlying 
molecular mechanisms and the development of potential 
targeted therapies [12]. Building upon previous research 
[11, 13, 14], the authors further investigated the differ-
ences among these subtypes in terms of prognosis, drug 
sensitivity, epithelial differentiation, tumor immune 
microenvironment(TIME), and resistance mechanisms 
[12]. This study undoubtedly provides new insights and 
directions for personalized treatment of SCLC, highlight-
ing that each subtype exhibits unique vulnerabilities to 
different therapeutic approaches.

Despite evidence both supporting and opposing 
the role of tumor mutational burden (TMB) [15] and 

PD-L1 [16] expression, the standard therapeutic regi-
men for SCLC remains platinum-based chemotherapy 
in conjunction with ICIs, as supported by numberous 
clinical trials [5, 17]. Based on the aforementioned sub-
type analysis, it is evident that different subtypes pos-
sess distinct vulnerabilities, with no strict boundaries 
between them [1]. Subtype-specific intra-tumor het-
erogeneity (ITH) appears to be a dynamic process [18]. 
For instance, the SCLC-A subtype may exhibit relative 
sensitivity to platinum, but after a period of chemo-
therapy, new tumor cells could emerge as the SCLC-I 
subtype, characterized by immunosensitivity [12]. This 
expands the possibilities in clinical treatment, rais-
ing questions about how patients can derive maximum 
benefits from various combinations of immunotherapy, 
chemotherapy, and radiotherapy [1, 19]. Can distinct 
subtypes guide the selection of different treatment 
modalities and preventive interventions such as tho-
racic radiation therapy (TRT) and prophylactic cranial 
irradiation (PCI)? This article aims to contribute to this 
exploration.

Methods
Patients and tissue samples
We retrospectively collected data from patients diag-
nosed with extensive-stage small cell lung cancer 
(ES-SCLC) at Shandong provincial hospital between 
January 2019 and July 2021. A specific group of 93 
SCLC patients was selected based on complete medical 
records, consistent follow-up data, and relevant radio-
logical information. The follow-up data were obtained 
from clinical records and telephone interviews. Inclu-
sion criteria included: (1) pathologically confirmed 
SCLC diagnosis, (2) immunotherapy administered 
alongside chemotherapy, and (3) sufficient pathologi-
cal tissue for subtyping. All patients were between 18 
and 75 years of age and had extensive-stage disease. 
Patients with limited-stage disease who experienced 
recurrence after chemotherapy were included, while 
those with postoperative recurrence were excluded. 
Additionally, referring to Response Evaluation Criteria 
in Solid Tumors version 1.1 (RECIST 1.1), we ensured 
that each patient had at least one measurable lesion. 
Patients with more than two distant metastases were 
defined as having multiple metastases. According to the 
9th edition of the American Joint Committee on Can-
cer (AJCC) staging for SCLC, we assessed the TNM 
(tumor, node and metastasis) stage information of each 
patient at the time of diagnosis and recorded detailed 
information regarding the sites of metastasis. Subse-
quently, we collected pathological specimens from the 
enrolled SCLC patients for further analysis.
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The related definition of tumor response, toxicity 
and survival
Tumor response during chemotherapy/immunotherapy 
maintenance was evaluated every 2 cycles by experi-
enced radiologists using imaging techniques such as 
CT scans. All radiologists had a minimum of 10 years of 
experience. Tumor response was categorized according 
to RECIST 1.1 criteria as complete response (CR), par-
tial response (PR), stable disease (SD), or progressive 
disease (PD). Patients with CR or PR were considered 
responders, while those with SD or PD were classified 
as non-responders. Objective response rate (ORR) was 
defined as the percentage of patients with PR and CR. 
Adverse events were assessed and graded according to 
the Common Terminology Criteria for Adverse Events 
version 4.0, with common events including severe 
myelosuppression, liver function impairment, nausea/
vomiting, and neurotoxicity. OS was defined as the 
time from diagnosis of extensive-stage disease to death 
from any cause or last follow-up. Progression-free sur-
vival (PFS) was measured from the date of diagnosis to 
the date of recurrence, death without recurrence, or the 
last follow-up without recurrence. Survival status was 
obtained through regular medical records or telephone 
follow-up.

Immunohistochemistry (IHC)
We obtained formalin-fixed paraffin-embedded (FFPE) 
specimens from 58 patients prior to chemotherapy 
and immunotherapy, with each section having a thick-
ness of 4µm. The sections were then deparaffinized 
through graded concentrations of xylene and ethanol 
solutions, followed by multiple washes with phosphate-
buffered saline (PBS). For antigen retrieval, sections 
were placed in an antigen retrieval solution and sub-
jected to pressure-induced antigen retrieval. After 
cooling, endogenous peroxidase was blocked by adding 
an inhibitor and incubating the sections for 30 min in 
the dark. After PBS washes, diluted antibodies ASCL1 
(bs-1155R, from Bioss-biology; 1:200), NEUROD1 
(ET-1703, from Huaan-biology; 1:100), POU2F3 (YT-
6917, from Immunoway-biology; 1:100), and CD8α 
(ab101500, from ZSGB-biology; Working solution) 
were evenly applied to the sections and incubated over-
night at 4°C. The next day, sections were incubated at 
room temperature for 1 h, washed with PBS, and then 
incubated with the appropriate secondary antibod-
ies for 30 min. Finally, sections were developed with 
3,3’-Diaminobenzidine (DAB) chromogen for 30 s 
and washed under running water to stop the reaction. 
Nuclei were counterstained with hematoxylin for 1 min 

and differentiated in hydrochloric ethanol for 30 s, fol-
lowed by a 1-min water wash. The sections were then 
dehydrated through graded ethanol and xylene and 
finally mounted with neutral balsam [10, 20].

We employed two quantification methods, each 
independently performed by two blinded pathologists. 
After scanning, pathologists independently assessed 
slide expression intensity, scoring from 0 to 3 (0: Nega-
tive, 1: Weak, 2: Moderate, 3: Intense). An additional 
score, based on the percentage of positive cells (0: 
0–5%, 1: 5–25%, 2: 25–50%, 3: > 50%), was assigned. The 
final score was the product of these two scores. Minor 
discrepancies were resolved through discussion, while 
major disagreements were reviewed by a third senior 
pathologist to reach consensus. For CD8 + T cells, two 
pathologists selected 2–3 representative areas (20X, 
30 × 30µm2) from scanned slides, with two individuals 
jointly counting CD8 + T cells. The average CD8 + T 
cell density was calculated as the number of CD8 + T 
cells divided by the number of tumor cells per area, 
averaged over 5–6 areas per slide.

Statistical analysis
The differences in OS and PFS were calculated using 
the Kaplan–Meier (KM) method. Linear regression 
analysis examined the correlation between ASCL1, 
NEUROD1, and POU2F3 expression levels and their 
relationships with the IHC scores of CD8 + T cells. The 
chi-square test and Fisher’s exact test were employed 
to compare baseline data, tumor response, and adverse 
events among the four groups. In regard to the score of 
ASCL1, NEUROD1, and POU2F3, we first treated them 
as quantitative data and assessed for normality using 
the Shapiro–Wilk method, confirming their non-nor-
mal distribution. The Mann–Whitney U test was then 
applied to compare these skewed data distributions. 
Univariate and multivariate Cox regression analyses 
were conducted to elucidate the associations between 
subtypes, prognosis, and clinical relevance. Patients 
were classified into four subtypes based on the relative 
IHC scores of ASCL1, NEUROD1, and POU2F3, and 
each subtype was included as a categorical variable in 
the Cox multivariable regression model. To validate the 
conclusions from the chi-square test, Cox multivariable 
models were repeatedly constructed for the A and I 
subtypes, which are potentially associated with progno-
sis. Factors with a P-value < 0.1 in the univariate analy-
sis were included in the multivariate analysis. All tests 
were two-tailed, with a significance level of P < 0.05 
considered statistically significant. The statistical soft-
ware packages used in our study included SPSS version 
25, GraphPad Prism 8.0, and MedCalc 20.0.4.
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Results
Patient characteristics
This study enrolled 58 patients: 47 males (81.03%) and 
11 females (18.97%), with 40 patients aged over 60 years. 
We examined smokers and non-smokers but found no 
direct relationship between smoking status and the four 
subtypes. T and N stage distributions did not differ sig-
nificantly among subtypes. Baseline data comparisons 
are detailed in Table 1. Immune infiltration, represented 
by CD8, and metastatic sites were investigated across 
subtypes. Subtype I showed distinctive clinical features, 
including higher rates of family history of cancer and 
brain metastasis at diagnosis, as illustrated in Fig.  3E. 
Subtype A exhibited poorer CD8 immune infiltration. Of 
all patients, 43 (74.14%) responded positively to chemo-
therapy with partial response (PR), but no complete 
responses (CR) were observed. Grade 3 or higher adverse 
events were noted in 11 patients.

IHC reuslts and subtype
According to previous literature and The Human Protein 
Atlas database (THPA, www.​prote​inatl​as.​org), ASCL1 
and NEUROD1 is primarily expressed in the nucleus of 
lung cancer cells, while POU2F3 tend to be expressed 
in the cytoplasm and cell membrane. In our study, we 
identified positive expression of ASCL1 in 38 patients, 
with 1 case showing strong positivity, positive expres-
sion of NEUROD1 in 25 patients, with 2 cases showing 
strong positivity, and positive expression of POU2F3 in 
36 patients, with 1 case showing strong positivity. Among 
the 58 patients, there were a total of 24 cases of SCLC-
A (24/58,41.4%), 12 cases of SCLC-N (12/58,20.7%), 11 
cases of SCLC-P (11/58,18.9%), and 11 cases of SCLC-I 
(11/58,18.9%). Representative views of different lev-
els of positive expression for each gene are presented in 
Fig. 1A, while the typical views of the expression levels of 
three different genes in 4 patients are shown in Fig. 2A. 
Regarding the percentage of CD8-positive cells, based 
on previous literature, a positivity threshold of > 30% was 
defined. In our study, a total of 8 patients (13.8%) exhib-
ited high expression of CD8-positive cells [21], while rep-
resentative views of CD8-negative and strongly positive 
expression were included in Fig. 1B.

Survival analysis
The median OS for the four subtypes (ordered by ANPI) 
was 9.42 months, 13.34 months, 9.83 months, and 
15.07 months, respectively. Median PFS for the sub-
types was 4.83 months, 6.29 months, 5.70 months, and 
12.17 months, respectively. Subtype I showed a signifi-
cant survival advantage over other subtypes in both OS 
(p = 0.053) and PFS (p = 0.0119) (Figs.  1C-D). Survival 

Table 1  Clinical Characteristics of Patients with four sybtype

KPS Karnofsky Performance Status Score, PD-1 Programmed Cell Death Protein 1, 
PD-L1 Programmed Death-Ligand 1

Characteristics SCLC-A SCLC-N SCLC-P SCLC-I P value

Gender

  Male 19 11 9 8 0.713

  Female 5 1 2 3

Age

  < 60 6 3 6 3 0.382

  ≥ 60 18 9 5 8

Smoking index

  < 700 12 7 7 8 0.636

  ≥ 700 12 5 4 3

KPS

  < 80 3 3 2 1 0.73

  ≥ 80 21 9 9 10

The number of metastatic foci

  < 2 11 7 8 5 0.494

  ≥ 2 13 5 3 6

Family history of tumor

  Yes 3 4 1 6 0.031

  No 21 8 10 5

More than second-line CT

  Yes 12 8 4 7 0.438

  No 12 4 7 4

Brain metastasis

  Yes 3 6 3 6 0.027

  No 21 6 8 5

T stage

  T ≤ 5 10 2 2 5 0.283

  T > 5 14 10 9 6

N stage

  N < 1 3 1 0 1 0.913

  N ≥ 1 21 11 11 10

Ki-67 status

  High 23 12 11 10 0.659

  Low 1 0 0 1

CD8

  < 30% 24 10 8 8 0.021

  ≥ 30% 0 2 3 3

Responder 19 10 7 7 0.594

  Non-responder 5 2 4 4

DNLR

  Low 16 9 8 9 0.872

  High 8 3 3 2

Hepatic metastasis

  Yes 10 5 3 1 0.234

  No 14 7 8 10

Type

  PD-1 12 2 4 4 0.299

  PD-L1 12 10 7 7

http://www.proteinatlas.org
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curves plotted in Fig.  2 highlighted subtype A’s notable 
disadvantage in OS and PFS. Cox regression analysis 
explored the.

addedassociation between subtypes and prognosis, 
incorporating gender, age, family tumor history, selected 
blood indicators, and treatment strategies impacting out-
comes. Detailed regimen for all patients are presented in 
Table 2.

In our previous findings, subtype A initially showed a 
poorer prognosis. However, after adjusting for various 
potential prognostic factors (Fig. 3C), its impact on prog-
nosis became non-significant, similar to subtype I. The 
prognostic effects of these subtypes may be influenced 
by factors such as liver metastases and immune infiltra-
tion. Adjusting for CD8 infiltration notably altered the 
prognosis associated with subtype A. Although subtype I 
initially showed a tendency towards protective effects on 
OS, this effect became non-significant after adjusting for 
all factors, although it persisted for PFS. Cox multivari-
able regression models consistently showed significant 
impacts of both A and I subtypes on PFS, presented in 

a forest plot (Fig.  3). Combining A and P subtypes ver-
sus the other two subtypes revealed distinct differences 
in both OS and PFS (Fig. 4A-B). Further investigation is 
needed to fully understand these findings.

The interplay of gene expression levels and CD8 cells
After identifying coexpression of three genes, we inves-
tigated their potential correlation. While significant, the 
associations among their expression levels was not strong 
(Fig. 4D). Average IHC scores for each gene across sub-
types are depicted in Fig. 4C, showing non-binary, cross-
interacting characteristics. Our study found no superior 
immune infiltration in subtype I or other subtypes, but 
observed poorer immune infiltration in subtype A. Fig-
ure  4E shows no statistically significant correlation 
between CD8 + T cell infiltration and the expression 
of the three genes. To clarify the relationship between 
CD8α + T cell levels, IHC scores, and prognosis, associa-
tions were visualized in bubble plots (Figs.  5A and 6A). 
Bubble size indicates relative OS and PFS, with yellow (0) 
representing patients yet to reach the follow-up endpoint 

Fig. 1  Immunohistochemistry results and the survival of 4 different type. A Representative IHC images in different expression level of ASCL1, 
NEUROD1, POU2F3. B Representative immunohistochemistry images of CD8+ and CD8-tumor infiltrating lymphocytes (TILs). C Theoverall survival 
of 4 different type. D The progression-free survival of 4 different type
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and blue (1) indicating those who reached it during the 
study period.

Relationship between Clinical Characteristics and IHC 
Score
Adverse events recorded in this study mainly included 
hematological events (such as leukopenia, neutropenia, 
anemia, and thrombocytopenia), gastrointestinal reac-
tions (such as liver function damage, vomiting, and diar-
rhea), and certain neurological and psychiatric symptoms 
(such as headache, dizziness, fatigue, and limb numbness 
or pain). We further analyzed the distribution of grade 3 
or higher adverse events among the subtypes. Interest-
ingly, in subtype P, although patients did not exhibit any 
additional survival advantages, none experienced adverse 
events of grade 3 or higher. Similarly, in subtype A, only 
a few patients experienced adverse events of grade 3 or 
higher, although these differences were not statistically 
significant (Fig. 5B, p = 0.158).

Furthermore, we also focused on the tumor response 
to chemotherapy drugs during immunotherapy. We 
conducted a detailed analysis of the distribution among 
responders and non-responders. Although there were 
subtle differences in distribution, we did not observe 
significant differences in subtype composition between 
them (Fig.  6B, p = 0.594). Regarding the IHC scores for 
each gene, we considered them as quantitative data and 
analyzed their relationship with tumor response and 
adverse events (AEs). The associations were demon-
strated in Fig. 5C and Fig. 6C, respectively.

Discussion
Recent advancements in sequencing technologies have 
led to the classification of SCLC based on ASCL1, NEU-
ROD1, POU2F3, and yes-associated protein (YAP). 
Numerous studies have proposed and validated clas-
sification approaches using transcriptomic sequencing, 
single-cell sequencing, and NMF methodologies. SCLC 
exhibits greater tumor heterogeneity compared to lung 

Fig. 2  Immunohistochemistry results of 4 patients and their survival outcomes. A A glimpse into the characteristic immunohistochemistry 
results of three gene across four subtypes. B The survival outcomes of subtype-A and non-A. C The survival outcomes of subtype-N and non-N. 
D The survival outcomes of subtype-P and non-P. D The survival outcomes of subtype-I and non-I. B-D Overall survival (OS) outcomes on the left, 
progression-free survival (PFS) outcomes on the right
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adenocarcinoma, featuring intermediate and mixed sub-
types alongside classical patterns. Distinct drug vulner-
abilities associated with these subtypes suggest potential 
for subtype-based precision treatments. Currently, the 
widely accepted classification system categorizes SCLC 
into four subtypes based on ASCL1, NEUROD1, and 
POU2F3 expression levels: SCLC-A, SCLC-N, SCLC-P, 
and SCLC-I. SCLC-I has shown immunosensitivity and 
survival advantages in studies like IMPOWER 133 using 
IHC, although real-world data remain limited [22].

ASCL1 and NEUROD1 are involved in deoxyribo-
nucleic acid (DNA) and transcription factor binding, 
contrasting with POU2F3, which is exclusive to variant 
SCLC lacking neuroendocrine markers [23]. POU2F3, in 
conjunction with the Optic Atrophy 1 (OCA-T) complex, 
regulates cluster cell identity and susceptibility in cluster 
cell-like SCLC [24]. Previous studies (IMPOWER 133) 
reported subtype proportions as SCLC-A 51%, SCLC-
N 23%, SCLC-I 18%, and SCLC-P 7%. Our study found 
proportions of SCLC-A 41.4%, SCLC-N 20.7%, SCLC-I 
18.9%, and SCLC-P 18.9%, which are largely consistent 
with earlier findings.

Our study, being the first to explore SCLC subtype 
relationships in a real-world immune cohort, uncov-
ered intriguing findings. Despite the established sur-
vival advantage of the I subtype in clinical trials, we 
unexpectedly found a significant survival disadvantage 
for the A subtype compared to the others. Analysis of 
clinical baseline data revealed that patients with a fam-
ily history of cancer tended to exhibit the I subtype 
(6/11, 54.5%), which also correlated with higher rates of 
brain metastases at diagnosis (6/11, 54.5%). In contrast, 
the A subtype showed distinct characteristics but less 
favorable outcomes compared to other other subtypes, 
notably in family history (3/24, 12.5%) and brain metas-
tases (3/24, 12.5%). These insights may inform future 
decisions on prophylactic cranial irradiation based on 
subtype. Regarding CD8-positive immune infiltration, 
no significant advantage was observed for the I subtype. 
Both P and I subtypes showed three patients with high 
infiltration, possibly due to our limited sample size. 
Despite this limitation, our study demonstrated stable 
standard errors, suggesting reliable findings [25].

Table 2  Therapeutic Regimens for Four Subtypes Patients

ICIs Immune Checkpoint Inhibitors

Characteristics SCLC-A SCLC-N SCLC-P SCLC-I Total P value

First-line treatment

  Etoposide and platinum 23 12 11 11 57 1

  Irinotecan and platinum 1 0 0 0 1

  Total 24 12 11 11 58

Second-line treatment

  Irinotecan and platinum 6 4 2 4 16 0.147

  Paclitaxel and platinum 4 0 2 1 7

  Oral etoposide 3 0 0 0 3

  Oral irinotecan 0 4 0 1 5

  Untreated 11 4 7 5 27

  Total 24 12 11 11 58

Third-line treatment

  Anlotinib 4 2 2 3 11 0.793

  Sulfatinib/Apatinib 0 1 0 0 1

  Untreated 20 9 9 8 46

  Total 24 12 11 11 58

ICIs type

  Camrelizumab 9 2 4 4 19 0.781

  Durvalumab 10 8 4 4 26

  Atezolizumab 5 2 3 3 13

  Total 24 12 11 11 58

Timing ICIs was added

  First-line 22 11 11 9 53 0.613

  Second-line 2 1 0 2 5

  Total 24 12 11 11 58



Page 8 of 12Li et al. BMC Pulmonary Medicine          (2024) 24:423 

Our study observed a poorer prognosis in the A sub-
type, initiated before the incorporation of ICIs into 
standard therapy, with over half of patients undergoing 
chemotherapy cycles before gradual inclusion of immu-
notherapy. Drawing from theories of subtype admixture 
and heterogeneity in prior literature, we speculate that 
initiating immunotherapy early may not maximize bene-
fits for certain platinum-sensitive but immune-insensitive 
subtypes, like A. Instead, introducing immunotherapy 
after initial chemotherapy cycles might enhance survival 
advantages. Analyzing IHC scores of ASCL1, NEUROD1, 
and POU2F3 as quantitative variables yielded limited 
positive results, showing minimal correlation with prog-
nosis, tumor response, and adverse events. However, sig-
nificant differences emerged among subtypes based on 
these gene expression levels regarding prognosis, treat-
ment response, and adverse events. Our hypothesis link-
ing tumor subtype nature to cell subtype proportions was 
not supported, suggesting a lesser influence of positive 
gene expression levels on overall tumor characteristics. 

Alternatively, these cells might impact the tumor micro-
environment via substance release, partially supported by 
CD8 + cell infiltration extents. Future large-scale clinical 
studies are essential to validate these hypotheses, poten-
tially providing the most significant insights from our 
four-subtype SCLC classification. Additionally, subtype A 
displayed poorer immune infiltration, further explaining 
its inferior prognosis [19, 26].

Regarding subtype I, our research has revealed subtle 
distinctions in clinical features and prognosis compared 
to several other subtypes. Patients with a family history 
of tumors tend to exhibit subtype I, which seemingly 
confirms, from another perspective, that unlike other 
subtypes, subtype I may comprise a group of cells char-
acterized by high drug resistance, plasticity, and certain 
stem cell-like traits. Furthermore, distinct from other 
subtypes, subtype I exhibits a higher epithelial-mesen-
chymal transition (EMT) score and a tendency to express 
mesenchymal features [27]. Consequently, due to these 
characteristics, subtype I is more prone to early systemic 

Fig. 3  Cox Univariable and Multivariable Analysis results. A-B Forest plot revealing there results of cox univariable. C-F Forest plot revealing 
the results of cox multivariable analysis. OS on the left, PFS on the right. The model of the A subtype is presented above, while the model for the I 
subtype is shown below
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metastasis. In the prognostic study of IMPOWER133 by 
Gay [27], it was observed that SCLC-I achieved a signifi-
cant survival advantage when treated with Etoposide plus 
Cisplatin (EP) plus atezolizumab compared to EP plus 
placebo, while in comparison to SCLC-A and SCLC-N, 
the administration of EP plus placebo did not exhibit any 
discernible disparities [17]. This suggests that subtype I 
may indicate a form of immune sensitivity rather than a 
prognostic determinant.

Regarding subtype N, previous studies considered 
NEUROD1 as a neuroendocrine gene similar to ASCL1, 
leading to the notion that these two subtypes might 
exhibit similar properties [11]. However, in our study, we 
observed a significant survival disadvantage in subtype 
A while we did not find a survival advantage in subtype 
N. Further research is needed to elucidate the subtype 
transition in N. Moreover, the standard deviation of OS 
in patients with subtype N was the lowest among the 
four groups, suggesting that subtype N may represent a 
relatively stable and well-established classification mech-
anism. Concerning subtype P, we did not observe a rela-
tively poor prognosis in subtype P, and our investigation 

did not reveal any differences between smokers and non-
smokers, which could be attributed to the limitation of 
not being able to further analyze the impact of second-
hand smoke or the relatively small sample size. However, 
subtype P displayed the highest standard deviation in OS 
within our study, demonstrating apparent polarity. Some 
patients achieved long-term survival of up to 22 months, 
while over half of the patients had an OS of less than 9 
months. Subtype P may require additional gene expres-
sion analysis to further refine its classification.

Our study also has its limitations. In addition to the 
inherent limitations of retrospective studies, our research 
faces several additional challenges. Based on previous 
literature, we believe there is no convincing evidence 
indicating that the status of PD-1 and PD-L1 affects the 
sensitivity of SCLC to immunotherapy. Consequently, we 
did not obtain the PD-1 and PD-L1 status of the patients 
in our cohort. Additionally, since most SCLC patho-
logical specimens are obtained through biopsies and are 
therefore extremely valuable, obtaining additional sec-
tions could lead to the loss of these precious samples. 
Hence, we did not include these experiments in our 

Fig. 4  Survival outcomes and the correlations among genes and between CD8 and genes. A Overall survival of subtype A,P and subtype N,I. 
B Progression-free survival of subtype A,P and subtype N,I. C The average immunohistochemical (IHC) scores of ASCL1, NEUROD1, and POU2F3 
in four subtypes represented by bar graphs. D Regression curves of Immunohistochemistry (IHC) scores for three genes, paired in two groups. E The 
interrelationship between the IHC scores of three genes and the percentage of CD8-positive T cells
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study. We propose that future research should address 
this issue to further elucidate the relationship between 
PD-1 and PD-L1 status and the sensitivity of SCLC to 
immunotherapy.

On one hand, the number of patients who received 
immunotherapy and had available biopsy specimens 
was limited due to the recent integration of immu-
notherapy into standard care. On the other hand, the 
limited number of patients who underwent TRT and 
PCI hindered our ability to further classify and deter-
mine the potential benefits of TRT or PCI within the 
four subtypes. Furthermore, the conventional collabo-
ration with pathologists in analyzing immunohisto-
chemistry methods may somewhat limit the precision 
of the study. Regarding the further analysis of IHC, we 
attempted to use more standardized image process-
ing methods, such as manual and automated count-
ing with ImageJ software and measuring mean optical 
density. However, due to the rapid growth of SCLC, 
severe compression within the tumor, and the presence 

of inflammatory and stromal cells among the tumor 
cells, machine analysis yielded inaccurate results. After 
discussions with several pathologists, we opted to use 
the traditional H-score method for data analysis. The 
H-score method has inherent limitations, such as the 
subjectivity of visual scoring by pathologists. Despite 
employing three blinded pathologists for the analysis, 
we cannot guarantee complete objectivity.

Although investigating the relationship between radia-
tion therapy and subtypes would hold significant clinical 
value, the conclusions drawn from such an analysis could 
be biased. Therefore, we did not explore the association 
between radiation therapy and subtypes. Overall, our 
study has yielded several intriguing findings. While some 
of these findings align with conclusions observed in our 
previous studies, there are also certain differences. None-
theless, our article contributes valuable insights to the 
field and adds to the existing body of knowledge. Further 
research is warranted to delve into these possibilities in 
the future.

Fig. 5  The Relationship between Subgroup Distribution, Immunohistochemical (IHC) score and Adverse Events (AES). A The bubble plot elucidates 
the associations between IHC scores, CD8-positive cell percentage, and overall survival. B The pie chart reveals the distribution of AEs among two 
distinct groups: <Grade 3 AES and ≥ Grade 3 AEs. C Grapevine plot illustrating the relationship between IHC scores and the occurrence of grade 3 
or higher AEs
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Conclusion
In a comprehensive cohort of ES-SCLC patients receiv-
ing immunotherapy, the I subtype achieved a signifi-
cant survival advantage, while the A subtype exhibited 
a poorer prognosis compared to the other two subtypes. 
Furthermore, compared to the other two subtypes, the 
I subtype had a higher proportion of patients with early 
brain metastasis and a family history of tumors, while 
the A subtype had a lower proportion. Additionally, the 
A subtype was found to have relatively poorer immune 
infiltration.
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