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ABSTRACT

Background: PLCNEC is a rare and highly aggressive lung cancer with a poor prognosis. Multimodal therapy, primarily
chemotherapy-based, is the standard for advanced PLCNEC, but the role of radiotherapy remains unclear.

Methods: We analyzed 1086 PLCNEC patients receiving chemotherapy from the Surveillance, Epidemiology, and End Results
(SEER) database between 2004 and 2015. Propensity score matching (PSM) was applied to adjust baseline confounding varia-
bles. Kaplan-Meier survival curves were constructed and compared to assess survival differences. Cox proportional hazards
regression models were employed to evaluate prognostic factors. Predictive nomograms were developed and validated to predict
individual survival probabilities and facilitate clinical decision-making.

Results: Chemotherapy combined with radiotherapy was associated with improved OS and CSS compared with chemotherapy
alone in stage III-IV PLCNEC patients (p <0.05). Sex, N stage, M stage, surgical treatment, and radiotherapy were identified as
independent prognostic factors. Nomograms developed demonstrated strong predictive performance, with areas under the curve
(AUCs) for OS 0of 0.720, 0.821, and 0.847 at 1, 3, and 5years, respectively, and for CSS of 0.733, 0.800, and 0.810 at the correspond-
ing time points. Subgroup analyses suggested that selected patients may derive differential benefit from chemoradiotherapy.
Conclusion: Radiotherapy is associated with improved survival outcomes in stage III PLCNEC patients receiving chemother-
apy, whereas its role in stage IV disease appears more context-dependent and warrants individualized consideration. The pro-
posed nomograms provide complementary prognostic information to support individualized clinical decision-making.

1 | Introduction of all cancer deaths [2]. Traditionally, lung cancer has been

categorized into two primary histological subtypes: small cell

According to the latest GLOBOCAN estimates, lung cancer
remains the most commonly diagnosed cancer and the lead-
ing cause of cancer-related death worldwide [1]. In 2022, al-
most 2.5 million new cases were diagnosed globally, and more
than 1.8 million deaths were attributed to the disease, repre-
senting about 12% of all new cancers and around 18%-19%

lung cancer (SCLC) and non-small cell lung cancer (NSCLC).
Pulmonary neuroendocrine tumors, a heterogeneous subtype
of lung cancer characterized by neuroendocrine morphology,
immunohistochemistry revealing neuroendocrine differentia-
tion, a high mitotic rate (> 10 mitosis-2mm~2) and non-small
cell cytological features, account for approximately 3% of lung
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cancers [3-5]. Despite their relatively low incidence, high-
grade pulmonary neuroendocrine carcinomas contribute dis-
proportionately to lung-cancer-related mortality due to their
aggressive biological behavior and tendency to present at ad-
vanced stages.

In the past, lung neuroendocrine tumors have been histo-
logically classified into three main groups: typical carcinoid
(TC), atypical carcinoid (AC) and SCLC. Subsequently, Large
cell neuroendocrine carcinoma (LCNEC) was designated
by the World Health Organization as a fourth category lung
neuroendocrine tumor due to its distinctive clinical features,
histology, prognosis, and survival [3]. Pulmonary large cell
neuroendocrine carcinoma (PLCNEC) is highly aggressive,
rare, and challenging to diagnose, and optimal treatment
strategies have not yet been clearly established, resulting in a
generally poor prognosis [6]. Notably, approximately 40%-70%
of PLCNEC patients are diagnosed at stage ITI-IV, highlight-
ing the urgent need for improved more effective therapeutic
strategies in advanced disease [7]. Currently, surgery or sur-
gery combined with platinum-based adjuvant chemotherapy
is recommended as the mainstay of treatment for patients with
stage I-III early-stage PLCNEC [8], whereas multimodality
therapy with chemotherapy is the preferred approach for pro-
gressive and advanced stages [9, 10]. Although radiotherapy is
one of the treatment options for patients who cannot undergo
surgical resection, its therapeutic value in stage III-IV disease
remains uncertain and inconsistently reported in the litera-
ture [11].

A nomogram is a tool commonly utilized to evaluate prognosis by
incorporating multiple prognostic and clinical decision-related
variables to calculate individualized numerical probabilities
of clinical events, with the objective of maximizing predictive
accuracy [12, 13]. The fundamental principle of the nomogram
is to predict prognosis by assigning prognostic weights to each
of the predicted disease parameters and combining them [12].
Despite the proliferation of nomograms [13], there remains lim-
ited evidence evaluating the prognostic impact of radiotherapy
specifically in stage III-IV PLCNEC patients receiving chemo-
therapy. Moreover, no predictive nomogram has been developed
for this advanced-stage population, leaving clinicians without
practical tools for individualized prognostication. Consequently,
the present study utilized the Surveillance, Epidemiology, and
End Results (SEER) database to evaluate the association be-
tween radiotherapy and survival outcomes in stage III-IV
PLCNEC patients treated with chemotherapy, and develop a
prognostic nomogram to support individualized survival pre-
diction in this clinically challenging population. By addressing
these gaps, this study aims to provide evidence-based support
for treatment decision-making and improve risk stratification
for advanced PLCNEC.

2 | Methods
2.1 | Data Sources and Patients
The SEER database is a publicly available cancer database that

provides a wealth of clinical information on cancer patients. The
SEER study data includes patient incidence and demographic

data related by age, sex, race, year of diagnosis, and geographic
area (including SEER registries and counties) (https://seer.can-
cer.gov/). We have obtained the requisite licensing through the
formal signature of the SEER Study Data Agreement, thereby
becoming authorized to access and utilize the data from the
public SEER database. The anonymization and de-identification
of the data ensure that the study did not require institutional
review board review or informed consent, in accordance with
institutional and national guidelines.

The patient population of this study was derived from the
SEER*Stat v8.4.4 Incidence-SEER Research Data, 17 Registries,
Nov 2023 Sub (2000-2021) database. The inclusion criteria for
the study were as follows: (1) Coding “Site and Morphology. CS
Schema—AJCC 6th Edition” as “Lung.” (2) Coding “Site and
Morphology. Histology Type ICD-0-3" as 8013. (3) Patients di-
agnosed between 2004 and 2015. The sixth edition of the AJCC
clinical stage was used to determine the stage of the disease,
with stage III to IV being the applicable stages. Prior chemother-
apy was a prerequisite for inclusion in the study. The following
criteria were used to exclude subjects from the study: (1) Patients
with missing survival data. (2) Patients with survival time less
than 1 month. (3) Patients with uncertain tumor size (Figure 1).

2.2 | Variables

The following were variables of interest: Survival data: sur-
vival month, overall survival (OS), and cancer-specific sur-
vival (CSS). OS is defined as the time interval from a cancer
diagnosis to death or the most recent follow-up visit. CSS is
defined as the time interval from a cancer diagnosis to death
due to cancer. The following variables were collected: age, sex,
race, marital status, laterality, stage, T stage, N stage, M stage,
tumor size (cm), primary site, grade, surgery, radiotherapy, sur-
vival time (month), survival status, and time since diagnosis. It
is important to note that tumor staging was based on the sixth
edition of the American National Joint Committee on Cancer's
TNM staging (AJCC 6th Edition) (https://link.springer.com/
book/10.1007/978-1-4757-3656-4) developed.

2.3 | Statistical Analysis

In this study, the chi-square test was employed to compare base-
line characteristics between groups. Propensity score matching
(PSM) was employed to analyze patients who received radio-
therapy versus those who did not, with the objective of reducing
the effect of selection bias. The ratio of subjects who received
radiotherapy to those who did not was maintained at 1:1, and the
effect of covariates was balanced by the “nearest” method with
a caliper value of 0.02. Standardized mean differences (SMD)
were employed to assess the balance of data when the SMD was
less than 0.1. When SMD < 0.1, the variable was considered to be
well balanced between groups (Figure 2A,D). Survival curves
plotted by the Kaplan-Meier (KM) method were used to com-
pare the prognosis of the different treatments, and comparisons
between curves were made using the log-rank test.

The multicollinearity test was employed to ascertain the
presence of high correlation between predictor variables.
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FIGURE1 | The flow chart for screening patients.

Multicollinearity can be diagnosed by the generalized vari-
ance inflation factor (GVIF), which is present if the GVIF is
greater than 5 to 10 and if the adjusted GVIF is greater than
two. The patient population was randomly allocated 7:3 into
a training and validation set, with 70% of patients consti-
tuting the training cohort and 30% as the validation cohort.
Independent prognostic factors were identified using uni-
variate Cox regression analysis, and statistically significant
variables were screened for inclusion in multifactorial Cox
regression analysis. In this study, all independent prognos-
tic factors from the results of the multivariate analysis were
used to construct a nomogram model, and the predictive per-
formance of the model was assessed by plotting its Receiver
Operating Characteristic (ROC) Curves, Calibration Curves,
and Decision Curve Analysis (DCA) curves. Categorical vari-
ables that were significant in univariate analyses were se-
lected as subgroups, and the results of the subgroup analyses
were presented using forest plots. Statistically significant re-
sults were defined as those with p-values less than 0.05. All

statistical analyses were performed using R software (version
4.4.0).

3 | Results
3.1 | Clinical Features

This study reviewed a total of 1086 patients, of whom 55.2%
(n=599) were male. Most patients exhibited unilateral laterality
(98.4%, n=1069), clinical stage IV (62.6%, n =680), T4 stage (43.1%,
n=468), N2 stage (51.4%, n=>558), and M1 stage (62.6%, n=680).
Most patients did not receive surgical treatment (82.6%, n==897)
and did not undergo surgery other than the primary site (89.0%,
n=967). In the analysis of cancer-specific deaths, the composition
of the patient population was dominated by males (55.7%, n = 548),
unilateral in laterality (98.4%, n=967), clinical stage IV (65.2%,
n=641), T4 (43.6%, n=429), N2 (50.5%, n=496), and M1 (65.2%,
n=641) predominated. Most patients did not undergo surgical
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FIGURE 2 | (A)Standardized mean differences before and after PSM (OS); (B) Comparison of OS before PSM; (C) Comparison of OS after PSM;
(D) Standardized mean differences before and after PSM (CSS); (E) Comparison of CSS before PSM; (F) Comparison of CSS after PSM. Abbreviation:
OS, overall survival; PSM, propensity score matching; CSS, cancer-specific survival.

treatment (84.3%, n =829) and did not undergo surgery other than
the primary focus (88.9%, n=3874) (Tables 1 and 2).

3.2 | PSM and KM Analysis

Following 1:1 PSM matching, the clinical characteristics of the
patients were balanced.

We found statistically significant differences in OS and CSS be-
tween the radiotherapy and chemotherapy-only groups before
and after PSM. Survival curves demonstrated superior survival
outcomes in the combined radiotherapy group compared to the
chemotherapy-only group (Figure 2B,C,E,F). Whether before or
after PSM, patients treated with radiotherapy had better OSand CSS
than those treated with chemotherapy-only. Before PSM, median
OS was 11.0months (95% CI, 11.0-12.0) in the chemoradiotherapy
group and 10.0months (95% CI, 9.0-11.0) in the chemotherapy-
only group (p=0.009). Median CSS was 11.0months (95% CI, 10.0-
12.0) versus 9.0 months (95% CI, 9.0-11.0), respectively (p =0.005).
After PSM, the survival benefit remained statistically significant,
with median OS of 11.0 (95% CI, 10.0-12.0) versus 10.0 (95% CI,
9.0-11.0) months (p=0.049) and median CSS of 11.0 (95% CI, 9.0—
12.0) versus 9.0 (95% CI, 8.0-11.0) months (p =0.048).

After analyzing patients with clinical stages III and IV respec-
tively in the same way, it was found that the chemoradiotherapy

group and chemotherapy-only group of patients in stage ITI had
no statistically significant OS (p=0.086) and statistically sig-
nificant CSS (p =0.029) before PSM; and both OS and CSS were
statistically significant (p=0.008, p=0.008) after PSM. The
results showed that patients who received chemoradiotherapy
at stage III had better OS and CSS (5-year survival 93.9% vs.
84.8%, p=0.008; 5-year CSS rate 90.8% vs. 83.9%, p=0.008),
and patients at stage IV had no statistically significant differ-
ence between the chemoradiotherapy and chemotherapy-only
groups in terms of both OS and CSS before and after PSM (pre-
PSM: p=0.38, p=0.503; post PSM: p=10.631, p=0.21).

3.3 | Multicollinearity

Multicollinearity among covariates was assessed using general-
ized variance inflation factors (GVIFs). All variables exhibited
GVIF values < 5 and adjusted GVIF values < 2, indicating negli-
gible multicollinearity (Table 3).

3.4 | Survival Analyses of Cox Regression

We employed univariate and multivariate Cox regression analyses
on the training cohort to ascertain the prognostic factors for OS
and CSS in patients with stage III-IV PLCNEC treated with che-
motherapy. Our analysis revealed that sex, clinical N stage, clinical
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TABLE 3 | Multi collinearity test in multivariate analysis.

Variable GVIF Df Adjusted GVIF
Sex 1.004078 1 1.002037
N stage 1.117393 4 1.013972
M stage 1.196203 1 1.093711
Surgery 1.194825 1 1.093081
Radiotherapy 1.020319 1 1.010109

Abbreviations: Adjusted GVIF, GVIFA(1/(2*Df)); Df, degree of freedom; GVIF,
generalized variance inflation factor.

M stage, surgery, and radiotherapy were independent prognostic
factors for OS and CSS (p <0.05) (Tables 4 and 5).

3.5 | Nomogram for OS and CSS

Nomograms were developed to predict OS and CSS of
patients with PLCNEC (Figure 3). These nomograms were
constructed using a set of five independent risk factors, includ-
ing sex, clinical N stage, clinical M stage, surgery, and radio-
therapy. The discriminative performance of the nomograms
was evaluated using receiver operating characteristic (ROC)
curves. In internal validation, the models demonstrated good
predictive ability, with areas under the curve (AUCs) for OS
and CSS (Figure 4). The calibration curves indicate good
agreement between predicted and observed survival proba-
bilities in both the training and validation cohorts (Figures 5
and 6). The decision curve analysis further demonstrated that
the nomograms provided a favorable net clinical benefit across
a range of threshold probabilities in both cohorts, supporting
their potential utility for individualized survival prediction
(Figure 7).

3.6 | Clinical Application of the Nomograms

To illustrate the clinical applicability of the nomograms, a
representative application scenario is presented based on
Figure 3. For example, a male patient with stage III PLCNEC
receiving chemotherapy, presenting with N2 disease,
MO status, no surgical resection, and planned radiotherapy
would be assigned points for each variable according to the
nomogram.

In the OS nomogram (Figure 3A), this patient would receive
approximately 45 points for male sex, 33 points for N2 stage, 0
points for MO stage, 100 points for no surgery, and 0 points for
receipt of radiotherapy, yielding a total score of approximately
178 points (Figure S1). By projecting this total score onto the
survival probability scales, the estimated 1-, 3-, and 5-year OS
probabilities are approximately 51%, 20%, and 9%, respectively.
Using the CSS nomogram (Figure 3B), a similar scoring process
applies. These examples demonstrate how the nomograms can
be applied in clinical practice to generate individualized sur-
vival estimates and support prognostic assessment and treat-
ment decision-making.

3.7 | Subgroup Analysis

In order to explore differences in the effects of radiotherapy in
different subgroups of the population and potential interactions,
subgroup analyses were performed (Figure 8). The results demon-
strated that radiotherapy exhibited a substantial improvement in
0S (HR=0.79, p=0.002) and CSS (HR=0.75, p<0.001). When
analyzing OS, it was observed that men (HR =0.76), non-operated
patients (HR=0.65), N2 (HR=0.76), and N3 (HR =0.60) patients
could significantly benefit from radiotherapy. However, no signif-
icant interaction effect on OS was identified. In the analysis of
CSS, the following groups demonstrated significant benefits from
radiotherapy: females (HR=0.78, p=0.039), males (HR=0.72,
p=0.003), MO (HR=0.64, p=0.002), non-operated patients
(HR=0.73, p<0.001), and N2 (HR=0.61, p<0.001). However, no
significant interaction effect was observed on CSS as well.

4 | Discussion

Pulmonary large cell neuroendocrine carcinoma (PLCNEC)
is an uncommon but highly aggressive tumor, accounting for
only 2%-3% of all lung cancers; however, given the high global
incidence of lung cancer, PLCNEC still represents a clinically
significant population [14]. Consistent with previous reports,
a substantial proportion of patients in our study presented
with stage III-IV disease, reflecting the rapid progression and
poor biological behavior of PLCNEC [7, 15]. While surgery re-
mains the optimal treatment option for resectable stage I-IITA
cases [16], its effectiveness diminishes in advanced disease,
and chemotherapy becomes the mainstay of treatment [17-19].
Nevertheless, the role of radiotherapy in stage III-IV PLCNEC
receiving chemotherapy has remained ambiguous, prompting
the need for more refined prognostic assessment and treatment
guidance.

Accumulating evidence suggests that multiple clinicopatholog-
ical and treatment-related factors, including sex, nodal status,
metastatic status, surgical intervention, and radiotherapy, may
jointly influence prognosis in patients with advanced PLCNEC.
These associations are broadly consistent with prior studies in-
dicating that both tumor burden and treatment intensity play
important roles in determining outcomes in this aggressive
malignancy [20]. The differential impact of radiotherapy across
disease stages suggests that its clinical benefit is highly context-
dependent, particularly with respect to disease extent and treat-
ment intent. Previous studies in LCNEC and SCLC populations
similarly indicate that radiotherapy is more likely to translate
into a survival benefit in locoregionally confined disease than
in widely metastatic settings [21].

From a clinical perspective, the observed survival benefit in
stage III PLCNEC likely reflects the role of radiotherapy deliv-
ered with radical or definitive intent, aiming to enhance locore-
gional tumor control in patients with relatively limited disease
burden. Similar to locally advanced small cell lung cancer and
selected LCNEC cases, aggressive local radiotherapy combined
with systemic chemotherapy may reduce locoregional failure
and delay disease progression, thereby translating into im-
proved survival outcomes.

Cancer Reports, 2026
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TABLE 4 | Univariable and multivariable Cox regression model analysis of OS.

Univariate Multivariate

Variable HR 95% CI P HR 95% CI P
Sex

Male — — — —

Female 0.73 0.63, 0.84 <0.001 0.71 0.61, 0.82 <0.001
Stage

111 — —

v 2.19 1.87,2.56 <0.001
M stage

MO — — — —

M1 2.19 1.87,2.56 <0.001 1.81 1.53,2.15 <0.001
Age

65 — — — —

>65 1.19 1.03,1.38 0.018 1.12 0.96, 1.30 0.140
Surgery

No — — — —

Yes 0.40 0.32,0.49 <0.001 0.49 0.39, 0.63 <0.001
Other surgery

No — —

Yes 1.01 0.80, 1.28 0.920
Radiotherapy

No — — — —

Yes 0.78 0.67,0.91 0.001 0.73 0.63,0.86 <0.001
Race

White — —

Black 1.03 0.83,1.29 0.769

Other 1.0 0.70, 1.41 0.975
Laterality

Left — —

Right 1.14 0.98,1.32 0.092

Bilateral 1.69 0.84, 3.42 0.143

Unknown 2.30 1.02, 5.17 0.045
T stage

T1 — — — —

T2 1.01 0.80, 1.28 0.917 1.00 0.79,1.27 0.973

T3 0.93 0.65,1.31 0.667 1.02 0.71, 1.46 0.915

T4 1.27 1.02, 1.59 0.031 1.12 0.90, 1.41 0.307

Tx 1.33 0.85,2.09 0.213 0.84 0.53,1.34 0.473
N stage

(Continues)
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TABLE 4 | (Continued)

Univariate Multivariate
Variable HR 95% CI P HR 95% CI P
NO — — — —
N1 0.83 0.59,1.15 0.258 0.84 0.60, 1.18 0.312
N2 0.93 0.77,1.13 0.461 1.08 0.88,1.31 0.455
N3 1.57 1.25,1.98 <0.001 1.48 1.17,1.87 0.001
Nx 1.74 1.05, 2.89 0.031 1.81 1.08, 3.04 0.024
Tumor size, cm
<3 — —
@3, 5] 1.09 0.91,1.31 0.364
5,7] 1.09 0.88,1.34 0.437
7 1.23 1.00, 1.52 0.053
Marital
Single — —
Married 0.90 0.73,1.12 0.350
Other 0.90 0.71, 1.14 0.380
Unknown 0.80 0.49,1.31 0.380
Primary site
Upper — —
Middle 1.27 0.88,1.84 0.196
Lower 0.96 0.80, 1.15 0.660
Main bronchus 1.40 1.00, 1.96 0.051
Overlapping lesion 0.97 0.51,1.84 0.922
Lung, NOS 1.17 0.86, 1.59 0.311
Grade
1 — —
11 0.80 0.25,2.53 0.709
111 0.98 0.46, 2.08 0.961
v 1.28 0.59, 2.79 0.526
Unknown 1.34 0.63, 2.82 0.448

Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival.

In contrast, radiotherapy in stage IVPLCNEC is more commonly
administered with consolidative or palliative intent rather than
curative intent. The absence of a significant population-level
survival benefit in stage IV disease may be attributed to higher
systemic tumor burden, early dissemination, and the predom-
inance of distant progression, which collectively diminish the
relative contribution of local control to overall survival.

Importantly, the absence of a population-level survival benefit
does not imply that radiotherapy is universally ineffective in
stage IV disease. From a clinical standpoint, stage IV PLCNEC
should not be viewed as a homogeneous “non-beneficial”

population with respect to radiotherapy. Rather, it represents
a biologically and clinically heterogeneous group requiring
individualized treatment strategies. In selected patients with
oligometastatic disease or dominant thoracic lesions, local ra-
diotherapy delivered with consolidative intent may contribute
to improved disease control, as suggested by evidence from
LCNEC, SCLC, and other thoracic malignancies [22-24].

Moreover, beyond traditional survival endpoints such as OS and
CSS, radiotherapy plays a critical role in non-survival outcomes
for stage IV patients, including local tumor control, symptom
palliation, and quality-of-life improvement. Palliative thoracic

Cancer Reports, 2026
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TABLE 5 | Univariable and multivariable Cox regression model analysis of CSS.

Univariate Multivariate

Characteristic HR 95% CI p HR 95% CI P
Sex

Male — — — —

Female 0.76 0.65, 0.89 <0.001 0.74 0.63, 0.86 <0.001
Stage

111 — —

v 1.99 1.69, 2.35 <0.001
M stage

MO — — — —

M1 1.99 1.69,2.35 <0.001 1.78 1.48,2.14 <0.001
Age

65 — — — —

>65 1.19 1.02,1.39 0.025 1.17 1.0,1.37 0.058
Surgery

No — — — —

Yes 0.39 0.31, 0.49 <0.001 0.53 0.42,0.69 <0.001
Other surgery

No — —

Yes 0.83 0.64,1.06 0.139
Radiotherapy

No — — — —

Yes 0.75 0.64,0.87 <0.001 0.77 0.65,0.90 0.002
Race

White — —

Black 0.98 0.77,1.24 0.841

Other 1.29 0.90, 1.84 0.164
Laterality

Left — — — —

Right 1.16 0.99,1.36 0.061 1.15 0.98, 1.36 0.095

Bilateral 2.94 1.30, 6.63 0.009 2.13 0.88,5.12 0.092

Unknown 2.32 0.96, 5.64 0.062 2.14 0.80, 5.75 0.132
T stage

T1 — — — —

T2 0.98 0.76, 1.26 0.856 0.97 0.75,1.26 0.824

T3 0.85 0.58,1.24 0.404 0.96 0.64,1.42 0.830

T4 1.32 1.03,1.68 0.028 1.16 0.90, 1.49 0.249

Tx 1.37 0.85,2.19 0.192 0.91 0.55,1.51 0.723

(Continues)
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TABLE 5 | (Continued)

Univariate Multivariate

Characteristic HR 95% CI p HR 95% CI P
N stage

NO — — — —

N1 0.72 0.52,1.00 0.052 0.87 0.62,1.23 0.443

N2 0.97 0.78,1.20 0.787 1.17 0.93,1.46 0.178

N3 1.57 1.22,2.02 <0.001 1.48 1.13,1.92 0.004

Nx 1.46 0.88,2.44 0.146 1.33 0.77, 2.30 0.309
Tumor size, cm

<3 — —

@3, 5] 1.05 0.86, 1.28 0.652

3,7 1.19 0.95,1.49 0.123

7 1.22 0.98,1.52 0.073
Marital

Single — —

Married 1.00 0.80, 1.24 0.985

Other 0.94 0.73,1.21 0.640

Unknown 1.09 0.69,1.72 0.725
Primary site

Upper — — — —

Middle 1.13 0.76, 1.69 0.550 1.02 0.67,1.54 0.931

Lower 1.05 0.86, 1.27 0.629 1.02 0.83,1.24 0.880

Main bronchus 1.58 1.11, 2.26 0.011 1.17 0.81,1.68 0.410

Overlapping lesion 0.87 0.44,1.71 0.687 0.89 0.45,1.77 0.741

Lung, NOS 1.23 0.89, 1.70 0.214 0.97 0.67,1.39 0.855
Grade

1 J— —

I 1.45 0.39, 5.40 0.581

111 0.88 0.36,2.14 0.778

v 1.02 0.41, 2.54 0.963

Unknown 1.17 0.49, 2.84 0.722

Abbreviations: CI, confidence interval; CSS, cancer-specific survival; HR, hazard ratio.

radiotherapy has been shown to effectively relieve symptoms
such as dyspnea, hemoptysis, and chest pain and remains an
essential component of multidisciplinary management in ad-
vanced lung cancer [25].

Taken together, these considerations support an individualized
approach to radiotherapy decision-making in stage IV PLCNEC,
where patient selection should be guided by metastatic burden,
disease distribution, symptom severity, and overall treatment
goals, rather than survival outcomes alone. Importantly, the
findings of this study should be interpreted as associations

rather than causal effects. Although propensity score matching
was applied to reduce baseline imbalances, residual confound-
ing due to unmeasured variables—such as performance sta-
tus, comorbidities, and treatment intent—cannot be excluded.
Therefore, the observed survival differences may partly reflect
treatment selection bias rather than a purely causal effect of
radiotherapy.

Beyond disease stage and treatment intent, emerging biological
evidence may help explain the differential prognostic impact
of radiotherapy. In recent years, accumulating molecular and
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(A)
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FIGURE3 | (A)Thenomogram of predicting OS in PLCNEC patients undergoing chemotherapy in stages III-1V; (B) The nomogram of predicting

CSS in PLCNEC patients undergoing chemotherapy in stages III-IV. CSS, cancer-specific survival; OS, overall survival; PLCNEC, pulmonary large

cell neuroendocrine carcinoma.

translational studies have demonstrated that PLCNEC is not
a biologically uniform entity, but rather comprises at least two
major molecular subtypes with distinct genomic profiles, treat-
ment sensitivities, and prognostic implications. One subgroup,
commonly referred to as the “SCLC-like” subtype, is character-
ized by concurrent inactivation of TP53 and RB1, high prolifer-
ative activity, and transcriptional features resembling small cell
lung cancer. This subtype has been reported to exhibit greater
sensitivity to platinum-based chemotherapy and radiotherapy,
consistent with its aggressive yet radiosensitive biological be-
havior [3, 26, 27]. In contrast, the “NSCLC-like” subtype typ-
ically lacks RB1 inactivation and harbors genomic alterations
more frequently observed in non-small cell lung cancer, such as
KRAS, STK11, or KEAP1 mutations. Emerging evidence sug-
gests that these tumors may demonstrate relative resistance to
conventional platinum-based regimens and potentially different
responses to radiotherapy, contributing to heterogeneity in clin-
ical outcomes [13, 14, 26]. More recently, large-scale genomic

and transcriptomic analyses have further refined this molec-
ular classification, revealing that SCLC-like and NSCLC-like
PLCNEC subtypes also differ in immune microenvironment
features, DNA damage-repair pathways, and transcriptional
programs, which may influence sensitivity to both systemic
therapy and radiotherapy [14, 28]. In addition, tumor micro-
environmental factors (e.g., hypoxic niches) and alterations in
DNA damage-repair capacity may further modulate radiation
response in PLCNEC [29]. These findings reinforce the concept
that molecular heterogeneity is a key determinant of treatment
response in high-grade pulmonary neuroendocrine carcinomas.

Although molecular subtype information is unavailable in the
SEER database, this emerging classification provides a plau-
sible biological explanatory framework for the heterogeneous
survival benefits observed with chemotherapy and radiother-
apy in our study. It is conceivable that the survival advantage
associated with radiotherapy in stage III PLCNEC may be
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FIGURE4 | (A)The ROC curves of the training cohort (OS); (B) The ROC curves of the validation cohort (OS); (C) The ROC curves of the training
cohort (CSS); (D) The ROC curves of the validation cohort (CSS). AUC, area under curve; CSS, cancer-specific survival; OS, overall survival; ROC,

receiver operating characteristic.

driven, at least in part, by a higher proportion of radiosensitive
SCLC-like tumors in locoregionally confined disease, whereas
advanced-stage disease likely encompasses a broader and more
heterogeneous molecular spectrum. Future prospective studies
integrating molecular profiling with treatment selection are
therefore warranted to validate these hypotheses and to opti-
mize personalized therapeutic strategies for PLCNEC.

From a clinical perspective, translating these biological and
clinical insights into individualized prognostic assessment re-
mains essential. The proposed nomograms integrate multiple
prognostic dimensions beyond anatomical staging, thereby fa-
cilitating refined risk stratification and long-term prognostic
counseling in advanced PLCNEC. This observation regarding
the nomogram's stronger long-term predictive performance may
be partly explained by the reduced influence of transient clinical
fluctuations over longer time horizons, which allows the model
to capture more stable prognostic signals and diminish noise
inherent in short-term data. For clinicians, this suggests that

the nomogram may be particularly valuable for long-term prog-
nostic counseling and treatment planning. Nevertheless, given
that the models were derived from retrospective SEER data from
the pre-immunotherapy era and lack molecular-level variables,
their applicability in contemporary treatment settings should be
interpreted with appropriate caution.

While traditional TNM staging remains fundamental for ana-
tomical disease classification, it does not fully capture the prog-
nostic heterogeneity among patients within the same stage. In
contrast, the nomogram integrates multiple prognostic dimen-
sions, including patient characteristics and treatment-related
factors such as surgery and radiotherapy. As a result, it provides
complementary prognostic information beyond TNM stag-
ing and enables more refined individualized risk stratification
within the same TNM stage.

With the rapid evolution of lung cancer treatments, it is also im-
portant to recognize that our study period (2004-2015) reflects
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the pre-immunotherapy era. Although the present analysis
was conducted in the pre-immunotherapy era, accumulating
biological and translational evidence suggests that PLCNEC
may harbor features associated with potential responsiveness
to immunotherapy. High-grade pulmonary neuroendocrine
carcinomas, including PLCNEC, are characterized by high
proliferative activity, genomic instability, and, in a subset of
cases, elevated tumor mutational burden, which may facilitate
neoantigen generation and immune recognition [9, 10, 18].

In addition, increasing evidence supports a synergistic inter-
action between radiotherapy and immunotherapy, whereby
radiotherapy can induce immunogenic cell death, enhance
tumor antigen release and presentation, upregulate immune
checkpoint pathways, and modulate the tumor microenvi-
ronment, thereby promoting systemic antitumor immune re-
sponses beyond the irradiated field. This biological rationale,
often referred to as the “abscopal effect,” has been reported
across multiple thoracic malignancies and provides a theoret-
ical basis for combining radiotherapy with immunotherapy in
PLCNEC.

Although immunotherapy exposure and immune biomarkers
are unavailable in the SEER database, these considerations
suggest that radiotherapy may function not only as a local
treatment modality but also as a potential immunomodulatory
partner in the contemporary management of PLCNEC. Future
prospective studies integrating immunotherapy, radiotherapy,

and molecular profiling are warranted to clarify optimal treat-
ment strategies and to update prognostic models for the immu-
notherapy era.

Despite the strengths of our analysis, several limitations must
be acknowledged. First, as a retrospective study, selection
bias and unmeasured confounding are unavoidable. Second,
SEER lacks key clinical details such as radiotherapy dose, tar-
get volume, fractionation regimen, chemotherapy protocol,
comorbidities, and performance status, which may influence
survival outcomes and limit interpretation. Third, although
our variable selection was based on statistical significance
from univariate Cox analyses, we used a clinical-statisti-
cal combined approach rather than automated selection ap-
proaches such as LASSO regression or conducting robustness
assessments such as bootstrap or cross-validation, which may
affect model stability. Finally, only internal validation was
performed; external validation using independent multicenter
or international cohorts is needed to confirm the generaliz-
ability of the nomogram.

In future work, we plan to collaborate with multiple centers
and incorporate external datasets to validate the model across
diverse populations. Such efforts may also facilitate deeper
exploration of molecular features, radiotherapy response
patterns, and optimal integration of systemic therapies, ulti-
mately refining prognostic tools and treatment strategies for
PLCNEC.

Cancer Reports, 2026

19 of 21

85UB01 SUOLULLIOD AR 3|ed! dde 8u3 Aq peusnob 818 Sjo1ie O @SN JO SaINJ 10} AReiq 1T 8UIIUO 81\ UO (SUORIPUOD-PUR-SWR}W0d™A8 I ARe1q 1/BU1 U0/ SARU) SUORIPUOD PUe SW L 8U3 885 *[9202/90/TT] U0 Areiqi8ulluO A8|1MW 01 BIS0D 8URIU0D AQ €202 ZIUO/Z00T OT/I0P/W0d | 1M ARed 1l |uo//SAny WO papeojumoq ‘9 ‘920z ‘8rE8ELST



Variable n (%) Radiotherapy = No = Radiotherapy = Yes HR (95% CI) p value P for interaction
No. of events/ No. of total i
All patients 761 (100.00) 292/300 440/461 0.79 (0.68 ~ 0.91) b= 0.002
Sex : 0.524
Female 344 (45.20) 122/128 204/216 0.83 (0.66 ~ 1.04) il 0.104
Male 417 (54.80)  170/172 236/245 0.76 (0.63 ~ 0.93) P 0.008
M stage E 0.584
MO 292 (38.37)  95/101 175/191 0.77 (0.60 ~ 1.00) I—-—lI 0.046
M1 469 (61.63)  197/199 265/270 0.87 (0.72 ~ 1.05) P—-—i—l 0.148
Surgery i 0.189
No 635 (83.44)  238/238 387/397 0.65 (0.55 ~ 0.77) (! i <.001
Yes 126 (16.56)  54/62 53/64 0.83 (0.57 ~ 1.22) iy 0.341
N stage E 0.486
NO 149 (19.58)  57/58 87191 0.92 (0.65 ~ 1.28) I—!—i—l 0.608
N1 53 (6.96) 23/25 24/28 1.02 (0.57 ~ 1.82) !—Ib—l 0.951
N2 388 (50.99)  144/149 228/239 0.76 (0.61 ~ 0.93) = i 0.009
N3 154 (20.24)  63/63 89/91 0.60 (0.43 ~ 0.83) [ B 0.002
Nx 17:(2:23) 5/5 12/12 1.10 (0.37 ~ 3.23) P 0862
(A) d 1 1 2
Favour "Radiotherapy = Yes" Favour "Radiotherapy = No"
Variable n (%) Radiotherapy = No  Radiotherapy = Yes HR (95%CI) p value P for interaction
No. of events/ No. of total E
All patients 689 (100.00) 268/273 391/416 0.75 (0.64 ~ 0.88) b= <.001
Sex i 0.537
Female 311 (45.14)  120/123 174/188 0.78 (0.62 ~ 0.99) i 0.039
Male 378 (54.86)  148/150 217/228 0.72 (0.59 ~ 0.89) = E 0.003
M stage E 0.101
MO 238 (34.54)  78/81 139/157 0.64 (0.48 ~ 0.85) e 0.002
Ml 451 (65.46)  190/192 252/259 0.89 (0.74 ~ 1.07) e 0.223
Surgery i 0.951
No 586 (85.05)  230/230 344/356 0.73 (0.61 ~ 0.86) = i <.001
Yes 103 (14.95)  38/43 47/60 0.69 (0.45 ~ 1.07) I—-—-E-I 0.096
N stage | 0.169
NO 114 (16.55)  39/39 71/75 0.93 (0.63 ~ 1.38) b 0.717
N1 59 (8.56) 26/29 26/30 0.99 (0.57 ~ 1.71) P 0.970
N2 357 (51.81)  143/145 196/212 0.61 (0.49 ~ 0.76) = i <.001
N3 142 (20.61)  56/56 85/86 0.86 (0.61 ~ 1.20) —=— 0.372
Nx 17 (2.47) 4/4 13/13 0.84 (0.26 ~ 2.69) :‘ 0.771
(B) R T T

Favour "Radiotherapy = Yes" Favour "Radiotherapy = No"

FIGURE 8 | (A)The forest plot and subgroup analyses of OS; (B) The forest plot and subgroup analyses of CSS. CSS, cancer-specific survival; OS,

overall survival.

5 | Conclusions

In conclusion, we investigated the survival outcomes and factors
influencing the prognosis of stage III-IV PLCNEC treated with
chemotherapy and constructed a prognostic nomogram for cli-
nicians to predict survival outcomes. Our findings suggest that
radiotherapy is associated with improved survival outcomes in
stage III disease, whereas its role in stage IV PLCNEC appears
more heterogeneous and context-dependent. We also identified
patient subgroups that may derive differential benefit from ra-
diotherapy across disease stages, highlighting the importance
of individualized radiotherapy decision-making in advanced
PLCNEC.
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