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Abstract

Background: Recent studies have shown that according to the expression levels of achaete-scute homolog 1
(ASCLT1), neurogenic differentiation factor 1 (NEUROD1), and POU class 2 homeobox 3 (POU2F3), small cell lung
cancer (SCLC) can be divided into four subtypes: SCLC-A (ASCL1-dominant), SCLC-N (NEUROD1-dominant), SCLC-P
(POU2F3-dominant), and SCLC-I (triple negative or SCLC-inflamed). However, there are limited data on the clinical
characteristics and prognosis of molecular subtypes of SCLC.

Methods: Immunohistochemistry (IHC) was used to detect the expression levels of ASCLT, NEUROD1, and POU2F3
in 53 patient samples of resectable SCLC. The subtype was defined by the differential expression of the transcription
factors for ASCL1T, NEUROD1, and POU2F3 or the low expression of all three factors with an inflamed gene signature
(SCLC-A, SCLC-N, SCLC-P, and SCLC-, respectively). The clinicopathological characteristics, immunological features
(programmed death ligand 1 [PD-L1] expression and CD8+ tumor infiltrating lymphocyte [TIL] density), and patient
outcomes of the four subtypes of SCLC were analyzed.

Results: Positive ASCLT, NEUROD1, and POU2F3 staining was detected in 43 (79.2%), 27 (51.0%), and 17 (32.1%) SCLC
specimens by IHC. According to the results of IHC analysis, SCLC was divided into four subtypes: SCLC-A (39.6%), SCLC-
N (28.3%), SCLC-P (17.0%), and SCLC-I (15.1%). The 5-year overall survival (OS) rates of these four subtypes were 61.9%,
69.3%, 41.7%, and 85.7%, respectively (P=0.251). There were significant differences in smoking status among differ-
ent subtypes of SCLC (P=0.031). However, we did not confirm the correlation between subtypes of SCLC and other
clinicopathological factors or immune profiles. Cox multivariate analysis showed that N stage (P=0.025), CD8+ TlLs
(P=0.024), Ki-67 level (P=0.040), and SCLC-P (P=0.023) were independent prognostic factors for resectable SCLC.

Conclusions: Our IHC-based study validated the proposed classification of SCLC using the expression patterns of
key transcriptional regulatory factors. We found that SCLC-P was associated with smokers and was one of the poor
prognostic factors of limited-stage SCLC. In addition, no correlation was found between PD-L1 expression or CD8+
TIL density and SCLC subtypes.
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efficacy is limited [2—4]. Immune checkpoint inhibitors
(ICIs) alone or in combination show promising therapeu-
tic efficacy in a variety of cancers, including SCLC [5, 6].
Although atezolizumab plus etoposide and carboplatin
have become the new standard for the first-line treatment
of extensive stage (ES)-SCLC, compared with non-small
cell lung cancer (NSCLC) patients, SCLC patients benefit
less from ICIs. One of the reasons for these relatively dis-
appointing results is the heterogeneity of SCLC [7].

To improve the treatment outcomes of SCLC, Rudin
et al. [8] recently proposed four molecular subtypes of
SCLC based on the relative expression of the follow-
ing key transcription factors: achaete-scute homolog
1 (ASCL1), neurogenic differentiation factor 1 (NEU-
ROD1), yes-associated protein 1 (YAP1), and POU class
2 homeobox 3 (POU2F3), which were SCLC-A (ASCL1-
dominant), SCLC-N (NEURODI1-dominant), SCLC-P
(POU2F3-dominant), and SCLC-Y (YAPIl-dominant).
However, in the subsequent immunohistochemical (IHC)
analysis, due to the low protein expression level of YAP1
in SCLC tissues, the SCLC-Y subtype failed to be con-
firmed [9]. So Gay et al. [10] redefined the subtypes of
SCLC as SCLC-A, SCLC-N, SCLC-P, and SCLC-I. SCLC-
I refers to the SCLC subtype with low expression levels
of ASCL1, NEURODI, and POU2F3. Although there is a
substantial volume of data on SCLC subtypes in preclini-
cal models [9, 11, 12], the clinicopathological features,
immunity profiles, and treatment outcomes of these four
subtypes are not clear. The clinical significance of molec-
ular subtype classification of SCLC is worthy of further
study [13].

Therefore, we studied the protein expression of tar-
get molecules related to these four subtypes in surgi-
cally resected SCLC samples. We identified four SCLC
subtypes: SCLC-A, SCLC-N, SCLC-P, and SCLC-I. In
addition, we comprehensively analyzed the clinicopatho-
logical features, immunity profiles, and patient out-
comes of these four subtypes of SCLC. This work may
contribute to the development of new treatment strate-
gies and provide new stratification parameters for treat-
ment selection and clinical trial design of ICIs for SCLC
patients in the future.

Materials and methods

Patients and tissue samples

We retrospectively analyzed patients with SCLC who
underwent surgery in our hospital from April 2014 to
April 2020. Detailed information about the character-
istics of patients was collected from electronic medical
records. Most patients underwent primary tumor resec-
tion and systematic lymph node dissection. In addition
to surgery, SCLC patients also received adjuvant chemo-
therapy with or without adjuvant thoracic radiotherapy
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according to the lung cancer treatment guidelines of
our hospital. Prophylactic cranial irradiation (PCI) was
performed after surgery, chemotherapy, and thoracic
radiotherapy. Follow-up data were obtained from clinical
records and telephone interviews. The surgical specimens
of enrolled SCLC patients were collected for further
analysis. None of the patients received radiotherapy or
chemotherapy before surgery. The study protocol and the
use of tissue specimens in this study were approved by
the Ethics Committee of the General Hospital of Ningxia
Medical University (KYLL-2020-10).

IHC analysis

Formalin-fixed paraffin-embedded specimens were
prepared, and consecutive 4-pm-thick tissue sections
were cut from the specimens for IHC analysis. All sec-
tions were dewaxed in Bond Dewax Solution (Leica
Microsystems, Germany) and rehydrated with graded
alcohol. After dewaxing and rehydration, the sections
were heated under high pressure at 100°C for 20 min for
antigen repair. The sections were then incubated with
3% hydrogen peroxide solution for 10 min to block the
activity of endogenous peroxidase. After that, all sections
were incubated with the primary antibody overnight at
4°C, washed with phosphate-buffered saline, and incu-
bated with horseradish peroxidase-conjugated goat anti-
mouse/rabbit IgG detection antibody. Finally, all sections
were visualized with 3,3’-diaminobenzidine (DAB) after
counterstaining with hematoxylin. Leica Application
Suite (Leica Microsystems, Germany) was used for image
acquisition. The following antibodies were used for IHC
staining: ASCL1 (Abcam, UK), NEUROD1 (Abcam, UK),
POU2F3 (Abcam, UK), programmed death ligand 1 (PD-
L1) (Abcam, UK), and CD8 (ZSGB-Bio, China).

Two pathologists examined the stained sections. The
subtypes of SCLC were determined by the H-score of
ASCL1, NEURODI1, and POU2F3. The H-score was
developed using the method described previously based
on the staining intensity and the percentage of positive
cells of the indicated protein [14]. Tumor cell membrane
staining was considered to be PD-L1 positive. A semi-
quantitative scoring method was used to evaluate the
expression level of PD-L1: 1 = <1% of cells were stained,
2=1-5%, 3 =6-10%, 4 = 11-25%, 5 = 26—50%, and 6 =
>50%. Tumors with a score of >2 were defined as having
high expression of PD-L1 [15]. The cutoff value for high/
low CD8+ tumor infiltrating lymphocyte (TIL) density
was 30% [16]. To determine the dominant phenotype of
patients with ASCL1, NEURODI, or POU2F3 expres-
sion, cases in which ASCL1 was higher than NEUROD1
or POU2F3 were considered to be ASCL1-dominant and
vice versa. SCLC-I was defined as an SCLC subtype with
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negative expression of ASCL1, NEUROD1, and POU2F3
[9, 10].

Statistical analysis

The chi-square test or Fisher’s exact test was used to ana-
lyze the correlation between subtypes of SCLC and clin-
icopathological variables and immunity profiles. Overall
survival (OS) was defined as the time from diagnosis of
SCLC to death or censoring. The survival time of patients
was estimated by the Kaplan—Meier method. The survival
rate of each group was compared by log-rank tests. Cox’s
proportional hazard model was used for univariate and
multivariate survival analysis. When the p value was less
than 0.05, the difference was considered to be statistically
significant. All statistical analyses were performed based
on SPSS v.20.0 (SPSS Inc., Chicago, USA) for Windows
and GraphPad Prism v.7.0 (GraphPad Software, Inc., La
Jolla, USA).

Results

Patient characteristics

Fifty-three patients were finally analyzed, and 36 (67.9%)
patients were male. The median age of all patients was 59
years (range, 35-73 years), and 29 (54.7%) patients were
never-smokers. According to the 8th edition of the Inter-
national Association for the Study of Lung Cancer TNM
Staging System, 40 (75.4%) patients were classified as
stage I-II disease, and 13 (24.6%) patients were classified
as stage III disease. Thirty-nine (73.6%) patients received
adjuvant chemotherapy, 15 (28.3%) patients received
postoperative radiotherapy, and 14 (26.4%) patients
received PCI treatment. The detailed patient characteris-
tics are described in Table 1.

Define subtypes of SCLC

A total of 53 samples from the primary lung tumors
were stained and analyzed by IHC. Both ASCL1 and
NEURODI1 were expressed in the nuclei of tumor cells.
POU2F3 was predominantly expressed in the cytoplasm
of tumor cells. Positive ASCL1, NEURODI1, and POU2F3
staining were detected in 43 (79.2%), 27 (51.0%), and
17 (32.1%) SCLC specimens, respectively. The mean
H-scores of ASCL1-, NEURODI1-, and POU2F3-posi-
tive cases were 109.7 (range: 30.0-240.0), 50.9 (range:
2.0-210.0), and 157 (range: 0—300.0), respectively. PD-L1
immunostaining was mainly localized in the plasma
membrane of SCLC cells. The percentages of patients
with PD-L1 expression scores of 1, 2, 3, 4, 5, and 6 were
22.2%, 66.7%, 0%, 0%, 11.1%, and 0, respectively. Higher
expression of PD-L1 in tumor cells was found in 11
(20.8%) cases. Higher CD8+ TIL densities were observed
in 21 (39.6%) SCLC specimens. Representative stained
images of PD-L1 and CDS8 are shown in Fig. 1.
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Table 1 Patient’s characteristics

Characteristic SCLC-A SCLC-N SCLC-P SCLC-l Pvalue

Gender

Male 14 11 7

Female 7 4 2 4 0.650
Age

>65 7 5 2 2

<65 14 10 7 6 0.949
Smoking status

Current/former 8 6 8 2
smoker

Non-smoker 13 9 1 6 0.031
Tumor location

Upper or middle lobe 9 8 4 4

Lower lobe 12 7 5 4 0978
Histology

Combined 1 1 3 1

Pure 20 14 6 7 0.142
TNM stage

-1l 16 12 5 7

Il 5 3 4 1 0495
T stage

T1-2 18 14 6 6

T3 3 1 3 2 0.296
N stage

NO-1 17 12 6 7

N2 4 3 3 1 0.786
Ki-67 status

High 5 6 3 3

Low 16 9 6 5 0.743
PD-L1 status

High 7 2 1 1

Low 14 13 8 7 0455
CD8 status

High 9 6 4

Low 12 9 5 6 0.864

Abbreviations: SCLC small cell lung cancer, SCLC-A ASCL1-dominant SCLC,
SCLC-N NEUROD1-dominant SCLC, SCLC-P POU2F3-dominant SCLC, SCLC-/
triple negative or SCLC-inflamed SCLC, TNM tumor-node-metastasis, PD-L1
programmed death-ligand 1

On the basis of the results of ASCL1, NEUROD]I, and
POU2F3 IHC analyses (Fig. 2), we defined four subtypes
of SCLC: SCLC-A, SCLC-N, SCLC-P, and SCLC-I. The
distribution of subtypes was as follows: SCLC-A 39.6%,
SCLC-N 28.3%, SCLC-P 17.0%, and SCLC-I 15.1%. The
mean H-scores of ASCL1, NEURODI, and POU2F3 in
different subtypes are shown in Fig. 3.

Clinical characteristics, immune profiles, and survival
outcomes of different SCLC subtypes

Next, we analyzed the clinical characteristics, immune
profiles, and survival outcomes of these four SCLC
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Fig. 4 Kaplan-Meier analysis of overall survival (OS) in patients with
different subtypes of small cell lung cancer (SCLC)

subtypes. The results showed that there were significant
differences in smoking status among different subtypes
of SCLC (P=0.031). The proportion of current/former
smokers was the highest in the SCLC-P subtype. How-
ever, SCLC subtypes were not associated with other
clinical parameters, such as sex, age, tumor location, his-
tology, TNM stage, tumor size, lymph node metastasis,
or Ki-67 level. In addition, the correlation between SCLC
subtypes and immune profiles (such as PD-L1 expression
level or CD8+ TIL density) was not confirmed in this
study.

Subsequently, we examined the survival outcomes of
these distinct subtypes. The follow-up period was 2.0—
74.0 months, with a median of 29.0 months. There was
no significant difference in OS among the four subtypes
(P=0.251) (Fig. 4). However, a consistent trend was noted
toward a better outcome for the SCLC-I subtype. The
5-year OS rates of the SCLC-A, SCLC-N, SCLC-P, and
SCLC-I subtypes were 61.9%, 69.3%, 41.7%, and 85.7%,
respectively.
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Prognostic factors of surgically resectable SCLC patients
The prognostic factors of surgically resectable SCLC
were analyzed by Cox analysis. Univariate analysis
showed that TNM stage (P=0.007), T stage (P=0.025), N
stage (P=0.017), CD8+ TILs (P=0.015), adjuvant chemo-
therapy (P=0.036), and adjuvant radiotherapy (P=0.042)
were associated with prolonged OS. The Ki-67 level and
SCLC-P subtype reached marginal statistical significance
in the univariate analysis (Table 2). Multivariate analysis
showed that N stage (P=0.025), CD8+ TILs (P=0.024),
Ki-67 level (P=0.040), and SCLC-P (P=0.023) were inde-
pendent prognostic factors of resectable SCLC patients
(Table 2). The Kaplan—Meier curves for OS according to
these four prognostic factors, which were demonstrated
in multivariate analysis, are shown in Fig. 5.

Discussion

Due to the understanding of SCLC biology in recent
years, it was suggested that SCLC could be divided into
different subtypes according to the expression levels of
ASCL1, NEUROD]1, and POU2F3 [8]. In SCLC, ASCL1
activates neuroendocrine differentiation and regu-
lates stemness, cell cycle progression, and mitosis, thus
maintaining tumor development and survival [17, 18].
NEURODL1 is also involved in the neuroendocrine dif-
ferentiation of SCLC. It targets MYC and promotes the
development of slow-growing neurogenic differentiated
tumors [17, 19]. POU2F3 is a master regulator that is
essential for the generation, chemosensory, and immune
functions of specialized tuft cells in the respiratory tract
[20-22]. These three molecules play a crucial role in driv-
ing the malignant biological behavior of SCLC. In this
study, we found that ASCL1, NEURODI, and POU2F3
were expressed in 79.2%, 50.9%, and 32.1% of tumors at
any level, respectively. This information is consistent with
the results of a recent report [9]. On the basis of these
three markers, the proportion of SCLC subtypes in our
cohort was 39.6% SCLC-A, 28.3% SCLC-N, 17.0% SCLC-
P, and 15.1% SCLC-I, which was similar to the distribu-
tion previously reported [10, 23].

Biologically, SCLC-A tumors have typical morphologi-
cal features, showing high expression of neuroendocrine
markers [24]. Compared with SCLC-A, the SCLC-N
subtype has a different gene expression profile, while
neuroendocrine gene and delta-like ligand 3 (DLL3)
expression are downregulated [25, 26]. These two sub-
types seem to be immunologically cold due to lower
human leukocyte antigen (HLA) gene expression and
T cell infiltration [27]. The SCLC-P subtype may origi-
nate from cells different from other SCLC subtypes. The
gene expression profile (GEP) score of T cell inflamma-
tion of the SCLC-P subtype is moderately high, but the
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Table 2 Univariate and multivariate survival analysis for overall survival
Variables Univariate analysis Multivariate analysis

HR 95% ClI Pvalue HR 95% ClI Pvalue
Gender 1.523 0.489-4.746 0468
Age 0.284 0.064-1.250 0.096
Smoking status 1439 0.522-3.970 0482
Tumor location 1313 0.492-3.499 0.587
Histology 1.876 0.533-6.595 0.327
TNM stage 4.021 1.471-10.994 0.007 0.035 0.001-2.419 0.121
T stage 3.373 1.162-9.795 0.025 3428 0.430-27.346 0.245
N stage 3.467 1.244-9.664 0.017 31.714 1.543-652.031 0.025
Ki-67 status 2.650 0.989-7.101 0.053 3.890 1.064-14.228 0.040
SCLC-A 0.985 0.357-2.718 0977
SCLC-N 0.777 0.250-2.412 0.662
SCLC-P 2617 0.887-7.727 0.082 7.582 1.321-43.504 0.023
SCLCH 0326 0.043-2.470 0.278
PD-L1 status 0.226 0.030-1.716 0.151
CD8 status 0.081 0.011-0.617 0.015 0.070 0.007-0.706 0.024
Adjuvant chemotherapy 0.351 0.131-0.936 0.036 0.369 0.090-1.514 0.166
Adjuvant radiotherapy 0.122 0.016-0.924 0.042 0.102 0.008-1.322 0.081

Abbreviations: HR hazard ratio, C/ confidence interval, TNM tumor-node-metastasis, SCLC small cell lung cancer, SCLC-A ASCL1-dominant SCLC, SCLC-N NEUROD1-
dominant SCLC, SCLC-P POU2F3-dominant SCLC, SCLC-/ triple negative or SCLC-inflamed SCLC, PD-L1 programmed death-ligand 1
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expression of cancer testis antigen (CTA) is the high-
est, indicating that this subtype of tumor is poorly dif-
ferentiated and is unlikely to respond to ICIs alone [27].
SCLC-I shows epithelial-mesenchymal transition (EMT)
and inflammatory phenotypes, which are related to the
activation of interferon-y and the expression of genes
related to immune checkpoints [28]. It is suggested
that the SCLC-I subtype may be a key subtype of SCLC
patients who benefit from ICIs. To further illustrate the
features of SCLC subtypes, we studied the clinicopatho-
logical parameters and survival rates of these subtypes.
The results showed that only smoking status was related
to the SCLC subtype. The number of smokers with the
SCLC-P subtype was greater than that of smokers of the
other subtypes. However, it is worth mentioning that,
due to the low smoking rate of female patients and Hui
patients, the proportion of nonsmoking patients included
in this study was higher. In addition, due to the higher
proportion of TNM stage I and II in the cohort

The 5-year survival rates of SCLC-A, SCLC-N, SCLC-P,
and SCLC-I were 61.9%, 69.3%, 41.7%, and 85.7%, respec-
tively. Moreover, a long follow-up period is required to
fully assess the 5-year survival rate of different subtypes.

Increasing evidence shows that blocking immune
checkpoints, such as programmed death 1 (PD-1)/
PD-L1 or cytotoxic T lymphocyte-associated antigen
4 (CTLA-4), has a certain antitumor effect on patients
with ES-SCLC [5, 6, 29]. However, only a small num-
ber of patients with SCLC have shown durable benefits
from ICIs. PD-L1 expression and CD8+ TIL density, as
the most important antitumor immune response fac-
tors, often determine the efficacy of anti-PD-1/PD-L1 in
various solid tumors [30, 31]. To better select the target
population that may benefit from ICIs, we analyzed the
correlation between different SCLC subtypes and PD-L1
expression or CD8+ TIL density in subsequent studies.
The positive expression rate of PD-L1 was 20.8% in this
analysis, which was lower than that reported in NSCLC.
We also demonstrated that the proportion of high TIL
infiltration of CD8 was 39.6%. However, we did not
observe any association between PD-L1 expression or
CD8+ TIL density and SCLC subtypes in the current
cohort, mainly due to the small sample size.

In the last part of this study, we used Cox analysis to
screen the prognostic factors of patients with surgically
resectable SCLC. In multivariate analysis, N stage, CD8+
TILs, Ki-67 level, and SCLC-P were selected as independ-
ent prognostic factors for surgically resectable SCLC. It is
suggested that SCLC classification could at least screen
subtypes with poor prognosis, such as SCLC-P.

This study has several limitations. First, the ret-
rospective design of this study increased the risk of
patient selection bias. Second, the number of patients
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enrolled in the study was relatively small. Third, due to
the high proportion of patients with TNM stages I and
II in the cohort (75.4%), the overall survival rate of each
subtype is satisfactory. This should be noted when com-
paring with other studies. Four, the study population
included only limited-stage disease with primary lung
cancer specimens, suggesting that these findings should
be interpreted with caution. Finally, mature survival
information was limited because the follow-up time
in our study was not long enough to fully assess 5-year
survival rates. Future large-sample prospective studies
are warranted to overcome these limitations and vali-
date our results.

In summary, our IHC-based study validated the pro-
posed classification of SCLC using the expression pat-
terns of key transcriptional regulatory factors. We found
that SCLC-P was associated with smokers and was one
of the poor prognostic factors of limited-stage SCLC.
In addition, no correlation was found between PD-L1
expression or CD8+ TIL density and SCLC subtypes.
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