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Objective: Extensive stage Small-Cell Lung Cancer (ES-SCLC) is the most lethal lung cancer, and the addition of immunotherapy 
conferred a slight survival benefit for patients. Extensive molecular profiling of patients treated with chemotherapy (CT) or 
chemotherapy plus immunotherapy (CT+IO) would be able to identify molecular factors associated with patients’ survival.
Material and Methods: In this retrospective study, 99 ES-SCLC patients were considered. Of the 79 includible patients, 42 received 
CT (median age 71 y/o, I–IIIQ: 65–76), and 37 received CT+IO (median age 71 y/o, I–IIIQ 66–75). The FoundationOne CDx assay 
was performed on patients’ tumor tissues.
Results: The most mutated genes were TP53 (99%), RB1 (78%), PTEN (23%) and MLL2 (20%), with no significant differences 
between the treatment groups. As a continuous variable, Tumor Mutation Burden (TMB) had an effect on patients’ progression-free 
survival (PFS) by type of treatment (HR 1.81 (95%, CI: 0.99–3.31) and HR 0.84 (95%, CI: 0.56–1.26) for patients treated with CT and 
CT+IO, respectively). TMB was also computed and dichotomized using two different cut-offs: considering cut-offs of 10 mut/Mb and 
>16 mut/Mb, 45 patients (57%) and 68 patients (86.1%) had a low TMB, respectively. A high TMB (cut-off 10 mut/Mb) predicted 
worse PFS in patients treated with CT (p=0.046); even though not statistically significant, a high TMB (cut-off 16 mut/Mb) predicted a 
better survival in patients treated with CT+IO. Moreover, at univariate analysis, MLL2 mutations were associated with better prognosis 
in the overall case series (HRPFS = 0.51, 95% CI: 0.28–0.94), and overall survival (HROS = 0.52, 95% CI: 0.28–0.97).
Conclusion: In ES-SCLC, TMB is associated with worse survival in patients treated with CT alone, and with better survival in 
patients treated with CT+IO, whether considered as a continuous or a dichotomized variable, at different cut-offs. Alterations in 
epigenetic factors are also associated to better patient prognosis.
Keywords: small-cell lung cancer, predictive biomarkers, immunotherapy, patients prognosis, tumor mutation burden

Introduction
Lung cancer accounts for one in 10 diagnosed cancers and one in 5 cancer-related deaths, ranking as the second most 
common and the most lethal malignancy.1 Small-cell lung cancer (SCLC) accounts for 15% of all lung cancers, 
representing the most aggressive malignancy of the lung and one of the most lethal cancer histologies, associated with 
an early metastatic spread and a fast tumor growth rate, resulting in a median 5-year overall survival of 2% and a median 
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survival time of 7 months.2–5 SCLC is a high-grade neuroendocrine tumor frequently associated with paraneoplastic 
syndromes, eg hypercalcemia or Cushing syndrome, with a strong link with tobacco consumption as the major associated 
risk factor;6 in fact, SCLC prevalence demonstrated to be similar to smoking prevalence in the last 40 years, and only 2% 
of SCLC cases are diagnosed in never-smokers (defined as never-smoking or <100 cigarettes in the whole lifetime).7,8

SCLC is defined to be limited stage (LS-SCLC) whether the malignancy can be encompassed within a reasonable 
radiation field, while extensive stage SCLC (ES-SCLC) is defined for a malignancy greater than a single radiation area,9 

and this staging system has an impact both on therapeutic options and patients’ prognosis.
From a genomic point of view, the vast majority of SCLC are associated to functional inactivation of tumor 

suppressor genes TP53 and RB1, which are crucial checkpoints in response to cell stress in inducing apoptosis and in 
the inhibition of S phase entry, respectively.6 Frequent genomic alterations found in SCLC patient affect MYC family 
members (MYC, MYCL and MYCN)10–12 and FGF receptors, as well as alterations in the NOTCH pathway,13,14 PTEN 
pathway,15,16 and in the cell cycle checkpoints kinases ATR, WEE1 and CHK1.17–20 Another frequent alteration found is 
the inactivating mutation of KMT2D (also known as MLL2), a histone modifier and chromatin remodeling agent, found 
mutated in 8% of SCLC patients.21 While genomic profiling did not highlight molecular distinct subtypes, more recently 
transcriptomic analysis and related epigenetic profiling suggested different SCLC subtypes.

In fact, basing on both human and murine models, different dominant transcriptional regulators of SCLC, which could 
uncover novel tumor susceptibilities based on cancer heterogeneity have been identified.22–24 In particular, four cancer 
subtypes have been identified, based on the expression of ASCL-1 (subtypes SCLC-A and SCLC-A2, depending on the 
high co-expression of HES1), NEUROD1 (subtype SCLC-N), both characterizing neuroendocrine tumors from an 
histological point of view, and POU2F3 (subtype SCLC-P) and YAP1 (subtype SCLC-Y) as less neuroendocrine 
subtypes.25,26 Moreover, it has been demonstrated that the different subtypes show heterogeneity and plasticity in 
relation to time and the treatment received, with a certain hierarchy of SCLC-A evolving to SCLC-N and then to 
SCLC-Y,26 representing the possible main evasion mechanism to treatment.27

Despite the identification of these subtypes, the treatment for SCLC remains the same for all patients. In the last three 
decades, the standard of care for ES-SCLC has consisted in the use of platinum-based agents (cisplatin or carboplatin) 
together with etoposide.6 While radiotherapy has been usually administered with a palliative intent in ES-SCLC patients, 
in the last years two different Phase III trials demonstrated that the addition of an anti PD-L1 agent (either atezolizumab 
or durvalumab) to the first-line chemotherapy prolong both progression-free survival (PFS) and overall survival (OS) of 
patients.28,29 The approximate doubling of 2-year survival (from 11% to 22%) suggests that a portion of SCLC patients 
have a durable benefit from immunotherapy treatment, while a consistent subset of patients show no substantial clinical 
benefit. These emerging points create the need for the identification of molecular biomarkers of response to treatment, 
usable by clinicians to perform a patient’s selection.

Several biomarkers have been hypothesized to be predictive of survival and response to immunotherapeutic treatment, but 
to date no clinical or biological parameters have been validated to be useful in clinical practice in guiding patient stratification.

The aim of this study was to identify factors associated with patient survival through an extensive molecular 
characterization performed by the FoundationOne next-generation sequencing panel on the tumor tissue before the 
start of a chemo-immunotherapy or a treatment with chemotherapy alone.

Materials and Methods
Patients
This is an observational study on patients with ES-SCLC treated between 2011 and 2020 at the Oncology Departments of 
the Area Vasta Romagna catchment area, Italy. The main inclusion criteria were the diagnosis of ES-SCLC, >18 years old 
and the receiving of a cisplatin or carboplatin-etoposide based therapy, or a chemotherapy regimen with the addition of 
PD-L1 inhibitor atezolizumab as the first-line therapy. For each patient, clinical information was retrospectively collected 
through medical charts review. The most tumor representative histologic formalin-fixed paraffin-embedded block was 
selected, and an expert pathologist was required to select a tumor area containing at least 70% of malignant cells by 
hematoxylin-eosin staining. Ten tissue slides of 10 µM each were cut and sent for molecular analysis.
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A total of 99 patients satisfied the inclusion criteria. However, 18 patients had inadequate FFPE material. Of the 
remaining 81 patients, 2 patients were excluded due to missing follow-up information. Thus, 79 patients were finally 
analysed (Figure 1). Among the 79 eligible patients, 42 (53.2%) received chemotherapy alone and 37 (46.8%) chemo- 
immunotherapy as a first-line therapy; most of the patients included in our study (67 patients, 84.8%) had an ECOG ≤1 
(Table 1).

The study was approved by the Romagna Ethics Committee (CEROM), No. IRSTB128, Prot. 516/2021, I.5/150. It 
was also conducted in accordance with the Declaration of Helsinki 1964 and later versions, and all patients signed the 
informed consent.

Figure 1 Flow-chart of patients included in the study. 
Abbreviations: ES-SCLC, Extensive Stage Small-Cell Lung Cancer; CT, cisplatin or carboplatin plus etoposide; Atezo, atezolizumab.

Table 1 Baseline Clinical and Pathological Features of Patients (n = 79)

Total 
(n = 79)

CT 
(n = 42)

CT+IO 
(n=37)

p-value

n % n % n %

Gender 0.932

M 53 67.1 28 66.7 25 67.6

F 26 32.9 14 33.3 12 32.4

Median age [IQ-IIIQ] 71 [65–76] 71 [65–76] 71 [66–75] 0.925

Smoking habits 0.549

Ex-smoker 26 38.8 14 42.4 12 35.3

Current smoker 41 61.2 19 57.6 22 64.7

Missing 12 9 3

ECOG PS 0.029

≤1 67 84.8 32 76.2 35 94.6

>1 12 15.2 10 23.8 2 5.4

Palliative radiotherapy 0.067

No 53 67.1 32 76.82 21 56.8

Yes 26 32.9 10 23.8 16 43.2

(Continued)
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Sequencing Analysis
The samples were analysed using the next-generation sequencing Foundation One CDx panel, a clinically validated 
platform to detect substitutions, insertion and deletion alterations (indels), and copy number alterations (CNAs) in 324 
genes. Moreover, selected gene fusions, as well as genomic signatures such as microsatellite instability (MSI) and tumor 
mutational burden (TMB) are also included.

Gene variants emerged by sequencing analyses were classified according to Foundation One annotation, and 
categorized in known pathogenic, likely pathogenic and variants of unknown significance, by predicted somatic status 
and functional impact. Then, unknown variants by Foundation One annotation were annotated with Varsome (v. 11.7.6), 
to perform a further selection of non-pathogenic alterations. Then, variants classified as known and likely pathogenic, or 
of unknown significance by the two consequent annotation systems, were considered for analyses.

TMB was classified (I) as a continuous variable, and using two different cut-offs, (II) at 10 mut/mB, and (III) at 16 
mut/mB, as the most commonly referred to stratify patients who would likely benefit from immunotherapy.30–32

Statistical Analysis
Data were summarized by using median, first (IQ) and third (IIIQ) quartiles for continuous variables and natural 
frequencies and percentages for categorical ones.

Progression-free survival (PFS) was computed as the time in months from the start of first-line treatment to the date of 
disease progression or death from any cause, whichever occurred first, whereas the overall survival (OS) was computed 
as the time in months from the start of first-line treatment to the date of death from any cause. Patients alive without 
progression were censored at the date of the last follow-up contact. The median follow-up time was computed using the 
reverse Kaplan–Meier method whereas the survival curves were estimated using the Kaplan–Meier method, and 
comparisons were made using the Log rank test. Univariable and multivariable Cox regression models were employed 
to estimate hazard ratios (HR) and their corresponding 95% confidence intervals (CIs). For multivariate analyses, the 
decision about which factors to include into the models was not based exclusively on the results from univariate analyses 
but also on literature data and on the correlation among the available variables.

Results were considered statistically significant if the two-sided p-values were <0.05. Statistical analyses were 
conducted using STATA 15.0 (College Station, TX, USA).

Table 1 (Continued). 

Total 
(n = 79)

CT 
(n = 42)

CT+IO 
(n=37)

p-value

n % n % n %

Brain metastases 0.958

No 61 80.3 33 80.5 28 80.0

Yes 15 19.7 8 19.5 7 20.0

Missing 3 1 2

Bone metastases 0.558

No 42 60.0 21 63.6 21 56.8

Yes 28 40.0 12 36.4 16 42.2

Missing 9 9 –

Abbreviations: CT, cisplatin or carboplatin plus etoposide; IO, immunotherapy; ECOG PS, 
Eastern Cooperative Oncology Group Performance Status.
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Results
Association Between Clinical Information and Survival
The median PFS was 5.2 months (95% CI: 3.26–5.72) whereas the median OS was 7.5 months (95% CI 5.20–8.29) with 
a median follow-up time of 28.8 months (95% CI: 22.3 - Not reached - NR).

In our sample, there was no evidence of an association, at univariate level, between survival (both PFS or OS) and 
gender, age, smoking status, and presence of brain metastases whereas patients with a higher performance status showed 
a shorter survival as compared with patients with lower values (HRPFS = 2.98, 95% CI: 1.58–5.65, p = 0.001; HROS = 
3.20, 95% CI: 1.68–6.10, p <0.001) as well as those reporting bone metastases at diagnosis (HRPFS = 1.77, 95% CI: 
1.06–2.97, p = 0.029; HROS = 1.75, 95% CI: 1.05–2.93, p = 0.032), Supplementary Table 1. Patients treated with the 
addition of atezolizumab to carboplatin-etoposide had a significantly longer PFS and OS as compared with patients 
receiving chemotherapy alone. In particular, patients treated with chemo-immunotherapy reported a median PFS of 6.9 
months (95% CI: 4.77–8.52) as compared with 2.8 months (95% CI: 2.37–5.23) observed for patients treated with 
chemotherapy alone (HRPFS of CT+IO vs CT alone = 0.52, 95% CI: 0.33–0.83, p = 0.007). The median OS for patients 
treated with CT alone was 9.4 months (95% CI: 6.38–17.50), while median OS for patients treated with CT+IO was 5.2 
months (95% CI: 3.29–7.53), with a HROS of CT+IO vs CT alone = 0.50, 95% CI: 0.31–0.80, p = 0.004), Figure 2. When 
combined in multivariate analyses, ECOG PS, type of treatment received, and the presence of bone metastases resulted to 
be the main factors associated with both PFS and OS, Supplementary Table 1.

Figure 2 Kaplan–Meier curves for progression-free survival (A) and overall survival (B) by type of treatment. 
Abbreviations: CT, cisplatin or carboplatin plus etoposide; Atezo, atezolizumab.
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Sequencing results
Overall, the most frequently mutated genes were TP53 (78/79 patients, 99%) and RB1 (62/79 patients, 78%), with 
missense mutations as the most represented alterations. PTEN showed an alteration in 18/79 patients (23%) and, in 
particular, it was deleted in 7/79 (8.9%) patients. KMTD2, also known as MLL2, was found altered in 16 patients (20%). 
Other common mutations were those affecting SOX2 (11/79, 14% of patients), NKX2-1 (12/79, 15% of patients), 
CDKN2A (8/79, 10% of patients) and RICTOR (8/79, 10% of patients). Genes frequently altered in SCLC, such as 
CDKN2A, RICTOR, ARID1A and FGFR1 were found to be altered in 10%, 10%, 8% and 8%, respectively. The most 
frequently altered genes (mutation frequency higher than 5%) are displayed in Figure 3.

Figure 3 Oncoprint of the most frequently altered genes in the overall samples, with the indication of type of mutation, first-line treatment and response, and tumor 
mutation burden using the 10 mut/Mb. 
Abbreviations: CT, cisplatin or carboplatin plus etoposide; Atezo, atezolizumab; DCR, Disease Control Rate; NE, Not Evaluable.
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Overall, the median TMB was 8.8 mut/Mb [IQ-IIIQ 6.0–12.6]. Considering the TMB cut-off of 10 mut/Mb 34 
patients (43.0%) had a high TMB while considering the cut-off of 16 mut/Mb only 11 patients (13.9%) were defined to 
have a high TMB (Table 2).

Molecular Determinants of Patient Survival
Association Between Gene Alterations and Survival
Overall, only MLL2 alterations were associated with both longer PFS (HRPFS = 0.51, 95% CI: 0.28–0.94, p = 0.032), and 
OS (HROS = 0.52, 95% CI: 0.28–0.97, p = 0.041), Figure 4. MLL2 alterations were not associated with other clinical 
characteristics, results not shown.

Association Between Molecular Signatures and Survival
In the overall case series, microsatellite instability (MSI) status was available for 70 patients (88.6%); it resulted in 
undetermined by Foundation One analyses for 9 patients (11.4%). All patients except one (98.7%) were classified as MSI 
stable patients, while the only patient classified as MSI unstable also has a really high TMB (35.3 mut/Mb).

At univariate analyses, TMB was not associated with both PFS and OS, Table 3 – column “Univariate analyses”. 
When the type of treatment was considered, including also an interaction term between TMB and treatment, we found 
some evidence for a differential effect of TMB on PFS by type of treatment received. In particular, appropriately 
combining and exponentiating the coefficients from Model 3 in the top of Table 3, it results that the effect of TMB, as a 
continuous variable, among patients treated with chemotherapy alone was equal to an HRPFS of 1.81 (95% CI: 0.99–3.31) 
whereas that for those treated with chemo-immunotherapy was equal to an HRPFS of 0.84 (95% CI: 0.56–1.26), with a 
p-value for the interaction of 0.039. Similar results were obtained when using TMB as a dichotomous variable based on 
the two different cut-offs of 10 mut/Mb and of 16 mut/Mb (see Model 1 and 2 in the top of Table 3). With regard to OS, 
we obtain to some extent similar results as for PFS but without reaching the statistical significance. Indeed, in this case, 
the HRs for TMB are, respectively, 1.55 (95% CI: 0.87–2.78) and 0.89 (95% CI: 0.57–1.40), with a p-value for the 
interaction term of 0.139 (Model 3 in the bottom of Table 3). Supplementary Table 2 shows the results of additional 
analyses adjusting for gender, age, ECOG PS, and presence of bone metastases. Overall, most of the results were 
consistent with those reported in Table 3, especially for the PFS. Indeed, as from model 6 of Table S2, the effect of TMB 
on PFS among patients treated with chemotherapy alone resulted in a HR 1.88 (95% CI: 0.97–3.67) whereas HR for 
those treated with chemo-immunotherapy was 0.82 (95% CI: 0.53–1.30), with a p-value for the interaction of 0.048. With 
regard to the OS, after the adjustment, we did not observe an association with the TMB and the clinical endpoint.

Considering TMB with the two different cut-offs in PFS and OS analyses, we found that a cut-off of 10 mut/Mb was 
associated with worse PFS in patients treated with chemotherapy alone (p = 0.046), with a trend in OS (p = 0.057). 
Considering the cut-off of 16 mut/Mb, patients treated with chemotherapy plus immunotherapy had a slight better PFS 
with respect to patients treated with chemotherapy alone (p = 0.064), Supplementary Figure 1.

Table 2 Tumor Mutation Burden (TMB) Distribution

Tumor Mutation Burden

Median [IQ-IIIQ] 8.8 mut /Mb [6.0–12.6]

TMB (cut-off 10) n (%)

TMB low (<10 mut/Mb) 45 (57.0)

TMB high (≥10 mut/Mb) 34 (43.0)

TMB (cut-off 16) n (%)

TMB low (<16 mut/Mb) 68 (86.1)

TMB high (≥16 mut/Mb) 11 (13.9)

Abbreviations: IQ, first quartile; IIIQ, third quartile.
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Discussion
ES-SCLC accounts for the 65% of new SCLC diagnoses, and a 5-years OS less than 5% establishes ES-SCLC as one of 
the most lethal malignancies worldwide.33 The addition of immunotherapy to standard platinum-based plus etoposide 
regimens demonstrated a survival benefit for ES-SCLC patients in the IMPOWER133 and CASPIAN trials,28,34 finally 
shedding a light on a long-lasting clinical management algorithm. On the other hand, median OS in the IMPOWER133 
and CASPIAN updates were 12.3 months and 13.0 months for intention-to-treat populations, respectively, with respect to 
10.3 months in both studies for the control group,29,35,36 confirming ES-SCLC as a highly lethal malignancy, and creating 
the need to new biomarkers for better patient stratification.

In this study, we evaluated genetic features of an ES-SCLC patient cohort, half treated with standard chemotherapy, 
and half treated with the addition of anti-PD-L1 atezolizumab to standard schedule, to assess whether a mutational profile 
or genetic pattern could be a predictor of survival to an immunotherapy-based treatment. In our patients, the addition of 
atezolizumab to standard chemotherapy was associated to both longer PFS and OS, as observed in IMPOWER133 and 
CASPIAN prospective studies.28,34

The results obtained in our retrospective case series reflect those from the work by Sivakumar et al, who performed an 
integrative molecular analysis of the real-world repository of SCLC by Foundation Medicine Inc,37 even though we recorded 
slightly higher mutation rates in our case series, possibly for the inclusion of only ES-SCLC in our study. In fact, sequencing 
analyses of patients’ tumor tissue reflected the known molecular profile of SCLC, confirming TP53 and RB1 as the most 
frequently altered genes, found mutated in 99% and 78% of patients, respectively. These tumor suppressor genes are 

Figure 4 Kaplan–Meier curves for progression-free survival (A) and overall survival (B) by MLL2 mutational status.
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Table 3 Results from Univariable and Multivariable Cox Regression Models

Univariate Analyses Multivariate Analyses

Model 1 Model 2 Model 3

Coef. HR 95% CI P Coef. 95% CI P Coef. 95% CI P Coef. 95% CI P

PFS

TMB10 0.18 1.20 0.75–1.91 0.456 0.68 0.04–1.31 0.038

TMB16 −0.33 0.72 0.34–1.49 0.370 0.76 −0.13–1.65 0.096
TMBcont −0.01 0.99 0.96–1.02 0.435 0.59 −0.01–1.20 0.054

Treatment −0.37 −0.97–0.24 0.235 −0.43 −0.92–0.06 0.087 −0.71 −1.18 – −0.23 0.003

TMB10*Treatment −0.83 −1.80–0.14 0.092

TMB16*Treatment −2.05 −3.74 – −0.35 0.018
TMBcont*Treatment −0.77 −1.50 – −0.04 0.039

OS

TMB10 0.28 1.32 0.82–2.13 0.247 0.60 −0.03–1.23 0.061
TMB16 −0.19 0.83 0.40–1.73 0.612 0.56 −0.31–1.44 0.208

TMBcont −0.01 0.99 0.96–1.03 0.685 0.44 −0.14–1.02 0.139

Treatment −0.53 −1.15–0.09 0.093 −0.53 −1.03 – −0.03 0.038 −0.73 −1.21 – −0.25 0.003

TMB10*Treatment −0.53 −1.49–0.44 0.286
TMB16*Treatment −1.55 −3.23–0.13 0.070

TMBcont*Treatment −0.55 −1.29–0.18 0.139

Notes: Treatment refers to CT+IO (chemotherapy plus immunotherapy) versus CT (cis- or carboplatin plus etoposide). TMB10*Treatment, TMB16*Treatment, and TMBcont*Treatment refers to the interaction terms between TMB and 
type of treatment. 
Abbreviations: PFS, Progression-Free Survival; OS, Overall Survival; Coef, regression coefficient derived from the Cox model; HR, hazard ratio; CI, confidence interval; TMB, Tumor mutation burden; TMB10, TMB dichotomized using 
the cut-off of 10 mut/Mb; TMB16, TMB dichotomized using the cut-off of 16 mut/Mb; TMBcont, TMB as a continuous variable, log-transformed and centered on its mean.
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commonly inactivated in SCLC, and they are also involved in lung cancer cell plasticity, as the loss of TP53 and RB1 could 
guide the transition to SCLC as an acquired resistance mechanism to EGFR-tyrosine kinase inhibitors in EGFR-mutated 
NSCLC patients.38–42 PTEN was also found inactivated at high frequency in our case series. The loss of this tumor suppressor 
is another common event in SCLC carcinogenesis, concurring in loss of heterozygosity in lung cancer.43 Moreover, a recent 
study by Zhang et al identified PTEN loss as a driver of lineage plasticity, and transcriptional heterogeneity of SCLC in TP53 
and RB1 in vivo models, underlining the evidence that PTEN loss occurs spontaneously and it is kept selected during SCLC 
evolution.15,44 Interestingly, in all except one patient, a PI3KCA alteration was found co-occurring with a SOX2 mutation, 
underlining the cross-interaction between these two oncogenes in SCLC.45 Moreover, considering together the mutations 
affecting PTEN, PI3KCA, AKT2 and RICTOR, we identified that almost half of patients carried at least one gene alteration in 
the PI3K pathway, in a general mutually exclusive fashion.

In our case series, we also evaluated DNA mutational signatures, ie microsatellite instability status and TMB. As 
expected, almost all patients were classified as microsatellite stable, as already highlighted by several reports; notably, the 
only patient with MSI had the highest TMB in the whole case series.37,46,47 In recent years, the hypothesis that a higher 
TMB could predict better response to immunotherapy has been tested in different malignancies, based on the rationale 
that neo-antigens generated by cancer-specific mutations could be recognized by the immune system.48,49 Actually, a 
higher TMB has been associated with prolonged OS in patients with different cancer histologies treated with immune 
checkpoint inhibitors, and on the basis of the results from the KEYNOTE-158, the Food and Drug Administration (FDA) 
approved the anti-PD 1 pembrolizumab for solid tumors with high TMB (>10 mut/Mb) by the Foundation One CDx 
assay.50,51 On the other hand, TMB predictive value was demonstrated only for a portion of patients in other studies, also 
depending on cancer histology, making it difficult to establish a single TMB cut-off for different cancers; moreover, 
stochastic errors and harmonization still need to be addressed.52,53 For this, TMB value as a predictive marker for cancer 
immunotherapy has been questioned. Same observations emerged in SCLC, in which the role of TMB in predicting 
response to immunotherapy remains controversial, as the blood-based test in the IMPOWER133 did not find an 
association between TMB and response, while the Checkmate-032 did.28,54 In this study, we considered TMB (I) as a 
continuous variable, and (II) using two different cut-offs at 10 mut/mB and 16 mut/mB. In our case series, median TMB 
was relatively low (8 mut/Mb), and we found a non-significant higher probability of prolonged PFS and OS for patients 
treated with chemo-immunotherapy, but not for those treated with only chemotherapy. A similar trend in OS was 
observed using a cut-off of 13 mut/mB in Checkmate-451, which tested the clinical efficacy of nivolumab plus 
ipilimumab as a maintenance therapy.55 In Checkmate-032, Hellman et al performed cut-off analysis as used in 
Checkmate-026, defining patients with low TMB (0 to less than 100 mutations), medium TMB (100–242 mutations), 
and high TMB (243 or more mutations);56 the authors found a predictive value for the higher tertile in predicting 
response to nivolumab plus ipilimumab as a first-line therapy.57 Taken together, these data suggest that TMB has a role in 
predicting response to immunotherapy and survival, but harmonization and data from prospective cohorts are needed to 
assess the real potential use of this biomarker in clinical practice.

In the last years, great interest in SCLC has been focused on transcriptomic profiles and methylation patterns for the 
identification of clinically relevant SCLC subtypes.24,58 Alterations in chromatin modifiers is a common event in SCLC, 
and it has also been related to drug sensitivity.59,60 In our case series, we found high mutation frequency in the MLL2 
gene, a key regulator of transcriptional enhancer function by lysine 4 (K4) of histone H3 mono-methylation,61 and gene 
alterations affecting MLL2 were associated with better PFS and OS. Interestingly, worse prognosis was reported for 
MLL2-mutated NSCLC patients, but not for SCLC patients.62 By the sequencing of 29 SCLC exomes, 2 genomes and 15 
transcriptomes, Peifer et al found a high frequency of alterations in epigenetic machinery, especially in CREBBP, EP300 
and MLL genes, all encoding for histones modifiers.63 While Augert et al found a high frequency of nonsense/truncating 
mutations in MLL2, to our knowledge, this is the first study highlighting different responses to therapy and survivals for 
patients with mutations in genes involved in the epigenetic machinery. Due to the small number of patients in the two 
treatment groups, we were not able to highlight a different response to chemotherapy or chemo-immunotherapy of 
patients carrying MLL2 mutations, but further investigations in this direction are warranted. In fact, the role of 
therapeutic inhibition of epigenetic agents is still unclear,64 but our data suggest that peculiar chromatin dynamic states 
could play a role in response to therapy.
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This study had some limitations. First, due to the retrospective nature of the study, only a limited number of clinical 
information with some missing data. Second, it was a single-area experience with a limited sample size, especially 
critical in the identification of the associations between rare genomic factors and the survival endpoints. Thus, all results 
should be verified by future prospective studies including also centers outside the Area Vasta Romagna and with a larger 
sample size and longer follow-up, especially for the overall survival endpoint.

Conclusions
Our results show that molecular features of patients with ES-SCLC are able to predict patients’ survival. We confirmed 
the role of TMB in relation to treatment, as a higher TMB was associated with better survival in patients treated with CT 
+IO, with respect to patients treated with CT alone. In relation to this, we found a role for TMB also whether used as a 
continuous variable, confirming that a clinically useful cut-off is a demanding challenge. Moreover, we demonstrated the 
role of altered epigenetic machinery genes in association with patients’ survival. As these results have been achieved in a 
small cohort of patients, once confirmed in larger case series, our results could be useful in identifying which molecular 
determinants could help in guiding clinicians in ES-SCLC patients’ treatment stratification.
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