
Prognostic utility of baseline ASCL1/INSM1 expression and
neutrophil-lymphocyte ratio in unresectable SCLC treated with
first-line chemoimmunotherapy with or without radiotherapy

Yanli Zhu1,*, Sheng Li2,*, Hanxiao Chen2,*, Guangqian Ji3,*, Haiyue Wang1, Xinting Diao1, Xiuli Ma1, Minglei Zhuo (✉)2,
Dongmei Lin (✉)1

1Key  laboratory  of  Carcinogenesis  and  Translational  Research  (Ministry  of  Education),  Department  of  Pathology,  Peking  University
Cancer  Hospital  &  Institute,  Beijing  100142,  China; 2Key  laboratory  of  Carcinogenesis  and  Translational  Research  (Ministry  of
Education), Department I of Thoracic Oncology, Peking University Cancer Hospital & Institute, Beijing 100142, China; 3Department of
Radiation  Oncology,  National  Cancer  Center/National  Clinical  Research  Center  for  Cancer/Cancer  Hospital,  Chinese  Academy  of
Medical Sciences and Peking Union Medical College, Beijing 100021, China

© Higher Education Press 2025

Abstract    While  immune  checkpoint  inhibitors  have  revolutionized  small  cell  lung  carcinoma  (SCLC)
management,  clinical  benefits  remain  restricted  to  a  subset  of  patients.  This  study  investigates  baseline
biomarkers  for  predicting  outcomes  in  unresectable  SCLC  patients  receiving  first-line  chemoimmunotherapy
with  or  without  radiotherapy.  We  retrospectively  analyzed  treatment-naïve,  unresectable  SCLC  patients
undergoing  first-line  chemoimmunotherapy  at  Peking  University  Cancer  Hospital  (between  June  2020  and
November  2022).  Clinicopathological  parameters,  pretreatment  hematologic  indices,  and  immunohistochemical
profiles  (ASCL1,  NEUROD1,  POU2F3,  YAP1,  PD-L1,  CD8,  MHC-I,  and  Rb)  were  correlated  with  survival
outcomes using Cox proportional hazards models. Composite biomarker strategies were evaluated for therapeutic
stratification. A total of 143 SCLC patients were included (LS=41, ES=102). The SCLC-A subtype demonstrated
optimal  median  overall  survival  (OS)  than  other  subtypes  (18  months  vs.  11  months,  P  =  0.02),  and  SCLC-P
patients  exhibited  poorer  prognosis  than  NE phenotypes  (SCLC-A,  SCLC-N,  SCLC-AN).  Multivariate  analysis
identified  VALSG stage  (P =  0.02)  and bone  metastases  (P =  0.045)  as  independent  OS predictors  in  the  entire
cohort. Patients stratified by ASCL1/INSM1 positivity and NLR thresholds showed markedly divergent outcomes,
with  ASCL1+/NLRlow  group  and  or  INSM1+/NLRlow  group  achieving  superior  OS  in  the  overall  cohort,  LS-
SCLC,  and  ES-SCLC.  The  ASCL1/INSM1-NLR  composite  biomarker  stratifies  survival  outcomes  for
unresectable  SCLC  patients  treated  with  first-line  chemoimmunotherapy  with  or  without  radiotherapy.
Prospective multicenter validation is required.

Keywords    small  cell  lung  carcinoma; SCLC; molecular  subtype; neutrophil-to-lymphocyte  ratio; NLR;
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 Introduction

Small  cell  lung  carcinoma  (SCLC),  a  high-grade
neuroendocrine  malignancy,  accounts  for  13%–15% of
newly diagnosed pulmonary malignancies [1]. The advent
of immune checkpoint inhibitors (ICIs), particularly anti-

programmed  death-1/programmed  death-ligand  1  (PD-1/
PD-L1)  therapy,  has  engendered  a  paradigm-shifting
advancement  in  the  therapeutic  algorithm  for  extensive-
stage SCLC (ES-SCLC) [2–4]. Notably, the US Food and
Drug  Administration  (FDA)  approval  has  been  granted
for  durvalumab  consolidation  therapy  in  limited-stage
SCLC (LS-SCLC) patients achieving disease control after
platinum-based concurrent chemoradiotherapy. Neverthe-
less,  a  substantial  proportion  of  patients  exhibit  primary
resistance  to  immunotherapy  [2,3].  This  clinical  conun-
drum  underscores  the  imperative  to  identify  predictive
biomarkers  with both prognostic  validity  and therapeutic
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implications,  which  may  catalyze  the  implementation  of
precision oncology strategies in SCLC management.

Emerging  research  into  SCLC  biology  has  established
molecular  subtypes  (achaete-scute  family  BHLH
transcription  factor  1  (ASCL1),  neuronal  differentiation
factor  1  (NEUROD1),  POU  class  2  homeobox  3
(POU2F3),  Yes-associated  protein  1  (YAP1)),  driving
exploration  of  subtype-specific  therapeutic  targets  and
predictive  biomarkers,  with  potential  implications  for
ICIs  efficacy  [5–8].  Transcriptional  regulators ASCL1,
POU2F3,  and YAP1 were  among the  genes  identified  to
predict  chemo-immunotherapy efficacy  in  ES-SCLC [9].
However,  clinical  validation  of  the  predictive  utility  of
these  subtypes  for  immunotherapy  remains  inconclusive
[7,10–15],  underscoring  their  insufficiency  as  singular
biomarkers.  Additionally,  molecular  profiling  faces
technical  hurdles  due  to  frequent  specimen  limitations
(e.g.,  scant  biopsies  with  necrosis),  necessitating
development  of  practical  biomarkers  for  real-world
clinical application.

Recent  evidence  implicates  the  tumor  immune
microenvironment  (TIME)  as  a  predictive  biomarker  for
immunotherapy  response  [16,17].  In  SCLC,  tumor-
infiltrating  lymphocyte  (TIL)  density  and  antigen-
presenting  machinery  efficacy  have  emerged  as
prognostic  indicators  across  therapeutic  modalities
[10,18–20].  Notably,  systemic  immune  parameters  (e.g.,
lactate  dehydrogenase  (LDH),  neutrophil-to-lymphocyte
ratio  (NLR),  platelet-to-lymphocyte  ratio  (PLR),  lung
immune  prognostic  index  (LIPI))  modulate  local  tumor
immunity  and  correlate  with  adverse  survival  in  ES-
SCLC  [21–25].  However,  scant  data  exist  regarding  the
utility  of  hematologic  inflammatory  markers  for
immunotherapy  selection  in  LS-SCLC  [26],  and  their
specific  prognostic  utility  in  SCLC  necessitates
prospective  validation.  Integration  of  local  and  systemic
immune  profiling  may  enable  comprehensive  immune-
monitoring to optimize therapeutic strategies.

In  this  study,  we  investigated  non-surgical  LS/ES-
SCLC  patients  receiving  first-line  chemoimmunotherapy
with  or  without  radiotherapy  to  correlate  baseline
clinicopathological variables with survival outcomes. We
further  sought  to  identify  readily  deployable  predictive
biomarkers  for  treatment  response  in  this  non-operable
population.

 Materials and methods

 Patient selection and data collection

This  retrospective  analysis  evaluated  consecutively
enrolled  SCLC biopsy  specimens  (June  2020–November
2022; n = 143) from Peking University Cancer Hospital.
Inclusion  criteria:  (I)  pathologically  confirmed  pure
SCLC;  (II)  tumor-node-metastasis  (TNM)  stage  IIb–IVb

disease,  with  patients  receiving ≥ 2  cycles  of  first-line
PD-(L)1  inhibitor-based  immuno-chemotherapy;
(III)  viable  tumor  content  (≥ 100  neoplastic  cells);
(IV)  with  clear  prognostic  information,  including
progression-free survival (PFS) and overall survival (OS)
data, which were either retrieved from electronic medical
records  or  obtained  via  telephone  interviews.  Exclusion
criteria:  surgical  intervention,  combined  SCLC,  con-
current  malignancies,  or  life-threatening  comorbidities.
Conducted  per  Declaration  of  Helsinki  (2013  revision)
with  institutional  review  board  approval  (2023KT23).
Individual  consent  for  this  retrospective  analysis  was
waived.

Clinicopathological  variables  were  retrospectively
collected,  including  demographics  (age/sex),  smoking
history,  Eastern  Cooperative  Oncology  Group  (ECOG)
performance status (PS), metastatic patterns (brain, liver,
bone,  or  other),  Veterans  Administration  Lung  Cancer
Study  Group  (VALSG)  stage,  TNM  stage,  systemic
treatment  regimens,  and  radiotherapy  history.  Baseline
serum  biomarkers  included  neutrophil,  lymphocyte,
platelet  counts,  and  LDH.  Inflammatory  indices  were
calculated as: NLR = neutrophil count/lymphocyte count;
PLR = platelet count/lymphocyte count [27,28].

The  final  follow-up  occurred  on  April  12,  2025.  OS
was  calculated  from  the  date  of  therapy  to  the  date  of
death, and PFS was calculated from the date of therapy to
the  date  of  the  last  clinical  evidence  of  recurrence,
progression,  or  death.  PFS1/PFS2  represented  duration
from  front-line  or ≥ second-line  therapy  initiation  to
progression/death within respective treatment epochs.

All  cases  underwent  blinded  re-evaluation  by  two
senior  pathologists  (Y.Z.,  H.W.)  using  standardized
immunohistochemical  panels  for  differential  diagnosis,
including  CK,  CD56,  chromogranin  A  (CgA),
synaptophysin  (Syn),  LCA,  TTF-1,  Napsin  A,  P40,
CK5/6,  NUT,  INI-1,  and  SMARCA4  (also  known  as
BRG1).  Diagnostic  discordances  were  resolved  through
multi-observer microscopy conference.

 Immunohistochemistry staining and digital image
analysis

Formalin-fixed,  paraffin-embedded  specimens  were
sectioned  at  4 μm  for  immunohistochemistry  (IHC)
profiling.  Molecular  subtyping  markers  (ASCL1,
NEUROD1, POU2F3, YAP1), immune markers (PD-L1,
CD8,  MHC  I),  and  Rb  protein  were  stained  per
established protocols (detailed in Table S1) [29,30]. Dual
independent  blinded  evaluation  was  performed  by
experienced pathologists (Y.Z., H.W.).

The quantitative histoscore (H-score, 0–300 scale) was
applied  to  subtyping  markers  and  MHC I,  calculated  as:
(staining intensity (1–3)) × (percentage of positive tumor
cells) [31]. As previously reported, an H-score ≤ 10 was
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considered  negative,  while  an  H-score  >  10  was
considered  positive  [32].  Rb  status  was  categorized  as
positive/wild-type  (heterogeneous  nuclear  expression)  or
negative/mutant-type (complete nuclear loss).

PD-L1 expression was assessed in  both neoplastic  and
stromal  compartments.  Positivity  threshold: ≥ 1%
membranous staining in tumor cells or immune cells [33].
Tumor  Proportion  Score  (TPS)  quantified  viable  tumor
cells with partial or complete membrane staining (≥ 100
cells  assessed).  Combined  Positive  Score  (CPS)
calculated  as  (PD-L1+ (cells  tumor,  lymphocytes,
macrophages)/total viable tumor cells) × 100 [34].

Digital  quantification  of  CD8+ TILs  was  performed
using  whole-slide  imaging  (Pannoramic  250  Flash  III
scanner (3DHISTECH, Budapest, Hungary)) with QuPath
(version  0.5.1).  3,3’-diaminobenzidine  (DAB)-positive
cells  within  tumor  nests  were  enumerated  [35].  Whole-
slide averages were computed for statistical analysis.

 Statistical analysis

Statistical  analyses  employed  SPSS  version  26.0  and
GraphPad  Prism  version  8.0.  Receiver  operating
characteristic (ROC) curves were generated to determine
the area under the curve (AUC) values of the hematologic
and  pathological  parameters,  as  well  as  their  sensitivity
and specificity at the cutoff values, and the optimal cutoff
value  was  determined  by  ROC  curve  analysis  as  the
points  at  which  the  Youden  index  (sensitivity  +
specificity – 1)  values  were  maximal,  using  OS  as  the
endpoint.  Bonferroni adjustment was applied in post  hoc
subgroup  biomarker  analyses  where  appropriate.
Molecular  subtyping was achieved through unsupervised
hierarchical  clustering  (ComplexHeatmap  R  package
version  3.6.3)  of  subtype-defining  transcription  factor
H-scores  (ASCL1,  NEUROD1,  POU2F3,  YAP1).
Categorical variables were expressed as frequencies (%);
continuous  variables  as  medians  (ranges).  Intervariable
associations  utilized  Chi-square/Fisher’s  exact  tests
(categorical)  or  Mann–Whitney  U/Kruskal–Wallis  tests
(non-parametric).  Spearman’s  rho  assessed  monotonic
associations.  Cox  proportional  hazards  models  identified
prognostic  factors  (reported  as  hazard  ratios  (HRs)  with
95% CIs).  To  mitigate  the  risk  of  overfitting  in
multivariable  Cox regression models,  we adopted a  two-
step approach: first, candidate variables were screened via
univariate  analysis  with  a  liberal  threshold  (P <  0.1);
second,  multicollinearity  among  covariates  was  assessed
using  the  variance  inflation  factor  (VIF),  and  redundant
variables  were  excluded.  We  also  ensured  an  adequate
number  of  events  per  variable  (EPV  >  10)  to  support
model stability. VALSG stage and radiotherapy use were
included  as  design/confounding  variables  to  reduce
treatment-selection  bias.  Model  stability  and  optimism
were  assessed  via  bootstrap  resampling  (1000  iterations)

to  obtain  95% CIs  for  HRs  and  optimism-corrected  C-
indices.  While  Bonferroni  correction  is  not  routinely
applied in multivariable Cox models—since they estimate
independent  effects —we  emphasize  that  only  variables
with  clinical  or  statistical  relevance  were  retained,  and
HRs were interpreted conservatively in light of the study’
s retrospective design. Kaplan–Meier estimates with Log-
rank  testing  were  used  to  compare  intergroup  survival.
For  Kaplan–Meier  analyses  involving  more  than  two
groups,  we  used  an  overall  Log-rank  test  to  assess
survival  differences  across  subgroups.  Since  no  pairwise
comparisons  were  performed,  multiple  testing  correction
(e.g.,  Bonferroni) was not applied to the survival curves.
To  control  for  type  I  error  due  to  multiple  comparisons,
Bonferroni  correction  was  applied  where  appropriate,
particularly in Kaplan–Meier survival analyses and ROC
curve-based  subgroup  evaluations  involving  multiple
biomarker  combinations  (e.g.,  ASCL1/NLR,  INSM1/
NLR).  The  corrected  significance  threshold  was
calculated as α/n, where n is the number of comparisons.
For  exploratory  univariate  Cox  proportional  hazards
analyses,  unadjusted P-values  were  reported,  and  results
were  interpreted  cautiously  in  the  context  of  biological
plausibility. All statistical tests were two-sided, with P <
0.05  (or  Bonferroni-corrected  threshold)  considered
statistically significant.

 Results

 Baseline clinicodemographic profile

This  cohort  comprised  143  non-operable  SCLC  patients
(LS  =  41;  ES  =  102)  undergoing  first-line
chemoimmunotherapy  with  or  without  radiotherapy.  As
shown in Table S2, the median age was 62 years (range,
36–79  years).  The  patients  included  were  mostly  male
individuals  (81.1%),  and  current  or  former  smokers
(78.3%). The ECOG PS at the start of treatment was 0–1
in 94.4% (n = 135) and greater than or equal to 2 in 5.6%
(n =  8)  of  the  patients.  The  most  common  sites  of
metastatic  disease  at  diagnosis  were  liver,  brain,  and
bone, accounting for 28.7% (n = 41), 13.3% (n = 19), and
32.9% (n =  47),  respectively.  78  patients  (54.5%)  were
treated  with  combined  radiation  therapy.  All  received
platinum-based  chemoimmunotherapy  with  PD-(L)1
inhibitors  (PD-L1  inhibitors  74.8% (107/143);  PD-1
inhibitors  25.2% (36/143)),  including  5.6% (8/143)
receiving  anti-T  cell  immunoglobulin  and  the
immunoreceptor  tyrosine-based  inhibitory  motif  domain
(TIGIT) add-on therapy. We obtained information on the
≥ second-line treatment for 70 patients (49.0%,  70/143),
and the data was unavailable in 73 cases (51.0%). Among
the  70  patients,  most  patients  received  combined
treatment  including  chemotherapy  and  anti-angiogenic
targeted  therapy  in  the ≥ second-line  treatment,  about

Yanli Zhu et al. 1133



half  of  the  patients  (33/70)  received  additional
immunotherapy,  and  only  one  patient  was  conducted
radiotherapy.

 Prognostic correlates of hematologic/pathologic
parameters

Spearman analysis  revealed inverse  correlations  between
baseline  hematologic  indices  (LDH:  rho  = −0.286, P =
0.001; NLR: rho = −0.227, P = 0.007) and OS, along with
POU2F3  H-score  negativity  (rho  = −0.203, P =  0.02).
Conversely,  CD8+ TIL  density  showed  positive  OS
association (rho = 0.195, P = 0.02). No other parameters
reached statistical significance (Fig. 1).

ROC  analysis  demonstrated  hematologic  indices’
modest  discriminatory  capacity  (AUC  >  0.5),  with  NLR
exhibiting optimal performance (AUC = 0.66; sensitivity
56.7%,  specificity  76.7% at  the  cutoff  value  of  3.21).
CD8+ TIL  density  achieved  marginal  predictive  value
(AUC  =  0.61),  while  other  pathologic  markers  showed
limited utility  (AUC < 0.6)  (Fig. 2A–2C).  Youden index
optimization  established  critical  thresholds:  LDH  =
283  U/L,  NLR  =  3.21,  PLR  =  155.2,  and  CD8+ TILs  =

150 cells/mm2.

 Molecular subtyping and prognostic significance

Unsupervised  hierarchical  clustering  of  IHC  expression
levels  for  four  molecular  markers  (ASCL1,  NEUROD1,
POU2F3,  YAP1)  identified  five  SCLC  subtypes.  In
addition  to  the  previously  characterized  subtypes —
ASCL1-dominant  (SCLC-A),  NEUROD1-dominant
(SCLC-N), POU2F3-dominant (SCLC-P), and quadruple-
negative  (SCLC-QN) —a  rare  SCLC-AN  subtype
(ASCL1/NEUROD1  co-dominant)  was  identified,  with
limited prior reports  (Fig. 3A).  Subtype distribution was:
SCLC-A  (76.2%, n =  109),  SCLC-N  (6.3%, n =  9),
SCLC-P  (7.7%, n =  11),  SCLC-QN  (1.4%, n =  2),  and
SCLC-AN  (8.4%, n =  12).  Representative  histopatho-
logical features of each subtype are illustrated in Fig. 3B.
Kaplan–Meier  analysis  revealed  SCLC-A  patients
exhibited  the  most  favorable  OS  than  other  subtypes
(18  months  vs. 11  months, P =  0.02)  (Fig. 3C and  3D),
and SCLC-P patients exhibited poorer prognosis than NE
phenotypes (SCLC-A, SCLC-N, SCLC-AN) (Fig. 3C).

 

 
Fig. 1    Correlations of baseline hematologic indices/immunohistochemical profiles and OS time. Spearman analysis revealed inverse correlations
between pretreatment hematologic indices (LDH: rho = −0.286, P = 0.001; NLR: rho = −0.227, P = 0.007) and OS, along with POU2F3 H-score
negativity (rho = −0.203, P = 0.02). Conversely, CD8+ TIL density showed positive OS association (rho = 0.195, P = 0.02). No other parameters
reached  statistical  significance.  OS,  overall  survival;  LDH,  lactate  dehydrogenase;  NLR,  neutrophil-to-lymphocyte  ratio;  PLR,  platelet-to-
lymphocyte  ratio;  ASCL1,  achaete-scute  family  BHLH  transcription  factor  1;  NEUROD1,  neuronal  differentiation  1;  POU2F3,  POU  class  2
homeobox 3; YAP1, Yes1-associated transcriptional regulator; H-score, histoscore; PD-L1, programmed death-ligand 1; TPS, Tumor Proportion
Score; CPS, Combined Positive Score; MHC I, major histocompatibility complex class I; TIL, tumor-infiltrating lymphocyte.
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 Survival analysis in relation to clinicopathological
parameters in the entire cohort

All  patients  underwent  routine  follow-up  until  the  data
cutoff (April 12, 2025), with a median follow-up duration
of  17 months  (range:  3–58 months)  for  the  entire  cohort
and  38  months  (range:  26–58  months)  for  surviving
patients. The median PFS1, PFS2, and OS were 7, 8, and
17 months, respectively. Disease progression occurred in

134  patients  (93.7%),  and  109  patients  (76.2%)  died
during follow-up.

Univariable  Cox  regression  analysis  identified  12
clinicopathological  parameters  significantly  associated
with  PFS1,  PFS2,  and  OS  (P <  0.05):  VALSG stage,  N
stage,  serum  LDH,  NLR,  liver/bone  metastases,
radiotherapy,  ASCL1/POU2F3  expression,  NE
differentiation, INSM1 expression, and CD8+ TIL density
(Table 1).  Kaplan–Meier  risk  stratification  across  these

 

 
Fig. 2    ROC analysis  of  the hematologic and pathological  parameters  for  predicting OS.  (A) ROC analysis  demonstrated hematologic indices’
modest  discriminatory  capacity  (AUC  >  0.5),  with  NLR  exhibiting  the  optimal  performance  (AUC  =  0.66).  (B)  CD8+ TIL  density  achieved
marginal predictive value (AUC = 0.61; sensitivity 70.6%, specificity 56.0% at the cutoff value of 150). (C) Pathologic markers showed limited
utility  for  predicting  OS  (AUC  <  0.6).  ROC,  receiver  operating  characteristic;  OS,  overall  survival;  AUC,  area  under  the  curve;  LDH,  lactate
dehydrogenase;  NLR,  neutrophil-to-lymphocyte  ratio;  PLR,  platelet-to-lymphocyte  ratio;  TIL,  tumor-infiltrating  lymphocyte;  ASCL1,  achaete-
scute  family  BHLH transcription factor  1;  NEUROD1,  neuronal  differentiation 1;  POU2F3,  POU class  2  homeobox 3;  YAP1,  Yes1-associated
transcriptional regulator; H-score, histoscore; PD-L1, programmed death-ligand 1; TPS, Tumor Proportion Score; CPS, Combined Positive Score;
MHC I, major histocompatibility complex class I.

 

 
Fig. 3    Molecular subtyping and its prognostic significance. (A) Unsupervised hierarchical clustering of IHC expression levels for four molecular
markers  (ASCL1,  NEUROD1,  POU2F3,  YAP1)  identified  five  SCLC  subtypes,  including  ASCL1-dominant  (SCLC-A),  NEUROD1-dominant
(SCLC-N), POU2F3-dominant (SCLC-P), quadruple-negative (SCLC-QN), and ASCL1/NEUROD1 co-dominant (SCLC-AN). (B) Representative
histopathological  images  of  SCLC  by  molecular  subtypes  (×400).  (C)  Kaplan–Meier  analysis  revealed  SCLC-A  patients  exhibited  the  most
favorable  OS,  and  SCLC-P  patients  exhibited  poorer  prognosis  than  those  with  NE phenotypes  (SCLC-A,  SCLC-N,  SCLC-AN).  (D)  SCLC-A
demonstrated optimal median overall survival (OS) than other subtypes (18 months vs. 11 months, P = 0.02). HE, hematoxylin and eosin; ASCL1,
achaete-scute  family  BHLH  transcription  factor  1;  NEUROD1,  neuronal  differentiation  1;  POU2F3,  POU  class  2  homeobox  3;  YAP1,  Yes1-
associated transcriptional regulator; OS, overall survival.
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parameters demonstrated significant associations with OS
(Fig. 4B).

Multivariable Cox regression analysis incorporating all
12  parameters  confirmed  the  independent  prognostic
significance  of  VALSG  stage  (HR  0.502,  95% CI
0.276–0.913; P =  0.02)  and  bone  metastases  (HR 0.636,
95% CI  0.408–0.990; P =  0.045)  for  OS  (Fig. 4A).
Elevated  NLR  and  radiotherapy  administration
independently  predicted  PFS1  and  PFS2  outcomes
(Fig. S1).

 Survival analysis stratified by disease stage in LS- and
ES-SCLC

Comparative  analysis  of  clinicopathological  parameters
revealed  elevated  serum  LDH  (P <  0.001),  NLR  (P =
0.001),  CD8+ TIL  density  (P =  0.02),  and  radiotherapy
frequency  (P <  0.001)  in  ES-SCLC  versus  LS-SCLC
patients, with no intergroup differences in other variables
(Table S3). Next, univariate Cox regression analyses were
performed in LS-SCLC (Table S4) and ES-SCLC patients

 

Table 1    Univariate analyses for prognostic significance of clinicopathologic parameters in the entire cohort

Clinicopathologic parameters
PFS1 PFS2 OS

P value HR (95% CI) P value HR (95% CI) P value HR (95% CI)

Age, ≤65 vs. > 65 years 0.29 0.819 (0.564–1.189) 0.41 0.861 (0.602–1.232) 0.20 0.773 (0.523–1.142)

Sex, male vs. female 0.87 1.039 (0.653–1.654) 0.20 1.341 (0.858–2.098) 0.44 1.217 (0.740–2.000)

Smoking story, no vs. yes 0.77 1.068 (0.686–1.664) 0.75 0.934 (0.616–1.416) 0.39 0.812 (0.507–1.301)

VALSG stage, LS vs.ES < 0.001 0.418 (0.269–0.649) 0.001 0.504 (0.339–0.748) < 0.001 0.282 (0.170–0.468)

T stage, 1–2 vs. 3–4 0.40 0.845 (0.572–1.248) 0.22 0.792 (0.546–1.149) 0.40 0.839 (0.558–1.264)

N stage, 0–2 vs. 3 0.053 0.692 (0.476–1.005) 0.01 0.642 (0.451–0.914) 0.007 0.577 (0.388–0.857)

ECOG PS, 0–1 vs. ≥2 0.18 0.592 (0.275–1.278) 0.66 0.843 (0.393–1.807) 0.72 0.859 (0.377–1.957)

LDH, low vs. high 0.01 0.607 (0.416–0.886) 0.002 0.568 (0.396–0.817) 0.002 0.539 (0.366–0.794)

NLR, low vs. high < 0.001 0.489 (0.336–0.712) < 0.001 0.496 (0.348–0.707) 0.001 0.504 (0.342–0.745)

PLR, low vs. high 0.06 0.703 (0.485–1.019) 0.08 0.733 (0.516–1.041) 0.15 0.750 (0.508–1.107)

Liver metastases, no vs. yes 0.001 0.521 (0.350–0.776) 0.001 0.504 (0.342–0.742) < 0.001 0.465 (0.309–0.700)

Brain metastases, no vs. yes 0.59 1.159 (0.684–1.964) 0.33 1.286 (0.772–2.143) 0.73 1.105 (0.630–1.940)

Bone metastases, no vs. yes 0.001 0.510 (0.348–0.746) 0.001 0.548 (0.379–0.794) < 0.001 0.376 (0.251–0.564)

Radiotherapy, no vs. yes < 0.001 2.174 (1.508–3.132) < 0.001 2.131 (1.506–3.016) < 0.001 2.051 (1.402–2.999)

Anti-TIGIT antibody, no vs. yes 0.90 1.051 (0.490–2.258) 0.90 0.956 (0.467–1.957) 0.72 1.149 (0.533–2.475)

ICIs inhibitors, PD-L1 inhibitors vs. PD-1 inhibitors 0.12 1.410 (0.912–2.181) 0.11 1.392 (0.928–2.087) 0.054 1.586 (0.992–2.533)

≥second-line immunotherapy, no vs. yes 0.19 1.393 (0.845–2.295) 0.14 1.444 (0.886–2.355) 0.37 1.261 (0.757–2.101)

ASCL1 expression, Neg vs. Pos 0.07 1.671 (0.951–2.936) 0.050 1.753 (0.999–3.076) 0.005 2.253 (1.276–3.977)

NEUROD1 expression, Neg vs. Pos 0.27 1.228 (0.852–1.769) 0.26 1.219 (0.864–1.720) 0.41 1.171 (0.801–1.712)

POU2F3 expression, Neg vs. Pos 0.36 0.788 (0.470–1.319) 0.18 0.710 (0.430–1.173) 0.03 0.544 (0.319–0.927)

YAP1 expression, Neg vs. Pos 0.33 1.428 (0.696–2.929) 0.57 1.205 (0.632–2.298) 0.54 1.268 (0.588–2.736)

NE differentiation, NE phenotype vs. non-NE phenotype 0.02 0.496 (0.276–0.892) 0.005 0.432 (0.239–0.781) 0.005 0.433 (0.241–0.778)

INSM1 expression, Neg vs. Pos 0.008 2.455 (1.270–4.748) 0.002 2.804 (1.445–5.443) 0.002 2.918 (1.505–5.658)

Rb expression, Neg vs. Pos 0.72 1.095 (0.670–1.788) 0.91 0.974 (0.620–1.530) 0.85 0.954 (0.575–1.582)

Tumor PD-L1 expression, Neg vs. Pos 0.94 0.947 (0.233–3.849) 0.80 0.832 (0.204–3.384) 0.26 0.444 (0.109–1.814)

Stromal PD-L1 expression, Neg vs. Pos 0.78 0.936 (0.589–1.487) 0.90 1.030 (0.666–1.593) 0.48 1.193 (0.734–1.939)

MHC Ⅰ expression, Neg vs. Pos 0.85 1.037 (0.712–1.511) 0.46 1.143 (0.799–1.636) 0.68 1.088 (0.732–1.618)

CD8+ TIL density, low vs. high 0.08 1.376 (0.958–1.977) 0.03 1.458 (1.033–2.059) 0.002 1.820 (1.239–2.672)

SCLC, small cell lung carcinoma; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Pos, positive; Neg, negative; VALSG, Veterans
Administration Lung Cancer Study Group; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; TIGIT, T cell immunoglobulin and the immunoreceptor tyrosine-based inhibitory motif domain; ICIs, immune checkpoint inhibitors;
ASCL1, achaete-scute family BHLH transcription factor 1; NEUROD1, neuronal differentiation 1; POU2F3, POU class 2 homeobox 3; YAP1, Yes1-associated
transcriptional regulator; NE, neuroendocrine; PD-L1, programmed death-ligand 1; MHC I, major histocompatibility complex class I; TIL, tumor-infiltrating
lymphocyte.
Significant P values are highlighted in bold.
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(Table  S5),  and  clinicopathologic  parameters  with
statistically  significant  differences  in  univariate  analyses
were included in a multivariate Cox proportional hazards
regression model  (Table  S6).  For  the  LS-SCLC patients,
NE  differentiation  correlated  with  prolonged  PFS1  (HR
0.246, 95% CI 0.071–0.848; P = 0.03), while non-receipt
of  radiotherapy  independently  predicted  inferior  survival
(HR 3.960, 95% CI 1.373–11.419; P = 0.01). For the ES-
SCLC patients, low NLR and radiotherapy administration
were  favorable  predictors  for  PFS1/PFS2,  and  bone
metastases  conferred  worse  OS  outcomes,  which  were
consistent with cohort-wide trends.

 Combined biomarkers predict outcomes in
unresectable SCLC treated with first-line
chemoimmunotherapy

Given  the  absence  of  standalone  prognostic  biomarkers
across  the  entire  cohort  or  within  LS-/ES-SCLC
subgroups,  we  evaluated  combinatorial  biomarkers
integrating  ASCL1  expression  (negative/positive),
INSM1  expression  (negative/positive),  NLR  (low/high),
and  CD8+ TIL  density  (low/high).  Survival  analysis
stratified  by  these  combinations  revealed  significant
associations  with  OS  (Figs. 5 and  S2).  Kaplan–Meier
analysis showed significant differences in OS among the

 

 
Fig. 4    Survival analysis in relation to clinicopathological parameters in the entire cohort. (A) The clinicopathologic parameters with statistically
significant differences in univariate analyses were included in a multivariate Cox proportional hazards regression model, and the multivariable Cox
analysis confirmed the independent prognostic significance of VALSG stage (HR 0.502, 95% CI 0.276–0.913; P = 0.02) and bone metastases (HR
0.636,  95% CI  0.408–0.990, P =  0.045)  for  OS.  (B)  Kaplan–Meier  risk  stratification  demonstrated  significant  associations  with  OS  across  the
parameters  identified  by  univariate  Cox  analysis.  VALSG,  Veterans  Administration  Lung  Cancer  Study  Group;  LDH,  lactate  dehydrogenase;
NLR,  neutrophil-to-lymphocyte  ratio;  ASCL1,  achaete-scute  family  BHLH  transcription  factor  1;  POU2F3,  POU  class  2  homeobox  3;  NE,
neuroendocrine; TIL, tumor-infiltrating lymphocyte.
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four ASCL1/NLR-defined subgroups in the overall cohort
(P <  0.001),  LS-SCLC  (P =  0.01),  and  ES-SCLC  (P =
0.001)  (Fig. 5A–5C).  Notably,  patients  with  ASCL1+/
NLRlow profile  appeared  to  have  the  most  favorable
survival  curves.  Similarly,  OS  significantly  differed
across  the INSM1/NLR-defined subgroups in the overall
cohort (P < 0.001), LS-SCLC (P < 0.001), and ES-SCLC
(P = 0.04) (Fig. 5D–5F), with the INSM1+/NLRlow group
showing the most favorable survival curve. Key findings
were  as  follows:  (1)  ASCL1/NLR  stratification:
ASCL1+/NLRlow patients  exhibited  superior  OS
compared  to  other  groups  in  the  overall  cohort  (P <
0.001),  LS-SCLC (P = 0.01),  and ES-SCLC (P = 0.001)
(Fig. 5A–5C);  (2)  INSM1/NLR  stratification:
INSM1+/NLRlow patients  demonstrated  optimal  survival
outcomes across all  subgroups in the overall  cohort (P <
0.001),  LS-SCLC (P < 0.001),  and ES-SCLC (P = 0.04)
(Fig. 5D–5F).

 Discussion

First-line  chemoimmunotherapy  is  now standard  for  ES-
SCLC,  and  investigational  efforts  are  now  focused  on
integrating  immunotherapy  with  concurrent  chemora-
diotherapy  for  LS-SCLC.  However,  given  SCLC’s
marked  molecular  heterogeneity  and  the  limited
immunotherapy-responsive  subpopulation,  reliable
predictive  biomarkers  remain  an  unmet  clinical  need.
This  retrospective  cohort  study  evaluates  the  prognostic
and predictive utility of clinicopathological parameters—
including  clinical  profiles,  hematologic  indices,  and
immunohistochemical  biomarkers —in  unresectable

SCLC patients receiving front-line chemoimmunotherapy.
In  2019,  Rudin et  al.  established  the  molecular

classification for SCLC, defining four subtypes—SCLC-
A,  SCLC-N,  SCLC-P,  and  SCLC-Y —with  distinct
molecular profiles and therapeutic vulnerabilities, thereby
advancing  personalized  treatment  strategies  [5].
Subsequently,  Gay et  al.  identified  the  SCLC-I  subtype,
marked  by  low ASCL1/NEUROD1/POU2F3 expression,
enriched inflammatory gene signatures, and mesenchymal
features,  demonstrating  enhanced  responsiveness  to  ICIs
[7].  Retrospective  analysis  of  the  IMpower-133  trial
revealed a trend toward improved median OS in SCLC-I
patients  receiving  atezolizumab  versus  chemotherapy
(18.2  months  vs.  10.4  months;  HR  0.57,  95% CI
0.28–1.15),  suggesting  potential  predictive  utility  of  this
subtype  for  ICI  benefit  [7].  These  findings  were
corroborated  by  the  CASPIAN  trial,  where  SCLC-I
tumors  exhibited  superior  survival  outcomes  with
immunotherapy  [12].  In  our  cohort,  no  YAP1-driven
(SCLC-Y) subtype was observed. Instead, we identified a
quadruple-negative  subtype  (SCLC-QN,  1.4%, n =  2),
potentially  analogous  to  SCLC-I.  However,  unlike  prior
reports,  SCLC-QN  patients  in  our  analysis  showed  no
survival  advantage  over  other  subtypes  (Fig. 3C),
possibly  due  to  the  limited  sample  size  (n =  2).
Surprisingly,  SCLC-A  demonstrated  optimal  median  OS
than non-SCLC-A subtype (18 months vs. 11 months, P =
0.02).

We  validated  the  existence  of  the  SCLC-AN  subtype
(ASCL1/NEUROD1  co-dominant),  corroborating  prior
reports  [8,32,36–38].  Aligning  with  IMpower-133  trial
retrospective  analyses  [7],  SCLC-P  patients  exhibited

 

 
Fig. 5    Kaplan–Meier curves of OS according to four groups of the ASCL1/INSM1-NLR composite biomarker in the overall cohort, LS-SCLC,
and ES-SCLC. (A–C) ASCL1/NLR stratification: ASCL1+/NLRlow patients exhibited superior OS compared to other groups in the overall cohort
(P < 0.001), LS-SCLC (P = 0.01), and ES-SCLC (P = 0.001). (D–F) INSM1/NLR stratification: INSM1+/NLRlow patients demonstrated optimal
survival outcomes across all subgroups in the overall cohort (P < 0.001), LS-SCLC (P < 0.001), and ES-SCLC (P = 0.04). SCLC, small cell lung
carcinoma; ES-SCLC, extensive-stage SCLC; LS-SCLC, limited-stage SCLC; ASCL1, achaete-scute family BHLH transcription factor 1; NLR,
neutrophil-to-lymphocyte ratio.
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poorer  prognosis  than  NE phenotypes  (SCLC-A,  SCLC-
N,  SCLC-AN)  in  our  cohort.  Paradoxically,  emerging
evidence  highlights  the  SCLC-P  subtype  as  the  most
immunogenically  active  [13,39].  Our  previous  whole-
tissue  spatial  profiling  of  surgically  resected  SCLC
tumors  revealed  enriched  MHC  I/II  expression,  elevated
PD-L1 positivity, and inflamed tumor microenvironments
(CD8+/CD3+ T  cell  infiltration)  in  SCLC-P compared  to
other  subtypes  [30].  Notably,  Chen et  al.  further
demonstrated  that  higher  POU2F3  protein  expression
correlated  with  improved  survival  in  immunotherapy  or
chemoimmunotherapy-treated  patients  [13].  These
findings underscore an unresolved paradox: while SCLC-
P  tumors  exhibit  intrinsic  immunogenic  potential,  their
clinical  outcomes  remain  suboptimal,  suggesting  a
discordance  between  tumor  immunogenicity  and
therapeutic efficacy.

Prior  studies  indicate  that  low  NE  SCLC  exhibits
enhanced immune cell  infiltration,  while  high NE SCLC
demonstrates  immunosuppressive  microenvironments
with  reduced  infiltration,  conferring  differential
immunotherapeutic  susceptibility  [5,7,40,41].  Emerging
evidence reveals ASCL1+ immunoreactive SCLC subsets
display  substantial  NK/T  cell  infiltration  in  clinical
specimens, confirming that immune-inflamed phenotypes
may coexist across both NE and non-NE phenotypes [15].
The  inflamed  phenotype  demonstrates  variable
prevalence  across  molecular  subtypes  [14].  Notably,
recent  clinical  data  identify  a  NE  tumor  subgroup  with
elevated  T  cell  infiltration  and  diminished  macrophage
presence  that  shows  a  superior  response  to  anti-PD-
L1/chemotherapy  combinations  [15].  Collectively,  these
findings  underscore  tumor  microenvironmental  immune
signatures  as  critical  determinants  of  SCLC  treatment
outcomes and long-term survival [42].

Emerging  evidence  suggests  CD8+ TIL  density
correlates  with  survival  outcomes  in  ES-SCLC  patients
receiving  ICI  monotherapy  or  chemoimmunotherapy
combinations  [10,43].  Immune  classification  systems
incorporating CD3+/CD8+ lymphocyte spatial distribution
patterns  have  shown  predictive  value  for  ICI
responsiveness  in  relapsed  disease  [44].  Pasello et  al.
further  established  associations  between  spatially
resolved  immune  cell  architectures  and  first-line
immunochemotherapy  efficacy,  emphasizing  TIME
dynamics  and  cellular  crosstalk  as  determinants  of
therapeutic  response  and  survival  [45].  While  our
univariable  Cox analysis  identified  CD8+ TIL density  as
an  independent  prognostic  factor  for  both  PFS2  and  OS
(Table 1),  multivariable  adjustment  attenuated  these
associations,  showing  no  significant  impact  on  PFS2
(Fig.  S1)  or  OS  (Fig. 4).  Subgroup  analyses  across  LS-
SCLC  and  ES-SCLC  cohorts  confirmed  limited
prognostic  utility  of  CD8+ TIL  density  (Table  S6,
Fig.  S2).  Methodological  variations  likely  explain  these

inconsistencies:  (1)  Heterogeneity  in  specimen  types
(biopsies vs. surgical  resections;  primary  tumors  vs.
lymph  node  metastases),  and  biopsies  and  lymph  node
metastases potentially distorting immune cell distribution
assessments; (2) Divergent analytical approaches, ranging
from manual quantification to digital pathology platforms
with  inconsistent  scoring  thresholds.  These  findings
challenge the translational potential of CD8+ TIL density
as a standalone predictive biomarker for SCLC treatment
outcomes.

The immune microenvironment encompasses both TILs
and  systemic  inflammatory  components,  demonstrating
dynamic  interplay  through  bidirectional  cellular
transformation  [46].  Circulating  immune  cells  serve  as
biomarkers  of  host  immunological  competence,  capable
of initiating and sustaining anti-tumor responses. Current
evidence  identifies  LDH,  NLR,  PLR,  and  LIPI  as
established  prognostic  indicators  for  SCLC  patients
undergoing  chemotherapy  or  immunotherapy  [21–25].
Our  univariate  Cox  regression  analysis  across  the  entire
SCLC  cohort  demonstrated  that  baseline  low-LDH
(≤ 283  U/L)  and  low  NLR  (<  3.21)  were  significantly
associated with prolonged PFS1 (HR 0.607, P = 0.01; HR
0.489, P < 0.001), PFS2 (HR 0.568, P = 0.002; HR 0.496,
P < 0.001), and OS (HR 0.539, P = 0.002; HR 0.504, P =
0.001),  whereas  PLR  showed  no  prognostic  correlation
(Table 1).  VALSG  stage-stratified  analysis  revealed  low
NLR  as  an  independent  predictor  for  favorable  PFS
outcomes in ES-SCLC (PFS1 HR 0.581, P = 0.02; PFS2
HR 0.515, P = 0.005; Table S6) and was associated with
PFS1 in LS-SCLC (HR 0.409, P = 0.03; Table S4). While
NLR emerged as the optimal hematological predictor for
therapeutic response stratification, its lack of multivariate
significance  in  the  overall  cohort  suggests  the  necessity
for  composite  biomarkers  integrating  NLR  with
complementary  immunological  indicators.  Such
combinatorial  approaches  may  better  characterize  global
immune  status  and  optimize  clinical  decision-making  in
SCLC management.

A  key  finding  of  this  study  is  the  development  and
validation  of  composite  prognostic  biomarkers  that
holistically  assess  systemic  immune  status,  potentially
enhancing  clinical  decision-making  for  unresectable
SCLC. Our analysis revealed that patients with either the
ASCL1+/NLRlow or  INSM1+/NLRlow profiles  achieved
superior  survival  outcomes  when  receiving  first-line
chemoimmunotherapy.  The  ASCL1/INSM1-NLR
composite  biomarker  offers  particular  clinical  value  due
to  its  cost-effectiveness,  routine  accessibility  through
standard  IHC  and  complete  blood  counts,  and  potential
utility in optimizing patient selection for immunotherapy
regimens. While these findings require validation through
prospective multicenter  studies,  they present  a  pragmatic
approach  to  personalizing  treatment  strategies  in
unresectable SCLC management.
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This  study  has  several  limitations.  First,  the
retrospective  single-center  design  inherently  carries  the
risks  of  selection  bias.  Second,  while  we  assembled  a
relatively large cohort  of unresectable LS-SCLC patients
receiving  first-line  chemoimmunotherapy,  the  modest
cohort  size  may  limit  the  statistical  power  for  subgroup
analyses. Third, the inclusion of clinically heterogeneous
populations —including  patients  with  ECOG  PS  2,
untreated  brain  metastases  at  diagnosis,  and  deviations
from  standard  treatment  protocols  (e.g.,  abbreviated
chemotherapy  cycles  or  delayed  radiotherapy) —
introduces  potential  confounding  variables,  though  this
heterogeneity more accurately mirrors real-world clinical
scenarios.  Finally,  the  synergistic  treatment  design
precludes  definitive  attribution  of  survival  benefits  to
immunotherapy  versus  chemotherapy  components.
Despite  these  constraints,  our  findings  provide  clinically
relevant  insights  into  complex  patient  scenarios  while
generating  testable  hypotheses  for  prospective  validation
studies.

 Conclusions

In summary,  this  study demonstrates the clinical  validity
of  immunohistochemically  defined  SCLC  molecular
subtypes,  with  SCLC-A  subtype  exhibiting  superior
survival  outcomes.  Multivariate  Cox  regression
confirmed  VALSG  staging  and  bone  metastasis  as
independent  prognostic  factors  for  OS  in
chemoimmunotherapy-treated  unresectable  SCLC.
Notably,  we  propose  a  composite  predictive  model  that
can  be  readily  and  universally  obtained  at  a  low  cost  in
clinical  practice,  and  either  ASCL1+/NLRlow or
INSM1+/NLRlow could  be  considered  a  stratifying
criterion  for  first-line  immuno-chemotherapy  with  or
without  radiotherapy  of  unresectable  SCLC  patients,
including  LS-SCLC  and  ES-SCLC  patients.  Further
larger  prospective  studies  are  needed  to  validate  the
predictive  value  of  the  combined  biomarker  to  establish
its role in therapeutic decision-making frameworks.
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