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Simple Summary: This study focuses on a new treatment approach for a rare and aggressive form
of lung cancer known as metastatic large-cell neuroendocrine carcinoma (LCNEC). The research
explores the potential benefits of adding a drug called atezolizumab to the standard chemotherapy
treatment for patients with this disease. Atezolizumab is an immunotherapy drug that helps the
body’s immune system fight cancer. The researchers also investigated a molecule in the blood, miR-
375, to see if it could help predict how well the treatment works. The findings suggest that
combining atezolizumab with chemotherapy may improve survival rates for patients with
metastatic LCNEC. This research is important because it offers hope for better treatment options for
patients with this challenging form of lung cancer, and it highlights the need for further studies to
confirm these promising results.

Abstract: Background: Large-cell neuroendocrine carcinoma presents significant treatment
challenges owing to its rarity and limited therapeutic options. The LANCE study was designed to
explore the survival benefits of incorporating atezolizumab in chemotherapy for metastatic LCNEC.
Methods: In this non-randomized study, patients with metastatic LCNEC were treated with either
standard chemotherapy plus atezolizumab or standard chemotherapy alone. The primary outcomes
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measured were progression-free survival (PFS) and overall survival (OS), with an exploratory
analysis of miR375 in plasma as a potential biomarker. Results: Of the 22 screened patients, 17 met
the inclusion criteria and were stratified into the atezolizumab and chemotherapy (n=10) or
chemotherapy alone(n=7) groups. After a median follow-up of 23.3 months, the 12-month survival
rate for the atezolizumab group was 57.1% (95% CI: 32.6%-100%) and 45.7% at 24 months (95% CI:
22.4%-93.2%). In contrast, the chemotherapy group had a 14.3% survival rate at both 12 and 24
months (95% CI: 2.33%-87.7%). The log-rank test for survival showed a statistically significant
difference in the atezolizumab-treated group (chi-squared = 4, df = 1, p = 0.04). A non-significant
correlation was found between disease progression and elevated levels of miR375. Conclusions:
This pilot study suggests that atezolizumab combined with chemotherapy may be effective in
treating metastatic LCNEC. The non-significant correlation between plasma miR375 levels and
disease progression suggests its biomarker potential, warranting further validation research.

Keywords: large cell neuroendocrine carcinoma; LCNEC; immunotherapy; atezolizumab; miR375

1. Introduction

Metastatic large-cell neuroendocrine carcinoma (LCNEC) is a rare and aggressive type of cancer,
with an age-adjusted incidence rate of 0.3/100.000 [1]. Previously classified as a subtype of non-small
cell lung cancer (NSCLC) by the World Health Organization, LCNEC was reclassified in 2015 to fall
within the range of neuroendocrine neoplasms [2]. Unlike advances in treatments for other
neuroendocrine neoplasms [3-7], such as neuroendocrine tumors (NETs) and small cell lung cancer
(SCLC), therapeutic developments for metastatic LCNEC have been lagging and confined to
chemotherapeutic drugs [8-10].

The available prospective data on the efficacy of chemotherapy in patients with advanced
LCNEC are limited to the phase 2 GFPC 0302 study, which demonstrated a survival benefit with the
use of a platinum-etoposide combination [11]. A decade later, in the DART study, the efficacy of the
combination of nivolumab and ipilimumab was tested in high-grade neuroendocrine carcinomas,
including high-grade neuroendocrine carcinomas of the lungs. Although the number of patients was
small, a significant response to immunotherapy has been reported [12]. Additional evidence from
retrospective studies shows that a proportion of patients with LCNEC respond to immune checkpoint
inhibitors (ICIs) [13-16]. However, these studies used various ICIs without a clear advantage of one
drug over another or a suggested combination with chemotherapeutic drugs.

Atezolizumab (Tecentrig, F. Hoffmann-La Roche/Genentech) is a humanized monoclonal anti-
programmed death ligand 1 (PD-L1) that has shown efficacy in the treatment of metastatic SCLC and
has changed the standard of care after numerous negative trials [6]. Recent studies examining the
genetic and transcriptional profiles of LCNEC and SCLC have shown that, besides their significant
differences, they share some common features, such as neuroendocrine phenotype, high mutation
burden, and aggressive biological behavior [17,18]. Considering the overlapping biological features
and parallel chemotherapy strategies for both SCLC and LCNEC, investigation of the efficacy of
atezolizumab in patients with LCNEC is necessary.

In the LANCE study, we assessed the effectiveness of adding atezolizumab to chemotherapy for
improving survival. Furthermore, we evaluated miR-375, a plasma marker that has been suggested
to have diagnostic and prognostic value in patients with neuroendocrine carcinomas, as a potential
biomarker [19,20].

2. Materials and Methods
Patient Selection and Pathology Review

In this non-randomized study, we prospectively enrolled all consecutive patients with
histologically confirmed metastatic lung-derived LCNEC who presented to the 3rd Department of
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Medicine of the National and Kapodistrian University of Athens, Sotiria Chest Diseases Hospital,
between November 2019 and August 2022. This study consisted of two cohorts and was conducted
at a single institution. Enrolled patients provided written informed consent. Patient enrollment
fulfilled the following inclusion criteria: i) histological diagnosis of lung-derived LCNEC by two
independent pathologists, ii) histological or radiological confirmation of metastatic disease, and III)
stable clinical condition (Eastern Cooperative Performance Status [ECOG PS] <2) to receive treatment
upon physician evaluation. A second pathologist’s review was required after screening and blinded
to the initial report. In the event of a discrepancy, a third pathologist’s review was requested, and
two unanimous reports were required for the final diagnosis. Exclusion criteria included i) prior
systemic treatment for their disease, ii) ECOG PS >2, and iii) contraindication to receive treatment
with ICIs. Patients with brain metastases upon initial diagnosis were considered eligible for
enrollment after receiving whole-brain radiotherapy. All patients were monitored from the initiation
of their treatment until August 2022. The study protocol was approved by the Institutional Review
Board of the Sotiria Chest Diseases Hospital (Athens, Greece; approval number: 4101/19) and was
conducted in accordance with the Declaration of Helsinki. This study was registered at
ClinicalTrials.gov (NCT06049966).

Study Design

Since atezolizumab in combination with chemotherapy is not an approved regimen for the
management of LCNEC in real-world clinical practice, applications were submitted to the national
regulatory authorities (National Organization for the Provision of Health Services,EOPYY) for all
patients to receive immunotherapy with atezolizumab (1200 mg on day 1), along with carboplatin
(AUCS5 on Day 1) and etoposide (100 mg/m? on Days 1-3) every 21 days for four cycles. Each request
was evaluated individually by different members of EOPYY board. Patients who were granted
approval for the regimen were stratified into the atezolizumab-chemotherapy (experimental) group
and the rest into the chemotherapy (control) group. Patients in the experimental group continued
with atezolizumab maintenance every 21 days after demonstrating a partial or complete response or
stable disease according to RECIST 1.1, until disease progression or serious adverse events occurred.
Patients of the control group were treated with only carboplatin and etoposide for up to six cycles.

In both arms, the patients continued with other treatments for disease progression based on the
physician’s choice. Therapy with ICIs or participation in clinical trials was not permitted for any later
lines of treatment. Assessment of response to treatment with computerized tomography (CT) and
physical evaluation was scheduled once upon completion of the combination treatment and then
every three—four months unless new onset of persistent symptoms or clinical deterioration of the
patient indicated the need for early examination. The management of adverse effects and decisions
regarding treatment discontinuation in patients receiving atezolizumab therapy followed the
European Society of Medical Oncology (ESMO) guidelines for supportive and palliative care [21].

Endpoints

The primary endpoints were overall survival (OS; time from treatment initiation to death from
any cause) and progression-free survival (PFS; time from treatment initiation to disease progression
according to RECIST or death from any cause, whichever occurred first). Patients with no events were
censored on the date of their last follow-up. The censoring for Overall Survival (OS) and Progression-
Free Survival (PFS) was applied as of the last date on which the survival status was verified for
patients who had not experienced documented disease progression and remained alive. Other key
secondary end points were the overall response rate (ORR; the percentage of patients with a CR or
PR according to RECIST) the duration of response (DoR; the interval from response initiation, when
either CR or PRis first determined, to progression or death, whichever occurred first), and the kinetics
of miR357 in the plasma of patients

Statistical Analysis
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Statistical analysis was performed using R software, version 4.3.2. PFS and OS were estimated
using the Kaplan-Meier method with 95% confidence intervals (Cls). Survival distributions between
the groups were compared using the log-rank test. For the estimation of hazard ratios, Cox
Regression survival analysis was performed, including an assessment of the predictive
ability/concordance index. All statistical tests were two-sided, with the significance level set at P <
0.05.

The Shapiro-Wilk test was applied to evaluate the normality of miR375 expression levels.
Subsequently, given the non-normal distribution, we employed the non-parametric Wilcoxon rank-
sum test to compare miR375 levels between patients with large cell neuroendocrine carcinoma
(LCNEC) and healthy controls. In addition, the Mann-Whitney U test was used as a complementary
approach.

Spearman’s rank correlation coefficient was used to assess the correlation between changes in
miR375 expression and disease progression.

Detailed patient data and the R code used for statistical analyses are available in the
Supplementary Material.

miR357 Analysis

Plasma samples were collected from patients with LCNEC at two time points: immediately
before the start of treatment (baseline) and upon imaging-confirmed disease progression, or at the
end of the study follow-up period (follow-up).

The control samples were obtained from 13 healthy volunteers. These individuals had no history
of neoplasia and underwent thorough physical examinations, including chest radiography and
abdominal ultrasonography, which did not reveal any abnormalities that required further
investigation. Additionally, women underwent mammography and gynecological screening,
whereas men provided Prostate-Specific Antigen (PSA) values. Volunteers were matched to patients
with LCNEC in terms of age and sex. However, there was no matching for comorbidities and chronic
medications between the two groups.

All samples were centrifuged within one hour of collection at 1500 rpm for 15 minutes at 4 °C.
The isolated plasma was stored at -80 °C. Sample analysis commenced only after all the patient
samples were collected. The longest storage duration for all the samples was 26 months. Samples
showing evidence of hemolysis after centrifugation were excluded from the analysis, and RNA was
extracted from 200 pl of human plasma samples using the miRNeasy Serum/Plasma Kit (Qiagen) in
accordance with the manufacturer’s instructions. cDNA synthesis was carried out with 8 pl of plasma
RNA and the miRCURY LNA RT Kit in a 10 pl reaction, including the UniSp6 RNA spike-in (Qiagen).
miRNA quantification was performed using the miRCURY LNA SYBR Green PCR Kit (Qiagen), hsa-
miR-375-3p miRCURY LNA miRNA PCR Assay, and hsa-miR-103a-3p miRCURY LNA miRNA PCR
Assay Kit (Qiagen), according to the manufacturer’s instructions.

The reference gene used in this study was miR103a-3p. UniSp6 miRCURY LNA miRNA PCR
Assay was used to assess the consistency of cDNA synthesis and PCR amplification for all samples.
All real-time PCR reactions were performed using a CFX96 Real-Time PCR Detection System (Bio-
Rad). The expression levels of miRNAs were determined using the 2 — AACt method and reported
relative to the control group.

This analysis was conducted at the Institute for Fundamental Biomedical Research (IFBR),
Biomedical Sciences Research Center, ‘Alexander Fleming.” This institution is responsible for all steps
of sample processing, RNA extraction, cDNA synthesis, and miRNA quantification.

3. Results

Between November 2019 and August 2022, 22 patients were prospectively screened for
enrollment in the study. Of the 22 patients, five were excluded as ineligible because they had
previously received chemotherapy and chest radiotherapy as they were initially diagnosed with
limited-stage disease. The remaining 17 patients met all the eligibility criteria and were included in
the study. The biopsies of the enrolled patients were reviewed by a second pathologist. In two
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patients, a third consultation was required to confirm the diagnosis of LCNEC. Of these patients, 10
were recruited to the experimental arm and treated with carboplatin, etoposide, and atezolizumab,
while seven patients were treated with carboplatin and etoposide and served as the control arm
(Figure 1). The median follow-up duration was 23.3 months.

Patients with LCNEC screened (n=22)

/ \

Treated with ChT + Atezolizumab (n=10) Treated with ChT (n=7)

W}d samples for amVBlood samples for analysis

Blood samples (n=14)
For miR375 analysis

Excluded (n=5)
Reason: Previous treatment

Figure 1. Patient flowchart and time sampling, LCNEC: Large Cell Neuroendocrine Carcinoma, ChT:
Chemotherapy.

The baseline clinicopathological characteristics were well-balanced between the two treatment
groups (Table 1). The median age of patients in the experimental arm, receiving chemotherapy plus
atezolizumab, was 68.5 years (range 54-82), compared to 76 years (range 53-85) in the control arm
treated with chemotherapy alone. The majority of patients in both groups were male, accounting for
80% of the patients in the experimental arm and 85.7% in the control arm. Regarding smoking status,
current smokers comprised 70% of the experimental group and 71.4% of the control group, with
former and never-smokers accounting for a smaller proportion in both groups. All patients in both
groups were Caucasians.

Table 1. Patient characteristics. Abbreviations: IHC = immunohistochemistry, EGOG = eastern
cooperative oncology group.

Chemotherapy plus
h h 9 P(T
Atezolizumab (%) Chemotherapy (%) (T test)
Age 68,5 (54 — 82) 76 (53 — 85) 0.31
Male sex 80 85.7 0.79
Smoking Status

Current 70 71.4

Former 20 14.3 0.80
Never 10 14.3
Race Caucasian 100 100

Time from diagnosis to 35 2% 077

treatment (days)
Brain metastases 20 28.6 0.74
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Liver metastases 20 28.6 0.71
ECOF Performance
Stat‘t)s (%) 30 28.6 048
1 40 42.8 )
28.
) 30 8.6
TP53 positive IHC 80 71.4 0.71
RB1 positive IHC 40 429 091
Ki67% (median) 75 70 0.93

The time from diagnosis to treatment initiation was 35 and 26 days in the experimental and
control arms, respectively. The incidence of brain metastases was slightly higher in the control group
(28.6%) than in the experimental group (20%). A similar pattern was observed for liver metastases
(28.6% in the control group and 20% in the experimental group). As for the Eastern Cooperative
Oncology Group (ECOG) Performance Status, both groups had similar distributions across categories
0, 1, and 2. TP53 positive immunohistochemistry (IHC) was observed in 80% of the experimental
group and 71.4% of the control group. RB1 positive IHC was present in 40% of the experimental
group and 42.9% of the control group. Previous studies have shown that mutations in TP53 were
detected in 78% of LCNEC tumors, whereas the second most frequently mutated gene was RB1
(38%)[18]. Finally, the median Ki67% was 75% in the experimental arm and 70% in the control arm.

Effectiveness of Atezolizumab

Response Rate and Duration of Response

The Objective Response Rate (ORR) was 50% for the chemotherapy plus atezolizumab group
(ChT plus Atezo) and 42.9% for the chemotherapy alone (ChT) group. By the end of the study follow-
up period, 40% of the patients in the experimental arm demonstrated a durable clinical benefit in
contrast to the control arm, where no patients survived (Figure 2).

A
o A
° A
2 0 A
c
Q ° A 2nd line treatment
g - A Death
oA @®  Disease Progression
o——A == ChT plus Atezolizumab
o—A me====_ ChT
o A
oA
o A
o—A
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Months

Figure 2. Swimmer’s plot of patient overall survival showing the type of treatment, point of disease
progression, and death for each patient and the patients who received 2nd line treatment.
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Progression-free Survival (PFS)

In our analysis of the median PFS for both treatment groups, we encountered a limitation owing
to the small sample size and lack of sufficient events. As a result, we were unable to calculate the
definitive median PFS for either treatment group. Given these constraints, we chose to present
survival data at specific time points, namely, at 12 and 24 months. This approach allowed us to
provide a more accurate and meaningful interpretation of the available data, focusing on the survival
rates at these time intervals.

The PFS analysis revealed a 12-month estimated progression-free rate of 46.7% for the ChT plus
Atezo group (95% CI, 23.3%-93.6%), which was significantly higher than the 14.3% observed in the
ChT group (95% CI, 2.33%-87.7%). The 24-month progression-free rates remained unchanged from
the 12-month estimates in both the treatment arms (Figure 3). A log-rank test for PFS indicated a
statistically significant difference between the two treatment groups (chi-square =3.9, df =1, p=0.05).
The adjusted hazard ratio for PFS was 0.32 (95% CI, 0.10 to 1.04).

=+ ChT plus Atezolizumab =+ ChT

12-month estimated progression-free rates
ChTAtezo 46.7% (95% Cl, 23.3%-93.6%)

| ChT 14.3% (95% Cl, 2.33%-87.7%)
l" 24-month estimated progression-free rates

ChTAtezo 46.7% (95% Cl, 23.3%-93.6%)

ChT 14.3% (95% Cl, 2.33%-87.7%)

HR = 0.32 (95% ClI, 0.10 to 1.04)
Log-rank test p-value = 0.05

100% i[
|

75%

50% 1

25% 4

0% T

Patients Who Survived Without Disease Progression(%)

6 é ;1 é é 110 1I2 1I4 116 1I8 2I0 2I2 2‘4 2l6 2I8 3IO
Months

Figure 3. Kaplan Meier estimates for progression-free survival.

Owverall Survival (OS)

Our analysis failed to establish definitive median survival times for the experimental treatment
group, likely because of the small sample size and inadequate event occurrence during the
observation period. The OS analysis indicated that the ChT plus Atezo group had an estimated 12-
month survival rate of 57.1% (95% CI, 32.6% - 100%) and a 24-month survival rate of 45.7% (95% CI,
22.4%-93.2%). In contrast, the ChT group had an estimated 12- and 24-month survival rate of 14.3%,
with a 95% CI ranging from 2.33% to 87.7% (Figure 4). A log-rank test for OS showed a statistically
significant difference in survival between the two treatment groups (chi-square =4, df =1, p = 0.04).
Overall survival univariate HR for the two treatment groups based on the log-rank method showed
a borderline significant benefit for the atezolizumab-treated group (HR= 0.37, 95%ClI, 0.10-1.05).
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=+ ChT plus Atezolizumab =+ ChT

100%

12-month estimated survival rates
ChTAtezo 57.1% (95% Cl, 32.6%-100%)
ChT 14.3% (95% Cl, 2.33%-87.7%)
24-month estimated survival rates
ChTAtezo 45.7% (95% Cl, 22.4%-93.2%)
ChT 14.3% (95% Cl, 2.33% to 87.7%)

75% 1

50%

Patients Who Survived (%)

25% 1

HR = 0.37 (95% Cl, 0.10 to 1.05)
Log-rank test p-value= 0.045

0%

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Months

Figure 4. Kaplan-Meier estimates for overall survival.

Safety of Atezolizumab

Two patients who experienced grade 3 immunotherapy-related adverse events (AEs) were
required to discontinue treatment and were administered prednisolone (1 mg/kg) until their
symptoms improved to grade 1. Following resolution of their side effects, both patients were able to
continue treatment with atezolizumab. The first patient developed a grade 3 skin reaction, specifically
exfoliative dermatitis, on the dorsal and palmar surfaces of their upper limbs and on their trunk and
thighs after the 10th cycle of maintenance treatment with atezolizumab. Lesions on the trunk and
thighs had a less aggressive appearance than those on the upper limbs. Treatment with prednisolone
resulted in resolution of the lesions to grade 1, and the patient was able to continue treatment.
However, by the end of the follow-up period, the toxicity remained at grade 1 but did not fully remit.
The second patient experienced pneumonitis after six months of treatment with atezolizumab.
Prednisolone treatment for two months resulted in the complete resolution of pneumonitis. No other
Grade 3 or 4 immune-related events were observed in the study follow-up period

Survival Analysis Using Cox Proportional Hazards Model

In a Cox proportional hazards regression analysis, the treatment variable showed an estimated
adjusted hazard ratio (HR) of 0.33 (95% CI: 0.0177-6.33). The unadjusted HR for the treatment effect
was 0.32 (95%CI, 0.10- 1.05) p = 0.06) (Figure 5).
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Figure 5. Cox regression survival analysis including the treatment, age, sex, de novo brain and liver
metastasis, ki67, TP53, RB1 status, and First Response.

Further subgroup analysis was performed for baseline clinicopathological parameters using the
Cox proportional hazards model. In the multivariate analysis, brain metastasis was associated with
a more than threefold increase in the hazard ratio HR=3.24, p = 0.303. Similarly, liver metastasis, sex,
RB1 and TP53 mutations, and Ki67 levels were not significantly associated with survival outcomes.

“First response” was defined as response or not based on the RECIST criteria after completion
of four cycles of treatment and was characterized as either: 1) complete response (CR), partial
response (PR), stable disease (SD) and 2) disease progression (PD). The first response to treatment
was a strong predictor of better survival, with a 98% reduction in the hazard ratio (HR, 0.02; 95%
confidence interval [CI], 0.00085-0.48; p = 0.016), indicating that patients who responded (CR/PR/SD)
during the first 4 cycles of treatment had significantly improved survival rates. The model
demonstrated good predictive ability with a concordance index of 0.89 and a global p-value of 0.002
from the log-rank test.

miR-375

Samples deemed sufficient for miR375 analysis were collected from 14 of the 17 patients
included in the study. In two patients, blood was collected only before the start of treatment and not
subsequently, as the patients died within the first few cycles of treatment. In the remaining 12
patients, plasma was collected before and at the time of disease progression or at the end of the study
follow-up interval. The miR375 concentrations in samples collected from 13 male volunteers were
used for comparison.

Comparison of mi375 baseline plasma levels between patients and healthy volunteers did not
show a statistically significant difference in the median levels of miR-375 between the two groups (p
=0.16)

We then examined whether the change in plasma miR375 concentration values in patients with
LCNEC was associated with disease progression. To assess the relationship between the increase in
miR375 levels and disease progression, we performed Spearman’s rank correlation analysis. The
analysis yielded a Spearman’s rho value of 0.52, suggesting a moderate positive correlation.
However, the p-value of 0.07 suggests that this correlation is not statistically significant at the level
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of 0.05. Further investigation with a larger sample size or additional variables may be necessary to
fully understand the potential predictive value of miR375 levels for disease progression in patients
with LCNEC

4. Discussion

To the best of our knowledge, this study represents the first prospective, real-world study on
the efficacy of combining atezolizumab with chemotherapy for the treatment of patients with
metastatic LCNEC. Immune checkpoint inhibitors have revolutionized the treatment of various types
of cancer, including metastatic SCLC, and their efficacy has been evaluated in neuroendocrine tumors
with promising results [22,23]. However, there are limited data available on their efficacy in LCNEC,
with most existing studies being retrospective in nature. Recent publications indicate that
chemotherapy is the most commonly used treatment option for LCNEC, followed by surgery and
radiotherapy [24].

The LANCE trial was a prospective, non-randomized pilot study that enrolled patients with
histologically confirmed metastatic lung-derived LCNEC. These patients were treated with either
chemotherapy in combination with atezolizumab, or chemotherapy alone. Despite the absence of
randomization, the participants’ baseline characteristics were well balanced. The results of the study
showed that patients who were administered combination chemotherapy with atezolizumab
demonstrated a significantly greater likelihood of achieving progression-free survival and overall
survival at 12 and 24 months than those who received chemotherapy alone. Specifically, the 12-month
progression-free rate for the combination therapy was 46.7%, which was significantly higher than
that in the chemotherapy-only group (14.3 %). This trend continued at the 24-month follow-up.
Similarly, the 12-month overall survival rate was 57.1% in the combination group versus 14.3% in the
chemotherapy group, with a comparable pattern at 24 months. The hazard ratios indicated a strong
trend toward better outcomes with the addition of atezolizumab, suggesting its effectiveness in
improving patient survival.

By the end of the follow-up period, 40% of the patients in the ChT plus Atezo arm demonstrated
a durable clinical benefit, in contrast to the control arm, where no patients survived. This difference
underscores the potential of combining Chemotherapy with Atezolizumab to significantly improve
patient outcomes, in terms of both PFS and OS.

No new irAEs were observed in this study. In particular, two patients (20%) in the experimental
arm discontinued immunotherapy because of grade 3 immune-related AEs. One patient presented
with grade 3 dermatitis and one patient presented with grade 3 pneumonitis. In both cases, the
patients were treated for an extended period (approximately two months) with prednisone and
treatment was restarted when the AE was downgraded to Grade 1. Those findings are in line with
anticipated atezolizumab irAEs in other studies

miR-375 is associated with neuroendocrine lung neoplasms and is detected at high
concentrations in these cancers [20,25-27]. Reduced miR-375 expression inhibits neuroendocrine cell
differentiation and carcinogenesis, both in vitro and in vivo. Studies have found that miR-375 has
prognostic and predictive values in LCNEC. Increased miR-375 expression has been associated with
poor prognosis in LCNEC, with a median survival of 8-12 months [28-30]. These studies assessed the
predictive value of mir375 as a biomarker for chemotherapy-treated patients.

The LANCE trial evaluated plasma samples from 14 of the 17 enrolled patients to determine
miR375 levels. The analysis found that the median miR375 concentrations did not significantly differ
between the patient cohort with LCNEC and the healthy control group. Despite this, a moderate
positive association was observed between increased miR375 levels and the progression of LCNEC,
although this correlation was not statistically significant. Further large-scale studies are necessary to
determine the utility of miR375 as a reliable biomarker for disease progression.

The present study had several limitations. First, the sample size was relatively small, and the
fact that the study was conducted at a single center without enrolling patients with different
demographic characteristics may limit the generalizability of the results. However, to our knowledge,
the 17 patients with metastatic LCNEC included in this study represent one of the largest series of



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 March 2024 d0i:10.20944/preprints202403.0593.v1

11

immunotherapy studies on this rare disease, highlighting the challenges of conducting large-scale
studies on rare diseases, and emphasizing the significance of our findings. Additionally, the absence
of a randomization process in this study may have influenced the results; however, there were no
significant differences in the baseline or pathological characteristics of the patients or their tumors.
While these limitations are acknowledged, they can be addressed in future large multicenter studies.
Overall, this pilot study demonstrated prospective data supporting the significant survival benefit
associated with the addition of atezolizumab immunotherapy in metastatic LCNEC patients
receiving platinum-based chemotherapy.

5. Conclusions

The conclusions drawn from the LANCE trial underscore the potential of atezolizumab, in
combination with chemotherapy, as a promising therapeutic avenue for patients suffering from
metastatic Large Cell Neuroendocrine Carcinoma of the lung. Our study, albeit pilot in nature,
reveals a notable improvement in progression-free survival and overall survival rates among patients
treated with the combination therapy compared to those receiving chemotherapy alone. This
indicates not only the therapeutic efficacy of atezolizumab when paired with chemotherapy but also
highlights the necessity for further exploration into the integration of immunotherapy within
standard treatment protocols for metastatic LCNEC.

Furthermore, the exploratory analysis regarding the predictive value of plasma miR-375 levels
for disease progression, despite not reaching statistical significance, opens new avenues for research
into biomarkers that could guide treatment decisions and prognosis in LCNEC. Given the rarity and
complexity of this disease, the findings from the LANCE trial contribute valuable insights into the
treatment landscape of metastatic LCNEC, advocating for the pursuit of larger, randomized studies
to validate these preliminary outcomes and to further refine the role of miR-375 as a potential
biomarker. Moving forward, it is imperative to build upon this foundational work, aiming to enhance
patient outcomes through innovative and evidence-based treatment strategies.
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