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Simple Summary

Large-cell neuroendocrine carcinoma of the lung is a rare, aggressive cancer whose diag-
nosis and treatment are complicated by biological heterogeneity. This review links patho-
logical assessment and molecular testing to specific clinical decisions while distinguishing
routine stage-based care from investigational strategies. Surgery and platinum-based
chemotherapy remain central. Small prospective studies support further evaluation of
chemo-immunotherapy, but they do not establish randomized evidence of benefit. Molec-
ular profiling can identify uncommon actionable alterations and clinical-trial opportuni-
ties; broad SCLC-like or NSCLC-like labels are not validated treatment-selection tests. We
also address limited biopsy specimens, combined tumors, management after relapse, and
priorities for prospective research.

Abstract

Pulmonary large-cell neuroendocrine carcinoma (LCNEC) is a rare, aggressive malig-
nancy with substantial biological heterogeneity. Genomic studies identify SCLC-like and
NSCLC-like spectra, but genomic categories overlap incompletely with transcriptional
states. Morphology remains essential: neither neuroendocrine marker positivity nor RB1
status alone distinguishes LCNEC from small-cell lung cancer (SCLC). This narrative re-
view integrates diagnostic limitations, stage-based management, and the clinical implica-
tions of profiling. Surgery with systematic nodal assessment is central for resectable dis-
ease; postoperative platinum chemotherapy has greater support than perioperative im-
munotherapy. In advanced disease, platinum-etoposide is a commonly used reference
regimen. Retrospective associations involving platinum-gemcitabine or platinum-taxanes
in RB1-wild-type tumors remain hypothesis-generating and should not be extended to
pemetrexed. LANCE, a durvalumab phase II trial, and preliminary NEJ044 findings pro-
vide prospective chemo-immunotherapy observations, although randomized LCNEC-
specific evidence remains absent. No standard second-line regimen is established. Rare
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actionable drivers may support matched treatment, whereas DLL3-directed approaches
and FGL1/SPINK1-associated strategies require clinical validation. We propose an evi-
dence-qualified framework separating stage-based care, individualized molecular consid-
erations, and clinical-trial strategies.

Keywords: LCNEC; neuroendocrine carcinoma; lung cancer; RB1; TP53; STK11; KEAP1;
immunotherapy; DLL3; precision oncology

1. Introduction

Pulmonary LCNEC was formally proposed as a distinct high-grade neuroendocrine
carcinoma by Travis and colleagues in 1991, based on neuroendocrine architecture, large-
cell cytology, high mitotic activity, necrosis, and neuroendocrine differentiation [1]. In the
2021 World Health Organization classification of thoracic tumors, LCNEC remains within
the spectrum of pulmonary neuroendocrine neoplasms, and morphology remains the pri-
mary basis of diagnosis, supported by immunohistochemistry and, increasingly, molecu-
lar testing [2].

The central clinical problem is that LCNEC behaves aggressively but is not biologi-
cally uniform. Landmark sequencing studies demonstrated concurrent TP53/RB1 inacti-
vation in some tumors and STK11, KEAP1, or KRAS alterations in others [3-5]. Biological
diversity provides a rationale for testing different treatments; it does not itself prove that
a molecularly selected regimen improves survival. This review complements broader dis-
ease overviews by organizing evidence around decisions: when to seek pathology review
or additional tissue, what profiling can change now, and which treatment choices remain
hypotheses. Its contribution is an evidence-qualified clinical synthesis, not a new vali-
dated classification or prediction model.

2. Methods and Literature Search Strategy

The original narrative review used a structured PubMed/MEDLINE search covering
publications through August 2026. For this revision, targeted searches of PubMed-in-
dexed records, publisher websites, ASCO abstracts, and trial registries were completed on
23 October 2026. The core concept was (“large cell neuroendocrine carcinoma” OR
LCNEC) AND (lung OR pulmonary), combined with diagnosis, biopsy, RB1, molecular
subtype, surgery, chemotherapy, immunotherapy, relapse, or radiotherapy. Named-
study searches included LANCE, NEJ044, LOGIK2401/NECTAR, and JCOG1205/1206.
Reference lists and DOI-linked bibliographic records were used for supplementary iden-
tification and verification.

Eligible material addressed pulmonary LCNEC diagnosis, biology, treatment, or out-
comes. Mixed-histology studies were retained when their LCNEC relevance could be
specified; extrapulmonary neuroendocrine studies were not treated as direct lung evi-
dence. Prospective intervention studies were distinguished from prospective observa-
tional cohorts, retrospective comparisons, pooled observational analyses, and preclinical
work. Conference abstracts were included for important emerging data but explicitly la-
beled preliminary. SCLC and NSCLC findings were used only with a stated extrapolation
caveat.

Evidence was selected for clinical relevance, diagnostic ascertainment, study design,
and applicability to the treatment setting. Where possible, original reports were favored
over secondary summaries. This was not a systematic review: no preregistered protocol,
duplicate-screening record, or formal risk-of-bias assessment is reported, and no quanti-
tative pooling was performed. Consequently, completeness and freedom from selection
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bias cannot be assumed. The March 2026 systematic review of prospective interventional
trials provides a complementary assessment with different eligibility criteria and an ear-
lier evidence cutoff [6].

3. Epidemiology and Clinical Characteristics

LCNEC is uncommon. A Surveillance, Epidemiology, and End Results (SEER) anal-
ysis reported that LCNEC represented 0.58% of lung and bronchial carcinomas, while an-
other SEER study estimated an age-adjusted incidence of approximately 0.3 per 100,000
persons [7-10]. Patients are typically older adults, frequently men, and most cohorts show
a strong association with tobacco exposure. Upper-lobe and peripheral tumors are com-
mon, and advanced-stage disease is frequent at presentation [7,8,11].

Population-based survival remains poor. In the SEER analysis by Deng et al., 5-year
overall survival (OS) was 16.7% and lung cancer-specific survival was 20.7% [8]. These
estimates are strongly stage dependent and should not be applied directly to carefully
selected resected cohorts. Table 1 summarizes the epidemiologic and clinical profile.

Table 1. Epidemiologic and clinical profile of large-cell neuroendocrine carcinoma (LCNEC).

Domain Current Evidence Key References
Approximately 0.5-1% of lung cancers in contemporary datasets;

F 7-1
requency SEER age-adjusted incidence ~0.3/100,000 [7-10]
Typical patient Qlder adult; strong smoking association; historical male predom-[7_9, 1]

inance
. Advanced disease is common; brain, liver, bone and adrenal me-
Presentation . . [7-13]
tastases are clinically important
Prognosis Population-based 5-year OS approximately 16-17%, strongly [7-10]
stage dependent
Core challenge Early systemic relapse plus molecular heterogeneity [3-5,14]

Abbreviations and notes: LCNEC, large-cell neuroendocrine carcinoma; OS, overall survival; SEER,
Surveillance, Epidemiology, and End Results. Original evidence synthesis for this manuscript; data

sources are cited in the table.

4. Pathology and Diagnosis

LCNEC is a morphologic diagnosis supported by neuroendocrine immunohisto-
chemistry (IHC). Features include organoid nesting, trabeculae, palisading or rosettes; ne-
crosis; more than 10 mitoses per 2 mm? and non-small-cell cytology with appreciable cy-
toplasm and conspicuous nucleoli [1,2]. Synaptophysin, chromogranin A, CD56, and
INSML1 support neuroendocrine differentiation. A single positive marker may support a
morphologically convincing diagnosis, but isolated positivity, particularly nonspecific
CD56 staining, is insufficient without compatible architecture and cytology. Ki-67 is useful
in difficult small specimens but is not the principal WHO criterion distinguishing pulmo-
nary LCNEC from SCLC [2].

Small biopsies and cytological preparations may lack architecture and contain crush
artifact, necrosis, or too few viable cells for reliable classification. A resection can reveal
LCNEC or a combined component missed on the initial biopsy; conversely, central review
may reclassify an apparent LCNEC as SCLC or another poorly differentiated carcinoma
[15,16]. Diagnostic certainty should therefore be stated rather than inferred from an im-
munostain panel. In equivocal cases, expert thoracic pathology review, comparison with
prior specimens, and additional sampling should be considered when feasible and likely
to alter management. Figure 1 incorporates this diagnostic uncertainty.
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Combined LCNEC contains a morphologically distinct non-neuroendocrine compo-
nent, such as adenocarcinoma or squamous carcinoma. Tumors containing a small-cell
component require assessment under the combined-SCLC criteria [2]. Limited sampling
can conceal either component and distort apparent genotype-histology associations.
Studies should therefore report specimen type, pure versus combined histology, diagnos-
tic criteria, and central review. Cohorts based solely on registry coding are not diagnosti-
cally equivalent to centrally reviewed trials, and reclassification can change both the eval-
uable denominator and apparent treatment response [15,16].

ASCL1-high and NEURODI1-high states describe neuroendocrine lineage programs,
not separate morphological diagnoses. Both LCNEC and SCLC can express these tran-
scription factors and conventional neuroendocrine markers. SCLC more typically shows
scant cytoplasm, nuclear molding, finely granular chromatin, and inconspicuous nucleoli;
LCNEC has non-small-cell cytology, although overlap and artifact limit reproducibility
[2—4]. Shared TP53/RB1 alterations or an SCLC-like expression profile cannot override
convincing LCNEC morphology.

Morphology establishes the diagnosis

1 Assess an adequate viable specimen

Architecture « non-small-cell cytology * necrosis ¢ mitotic activity
Check crush artifact, sampling limits, and possible combined components

!

2 Interpret a contextual immunohistochemical panel

Neuroendocrine markers support compatible morphology
Isolated marker positivity does not establish LCNEC

! !

Concordant morphology and IHC Equivocal or scant specimen
Diagnose LCNEC when criteria are met State diagnostic uncertainty
Document pure or combined histology Seek thoracic pathology review
Preserve tissue for indicated profiling Consider more tissue if it changes care

RB1 status and ASCL1/NEUROD1 programs do not replace histology.

Figure 1. Diagnostic assessment of suspected pulmonary LCNEC. Morphology and a contextual
immunohistochemical panel are interpreted together. An uncertain small specimen triggers review
or additional sampling rather than an automatic LCNEC diagnosis. Combined components and
sampling limitations are documented. Original schematic prepared for this revision; scientific basis:

[1,2,15,16]. LCNEC, large-cell neuroendocrine carcinoma.

Tissue stewardship is therefore part of diagnosis: an appropriately focused immuno-
histochemical panel should answer the differential diagnosis while preserving material
for clinically useful sequencing. Additional stains are not a substitute for adequate mor-
phology. When tissue is exhausted, the report should distinguish a confirmed LCNEC
diagnosis from a provisional high-grade neuroendocrine carcinoma designation; that un-
certainty should remain visible in clinical datasets and treatment discussions [2,16].
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5. Molecular Heterogeneity

Rekhtman et al. demonstrated two major genomic subsets. SCLC-like tumors showed
TP53/RB1 co-alteration, whereas NSCLC-like tumors lacked the canonical TP53/RB1 com-
bination and instead were enriched for STK11, KEAP1, and KRAS. In that cohort, TP53,
RB1, STK11, KEAP1, and KRAS alterations occurred in 78%, 38%, 33%, 31%, and 22%,
respectively [3].

George et al. expanded this concept using integrated genomic and transcriptomic
profiling. Type I LCNEC was enriched for TP53 together with STK11/KEAP1 and showed
an ASCL1-high/DLL3-high/NOTCH-low neuroendocrine phenotype, whereas Type II
LCNEC was enriched for TP53/RB1 inactivation but had lower neuroendocrine-marker
expression and greater immune-related transcription [4]. Thus, genomic resemblance to
SCLC does not automatically imply an identical transcriptional state.

Miyoshi et al. confirmed recurrent TP53/RB1 alterations and less frequent potentially
targetable pathway changes [5]. An integrated 2025 analysis combined clinical and mo-
lecular cohorts, identifying subtype-associated DLL3, FGL1, and SPINK1 expression and
temporal changes in transcriptional states [14]. These observations motivate research ra-
ther than establish subtype-specific treatment efficacy. Figure 2 distinguishes the different
classification levels.

Histology, genotype, and expression are different layers

Histology
LCNEC morphology can occur across different molecular backgrounds

! !

SCLC-like genomic enrichment NSCLC-like genomic enrichment
TP53 and RB1 co-inactivation STK11 / KEAPL / KRAS alterations
Does not establish SCLC morphology Absence of an RB1 variant does not
or a required chemotherapy regimen prove intact Rb pathway function

! !

Transcriptional states overlap incompletely with genomic groups
Neuroendocrine-high, neuroendocrine-low, and immune-related programs

Type | and Type |l labels are study-specific; DNA alone cannot assign RNA state
Expression may change over time; target expression needs direct assessment

Figure 2. Distinct levels of LCNEC classification. Histology, genomic alterations, and transcriptional
state provide related but non-equivalent information. The illustrated patterns are enrichments ra-
ther than mutually exclusive diagnostic rules or validated predictive biomarkers. Original sche-

matic prepared for this revision; scientific basis: [3-5,14,17].

RB1-wild-type SCLC is an important exception to binary classification. An integrated
genomic/IHC study identified a small Rb-proficient subset with frequent combined his-
tology and enrichment for neuroendocrine-low programs [17]. Absence of a detected RB1
mutation is not synonymous with intact Rb function: sequencing can miss structural or
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splice alterations, and expressed protein can be nonfunctional. Rb IHC, assay coverage,
broader genomic findings, and morphology should be interpreted together. Neither RB1
wild-type nor STK11/KEAP1/KRAS alterations alone establish NSCLC-like LCNEC or ex-
clude SCLC.

Similar LCNEC morphology despite different genomic profiles may reflect conver-
gence on neuroendocrine differentiation and proliferative programs through distinct up-
stream alterations. ASCL1/NOTCH regulation, epigenetic state, cell of origin, and lineage
plasticity are plausible contributors rather than a proven single mechanism [3,4]. Genomic
categories describe alterations, whereas transcriptional categories describe the expressed
cellular state. George et al. linked STK11/KEAP1-enriched Type I tumors to strong neuro-
endocrine expression and TP53/RB1-enriched Type II tumors to weaker neuroendocrine
and greater immune-related expression [4]. These labels are therefore not interchangeable
with a simple SCLC-like versus NSCLC-like treatment rule.

For limited specimens, low tumor fraction, assay coverage, and spatial heterogeneity
can yield incomplete or apparently discordant classifications. DNA sequencing alone does
not establish an RN A-defined state, and a biopsy may not represent all tumor components.
Inadequate results should be reported as unclassified, not forced into a binary subgroup.
Treatment should not be delayed solely to obtain an investigational subtype assignment.

6. Treatment Strategy
6.1. Resectable Disease

For medically fit patients with resectable LCNEC, surgery is the cornerstone of treat-
ment. A National Cancer Database (NCDB) analysis of 6092 patients with stage I-IIIA
disease associated surgery with favorable stage-specific outcomes and perioperative
chemotherapy with better survival in pathological stage II-IIIA disease [18]. Lobectomy
is generally favored when pulmonary reserve permits; retrospective comparisons do not
establish oncologic equivalence of sublobar resection. Segmentectomy or wedge resection
may be necessary for limited reserve, but margins and nodal evaluation remain important.
Systematic hilar and mediastinal node assessment improves staging and informs postop-
erative treatment; clinical NO status does not exclude occult nodal disease.

Evidence for postoperative chemotherapy is stronger beyond stage IA. A prospective
cisplatin-etoposide study included only 15 patients, and a national analysis associated ad-
juvant chemotherapy with improved OS in stage IB but not stage IA disease [19,20].
JCOG1205/1206 randomized patients with completely resected high-grade pulmonary
neuroendocrine carcinoma, including LCNEC and SCLC, to cisplatin-etoposide or cispla-
tin-irinotecan; irinotecan did not demonstrate superiority [21]. Updated survival results
support that interpretation [22]. This mixed-histology randomized trial informs regimen
choice but does not establish chemotherapy benefit over observation in LCNEC or justify
describing all LCNEC treatment evidence as nonrandomized.

For selected potentially resectable N2 disease, invasive mediastinal staging and mul-
tidisciplinary review are essential. Surgery may be considered within a multimodality
strategy when complete resection appears feasible, but LCNEC-specific evidence does not
define the optimal selection criteria or sequence. Bulky or multistation N2 disease should
not be assigned to surgery from histology alone. Neoadjuvant chemotherapy remains in-
dividualized, and no prospective LCNEC evidence establishes a preferred neoadjuvant
regimen. Perioperative immunotherapy is less established than postoperative platinum
chemotherapy and should not be assumed effective from NSCLC trials.

For medically inoperable, node-negative early-stage disease, stereotactic body radi-
otherapy (SBRT) offers a local-treatment option. LCNEC-specific comparisons are retro-
spective and confounded by operability and comorbidity [23]. SBRT does not provide
pathological nodal staging, and whether additional systemic therapy improves outcomes
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is unresolved. These limitations should be discussed when balancing local control, sys-
temic relapse risk, and treatment tolerance.

Postoperative decisions should incorporate pathological stage, resection complete-
ness, nodal status, renal function, hearing, neuropathy, and recovery from surgery. The
stage IA evidence does not prove that chemotherapy is ineffective in every individual; it
indicates that routine benefit has not been established in that population. Conversely, an
observational stage IB association is not equivalent to a randomized estimate of absolute
benefit. Patients should be informed of the uncertainty when the anticipated toxicity is
substantial. Nodal involvement increases concern for systemic relapse and strengthens
the rationale for postoperative systemic treatment, while the role of postoperative radio-
therapy requires a separate assessment of margins and locoregional risk [18-20].

6.2. Locally Advanced Disease

No randomized LCNEC-specific trial defines treatment for unresectable stage III dis-
ease. In an NCDB analysis of 5797 patients, chemoradiotherapy was associated with me-
dian OS of 16.1 months versus 11.9 months with chemotherapy alone [24]. Smaller retro-
spective series also report activity with platinum-etoposide and thoracic radiotherapy
[25,26]. These associations are vulnerable to confounding by performance status, disease
burden, and treatment selection; they do not establish the superiority of concurrent over
sequential treatment. Definitive chemoradiotherapy may be considered for selected fit pa-
tients after multidisciplinary assessment, with concurrent treatment extrapolated from
other lung cancers. The chemotherapy backbone, radiation dose/fractionation, and se-
quencing remain undefined in LCNEC. Consolidation durvalumab is likewise an extrap-
olated, individualized option rather than an established LCNEC standard.

6.3. Advanced and Metastatic Disease

Platinum-etoposide is a commonly used first-line reference regimen. GFPC 0302 pro-
spectively evaluated cisplatin-etoposide, while a separate phase II study evaluated cispla-
tin-irinotecan [15,27]. Both support chemotherapy activity but lack randomized compari-
sons in advanced LCNEC. Central pathology review and differences between enrolled
and confirmed LCNEC populations complicate cross-trial interpretation. Retrospective
series add clinical experience but cannot reliably identify the optimal doublet [28,29].

Derks et al. associated RB1-wild-type disease with better outcomes on platinum-gem-
citabine or platinum-taxanes than platinum-etoposide [30]. This finding concerns those
specific regimens, not all NSCLC doublets. A separate pathology-reviewed cohort re-
ported less favorable outcomes with platinum-pemetrexed [31]; pemetrexed should there-
fore not be substituted under a generic “NSCLC-type” label. The retrospective subtype
association is hypothesis-generating, subject to selection bias and small subgroup sizes,
and lacks prospective predictive validation. RB1 status alone should not mandate a back-
bone switch.

6.4. Immunotherapy

PD-L1 expression is heterogeneous; a surgical series found tumor-cell positivity in
22.3%, with different prognostic associations for tumor-cell and immune-cell staining [32].
This does not establish a predictive threshold for advanced LCNEC. Evidence for im-
mune-checkpoint inhibitors (ICIs) should be separated by design rather than equating a
large pooled population with randomized evidence.

Prospective evidence is available. LANCE enrolled 17 patients nonrandomly: 10 re-
ceived atezolizumab plus carboplatin-etoposide and seven chemotherapy alone. Twelve-
month OS was 57.1% versus 14.3%, but very small groups and nonrandom allocation pre-
clude a definitive causal estimate [33]. Dudnik et al. treated 12 patients with durvalumab
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plus platinum-etoposide in a single-arm phase II trial that closed before its planned en-
rollment of 22. The objective response rate (ORR) was 50%, median progression-free sur-
vival (PFS) 4.4 months, and median OS 12.8 months; the 12-month PFS estimate was 25.0%
(95% CI, 6.0-50.5). Early closure and the wide interval make these descriptive findings
rather than confirmation of the prespecified hypothesis [34].

NEJ044, presented at ASCO 2026, prospectively observed atezolizumab-containing
regimens across multiple institutions. The abstract reported 77 enrolled patients, 76
treated, and approximately 70% 1-year OS [35]. Chemotherapy partners varied, including
etoposide and taxane-based combinations; the study cannot isolate the effect of one back-
bone or establish comparative efficacy. These conference findings remain preliminary
pending full publication. The March 2026 systematic review identified four eligible pro-
spective interventional studies under its criteria [6]; its conclusions should not be con-
flated with a later inventory that includes prospective observational studies or subsequent
publications.

Tsukada et al. pooled 22 studies comprising 3537 patients. Chemo-immunotherapy
had a pooled ORR of 49% and was associated with better PFS (hazard ratio [HR], 0.51)
and first-line OS (HR, 0.72) than chemotherapy alone [36]. These pooled associations re-
main vulnerable to heterogeneous regimens, diagnostic criteria, treatment selection, and
residual confounding. The absence of a statistically significant increase in severe adverse
events does not prove equivalent safety.

In contrast, the integrated 2025 study of 590 patients did not demonstrate clear OS
separation among systemic-treatment groups [14]. Differences in eligibility, treatment era,
confounding adjustment, and pooling may contribute to the apparently discordant find-
ings; neither analysis proves that ICIs benefit all LCNEC subgroups or that they lack ben-
efit. The meta-analysis increases precision around observational associations without re-
moving bias, whereas the molecular study mainly informs biological heterogeneity. To-
gether with the small prospective studies, these data support individualized discussion
and further trials rather than a definitive comparative standard. LOGIK2401/NECTAR is
a single-arm phase II study of durvalumab plus carboplatin-etoposide with a planned
sample size of 30. Its registry listed recruitment as ongoing when checked on 23 October
2026; 30 is a target, not confirmed accrual [37,38].

6.5. DLL3 and Emerging Targets

DLL3 expression was reported in 74% of stage IV LCNEC specimens in one series
[39]. Expression provides a rationale for drug development, but does not establish a re-
sponse threshold or clinical efficacy. The integrated molecular study linked DLL3 and
FGL1/SPINK1 expression to different genomic spectra [14]. Such enrichment is cohort-
dependent and should not replace direct target assessment for trial eligibility.

DLL3-directed T-cell engagers have a therapeutic rationale, but LCNEC-specific pro-
spective validation is required before routine use can be inferred from SCLC. FGL1-asso-
ciated immune suppression through the LAG-3 axis and SPINK1-associated biology are
earlier-stage hypotheses. Biological expression, pharmacological targetability, and
demonstrated patient benefit are separate evidentiary steps; neither FGL1 nor SPINK1
currently defines a validated LCNEC treatment-selection test.

6.6. Targeted Therapy and Genomic Profiling

Broad next-generation sequencing can identify uncommon actionable alterations,
particularly in never-smokers, younger patients, or tumors with an adenocarcinoma com-
ponent [3,5,14]. A detected alteration must be evaluated for pathogenicity and drug-spe-
cific actionability: an unspecified BRAF or ERBB2 alteration is not automatically equiva-
lent to a validated target, and PI3K-pathway alterations do not establish an effective
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matched therapy in LCNEC. For a validated driver, molecular tumor board review and
an appropriate basket trial are preferable; treatment extrapolated from NSCLC requires
acknowledgment of sparse LCNEC-specific efficacy data. Tables 2 and 3 summarize treat-
ment evidence and biomarker limitations.

Table 2. Clinical evidence by study design.

Setting and Design Findings Clinical Interpretation
Surgery and adjuvant therapy Surgical outcomes and stage IB chemo-  Selection bias; routine chemotherapy
NCDB/small prospective studies therapy association [18-20] benefit in stage IA unresolved
Adjuvant JCOG1205/1206 Cisplatin-irinotecan did not outperform Includes LCNEC and SCLC; no observa-
Randomized mixed-histology trial cisplatin-etoposide [21,22] tion-only arm
First-line chemotherapy Cisplatin-etoposide and cisplatin-iri- No randomized advanced-LCNEC back-
Single-arm phase II studies notecan show activity [15,27] bone comparison
Molecular selection RB1-wild-type association with platinum-Not a validated predictive rule; do not
Retrospective cohorts gemcitabine/taxanes [30,31] generalize to pemetrexed
LANCE 17 patients; atezolizumab + chemother- ~ Small groups and nonrandom allocation
Prospective nonrandomized pilot apy n =10, chemotherapy n =7 [33] limit causal inference
Durvalumab + platinum-etoposide 12 treated of planned 22; ORR 50%; me- Early closure; descriptive and under-
Single-arm phase II dian PFS 4.4 months; OS 12.8 months [34] powered
NEJ044 77 enrolled/76 treated; approximately ASCO 2026 abstract; heterogeneous ate-
Prospective observational study  70% 1-year OS [35] zolizumab-containing regimens
ICI meta-analysis 22 studies/3537 patients; pooled ORR Pooled association does nof remove con
Predominantly observational evi- 49%; PFS HR 0.51; first-line OS HR 0.72 .
founding
dence [36]
LOGIK2401/NECTAR Target n = 30; registry listed Recruiting onPlanned size is not confirmed enroll-
Phase II protocol and registry 23 October 2026 [37,38] ment; no efficacy result inferred
Unresectable stage 111 CRT associated with longer OS than Does not establish optimal concur-
NCDB/retrospective series chemotherapy alone [24-26] rent/sequential schedule
Second—hn.e chemotherapy . n =239; ORR 7.7%; median PFS 3.3 Amrubicin predominated; no estab-
Retrospective LCNEC/possible .
months; OS 8.3 months [40] lished standard sequence
LCNEC
CNS treatment Brain relapse risk and SRS feasibility Individualize local therapy; routine PCI
Retrospective cohorts [10,12,13,25,26,41-43] lacks randomized LCNEC evidence
Abbreviations and notes: CRT, chemoradiotherapy; HR, hazard ratio; ICI, immune-checkpoint in-
hibitor; NCDB, National Cancer Database; ORR, objective response rate; OS, overall survival; PFS,
progression-free survival; PCI, prophylactic cranial irradiation; SRS, stereotactic radiosurgery. HRs
compare chemo-immunotherapy with chemotherapy. Results are not intended for direct cross-trial
comparison. Original evidence synthesis for this manuscript; data sources are cited in the table.
Table 3. Biomarkers and therapeutic opportunities.
Biomarker Possible Clinical Relevance Evidence Limitation

Neither diagnostic of SCLC nor a validated

TP53/RB1 co-inactivation SCLC-like genomic context [3,30] chemotherapy selector

Does not imply sensitivity to every NSCLC

STK11/KEAP1/KRAS NSCLC-like genomic context [3-5] regimen

Expression is not proof of LCNEC clinical effi-

cacy
Biological hypothesis for immune targeting No validated LCNEC efficacy or selection

DLL3 expression Eligibility for target-directed trials [14,39]

FGL1/LAG-3 axis

[14] threshold
E i i ; th ti fit un-
SPINKT1 expression Potential investigational vulnerability [14] p:c}:igiSlon evidence; therapeutic benefit un
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PD-L1/immune pheno-
type

Additional biological context [32,34,36]

No validated standalone LCNEC selection
threshold

Validated actionable
driver

Matched therapy or basket-trial discussion = Variant-specific actionability; often extrapola-
[3,5,14] tion from NSCLC

Abbreviations and notes: LCNEC, large-cell neuroendocrine carcinoma; NSCLC, non-small-cell
lung cancer; SCLC, small-cell lung cancer. Expression, targetability, and clinical efficacy are distinct

evidence levels. Original evidence synthesis for this manuscript; data sources are cited in the table.

6.7. Relapsed or Refractory Disease

No established standard second-line regimen exists for pulmonary LCNEC. Choice
depends on the prior regimen, response duration, performance status, organ function, re-
sidual toxicity, and patient priorities. Trial referral should be considered early. Rebiopsy
may clarify combined histology, transformation, or a newly actionable finding when the
result could change treatment; it is not mandatory for every progression.

A retrospective series included 39 patients with LCNEC or possible LCNEC receiving
second-line chemotherapy, most commonly amrubicin. ORR was 7.7%, median PFS 3.3
months, and median OS 8.3 months [40]. These results illustrate limited activity and the
diagnostic heterogeneity of salvage cohorts. Amrubicin, where available, irinotecan, or
docetaxel may be considered using small-series evidence; no comparison establishes a
preferred sequence. Platinum rechallenge after a durable prior response is an individual-
ized extrapolation, without a validated LCNEC-specific treatment-free interval. Topo-
tecan or lurbinectedin use derives mainly from SCLC experience and should not be pre-
sented as an LCNEC standard. Similarly, ICI rechallenge after progression on chemo-im-
munotherapy lacks established benefit. Later-line care should integrate symptom-directed
radiotherapy and supportive care, with further systemic therapy proportionate to likely
benefit and toxicity.

7. CNS Metastasis and Surveillance

LCNEC has a clinically important propensity for central nervous system (CNS) dis-
semination. Population-based data found brain metastases at presentation in approxi-
mately 19% of LCNEC, while a stage IV institutional series reported brain involvement in
47% during the disease course [10,12]. In a curatively treated cohort, the cumulative inci-
dence of brain recurrence was 21.4% at 1 year and 41.3% at 2 years, with brain metastasis
frequently occurring as a first relapse [13]. Similarly, an analysis of unresected stage III-
IV high-grade neuroendocrine carcinomas reported substantial brain recurrence in
LCNEC in the absence of prophylactic cranial irradiation (PCI) [25]. These observations
support a low threshold for baseline brain MRI in advanced or locally advanced disease
and consideration of MRI-based CNS surveillance during follow-up, although the optimal
surveillance interval has not been prospectively defined.

Routine PCI is not supported by randomized LCNEC-specific evidence. Retrospec-
tive data have suggested possible benefit, including a small series in which PCI was asso-
ciated with numerically longer progression-free and overall survival, but these findings
are highly susceptible to selection bias [26]. Therefore, PCI should not be automatically
extrapolated from SCLC and should be individualized, preferably in a multidisciplinary
setting or clinical trial. When brain metastases are detected, treatment should follow con-
temporary principles based on number, size, symptoms, resectability, extracranial disease
control, and performance status. Retrospective LCNEC-specific datasets support the fea-
sibility of stereotactic radiosurgery (SRS) for selected patients: an NCDB analysis associ-
ated upfront SRS with longer survival than whole-brain radiotherapy, and a Japanese
multicenter series also demonstrated clinically meaningful outcomes after Gamma Knife
radiosurgery [41,42]. A recent tertiary-center cohort further confirmed the poor prognosis
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after CNS involvement and the use of surgery, SRS, and whole-brain radiotherapy in real-
world practice [43].

8. Practical Precision-Oncology Framework

A practical framework begins with diagnostic confidence, stage, resectability, func-
tional status, and patient preferences. Its clinical value lies in identifying specific conse-
quences of testing: expert review can correct an uncertain diagnosis; recognition of a com-
bined component can prompt broader profiling; and a validated actionable alteration can
support matched-treatment discussion or trial referral. When profiling reveals only
TP53/RB1 or STK11/KEAP1/KRAS patterns, it usually supplies biological context rather
than a mandatory treatment decision. Platinum-etoposide remains a reference option,
with platinum-gemcitabine/taxanes considered individually in selected cases and chemo-
immunotherapy discussed using its nonrandomized evidence base [30,33-36].

Figure 3 separates stage-based management from possible biomarker-informed
choices and research-only strategies. Genomic subtype does not directly route a patient to
a required chemotherapy regimen. Unclassified tumors remain eligible for stage-appro-
priate care. Trial eligibility should use the actual assay and target criteria rather than pre-
sumed equivalence between genomic and transcriptional categories. This framework is a
decision aid for multidisciplinary discussion, not a validated predictive algorithm.

An evidence-qualified framework for clinical discussion

Starting assessment
Diagnostic confidence « stage / resectability « fitness « patient goals

!

! !

Resectable disease Unresectable stage Il Metastatic or relapsed
Surgery and nodal staging Consider definitive CRT Platinum-based treatment
Consider postoperative Sequence individualized Discuss chemo-ICl evidence
platinum chemotherapy Consolidation ICl is No standard second line
SBRT if inoperable NO extrapolated in LCNEC Trial and supportive care

Individualized molecular considerations

Validated actionable driver - matched-treatment or basket-trial discussion
RB1 / genomic subtype — biological context; no mandatory backbone switch

Investigational strategies
Subtype-directed allocation « DLL3 trials « FGL1/SPINK1 hypotheses

Figure 3. Evidence-qualified treatment framework. Stage-based management is separated from in-
dividualized molecular considerations and investigational approaches. No branch mandates chem-
otherapy selection from RB1 status or an SCLC-like/NSCLC-like label. The evidence remains limited
even for commonly used clinical approaches. Original schematic prepared for this revision; scien-
tific basis: [6,15,18-38,40]. CRT, chemoradiotherapy; ICI, immune-checkpoint inhibitor; SBRT, ste-
reotactic body radiotherapy.
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9. Limitations and Evidence Gaps

Diagnostic variability is a major limitation: registry coding, scant biopsies, combined
histology, and inconsistent central review can produce different study populations. Ret-
rospective treatment comparisons also differ in stage, performance status, treatment line,
and access to molecular testing. Small prospective studies improve ascertainment but re-
main vulnerable to imprecision and, when nonrandomized, confounding. Pooled obser-
vational estimates do not resolve these problems. The narrative selection process intro-
duces additional potential bias and cannot guarantee exhaustive coverage.

Randomized evidence from mixed high-grade neuroendocrine populations, such as
JCOG1205/1206, must be distinguished from LCNEC-specific randomized predictive val-
idation [21,22]. In particular, prospective data do not yet establish molecular subtype as a
chemotherapy-selection biomarker, routine consolidation immunotherapy after LCNEC
chemoradiotherapy, a standard salvage regimen, or PCI. Generalizability to patients with
poor functional status, severe comorbidities, or inadequate tissue is especially uncertain.

Biomarker analyses introduce additional challenges. Definitions of “RB1 wild type”
may reflect only the absence of a reportable sequence variant, while protein expression
and pathway function are not identical measurements. Tumor purity, platform coverage,
archival tissue quality, and whether RNA profiling was available can alter subgroup as-
signment. Studies that exclude inadequate samples may preferentially represent patients
with resected or readily accessible tumors. These sources of selection and misclassification
should be considered before applying a published subtype association to a patient with a
small metastatic biopsy. Negative or inconclusive profiling should not be interpreted as
evidence that the tumor lacks relevant biology.

10. Conclusions

Pulmonary LCNEC requires integrated morphological and clinical assessment. Sur-
gery and platinum-based chemotherapy remain central, while prospective chemo-immu-
notherapy observations expand an evidence base still dominated by nonrandomized com-
parisons. Molecular profiling can inform selected actionable decisions and trial access, but
genomic resemblance to SCLC or NSCLC does not establish a preferred regimen. Treat-
ment recommendations should retain their diagnostic, design-related, and patient-selec-
tion qualifications.

11. Future Directions

International trials should incorporate central pathology review, explicit recording
of combined histology, and separate genomic and transcriptional measurements. Predic-
tive validation requires a treatment-by-biomarker interaction, not merely survival differ-
ences between molecular groups. Adaptive or collaborative rare-tumor designs could
evaluate chemotherapy backbones and ICIs while preserving interpretable comparisons.
Serial tissue and circulating DNA may inform evolution, although circulating DNA alone
cannot define morphology or transcriptional state. DLL3 and other targets require assay-
defined eligibility and clinical response validation. Dedicated relapse studies should in-
clude symptom burden, toxicity, quality of life, and CNS outcomes alongside survival.

Trial design should also separate pure LCNEC from combined tumors and distin-
guish treatment-naive disease from progression after chemo-immunotherapy. Standard-
ized brain imaging and predefined management of CNS disease would make intracranial
outcomes more interpretable. For targeted approaches, biomarker expression should be
measured with reproducible assays and linked prospectively to response duration, rather
than used only for retrospective subgroup descriptions. Collaborative registries can sup-
port feasibility and identify uncommon actionable cases, but should complement, rather
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