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Background: Large-cell neuroendocrine lung carcinoma (LCNEC) is a rare pulmonary
neoplasm with poor prognosis and limited therapeutic options.

Methods: We retrospectively analyzed all patients with metastatic LCNEC in the records
of a large German academic center since 2010.

Results: 191 patients were identified with a predominance of male (68%) smokers (92%)
and a median age of 65 years. The single most important factor associated with outcome
was the type of systemic treatment, with a median overall survival (OS) of 26.4 months in
case of immune checkpoint inhibitor administration (n=13), 9.0 months for other patients
receiving first-line platinum doublets (n=129), and 4.0 months with non-platinum
chemotherapies (n=17, p<0.01). Other patient characteristics independently associated
with longer OS were a lower baseline serum LDH (hazard ratio [HR] 0.54, p=0.008) and
fewer initial metastatic sites (HR 0.52, p=0.006), while the platinum drug type (cisplatin vs.
carboplatin) and cytotoxic partner (etoposide vs. paclitaxel), patients’ smoking status and
baseline levels of tumor markers (NSE, CYFRA 21-1, CEA) did not matter. 12% (23/191) of
patients forewent systemic treatment, mainly due to tumor-related clinical deterioration
(n=13), while patient refusal of therapy (n=5) and severe concomitant illness (n=5) were
less frequent. The attrition between successive treatment lines was approximately 50%
and similar for platinum-based vs. other therapies, but higher in case of a worse initial
ECOG status or higher serum LDH (p<0.05). 19% (36/191) of patients had secondary
stage IV disease and showed fewer metastatic sites, better ECOG status and longer OS
(median 12.6 vs. 8.7 months, p=0.030). Among the 111 deceased patients with palliative
systemic treatment and complete follow-up, after exclusion of oligometastatic cases
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(n=8), administration of local therapies (n=63 or 57%) was associated with a longer OS
(HR 0.58, p=0.008), but this association did not persist with multivariable testing.

Conclusions: Highly active systemic therapies, especially immunotherapy and platinum
doublets, are essential for improved outcome in LCNEC and influence OS stronger than
clinical disease parameters, laboratory results and other patient characteristics. The
attrition between chemotherapy lines is approximately 50%, similar to other NSCLC.
Patients with secondary metastatic disease have a more favorable clinical phenotype and
longer survival.
Keywords: large-cell neuroendocrine lung carcinoma, immunotherapy, platinum chemotherapy, local therapies,
overall survival, de novo metastatic, secondary metastatic
INTRODUCTION

Large-cell neuroendocrine lung carcinomas (LCNEC) include
approximately 3% of pulmonary malignancies and combine
characteristics of the neuroendocrine and non-small-cell
(NSCLC) histotypes (1). Their cells typically have a size larger
than three times the diameter of resting lymphocyte, abundant
cytoplasm, prominent nucleoli, and display organoid nesting,
trabecular growth, rosette-like structures and/or nuclear
palisading, along with positivity for at least 1 of the
neuroendocrine markers synaptophysin, chromogranin A, and
CD56 (2). Up to 20% of cases show a mixed histology with an
additional squamous, adenocarcinoma or not-otherwise-
specified NSCLC component, but this cannot be reliably
assessed based on the small biopsies routinely used in the
metastatic setting (3). The typically high proliferation rate (>11
mitoses/10 high-power fields or Ki67 >50%) is associated with an
aggressive clinical course and poor prognosis (4–6).

Therapeutic progress is particularly difficult for LCNEC.
Routinely treatable genetic alterations, such as EGFR mutations
or ALK translocations, are exceedingly rare, so that tyrosine
kinase inhibitors (TKI) and other targeted drugs have a very
limited role (7, 8). In addition, due to the rarity of these patients,
there are no clinical trials that define the optimal therapy for
either localized or advanced disease (9). Treatment decisions are
based on a few small retrospective series and rely on the
recommendations for other NSCLC or SCLC. In case of
chemotherapy doublets, the choice of the platinum partner
between etoposide and NSCLC cytostatics (mainly paclitaxel,
gemcitabine, and pemetrexed) has been controversial in the
literature (10–12). Interestingly, more recent studies have
suggested differential sensitivity according to presence of an
SCLC or NSCLC-typical molecular profile (i.e. TP53 and RB1
vs. KRAS and STK11/KEAP1 alterations), however, efficacy
remains limited with a median overall survival (OS) invariably
shorter than 10-12 months (8, 13, 14). Administration of
immune checkpoint inhibitors appears to prolong survival in
some retrospective series (15–18), however, the overall impact in
the real-world setting is challenging to assess, due to the
considerable clinical heterogeneity of this rare disease. Aim of
the current study was to thoroughly dissect of LCNEC
management across the entire clinical spectrum of the disease.
2

MATERIALS AND METHODS

Study Population and Study Endpoints
This retrospective study included all patients with metastatic
LCNEC identified in the records of our institution between 2010-
2020. Tumors with a small-cell component, tumors with large-
cell histology lacking evidence of neuroendocrine differentiation,
as well as early-stage tumors without relapse after definitive local
treatment were excluded. Two main types of analyses were
performed: i) patient progression-free (PFS) and overall
survival (OS) according to various clinical and laboratory
parameters at baseline, as well as the clinical presentation and
association with PFS/OS of secondary vs. de novo stage IV disease
were analyzed in the entire study population; ii) administration
of subsequent systemic treatment and the association of
palliative local therapies with PFS/OS were analyzed in the
subset of deceased patients, who received palliative systemic
treatment and for which complete follow-up until death
was available.

Data Collection and Statistical Analysis
Histologic diagnosis was performed on tissue specimens
according to the criteria of the current WHO classification
(2015) for lung cancer, and tumors were screening for
actionable mutations based on indication by the treating
oncologists (mainly light/never-smoking status according to
the current guidelines) using combined DNA/RNA next-
generation sequencing, as described previously (3, 19, 20).

All 191 patients showed positivity for at least one of the
immunohistochemical neuroendocrine markers (chromogranin A,
synaptophysin, CD56) with a cut-off of at least 10% staining tumor
cells. The PD-L1 tumor proportion score (TPS) was determined by
immunohistochemistry using the SP263 clone (Ventana/Roche,
Mannheim, Germany). Clinical data were systematically collected
from the patients’ records with a cut-off on December 31st 2020.
Comorbidities were summarized using the Simplified Comorbidity
Score (SCS), a validated predictor of mortality in NSCLC (21). The
progression date under systemic treatment was verified by the
investigators with review of radiologic images, i.e. chest/abdomen
CT and brain MRI-based restaging every 6-12 weeks, without
formal RECIST reevaluation, as several studies have demonstrated
very good agreement between real-world and RECIST-based
July 2021 | Volume 11 | Article 673901
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assessments (22, 23). OS was calculated from start of treatment for
stage IV disease. Follow-up time was calculated by the reverse
Kaplan-Meier method (24). Survival data were analyzed according
to Kaplan-Meier and compared between patient groups with the
logrank test. Numerical data were analyzed with the Student’s t-test,
categorical data with the chi-square test, correlations with the
Spearman’s coefficient, and effects of variables on survival were
quantified by Cox regression. The multivariable Cox regression
models were built with backward selection based on likelihood
ratios using parameters significant in univariable testing.
Confidence intervals for proportions were computed according to
Clopper-Pearson (25). The rate of subsequent treatment across
treatment lines for platinum- and non-platinum-based regimens
was compared with a mixed linear model with the type of regimen
(platinum-based or not) as fixed, and the treatment line as random
variable. Statistical calculations were performed with SPSS v24
(IBM, Armonk, NY, USA), and plots generated with GraphPad
Prism v9 (La Jolla, CA, USA).

Ethics
This study was approved by the ethics committee of Heidelberg
University (S-145/2017). Since this was a non-interventional,
retrospective study, informed consent was obtained whenever
possible, but its need for every participant was waived by the
ethics committee.
RESULTS

Baseline Patient Characteristics
Overall, 191 patients with stage IV LCNEC were identified
(Figure 1). Among these, 155 patients (81%) were diagnosed
Frontiers in Oncology | www.frontiersin.org 3
with de novo (primary) metastatic disease, while 36 (19%)
developed secondary stage IV LCNEC upon relapse or
progression of previous early-stage tumors after definitive local
treatment. At the time of data cut-off, 161 patients had died,
among which 111 had received palliative systemic treatment with
complete follow-up until death available (Figure 1). The
characteristics of evaluable patients are summarized in Table 1
and were very similar between the entire study population and
the subset of deceased patients. Patient were mostly male (68%)
current or former smokers (97%, 169/175), with a median age of
65 years (range 38 – 90) and a predominant baseline ECOG
performance status (PS) of 0-1 (95%, Table 1). All patients
showed immunohistochemical positivity for at least one of the
following neuroendocrine markers: CD56 (156/170 tested
patients), chromogranin A (74/119 tested patients), and
synaptophysin (152/174 tested patients). PD-L1 TPS was
available for 41 cases (1 case >50%, 21 cases 1-49%, 19 cases
<1%; median 1%).

Progression-Free and
Overall Survival
The rare patients (2/191 or 1%) with actionable genetic
alterations (one with ALK, and one with RET fusion, Table 1)
had a favorable course under TKI (death after 38 months of
treatment with several ALK inhibitors as well as chemotherapy,
partly published (26), and still alive with ongoing tumor response
to second-line pralsetinib at 16.2 months, respectively). In order
to identify independent determinants of clinical outcome in the
vast majority of patients without routinely treatable mutations,
we systematically analyzed the relationship of patient
characteristics with PFS and OS (Table 2). In multivariable
analysis, platinum-based chemotherapy, a lower number of
FIGURE 1 | Flowchart of study patients and the populations used in each analysis. FU, follow-up.
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metastatic sites at diagnosis of stage IV (≤1 sites), and additional
local treatment (surgery or radiotherapy) were associated with
significantly longer first-line PFS (hazard ratio [HR] 0.29 with
p<0.001, HR 0.65 with p=0.035, and HR 0.64 with p=0.026,
respectively). Besides, platinum-based first-line treatment (HR
0.20, p<0.001), administration of immunotherapy in any
treatment line (HR 0.39, p=0.034), lower serum LDH (i.e.
below the median of 271 U/l shown in Table 1, HR 0.54 with
p=0.008), and a lower number of metastatic sites at diagnosis of
stage IV (≤1 site, HR 0.52 with p=0.006) were independently
associated with a longer OS from start of palliative systemic
treatment (Table 2). Presence of 0 (n=29), 1 (n=64), 2 (n=37) or
3 (n=35) of the risk factors identified in multivariable analysis
(type of systemic treatment, baseline LDH levels, number of
initial metastatic sites, Table 2) could segregate patient survival
with median OS values of 14.1, 9.9, 5.7 and 1.1 months,
respectively (p<0.0001, Figure 2). For the smaller subset of
patients who received immunotherapy in any line (n=13),
median OS was even longer with 26.4 months vs. 9.0 months
(p=0.006) for non-immunotherapy-treated patients who
received first-line platinum-based chemotherapy vs. 4.0 for
Frontiers in Oncology | www.frontiersin.org 4
patients with non-platinum based first-line chemotherapies
(p<0.001, Figure 2D). Immunotherapy was administered in
combination with platinum-etoposide in the first line (n=2,
atezolizumab), or as monotherapy in the first (n=1,
pembrolizumab) or subsequent lines (n=8 nivolumab, n=1
pembrolizumab, n=1 atezolizumab). Taken together, the type
of systemic treatment appeared to be the single most important
factor for longer patient survival. Of note, neither the type of
platinum drug, i.e. carboplatin vs. cisplatin, nor the partner
cytostatic in the platinum-doublet (etoposide vs. paclitaxel,
pemetrexed, gemcitabine or vinorelbine) appeared to have a
significant effect on OS or PFS (p≥0.30, Table 2). First-line
PFS was not reached for patients with first-line immunotherapy
(n=3) vs. 4.6 months for other patients who received first-line
platinum-based chemotherapy (p=0.051) vs. 1.5 months for
patients who received other chemotherapies (p<0.001). The
disease control rate (DCR) was significantly higher for patients
treated with platinum-based compared to other chemotherapies
(79% vs. 53%, p=0.028), while the objective response rate (ORR)
was also numerically higher, but did not reach statistical
significance (36% vs. 13%, p=0.078).
TABLE 1 | Patient characteristics.

Clinical characteristics at diagnosis
of stage IV and treatment

All study patients (n=191) Deceased, treated with complete FU (n=111) Secondary stage IV (n=36)

Clinical characteristics at diagnosis of stage IV
Age, median (IQR) 65 (14) 64 (12) 63 (15)
Gender, % female (n) 32 (62) 37 (41) 28 (10)
Never/light smokers, % (n) 1,2 5 (9) 3 (3) 0 (0)
ECOG PS, % (n) 1 0 44.4 (76) 41.2 (42) 60 (21)

1 50.3 (86) 54.9 (56) 36.4 (12)
2 2.3 (4) 2 (2) 0 (0)
3+ 2.9 (5) 2 (2) 3 (1)

SCS, median (SD) 1 8 (2.98) 8 (2.79) 8 (2.94)
Metastatic sites at diagnosis, median (range) 1 (1-6) 2 (1-6) 1 (1-4)
Serum LDH (U/l), median (range) 1 271 (15-2594) 252 (15-2472) 247 (144-760)
Serum NSE (mg/l), median (range) 1 32 (10-492) 32 (10-361) 27 (11-85)
Blood NLR, median (range) 1 4.6 (0.2-58.6) 4.7 (0.2-58.6) 6.9 (1.4-20.7)
Serum CYFRA 21-1 (mg/l), median (range) 1 3.2 (0.8-969) 3.1 (0.8-969) 3.1 (0.8-13.9)
Serum CEA (mg/l), median (range) 1 3.8 (0.2-2678) 4.0 (0.3-1000) 4.3 (0.5-1000)
Any systemic treatment for stage IV disease

- platinum-doublet in the first line, % (n) 3 74 (141/191) 86 (95/111) 56 (20/36)
- other chemotherapy in the first line 4 89 (17/191) 14 (15/111) 3 (1/36)
- platinum-doublet in any line, % (n) 75 (143/191) 87 (97/111) 56 (20/36)
- immunotherapy in any line, % (n) 5 7 (13/191) 7 (8/111) 11 (4/36)
- targeted therapies, % (n) 6 1 (2/191) 1 (1/111) 0 (0/36)

Local therapies in any line, % (n) 53 (101/191) 64 (71/111) 67 (24/36)
- for oligometastatic disease, % (n) 10 (9/92) 12 (8/65) 0 (0/23)
- palliative in the first line, % (n) 7 90 (83/92) 88 (57/65) 100 (23/23)
- palliative in any line, % (n) 7 91 (92/101) 89 (63/71) 100 (24/24)

Total number of treatment lines, median (range) 1 (0-7) 1 (1-7) 1 (0-4)
Follow-up time in months, median (95% CI) 42.7 (29.9-55.6) n/a 42.7 (18.2-67.3)
July 2021 |
IQR, interquartile range; PS, performance status; FU, follow-up; SCS, simplified comorbidity score; SD, standard deviation; NLR, neutrophil-to-lymphocyte ratio; 95% CI, 95%
confidence interval.
1 smoking status for 175/191, 100/111, and 35/36 cases; ECOG PS status available for 171/191, 102/111, 33/36 SCS for 146/171, 99/111, 35/36; serum LDH for 152/191, 98/111, 22/
36; blood NLR for 163/191, 101/111, 21/36; NSE for 146/191, 99/111, 21/36; CYFRA 21-1 for 136/191, 89/111, 17/36; CEA for 142/191, 92/111, 19/36.
2 never/light-smoking status refers to < 10 pack-years cumulatively.
3 etoposide (n=77), paclitaxel (n=54), gemcitabine (n=4), pemetrexed (n=1), vinorelbine (n=5).
4 vincristine/etoposide (n= 15), topotecan (n=1), docetaxel (n=1).
5 carboplatin-etoposide-atezolizumab (n=2), pembrolizumab (n=2), nivolumab (n=9).
6 one patient with an ALK fusion (26), and one patient with a RET fusion.
7 details about local therapies for patients with systemic treatment and complete follow-up are given in Figure 7A.
Volume 11 | Article 673901
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Baseline patient characteristics directly associated with
platinum administration in the first line were a better baseline
ECOG PS (129/141 first-line patients with ECOG PS 0-1 received
platinum vs. 1/4 with ECOG ≥2, p<0.001) and younger age below
the median value of 65 years for the entire study population (79/
84 platinum-treated patients with age <65 vs. 62/74 platinum-
treated older patients, p=0.038, Figure 3). Both patient age and
ECOG PS were significantly associated with OS only in
univariable, but not in multivariable testing (Table 2), which
suggests their relationship with patient survival is indirect, due to
their influence on whether platinum-based treatment can be
administered or not. A better baseline ECOG PS was significantly
associated with fewer comorbidities, measured as a lower
simplified comorbidity score (SCS, r=0.28, p=0.002), and – to a
lesser extent – with younger age (r=0.18, p=0.022). Of note,
baseline serum levels of the tumor markers NSE, CYFRA 21-1,
CEA, the blood neutrophil-to-lymphocyte ratio (NLR), smoking
status, and presence of brain metastases at diagnosis were not
significantly associated with either PFS or OS of patients with
metastatic LCNEC (Table 2).

De Novo vs. Secondary Metastatic LCNEC
The 36 (19%) patients with secondary metastatic LCNEC (Table 1)
had a longer OS from treatment start for metastatic disease than
patients with de novo stage IV tumors (12.6 vs. 8.7 months in
median, HR 0.56 with p=0.033, Figure 4A and Table 2). However,
this association did not persist in multivariable testing (Table 2),
and was therefore not direct, but possibly linked with the lower
number of metastatic sites at diagnosis of secondary cases (average
1.6 vs. 2.0 for de novo cases, p=0.041, Figure 4B), which itself was an
independent predictor of longer OS (Table 2). In addition, patients
with secondary stage IV LCNEC had a better ECOG PS at diagnosis
Frontiers in Oncology | www.frontiersin.org 5
(ECOG 0 PS 61% vs. 39% for de novo cases, p=0.039, Figure 4C),
which was associated with a higher likelihood of platinum-based
therapy (Figure 3).

Attrition Between Lines of Systemic
Treatment for Metastatic LCNEC
Among the entire study population, the percentage of patients
who died without systemic treatment was 12% (23/191). Main
reason was tumor-related clinical deterioration (n=13, 7%),
while patient refusal of therapy (n=5) and severe concomitant
illness (n=5, namely end-stage COPD in two cases, high-grade
combined valvular heart disease, severe epilepsy, and psychosis
requiring hospitalization) were less frequent. The median
number of lines for palliative systemic treatment was 1
(range 1-7, Table 1). Among the 111 deceased patients with
palliative systemic treatment and complete follow-up until
death available (Figure 1), any second-line systemic
treatment was administered to 41% (95% confidence interval
[CI] 33%-51%, n=46, Figure 5). Between the second and third
lines, a comparable attrition of 54% (25/46, CI 40%-68%) was
observed (Figure 5). Platinum-based regimens dominated the
first line (86% or 95/111) but were much less frequent
subsequently (20% or 9/46 in the second, and 12% or 3/25
in the third line, p<0.001 compared to the first line, Figure 5).
However, the attrition rate did not differ significantly for
platinum vs. non-platinum-based regimens across the first 3
treatment lines (average rate of subsequent therapy 46.6% vs.
42.5%, respectively p=0.56 with a mixed linear model, as
described in the Methods). Baseline parameters significantly
associated with a lack of next-line treatment were higher
serum LDH levels (66% vs. 43% for patients with serum
LDH at diagnosis above or below the median, p=0.0214,
TABLE 2 | Progression-free and overall survival of patients with metastatic LCNEC without treatable mutations.

Univariable 1L PFS HR
(95% CI)

Multivariable 1L PFS HR
(95% CI)

Univariable OS HR
(95% CI)

Multivariable OS HR
(95% CI)

Age (</≥ 65) 0.85 (0.61-1.20) p=0.37 0.64 (0.45-0.90) p=0.01 —

Sex (male) 0.90 (0.63-1.28) p=0.54 0.63 0.64-1.31 p=0.63
Smoker status (≥ 10 pack-years) 0.90 (0.41-1.95) p=0.79 0.77 (0.31-1.89) p=0.57
ECOG performance status 1.30 (0.94-1.78) p=0.11 1.75 (1.30-2.35) p<0.001 —

De novo vs. secondary metastatic disease 0.78 (0.56-1.54) p=0.78 0.56 (0.33-0.95) p=0.033 —

Number of metastatic sites (≤/>1) 0.68 (0.48-0.96) p=0.030 0.65 (0.44-0.97) p=0.035 0.61 (0.43-0.86) p=0.005 0.52 (0.33-0.83) p=0.006
Presence of brain metastases 0.87 (0.61-1.26) p=0.47 1.14 (0.80-1.63) p=0.46
SCS (≤/>8) 0.70 (0.47-1.04) p=0.08 1.28 (0.86-1.91) p=0.22
Platinum-based first line 0.31 (0.18-0.54) p<0.001 0.29 (0.15-0.54) p<0.001 0.34 (0.19-0.60) p<0.001 0.20 (0.10-0.42) p<0.001
Platinum compound (cisplatin vs. carboplatin) 0.72 (0.38-1.35) p=0.30 0.72 (0.39-1.31) p=0.28
Platinum partner (etoposide vs. others 1) 0.82 (0.56-1.20) p=0.30 1.04 (0.73-1.50) p=0.82
Immunotherapy (vs. other systemic therapy) 1 n/a (3 cases) 0.38 (0.18-0.77) p=0.007 0.39 (0.16-0.93) p=0.034
Additional local therapy (radiotherapy/surgery 2) 0.69 (0.49-0.98) p=0.035 0.64 (0.44-0.95) p=0.026 0.70 (0.50-0.98) p=0.038 0.67 (0.43-1.04) p=0.08
Blood NLR (</≥ 5) 0.99 (0.69-1.45) p=0.99 0.70 (0.49-0.99) p=0.049 0.66 (0.43-1.01) p=0.052
Serum LDH (</≥ 271 U/l) 0.69 (0.48-1.01) p=0.057 0.55 (0.38-0.79) p=0.001 0.54 (0.34-0.85) p=0.008
Serum NSE (</≥ 32 mg/l) 0.63 (0.43-0.92) p=0.017 — 1.59 (1.10-0.31) p=0.013 —

Serum CYFRA (</≥ 4 mg/l) 0.77 (0.51-1.14) p=0.19 0.84 (0.57-1.24) p=0.39
Serum CEA (</≥ 4 mg/l) 0.85 (0.58-1.25) p=0.42 0.95 (0.65-1.38) p=0.77
July 2021 | Vo
1L, first line; SCS, simplified comorbidity score; n/a, not applicable.
1 for details please see footnote 3 and 5 of Table 1; 2 details about local therapies for patients with systemic treatment and complete follow-up are given in Figure 7A; for the PFS analysis,
only local therapies during the 1L were considered, while for the OS analysis local therapies at any line were considered.
The relationship of various parameters shown in Table 1 with progression-free survival (PFS) under first-line treatment, and overall survival (OS) was analyzed using a Cox regression.
Continuous variables were dichotomized at the median values for the entire population (Table 1). Hazard ratios (HR) are given with 95% confidence intervals (CI) and p-values. The
multivariable models were built with backward selection based on likelihood ratios using all parameters significant in univariable testing. Statistically significant results are highlighted in bold.
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Figure 6A), and a worse ECOG PS (68% vs. 48% for ECOG
≥1 vs. ECOG 0, chi-square p=0.036, Figure 6B). Along the
same lines, the total number of chemotherapy lines
administered to each patient correlated negatively with the
baseline serum LDH levels (r=-0.22, p=0.03) and the ECOG PS
at initial diagnosis (r=-0.20, p = 0.046).

Utilization of Local Therapies and
Relationship With Survival in Metastatic
LCNEC
Among the 111 deceased patients who received palliative
systemic treatment and had complete follow-up until death
(Figure 1), definitive local treatments in curative intention
were administered to 8 for oligometastatic disease (7.2%),
while 63 (57%) patients received palliative radiotherapy
(n=47), palliative surgery (n=5), or both (n=11) in any therapy
line (Table 1 and Figure 7A). After exclusion of oligometastatic
cases, administration of palliative local therapies at any time
during systemic treatment correlated positively with OS (HR
0.58 with p=0.008, Figure 7B) and the total number of
chemotherapy lines (r=0.27, p=0.004). However, the
Frontiers in Oncology | www.frontiersin.org 6
association between local therapies and OS did not persist with
multivariable testing (Table 2) and was therefore probably not
causal, but rather secondary due to the longer duration of
treatment for LCNEC patients with better prognosis.
DISCUSSION

LCNEC is a rare pulmonary malignancy with poor prognosis and
scarce evidence to guide management. These patients are
underrepresented in clinical trials of unselected NSCLC, while
published LCNEC series are either small, with generally fewer
than 50-70 cases (27), or rely on the basic information available
in national registers (28–32). Detailed capturing of heterogeneity
across the entire clinical spectrum of LCNEC requires deep
annotation of large patient numbers in order to provide
insights useful for management of this challenging entity.

The single most important factor for longer patient survival in
the vast majority of LCNEC patients without routinely treatable
genetic alterations according to the results of the current study is
A B

DC

FIGURE 2 | Overall survival of patients with metastatic LCNEC. (A) The median overall survival was 14.1 (95% confidence interval 7.9-20.3), 9.9 (8.6-11.2), 5.7 (4.3-7.1)
and 1.1 (0.6-1.6) months (p < 0.001) for patients with 0, 1, 2 or 3 risk factors (lack of highly active systemic treatment with platinum and/or immunotherapy and/or TKI,
baseline LDH ≥271 U/l, >1 initial metastatic sites; see Table 2). All patients with available values for all three parameters were included in this analysis (n = 135). (B) The
median overall survival (OS) was 5.7 months (3.2-8.2) for patients with diagnosis of stage IV and serum LDH equal to or above the median for the entire study population
(271 U/l, Table 1) vs. 10.9 months (9.9-11.9) for patients with diagnosis of stage IV and serum LDH below the median. (C) The median overall survival (OS) was
10.4 (8.5-12.3) months for patients with diagnosis of stage IV and ≤ 1 metastatic sites vs. 7.2 (5.3-10.0) months for patients with > 1 metastatic sites. (D) The median
overall survival (OS) was 26.4 (6.4-46.5) months for patients who received immunotherapy in any treatment line vs. 9.0 (7.5-10.2) months for non-immunotherapy-treated
patients, who received first-line platinum-based chemotherapy (logrank p=0.006 against immunotherapy) vs. 4.0 (1.6-6.4) months for patients who received other first-line
chemotherapies (logrank p = 0.00033 against platinum-based chemotherapy). The rare (n = 2) TKI-treated patients were excluded from this analysis.
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highly active systemic treatment with administration of
platinum-based chemotherapy and/or immunotherapy (Table
2 and Figure 2). The type of systemic treatment had a stronger
effect on OS and PFS than clinical disease parameters and
laboratory results, like the metastatic pattern and serum levels
of various tumor markers. In addition, the type of treatment
emerged as more important for patient survival than patient-
related characteristics, like age and ECOG PS, whose relationship
with OS did not persist in multivariable testing (Table 2) and
therefore likely results from their association with administration
or not of platinum-based chemotherapy (Figure 3). The
observed association between administration of local
treatments and longer OS (Figure 7) is probably also
secondary, due to the longer duration of treatment, which
permits more ablative interventions across the entire disease
trajectory, since this relationship did not persist in multivariable
testing either (Table 2). On the other hand, the type of platinum
drug (cisplatin or carboplatin) and the cytotoxic partner in the
platinum doublet (etoposide vs. other NSCLC drugs) did not
matter (Table 2). However, it should be noted here that our
“NSCLC-drug” group included mainly patients with platinum/
paclitaxel (n=54/64, footnote 3 of Table 1), so that putative
equivalence with etoposide cannot be safely concluded for
other chemotherapeutics, inasmuch a previous study has
demonstrated inferiority of pemetrexed in this setting (33).
The median PFS and OS of 4.6 and 9.0 months, respectively,
observed for patients receiving platinum-based first-line therapy
in this study (Figure 2) are comparable to the results of other
prospective and retrospective LCNEC series analyzing platinum
regimens, which have observed median PFS intervals of 4–6 and
median OS intervals of 8–12 months (10, 34–37).

Of particular interest are the more favorable characteristics and
course of LCNEC patients with secondary metastatic disease
Frontiers in Oncology | www.frontiersin.org 7
(Figure 4). This finding extends the observations of some older
studies, which had observed a longer OS for chemotherapy-treated
patients with secondary stage IV NSCLC of the usual histological
subtypes (38–40). Special features of secondary metastatic lung
cancer in the current and previous studies are a lower number of
initial metastatic sites and a better baseline ECOG PS (38, 39)
(Figure 4), parameters which are linked to a better OS of LCNEC
patients (Table 2) and could explain the improved prognosis
compared to de novo cases. These differences are likely caused by
the fact that secondary metastatic disease is diagnosed earlier,
during the routine follow-up after definitive treatment of the
preceding early-stage tumors, which can detect subsequent
relapse or progression already while this is still asymptomatic.
Consistent with this notion, a more recent study analyzing
tyrosine kinase inhibitor (TKI)-treated patients with EGFR-
mutated NSCLC found very similar molecular profiles between
de novo and secondary tumors, despite clinical differences similar
to those observed between de novo and secondary stage IV
LCNEC (41). Of note, the proportion of secondary metastatic
LCNEC, namely 36/191 or 19% in this study, is not a biologic
feature either, but depends on the efficacy of lung cancer detection
strategies. For example, the upcoming adoption of CT-based lung
cancer screening is expected to increase this ratio, since many
tumors currently detected as de novo metastatic LCNEC will then
be diagnosed already in earlier stages, and also proportionally
contribute more to the pool of “secondary” cases after relapse (42).

The observed patient attrition rate between lines of systemic
treatment observed in this study was approximately 50% (Figure
5), which is very similar to the rate reported for chemotherapy-
treated NSCLC of the usual histological subtypes (43–45). Lack of
subsequent treatment was significantly associated with more
aggressive disease, evident as a higher baseline serum LDH
(Figure 6A), and with a worse patient condition, as captured by
A B

FIGURE 3 | Factors associated with platinum-based first line in metastatic LCNEC. (A) The rate of platinum-based first-line treatment was 99% (65/66), 85% (64/
75), 50% (1/2), and 0% (0/2) among patients with ECOG performance status (PS) 0, 1, 2, and ≥3 (chi-square p = 0.00004). (B) The rate of platinum-based first line
treatment was 94% (79/84) among patients younger vs. 84% (141/158) among patients older than 65 years (median age, Table 1, chi-square p = 0.038).
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a worse ECOG PS at diagnosis (Figure 6B), but did not differ
according to the type of treatment (platinum-based or not, Figure
5). The lower rate of attrition reported for EGFR- and ALK-
mutated NSCLC, i.e. approximately 30% in the real-world setting (
(46) and data of the authors about ALK+ NSCLC currently under
review for publication), is probably attributable to the higher
Frontiers in Oncology | www.frontiersin.org 8
efficacy of targeted therapies and the lower biologic
aggressiveness of these tumors (47, 48), as also suggested by the
more frequent occurrence of oligoprogression in these tumors
compared to non-oncogene-dependent NSCLC (49).

The clinical utility of TKI is very limited in LCNEC currently,
because routinely actionable genetic alterations are exceedingly
A

B C

FIGURE 4 | The clinical profile and survival of patients with secondary metastatic LCNEC. (A) The median overall survival from treatment start for stage IV disease
was 12.6 (95% confidence interval [CI] 8.8-16.5) vs. 8.7 (6.9-10.4) months for patients with secondary vs. de novo metastatic LCNEC (logrank p = 0.030). (B) The
median number of metastatic sites was 1.56 (standard error of the mean [SEM] 0.15) vs. 1.99 (SE 0.16, p = 0.041 with a t-test) for patients with secondary vs. de
novo metastatic LCNEC. Error bars indicate SEM. (C) The percentage of cases with ECOG performance status (PS) 0 was 61% (20/33, CI 42-79) among patients
with secondary vs. 41% (56/138, CI 32-49) among patients with de novo metastatic LCNEC (chi-square p = 0.038). Error bars indicate CI.
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rare, <2% in the literature (7, 50) as well as our cohort (Table 1),
and “blind” administration of targeted drugs without reliable
predictive biomarkers is unlikely to have a significant impact
(51). This underlines the importance of immunotherapy, for
Frontiers in Oncology | www.frontiersin.org 9
which a survival benefit of several months has recently been
demonstrated in several retrospective series of LCNEC patients
(15–18). In our study, the gain was also considerable, with a
median OS from the start of palliative systemic treatment
FIGURE 5 | Flow of patients with metastatic LCNEC across treatment lines. This analysis was performed in the subset of patients who received palliative systemic
treatment and have complete follow-up available until death (Figure 1). ACO, adriamycin, cyclophosphamide, vincristine; TKI, tyrosine kinase inhibitors;
immunotherapy: immune checkpoint inhibitors. The ALK-positive LCNEC patient has been published previously (26). * 4th and subsequent lines cumulated; ****p <
0.0001 with a chi-square test for the percentage of platinum-based vs. non-platinum-based therapies in the first vs. second and third line; p = 0.56 with a mixed
linear model for the attrition rate after platinum-based vs. other chemotherapies across the first three treatment lines.
A B

FIGURE 6 | Baseline parameters at initial diagnosis associated with lack of subsequent treatment in metastatic LCNEC. This analysis was performed in the subset
of patients who received palliative systemic treatment and have complete follow-up available until death (Figure 1). (A) The percentage of patients who missed
second-line treatment was 66% (29/44) among patients with metastatic LCNEC with a higher serum LDH at diagnosis (≥ 271 U/l, i.e. above the median value,
Table 1) vs. 43% (23/54) among patients with lower serum LDH levels (chi-square p = 0.0214). The LDH cut-off was based on the median value of the entire study
population (Table 1). (B) The percentage of patients who missed second-line treatment was 68% (41/60) among patients with metastatic LCNEC and an ECOG
performance status (PS) >0 at diagnosis vs. 48% (20/42) among patients with an ECOG PS 0 (chi-square p = 0.0357). The LDH and ECOG PS cut-offs were based
on the median values of the entire study population (Table 1).
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exceeding 2 years (Figure 2A). This result is well in line with the
higher tumor mutational burden (TMB) of LCNEC compared to
other lung cancers (52) and with the importance of PD-L1
expression on LCNEC cells and their microenvironment for
patient outcome (53). Of special interest in this regard is also
the exquisite immune reactivity of LCNEC, with readily
detectable T-cell receptor (TCR) repertoire alterations in the
peripheral blood, which could be exploited for guidance of
immunotherapeutic interventions and improved disease
monitoring (54).

Main limitation of our study is its retrospective design, which
cannot guarantee absence of some confounding. In addition,
delineating the diagnosis of LCNEC from the small biopsies
routinely used in case of metastatic disease is challenging and
cannot exclude presence of another NSCLC component outside the
sampled area (3). Nevertheless, this might not have major clinical
consequences, as mixed LCNEC tumors appear to have a similar
aggressiveness and prognosis as their “pure” counterparts (4).

Also, while the number of immunotherapy-treated patients in
our study was not large, our results add to the observations of
previous studies which similarly demonstrated a significant
benefit from immune checkpoint inhibitors in metastatic
LCNEC (15–18). Beyond this, our work describes one of the
largest published LCNEC cohorts, with homogenous decision-
making in the same institution and deep clinical annotation,
which make it a valuable source of insights into the
contemporary clinical reality of this rare entity. The
delineation of treatment patterns, elucidation of the complex
interplay between clinicolaboratory parameters and the disease
course, as well as the identification of factors with key importance
for patient survival presented here, could support daily clinical
Frontiers in Oncology | www.frontiersin.org 10
practice and provide a benchmark for assessing the real-world
impact of future therapeutic developments.
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