Aus der
Medizinischen Klinik VV und Poliklinik VV

Klinikum der Ludwig-Maximilians-Universitat Minchen

ALBA project: prognostic impact of laterality in Small-

Cell Lung Cancer

Dissertation

zum Erwerb des Doktorgrades der Medizin

an der Medizinischen Fakultat der

Ludwig-Maximilians-Universitat Miinchen

vorgelegt
von Blerina Resuli

aus Rom, ltalien 2025

Jahr

2025



Mit Genehmigung der Medizinischen Fakultat der

Ludwig-Maximilians-Universitat Minchen

Erstes Gutachten: Prof. Dr. Amanda Tufman

Zweites Gutachten: Priv. Doz. Dr. Christian Schneider

Drittes Gutachten: Prof.Dr. Dominik Ruttinger

Dekan: Prof. Dr. Thomas Gudermann

Tag der mundlichen Prafung: 18.12.2025



Affidavit 3

Affidavit

AP

BN X \\

LUDWIG- ) B & Al
MAXIMILIANS- Promotionsbiiro . N |
UNIVERSITAT Medizinische Fakultat il ﬁ
MUNCHEN S 1.5

Affidavit
Blerina Resuli

Surname, first name

Zip code, town, country

| hereby declare, that the submitted thesis entitled:

ALBA project: prognostic impact of laterality in Small-Cell Lung Cancer

is my own work. | have only used the sources indicated and have not made unauthorised use of services
of a third party. Where the work of others has been quoted or reproduced, the source is always given.

| further declare that the dissertation presented here has not been submitted in the same or similar form
to any other institution for the purpose of obtaining an academic degree.

Munich,22.05.2025 Blerina Resuli

place, date Signature doctoral candidate



Table of content 4

Table of content

N 1o =AY 3
Table Of CONTENT. i s eas 4
List Of @bbreviatioNS.. ... 6
1. T T To =10 00 [ Yo V2P 10
1.1 INCIENCE. ...t 10
1.2 MOAlItY ..o 10
1.3 SUIVIVAL . 11
1.4 PreValenCe. . ... 11
2. e =V 1 {0 o 12
A R ] = 10 (0] T 12
2.2  Primary and secondary preventioN...c.ucveveevesereerasrsanraerassnsnnsansnesnns 13
3. Diagnostic Framework, Staging and TNM classification.................. 14
3.1 Histopathological classification and Immunohistochemical

Characterization.............oiie i 14
3.2 Morphological and Immunohistochemical Features............................. 14
3.3 Cytological Specimens and Immunohistochemistry............................. 14
3.4  Molecular Pathology........coooiiiiiii 15
3.5 Staging and Classification.............c.oooiiiiiii 15
3.5.1 Clinical Evaluation and Imaging-Based Staging.....................coiiiinil, 15
3.5.2 Staging SYSIEIMS. ...t 15
4. Treatement of early Stage...ccuovieieiiiiciiierere e e e e 18
4.1 ROIE O SUIGEIY ... 18
4.2  Chemoradiotherapy........ccouieiiii e 18
4.3  Prophylactic Cranial Irradiation................coooiiiiiii e, 19
4.4  EmMerging Therapies. ... .ouui e 19
5. Treatment of EXtenSive-adiSeaSe...c.civuiriririii i 21
5.1  Firstline treatmMent. ... .co.ouiiii e 21
5.2 Second line treatmentand beyond...............ccoiiiiii 22



Table of content 5

6. The role of laterality in cancer.............ccoviiiiiiiiic 28
7. AIM Of the STUAY cueiiii s ea e e 30
8. Materials and MethodS......ouviiiiiii e 32
8.1. Patient POPUIlatioN...........oiiii i 32
8.2. Clinical and Pathological Characteristics of Patients............................ 33
8.3  Statistical ANalYSIS.......coiuiiiiii 33
9. RESUIS e 35
9.1 Patient CharaCteriStiCS. ... ... ...ouiuie i 35
9.2 Prognostic impact on PFS and OS.........cccooiiiiiiiieeeeee, 37
0 TR I ] o F7] 0 o 41
IS O @01 o] [0 F=3 o T o 43
12, SUMIMAIY cuiiieiiiieiereae e raassanranrassanransaansanrannaaneanranssanrannannsnnrnns 44

13, ZUSAMMENTASSUNG . .tuiurernrrrirnrirrera s s s rarrasa s s sanrnrasnnnnss 45

REFEIENCES ..o 48

ACKNOWIEAGEMENTS ..o 64

List of pUBBIICAtION........eeiiie e 65



List of abbreviations 6

List of abbreviations

A list of abbreviations can be helpful to the reader, especially if when you are using humerous and
uncommon abbreviations.

AE — Adverse Events

ADA — Anti-Drug Antibody

ADC — Antibody Drug Conjugate

AJCC — American Joint Committee on Cancer
ASCL1 - Achaete-Scute Complex Homolog 1
CBR - Clinical Benefit Rate

ChT — Chemotherapy

Cl — Confidence Interval

Cmax — Maximum Concentration

CNS — Central Nervous System

CR - Complete Response

CcCRT — Concomitant Chemoradiotherapy
CT-computed tomography

DCvac — Dendritic Cell Vaccine

DCR - Disease Control Rate

DDR — DNA Damage Repair

DOR - Duration of Response

DLT — Dose Limiting Toxicity

ECOG - Eastern Cooperative Oncology Group
ESMO-European Society of Medical Oncology
ES-extensive stage

FACT-L — Functional Assessment of Cancer Therapy—Lung

FFPE- Formalin-Fixed, Paraffin-Embedded



List of abbreviations

FNA-fine needle aspiration

H&E-Hematoxylin & eosin

HIF-1la — Hypoxia-Inducible Factor 1-alpha

HR — Hazard Ratio

ICls — Immune Checkpoint Inhibitors

irORR — Immune-Related Objective Response Rate
IASLC — International Association for the Study of Lung Cancer
I-DXd — Ifinatamab Deruxtecan

IASLC — International Association for the Study of Lung Cancer
IHC- Immunohistochemistry

LDRT — Low-Dose Radiotherapy

LD — Limited Disease

LDCT-Low dose CT

LCC-large cell carcinoma

LCNEC-large cell neuroendocrine carcinoma

LMU — Ludwig-Maximilians-Universitat

LS-limited stage

mOS — Median Overall Survival

MPFS — Median Progression-Free Survival
M-Metastasis

MSI — Microsatellite Instability

MTD — Maximum Tolerated Dose

MVD-Microvessel density

N-node

NET-neuroendocrine tumour

NLST-National Lung Cancer Screening Trial
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NSCLC- non-small cell lung cancer
ORR — Objective Response Rate

OS — Overall Survival

PCI- Prophylactic Cranial Irradiation
PD-1 — Programmed Cell Death Protein 1
PD-L1 — Programmed Death-Ligand 1
PFS — Progression-Free Survival

PFSR — Progression-Free Survival Rate
PK — Pharmacokinetics

PR — Partial Response

PARP — Poly (ADP-Ribose) Polymerase

18F-FDG PET/CT — Fluorine-18 Fluorodeoxyglucose Positron Emission Tomogra-
phy/Computed Tomography

QoL — Quality of Life

RP2D — Recommended Phase 2 Dose
RT — Radiotherapy

SAE — Serious Adverse Events

SCLC — Small Cell Lung Cancer

SoC - Standard of Care

T-Tumor

TACs — Time Activity Curves

TBI — Total Body Irradiation

TEAEs — Treatment-Emergent Adverse Events
TMB — Tumor Mutational Burden

TTP — Time to Treatment Progression

TTCD — Time to Confirmed Deterioration
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TTDD — Time to Definitive Deterioration
TTR — Time to Response

VEGF — Vascular Endothelial Growth Factor
WHO-World Health Organization

WBRT-whole brain radiotherapy
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1. Epidemiology

1.1 Incidence

Lung cancer remains the deadliest form of cancer worldwide, contributing to nearly one in every five
cancer-related fatalities. As the World Health Organization (WHO) notes, "lung cancer remains the lead-
ing cause of cancer death globally, accounting for nearly one in five deaths from cancer worldwide" [1].
Despite considerable progress in diagnostic tools and therapeutic strategies, the disease still presents
a significant public health challenge (see [2]).

According to data from the Robert Koch Institute (RKI), "in Germany in 2020, approximately 57,500 new
cases of lung cancer were diagnosed (37,000 in men and 20,500 in women)" [3]. In terms of frequency,
lung cancer ranks as the second most common malignancy in men (after prostate cancer) and the third
in women (following breast and colorectal cancers) [3]. The estimated lifetime risk of developing the
disease in Germany is 1 in 9 for men and 1 in 20 for women [3].

Representing roughly 15% of all lung cancer diagnoses worldwide, small cell lung cancer (SCLC) is
known for its aggressive nature, marked by swift disease progression and early metastatic spread. [4].
It is particularly aggressive and is characterized by rapid progression and early metastasis. As high-
lighted in global estimates, "more than 200,000 new cases of SCLC occur annually worldwide" [4]. The
majority of cases occur in individuals over 60 and are strongly associated with smoking, with"over 90%
of cases occur in current or former smokers, many of whom present with pre-existing cardiopulmonary
or metabolic comorbidities"” [5].

Significant regional differences in incidence rates are evident within Germany. The RKI states: "higher
incidence rates are observed in eastern federal states, which reflect historical differences in smoking
prevalence" [3]. The national age-standardized incidence is estimated at 67 per 100,000 men and 34
per 100,000 women [3]. Urban and industrialized areas report notably higher rates, likely due to occu-
pational and environmental risk exposures.

Between 2008 and 2019, the incidence of lung cancer in women steadily increased by 2.8% annually
[3]. This trend is largely attributed to delayed effects of increased smoking prevalence among women in
previous decades.

These developments emphasize the persistent public health burden posed by lung cancer and the need
for targeted prevention and early detection strategies adapted to changing demographic and behavioral
patterns.

1.2 Mortality

As of 2020, lung cancer was the leading cause of cancer-related deaths among men in Germany and
the second most common in women. The RKI reported that "27,751 men and 17,066 women died of
lung cancer in 2020" [3]. Lung cancer thus accounted for 22.8% of all male cancer deaths and 15.8% of
those in women [3].

The age-adjusted mortality rate in Germany in 2020 stood at 40.5 per 100,000 for men and 21.9 per
100,000 for women [3]. Between 2015 and 2020, mortality from lung cancer decreased by 9.2% in men
but increased by 6.0% in women [3]. These shifts mirror historic smoking trends in Germany, where
male smoking rates have steadily declined, while female smoking prevalence increased later in the 20th
century.
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This divergence highlights the urgency of preventive measures focusing on smoking cessation and
health education—particularly among women—as critical tools in reducing the mortality burden of lung
cancer.

1.3 Survival

Despite advances in treatment, survival rates for lung cancer remain low. According to the RKI, "the 5-
year relative survival rate is approximately 19% for men and 25% for women" [3].

Outcomes vary significantly depending on the disease stage at diagnosis. Patients with limited-stage
SCLC have a considerably better prognosis compared to those with extensive disease. According to
SEER data, "the 5-year survival rate is about 26% for limited-stage SCLC, whereas extensive-stage
patients have survival rates between 1% and 2%" [6].

1.4 Prevalence

In 2020, five-year prevalence estimates indicated that about 55,500 men and 41,300 women in Germany
were living with a lung cancer diagnosis [3]. Extending the observation window to ten years, prevalence
increases to 77,300 for men and 57,500 for women [3].

These statistics reflect the aggressive course of the disease and the frequency of late-stage diagnosis
that contributes to the persistently low long-term survival rates observed.

Looking back, outcomes were even worse in earlier decades. As the RKI reported: "a study analyzing
data from 2000-2002 found markedly low 10-year relative survival rates for lung cancer patients,” un-
derscoring the severity and lethality of the disease at that time [3].
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2. Prevention

2.1 Risk Factors

Tobacco use continues to be the most significant contributor to SCLC, accounting for nearly all diag-
nosed cases. It has been reported that "approximately 95% of all cases of SCLC" are attributable to
smoking, including cigarettes, cigars, and pipes [7].

Multiple indicators of smoking exposure, such as the length of time smoked, intensity, age at initiation,
and pack-years, are closely tied to lung cancer risk (see [8, 9]). One comprehensive pooled analysis
found that "the risk is much higher in current smokers (OR = 42.0, 95% CI: 21.7-81.2) than former
smokers (OR = 17.1, 95% CI: 9.5-31.0)" [10]. Although the risk decreases after quitting, it "remained
higher than the baseline risk among never smokers, even 35 years after quitting” [11].

While pack-years are commonly used in clinical and epidemiological assessments, some studies sug-
gest that the temporal pattern of smoking matters more than the cumulative quantity. As reported by
Lubin et al., "for an equal total exposure, smoking at a lower intensity over a longer time period leads to
a higher risk of lung cancer compared with smoking at a higher intensity over a shorter time period" [9—
12].

The type of cigarette, use of filters, and inhalation patterns can also influence the risk. Specifically, "use
of filter and lower-tar cigarettes is associated with a higher risk of peripherally located lung cancer (e.g.,
adenocarcinoma and large cell cancer) whereas nonfilter cigarette consumption is linked to a higher
incidence of centrally located lung cancer (e.g., squamous cell lung cancer and SCLC)" [13,15].

Although rare, SCLC can occur in never-smokers. "It is estimated that 2 to 3% of the SCLCs occur
among never smokers"[16,17]. In these cases, environmental and occupational factors are believed to
play a key role. Substances such as radon, diesel exhaust, asbestos, arsenic, and heavy metals (e.g.,
cadmium, chromium, nickel) have all been linked to elevated lung cancer risk [18].

In Germany, occupational exposures are believed to contribute to approximately 9—-15% of all lung can-
cer cases. In particular, high radon exposure is a notable risk, especially in regions where naturally
occurring radon gas accumulates indoors. According to national estimates, "around 2,800 lung cancer
deaths per year in Germany are attributable to residential radon exposure" [19].

Radon gas (specifically isotopes #2Rn and #°Rn) can seep into enclosed spaces like basements and
accumulate, exposing inhabitants to radioactive decay products such as polonium, bismuth, and lead.
These patrticles can be inhaled and lodge in the lungs, causing mutations. Studies have shown that
"radon exposure is associated with tumor suppressor TP53 gene somatic mutation, which is found in up
to 90% of patients with SCLC compared with 23% to 65% in non-small cell lung cancer (NSCLC)"
[22,23].

The occupational lung cancer burden differs by sex. "The attributable fraction for lung cancer from oc-
cupational exposures has been reported to be as high as 15% in males and 5% in females", with major
culprits including asbestos, diesel exhaust, crystalline silica, and polycyclic aromatic hydrocarbons
[24,25].

Air pollution—both indoor and outdoor—also plays a role in lung carcinogenesis. However, most studies
do not differentiate between histological subtypes, limiting the available data specific to SCLC [26,27].
Hormonal and dietary influences may also contribute, although the evidence is limited by small sample
sizes and inconsistent findings across studies [28—31].

Screening strategies targeting individuals at high risk, particularly long-term smokers, offer an oppor-
tunity to detect lung cancer earlier and improve survival outcomes [32].
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2.2 Primary and Secondary Prevention

Efforts to prevent lung cancer fall into two main categories: primary prevention, which aims to eliminate
or reduce exposure to known risk factors, and secondary prevention, which focuses on early detection.
Primary prevention emphasizes measures such as smoking cessation programs, stricter regulation of
occupational and environmental pollutants, public health campaigns, and improved indoor air quality
[33]. Tobacco taxation, legislative bans on smoking in enclosed spaces, and workplace safety reforms
are key components.

Secondary prevention involves screening individuals at elevated risk to catch the disease at a more
treatable stage. Low-dose computed tomography (LDCT) is the most widely studied and validated
method for this purpose. The National Lung Screening Trial demonstrated that LDCT could reduce lung
cancer mortality by 20% when compared to chest X-ray screening." [34]. While the findings were largely
positive, researchers have raised concerns about overdiagnosis. However, "a pathology review accord-
ing to the recent classification made this unlikely, as it categorized 97% of the detected cancers as
invasive" [35-38].

This finding was supported by the European NELSON trial, which showed that volume-based CT
screening could “reduce ten-year lung cancer mortality by at least 25% in high-risk populations” [39].

It is important to note, however, that these screening benefits do not appear to extend to SCLC. Studies
indicate that "LDCT did not reveal survival benefit for SCLC" [39-41]. In earlier screening trials, "the
proportion of SCLC cases of all staged combined only ranged from 0.7% to 15% with absolute incidence
ranging from 22 to 97 in 100,000 person-years" [41].
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3. Diagnostic Framework, Staging, and TNM
Classification

3.1 Histopathological Classification and Immunohistochemical Characterization

SCLC is classified based on the guidelines outlined in the 5th edition of the WHO Classification of Tho-
racic Tumours [42]. According to this source, “the vast majority of lung carcinomas (>95%) are attributed
to four primary histological subtypes: squamous cell carcinoma (SCC), adenocarcinoma, large cell neu-
roendocrin carcinoma (LNEC) and SCLC” [42].

It is recognized as a unique clinicopathologic entity, requiring both morphological assessment and im-
munohistochemical analysis for accurate diagnosis—particularly when small biopsy samples are in-
volved. Due to overlapping features with other poorly differentiated tumors, mmunohistochemistry (IHC)
is essential in confirming neuroendocrine differentiation.

3.2 Morphological and Immunohistochemical Features

SCLC cells generally appear small, round to oval, with limited cytoplasm and granular chromatin. He-
matoxylin and eosin (H&E) stains are typically used to evaluate these features. In ambiguous cases,
IHC becomes crucial.

WHO recommends assessing markers such as chromogranin A, synaptophysin, and CD56 to support
a neuroendocrine diagnosis. While these markers are not exclusive to SCLC, their expression helps
distinguish it from other malignancies.

Interpretative challenges can arise when neuroendocrine markers are focally expressed in other
NSCLC, such as large cell neuroendocrine carcinoma (LNEC), which may result in misclassification
[43-45].

3.3 Cytological Specimens and Immunohistochemistry

Diagnosis of SCLC can be achieved using formalin-fixed paraffin-embedded (FFPE) tissue samples or
cytological specimens, such as those obtained through transbronchial needle aspiration (TBNA), trans-
thoracic fine needle aspiration (FNA), or pleural fluid sampling. Preparing cell blocks from cytologic ma-
terial improves the ability to perform IHC, particularly in instances where biopsy tissue is sparse.

Cell block specimens enable IHC analysis of neuroendocrine differentiation and biomarkers such as
PD-L1. Nevertheless, direct cytologic smears may offer superior preservation of nucleic acids and re-
duced fixation artifacts, making them more suitable for molecular testing in certain scenarios.

Given these technical strengths, a comprehensive diagnostic protocol that integrates cytological
morphology, IHC, and molecular techniques is recommended to ensure precise classification and ap-
propriate treatment planning.
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3.4 Molecular Pathology

SCLC was once considered molecularly uniform, but newer research highlights its biological heteroge-
neity. Nearly all cases involve biallelic loss of tumor suppressors TP53 and RB1, pivotal regulators of
the cell cycle [46-48].

These alterations are frequently due to mutations, deletions, or abnormal splicing. Additional genes—
such as RBL1, RBL2, and TP73—also contribute to its aggressive phenotype [49-51].

Transcriptomic profiling has led to the identification of subtypes:

e SCLC-A: Characterized by ASCL1 expression, the most prelevant subtype (40-50%), sensitive
to chemotherapy [52].

e SCLC-N: Marked by NEUROD1, expressed in 25-30% of the cases, potentially responsive to
DNA repair-targeted agents [52].

e SCLC-P: accounts for 7-16% of the cases, features POU2F3, suggesting tuft cell lineage [52,
53].

e SCLC-I: represents ~15% of tumors, defined by YAP1, potentially susceptible to immune check-
point blockade [52, 54].

This molecular subclassification reinforces the heterogeneity of SCLC and underlines the importance of
biomarker-guided therapeutic approaches as molecular diagnostics become standard practice.

3.5 Staging and Classification
3.5.1 Clinical Evaluation and Imaging-Based Staging

SCLC staging has historically relied on a two-tiered system: limited-stage (confined to one hemithorax
and treatable in a single radiotherapy field) and extensive-stage (disease spread beyond a single field
or with distant metastases).

Advanced imaging plays a crucial role in defining disease extent. Per ESMO guidelines, when lung
cancer is suspected on chest radiograph, the next step is “a contrast-enhanced computed tomography
(CT) scan of the chest and abdomen” to assess tumor burden and possible metastatic spread [55].

To improve staging accuracy, PET-CT with 18F-FDG is used to detect otherwise occult metastases,
especially in lymph nodes and bone. While more sensitive than standard CT, false positives due to
inflammatory conditions must be considered [56].

Brain imaging—either cranial CT or MRI—is recommended due to SCLC’s high risk of CNS spread.
Though its necessity in asymptomatic patients is debated [57], neuroimaging is routinely used when
staging does not clearly confirm early-stage disease.

3.5.2 Staging Systems
SCLC has traditionally been staged using a binary system proposed by the IASLC in 1989 [58]:

e Limited-stage (LS-SCLC) includes disease confined to one hemithorax, including mediastinal
and supraclavicular lymph nodes, and treatable within a single radiotherapy field.

e Extensive-stage (ES-SCLC) denotes distant metastasis or spread beyond a single radiation
portal.
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While this two-stage approach remains relevant in clinical settings, it lacks granularity for personalized
treatment. More recently, the TNM system, developed by the AJCC and UICC, has been adopted to
provide better granularity. Tumor size (T), nodal involvement (N), and distant metastases (M) are scored
independently. The latest TNM updates, including subdivisions of N2 and M1c, improve prognostic pre-
cision and may influence management in borderline cases [59]:

e N2 is now subdivided into:
o N2a: Single mediastinal node station.
o N2b: Multiple mediastinal stations.
e Mlc is subdivided into:
o Mlcl: Metastases in a single organ system.
o Mlc2: Metastases across multiple systems.

These changes improve prognostic stratification and may influence treatment decisions, especially for
early or oligometastatic disease where aggressive therapy is under consideration.

Table 1. IASCL 1989 SCLC Classification

Stage Definition
LS-SCLC

Tumor confined to one hemithorax, which may include: Involve-
ment of contralateral mediastinal or supraclavicular lymph
nodes. Ipsilateral pleural effusion, regardless of cytology.

ED-SCLC Disease that extends beyond the definition of LD, including: Ma-
lignant pleural or pericardial effusions. Contralateral hilar or su-

praclavicular lymph nodes. Hematogenous metastases.
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Figure 1. IASCL 9" TNM Edition

Lung Cancer TNM Stages-9th Edition

Stage Groups of the 9th Edition of the Tumor, Node, Metastasis (TNM)
Classification of Lung Cancer

9th Edition TNM Descriptors and Stages

™ Categories and Descriptors

Tlaslcm

T1 Tib>1tos2cm

Tic>2to<3cm

T2a Visceral pleura / central invasion

T2 T2a>3tos4cm

T2b>4to<5cm

T3>5t0<7cm

13 T3 Invasion

T3 Same lobe separate tumor nodules

T4>7cm

T4 T4 Invasion

T4 Ipsilateral separate tumor nodules

M1a Contralateral tumor nodules

M1a Pleural / pericardial effusion, nodules

M1 M1b Single extrathoracic metastasis

M1cl Multiple metastases in 1 organ system

M1c2 Multiple metastases in >1 organ systems
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4. Treatment of Early-Stage Small Cell Lung Cancer

4.1 Role of Surgery

Surgery plays a limited role in managing early-stage SCLC, which represents a small fraction of cases—
typically those with T1-T2 tumors without lymph node involvement (NO) [55]. While historically underuti-
lized, surgery may offer benefit for select patients when carefully staged and evaluated [55, 66].

A 2017 Cochrane review concluded that “currently available randomized controlled trials do not support
a role for surgery in the management of stage I-lll SCLC” [60]. However, retrospective data suggest
that select patients may benefit. In a large cohort study from the National Cancer Database, patients
with stage I/1l SCLC who underwent lobectomy followed by adjuvant chemotherapy had a median overall
survival (OS) of 48.6 months, compared to 28.7 months for those treated with concurrent chemoradio-
therapy (cCRT) (p < 0.0001) [61].

When surgery is considered, comprehensive mediastinal staging is essential to exclude nodal disease
[62, 63]. Postoperative chemotherapy is indicated to address micrometastatic spread [64], and in cases
of confirmed nodal involvement, additional thoracic radiotherapy is typically recommended to improve
local disease control [63]. Multidisciplinary team decision-making is emphasized to ensure optimal treat-
ment planning [65].

4.2 Chemoradiotherapy

cCRT is the mainstay treatment for patients with limited-stage SCLC who are not eligible for surgery.
Combining systemic and local therapies provides a better chance of long-term control compared to
chemotherapy alone [55, 66].

As shown by Pignon et al. in a meta-analysis, “the addition of thoracic radiotherapy to chemotherapy
reduced the risk of death by 14% and improved 3-year survival by 5.4%” [67]. This benefit was particu-
larly notable in patients younger than 55 years.

Fractionation schedules vary; the CONVERT trial compared hyperfractionated and conventional sched-
ules (45 Gy in 1.5 Gy twice daily vs. 66 Gy in 2 Gy) but found no significant difference in overall survival,
“30 months vs. 25 months (HR 1.18; 95% CI 0.95-1.45; p = 0.14)” [68]. However, side effect profiles
differed, particularly with respect to hematologic toxicity, “with grade 4 neutropenia more frequent in the
hyperfractionated group” (49% vs. 38%; p = 0.05) [68].

Recent studies have introduced immunotherapy into the treatment landscape for limited-stage disease.
The ADRIATIC trial—a phase lll, placebo-controlled study—evaluated durvalumab + tremelimumab as
consolidation after cCRT. Durvalumab significantly improved both OS and progression-free survival
(PFS), with “median OS of 55.9 vs. 33.4 months” (HR 0.73, p = 0.01) and “median PFS of 16.6 vs. 9.2
months” (HR 0.76, p = 0.02) [69]. Toxicities were manageable, with grade 3—4 adverse events in 24.4%
(durvalumab) vs. 24.2% (placebo) [69].

These results underscore the need to tailor treatment according to the individual’s clinical status, comor-
bidities, and tolerance of potential toxicities.
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4.3 Prophylactic Cranial Irradiation (PCI)

Due to the high likelihood of brain metastases in SCLC—both at diagnosis and over the disease
course—prophylactic cranial irradiation (PCI) is commonly used in patients who respond to initial ther-
apy. PCI aims to prevent the emergence of symptomatic or radiographically evident brain metastases
[55, 66].

A 2019 meta-analysis involving 2,114 patients demonstrated that “PCl was associated with a significant
survival benefit (HR 0.82; 95% CI: 0.71-0.94)” [70]. The benefit was most evident in patients who had
not undergone prior brain imaging, likely due to reduced incidence of symptomatic brain metastases.

The standard dose of PCI was established by comparing 25 Gy in 10 fractions with a higher dose of 36
Gy. Results showed no added benefit with the higher dose, solidifying the 25 Gy regimen as standard
[71].

However, neurocognitive toxicity remains a concern. The NRG-CC003 study assessed PCI with and
without hippocampal avoidance, finding that “the addition of hippocampal avoidance led to a 23% re-
duction in the risk of first failure in any cognitive domain” (HR 0.77; 95% CI: 0.61-0.98; p = .033) [72].
These findings mirrored those of NRG-CCO001, where hippocampal avoidance combined with WBRT
and memantine produced a “26% reduction in the risk of cognitive failure” (adjusted HR 0.74; 95% CI:
0.58-0.95; p = 0.02) [73].

MRI surveillance is now being explored as an alternative to PCI. A retrospective study of 1,068 LS-
SCLC patients found that while PCI reduced brain metastases, it did not significantly improve overall
survival compared to MRI monitoring alone [74].

Two ongoing trials—MAVERICK (SWOG S1827) and PRIMALung (EORTC-1901) —are evaluating
whether MRI surveillance can replace PCI in terms of OS, cognitive function, and quality of life [75, 76].
Their outcomes may shift future guidelines by helping balance efficacy with neuroprotection.

4.4 Emerging Therapies

A range of new strategies are under investigation to enhance treatment efficacy for patients with limited-
stage SCLC. Immunotherapy combinations and targeted agents are the focus of several ongoing and
recently completed trials.

The phase Il STIMULI trial explored consolidation therapy using nivolumab and ipilimumab following
cCRT. While this dual checkpoint blockade approach showed promise in other cancers, it did not signif-
icantly extend progression-free survival in this setting [77].

Likewise, the NRG-LUOQO5 trial assessed the addition of atezolizumab during cCRT but found no im-
provement in overall survival in its interim results [78]. Trials like KEYLYNK-013 are investigating the
benefit of maintenance pembrolizumab, alone or combined with the PARP inhibitor olaparib, following
standard chemoradiation [79].

Other innovative therapies include bispecific T-cell engagers such as tarlatamab, which targets DLL3—
a protein highly expressed in SCLC. The DeLLphi-306 trial is currently evaluating this agent post-cCRT
[80]. These trials reflect a continued effort to bring precision medicine to SCLC by exploiting novel mo-
lecular targets and immunologic mechanisms. An overview of these ongoing trials is provided in Table
2 [64, 77-93].
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Table 2. Clinical trial in LS-SCLC
_ . Phase | Intervention Objective Status
ClinicalTri-
als.gov
Identifier
NCT03703297 11 Durvalumab + Tremeli- PFS, OS, ORR, PFS18, Active, not
[69] mumab or Durvalumab+ | PFS24, OS24, 0S36, recruting
placebo after cCRT PFS2, QoL, safety
STIMULI [77] 1] Nivolumab + Ipilimumab | Assess efficacy of immu- | No signifi-
after cCRT notherapy consolidation cant PFS
benefit ob-
served
NCT03811002 1/ Atezolizumab + cCRT Evaluate OS benefit of Active, not
[78] adding Atezolizumab to recruiting
cCRT
NCT04624204 1l Pembrolizumab + Investigate PFS and OS | Ongoing
[79] cCRT, followed by Pem- | with immune and tar-
brolizumab * Olaparib geted therapy
NCT06117774 1l Tarlatamab after cCRT | Assess efficacy and Ongoing
[80] safety of Tarlatamab
post-cCRT
NCT06295926 1l Serprulimab +cCRT Access efficacy of Ongoing
[81] Serprulimab +cCRT
NCT06095583 1l Toriplimab alone or in Safety and efficacy of Ongoing
[82] combination with Tifce- | Toriplimab alone or in
malimab combination with Tifce-
(JS004/TAB0O04) as malimab
consolidation after (JS004/TAB004)
cCRT
NCT06719700 1l cCRT+ Toripalimab+ Safety and efficacy or Ongoing
[83] Surufatinib CcCRT + Toriplimab+ Su-
rufatinib
NCT06773910 Il BMS-986489 (Atigota- Evaluate the efficacy of Ongoing
[84] tug + Nivolumab) vs BMS-986489 vs durval-
Durvalumab after cCRT | umab
Evaluate the safety pro-
file of BMS-986489
NCT05623267 11-111 Sugemalimab consoli- Evaluate efficacy of Ongoing
[85] dation therapy versus sugemalimab consolida-
placebo after cCRT tion therapy
NCT05904015 Il Envafolimab+ cCRT Efficacy and safety of en- | Not yet re-
[86] vafolimab+ cCRT cruiting
NCT04647357 Il SHR-1316 after cCRT PFS Unknown
[87] status
NCT06773156 Il Adebrelimab Plus Apati- | PFS, OS, Safety, QoL Enrolling by
[88] nib after cCRT invitation
NCT03811002 11 cCRT vs cCRT+ Atezo- OS, PFS, ORR, QoL; Active, not
[89] lizumab safety, PRO-CTCAE recruiting
NCT05443646 1l Serprulimab after Hypo- | PFS, OS, ORR, TTF, Ongoing
[90] fractionated cCRT DpR, DCR
NCT05483543 | Il Pamiparib after cCRT 1-year PFS, efficaccy Unknown
[91] and toxicity of Pamiparib | status
after cCRT
NCT02738723 Il BVRT vs IMRT with PFS, OS, Safety and tol- | Active, not
[92] cCRT erability, tumor response | recruiting
rate
NCT04691063 1 SHR-1316 or placebo + | OS and safety of SHR- Enrolling by
[93] cCRT 1316 or placebo + cCRT | invitation

cCRT: concomitant chemoradiotherapy; CTCAE: Common Terminology Criteria for Adverse Events; DCR: Disease control rate; DOR: duration of response;
PFS: Progression-Free Survival; PFSR: Progression-Free Survival Rate; ORR: objective response rate; OS: overall survival; PD-1: programmed cell death -1;
PD-L1: programmed death ligand-1; QoL: quality of life; RT: radiotherapy; SAE: serious adverse events;
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5. Extensive disease

5.1 First-Line Treatment

ES-SCLC is known for its rapid progression and early spread. At the time of diagnosis, over 60% of
patients already present with widespread disease [55, 66].

Platinum-based chemotherapy combined with etoposide has long served as the primary treatment ap-
proach for patients with extensive-stage SCLC. This regimen, typically involving either cisplatin or car-
boplatin, leads to high initial response rates but often with short-lived benefit due to rapid development
of resistance, with a “median OS of 9-10 months and PFS of 5-6 months, with approximately 35% of
patients surviving beyond one year” [94].

Recent advances have introduced immunotherapy into the first-line setting.Two pivotal randomized
phase Il trials—IMpower133 and CASPIAN—have established chemoimmunotherapy as the new
standard for ES-SCLC [95, 96].

In the IMpower133 study, the addition of atezolizumab to carboplatin and etoposide led to “a median
OS of 12.3 months versus 10.3 months in the placebo group (HR 0.70, 95% CI: 0.54-0.91; p=0.007)”
[95]. PFS was also significantly longer (5.2 vs. 4.3 months; HR 0.77, 95% CI: 0.62-0.96; p = 0.02) [95].
The treatment was generally well tolerated. Long-term follow-up from the IMbrella A extension study
showed that “the addition of atezolizumab resulted in a 5-year OS rate of 12% (95% Cl, 7%—17%)” [96].

Similarly, the CASPIAN trial demonstrated a meaningful survival advantage with the addition of durval-
umab to chemotherapy, showing “a median OS of 13.0 compared to 10.3 months with ChT alone (HR
0.73; 95% CI: 0.59-0.91; p = 0.0047)” [97]. The benefits were consistent across patient subgroups, and
toxicity remained manageable. However, the inclusion of tremelimumab did not enhance efficacy com-
pared to chemotherapy alone [97].

In contrast, other immune checkpoint inhibitors have shown limited benefits. The KEYNOTE-604 trial
tested pembrolizumab in combination with chemotherapy but did not reach statistical significance for
OS despite an HR of 0.80 (95% CI, 0.64-0.98; p = 0.0164) [98]. Additionally, CheckMate 451, which
evaluated maintenance nivolumab plus ipilimumab following induction chemotherapy, failed to improve
survival, with median OS of 9.2 months vs. 9.6 months for placebo (HR 0.92; 95% CI: 0.75-1.12; p =
0.37) [99].

Thoracic radiotherapy has also been explored in ES-SCLC. In the Jeremic trial, patients with complete
response to chemotherapy at distant sites were randomized to receive either thoracic radiotherapy plus
chemotherapy or chemotherapy alone. The trial demonstrated that “median OS was 17 months in the
thoracic RT group versus 11 months in the control group; 5-year OS rates were 9.1% vs. 3.7%, respec-
tively (p = 0.041)” [100].

The CREST trial investigated the use of thoracic RT after chemotherapy in patients who had responded
systemically. While the 1-year OS did not differ significantly (33% vs. 28%), a secondary analysis
showed “2-year OS of 13% versus 3% in favor of the thoracic RT arm (p = 0.004)” [101]. Importantly,
treatment-related toxicity was similar between groups.



5 Extensive disease 22

5.2 Second-Line Treatment and Beyond

Treatment options following progression on first-line chemo-immunotherapy are limited. Topotecan re-
mains an approved second-line agent, especially for platinum-resistant patients, though its efficacy is
modest and associated with significant hematologic toxicity [102—104].

For those with a chemotherapy-free interval (CTFI) 290 days, rechallenging with platinum-etoposide is
a viable option. A recent study showed that, in platinum-sensitive relapse, platinum rechallenge led to
“superior PFS (4.7 months vs. 2.7 months; HR = 0.57; p = .0041), but similar OS (7.5 vs. 7.4 months)”
compared to topotecan [105, 106].

Another option is lurbinectedin, a synthetic alkaloid that has demonstrated activity in relapsed SCLC. In
a phase Il basket trial (NCT02454972), lurbinectedin achieved “an objective response rate (ORR) of
35.2% (95% CI: 26.2—45.2), with a median OS of 9.3 months and median PFS of 3.5 months” [107].
Higher responses were observed in patients with a CTFI 290 days.

Tarlatamab, a bispecific T-cell engager targeting DLL3 and CD3, is a promising novel therapy. In the
DeLLphi-301trial, it yielded “an ORR of 40% (95% CI: 31%-51%) and a median OS of 14.3 months,”
with durable responses and manageable toxicity [108]. In May 2024, the FDA granted accelerated ap-
proval for tarlatamab for use in adults with ES-SCLC after progression on platinum-based therapy.

Other targeted therapies under investigation include antibody-drug conjugates (ADCs). Ifinatamab
deruxtecan, which targets B7-H3, showed encouraging efficacy in the IDeate-Lung01 study, with “an
ORR of 54.8% (95% CI: 38.7—70.2), median PFS of 5.5 months, and median OS of 11.8 months” in
previously treated ES-SCLC patients [109].

Sacituzumab govitecan, which targets the Trop-2 antigen, has also shown early promise. In the TROP-
iCS-03 phase Il trial, it achieved an ORR of 41.9% (95% CI: 27.0%-57.9%) with “median DoR, PFS,
and OS of 4.73, 4.40, and 13.60 months,” respectively [110].

These emerging therapies—including T-cell engagers and ADCs—offer hope for improved outcomes in
relapsed SCLC. Continued investigation through clinical trials (see Table 3 [109, 111-166]) is essential
to define the optimal use of these agents and refine their safety profiles.

Table 3. Clinical trial in ES-SCLC

ClinicalTrials.gov | Status Study overview Phase | Treatment cohort Setting
Identifier
NCT05595460 Active, Safety, Antitumor | | RYZ101+Carboplatin/Etoposide 1%t line
[111] . activity, PK . .

recruiting /Atezolizumab in SSTR
NCT05844150 Active, ORR, OS, PFS, | ll-ll PM8002(Anti-PD-L1/VEGF) + Platinum- | 1%line
[112] . DCR, DOR, TTR; etoposide

recruiting

ADA, PK; TRAEs

NCT05544149 Active, 1l Thoracic RT after first line ICls 1%t line
[113] .

recruiting
NCT04221529 Active, not | OS, ORR, PFS, |l Atezolizumab+Carboplatin+Etoposide  in | 15line

[114] recruiting QoL, TRAEs, SAE ECOG 22
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NCT06672133
[115]

NCT06812260
[116]

NCT06838208
[117]

NCT06530797

[118]

NCT05623319
[119]

NCT05703971
[120]

NCT05116007
[121]

NCT06477523
[122]

NCT06536868
[123]

NCTO06441344
[124]

NCT06739928

[125]

NCT04562337
[126]

NCT04745689
[127]

NCT06110572
[128]

Active, not
yet recruit-
ing

Active, not
yet recruit-
ing

Active, not
yet recruit-
ing

Active, not
yet recruit-
ing

Active,
recruiting
Active,
recruiting
Completed
Active,
recruiting
Active,
recruiting
Active, not
yet recruit-
ing

Active, re-
cruiting
Active, not
yet recruit-
ing

Active, not
yet recruit-
ing

Active,
recruiting

PFS, OS, ORR,
DCR, DOR,
TRAEs,6m and 1-
year PFS, 1-2-year
oS,

Response (CR or
PR), OS, PFS,
ORR, DOR, safety

PFS, ORR, DCR,
DOR, 6m and 1-

year PFS, 1-year
OS, TRAEs
Safety, OS, PFS,

DOR, ORR, DCR

PFS, ORR, irORR;
0S, 6m and 12m-
24m- PFS; AEs,
PD-L1 analysis,
DDR, TMB, MSI

MTD and/or RP2D,
PFSR, safety, PFS
phase 1 and 2, OS
phase 1 and 2, PK

AEs, ORR, DCR,
PFS, OS

TRAEs, PFS, 6m-
12m-PFS; DCR,
0S, 12m-24m-0S,
ORR

PFS, ORR, DCR,
0OS, AEs

0S, DOR, DCR,
ORR, 6m-12m-
PFS, 12m-18m-0OS,
FACT-L

l-year 0OS, OS,
PFS, ORR, DOR,
DCR, AEs rate

0S, PFS, ORR,
DCR, DOR, AEs,
6m-12m-PFS, 1y-
2y-0S

0S, OFS, PK
AZD2811, AEs,
QoL

AEs rate; OS, PFS,
ORR, DCR, DOR,
intracranial control

Obser-
va-
tional

I

I

1

RT+
adebrelimab alone as maintenance after
debrelimab plus chemotherapy

Thoracic adebrelimab VS.

HLX10 (Recombinant Humanized Anti-PD-
1 Monoclonal Antibody Injection) + Car-
boboplatin/Etoposid

Tislelizumab +ChT+ thoracic RT

Cohort 1: Adebrelimab in first-line

Cohort 2: Adebrelimab in second-line and
beyond

Pembrolizumab/Olaparib as maintenance
after first-line ChT+ICls

guaratusugene ozeplasmid+ Atezolizumab
as maintenance

AK112 (anti PD-1/VEGF)+ Cht

LDRT+AK112+ChT

Tilelizumab+Cht+ thoracic RT

platinum+etoposide — toripalimab plus an-
lotinib) vs platinum+etoposide+ toripalimab
— toripalimab

Irinotecan liposome (II) combined with
adebrelimab and carboplatin vs. etoposide
combined with adebrelimab and carboplatin

SHR1316+ ChT and sequential thoracic RT

AZD2811+Durvalumab after Durvalumab
+ChT

Atezolizumab+ChT+TBI

1%t line

1%t line

1%t line

1%t line

2% line

1%t line

1% line

1% line

1% line

1%t line

1% line

1%t line

1%t line

1%t line

1%t line
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rate, thoracic con-
trol rate

NCT06350162 Active, 1y-PFS, PFS, OS, |1l Serprulimab+ thoracic RT vs. Serprulimab | 1% line
[129] . DCR, ORR, AEs alone after Serprulimab+ ChT
recruiting
NCT06732258 Active, not | DLTs, ORR, DCR, | | LDRT+ChT+ Toripalimab+ Tifcemalimab 1% line
[130] yet recruit- | DOR, PFS, OS
ing
NCT06223711 Active, OS, PFS Il Durvalumab +cCRT-followed by durval- | 1%line
[131] . umab maintenance therapy in combination
recruiting A . .
with stereotactic radiotherapy
NCT05142696 Active, DLTs, AEs, SAEs, | I/l [177Lu]Lu-DOTA-TATE in Combination | 1% line
[132] recruiting 0S, ORR, DOR, With Carboplatin, Etoposide and Atezoli-
PFS, TACs, Ab- zumab
sorbed radiation
doses of [177Lu]Lu-
DOTA-TATE, con-
centration of
[177Lu]Lu-DOTA-
TATE in blood, and
urine, [plasma
Cmax of [177Lu]Lu-
DOTA-TATE
NCTO04170946 Active, Safety, MTD, lo- | | Talazoparib+ LDRT 1% line
[133] . coregional  recur-
recruiting
rence, PFS, OS,
acute and chronic
toxicity
NCT04402788 Active, PES, OS, AEs, Tu- | I/ Thoracic Rt after Atezolizumab+ChT 1%t line
[134] . mor burden
recruiting
NCT05361395 Active, not | Dose explora- | | Tarlatamab+Atezolizumab 1% line
[135] recruiting t!on/Dose expan- +Carboplatin+Etoposide
tion, DLT, TAEs,
Number of Partici-
pants with Clinically
Significant Changes
in Vital Signs, ECG,
clinical  laboratory
tests, 6m-PFS,
ORR, DCR, DOR,
OS, serum concen-
tration of Tarla-
tamab
NCT06497530 Active, not | PFS, 0OS, ORR, Il Lurbinectidin+ Serprulimab as mainte- | 1% line
[136] yet recruit- | DOR, AEs nance after Serprulimab+ChT
ing
NCT06125041 Active, PFS, 0OS, ORR, 1l Adebelizumab Combined With Chemother- | 1% line
[137] . DCR, DOR, apy and Sequential Adebelizumab Com-
recruiting . . .
bined With Radiotherapy
NCT06211036 Active, 0S, PFS, ORR, | 1l Tarlatamab +Durvalumab vs Durvalumab | 1% line
[138] . DCR, DOR, 6m-1y- Alone after Durvalumab+ChT
recruiting

2y-PFS, 6m-ly-2y-
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3y-0S, TTP,
TEAEs, fatal
TEAEsS, AEs, Serum
Concentrations  of
Tarlatamab, TTD,

QoL

NCT05668767 Active, not | PFS, OS, ORR, 1l Surufatinib in Combination of Durvalumab | 1% line
[139] yet recruit- | DCR, AEs, QoL and Etoposide and Carboplatin/Cisplatin
ing
NCT06030258 Active, DLTs, RP2D, PFS, | I/l IN10018+ Tislelizumab+ ChT 1% line
[140] . ORR, DOR, DCR,
recruiting
OS, AEs, PK,
NCT05745350 Active, 12m-PFS, ORR; | 1l Pembrolizumab, Plinabulin Plus Etoposide | 1% line
[141] recruitin DOR, PFS, OS, and Platinum
9 | AEs
NCT06362252 Active, DLTs, TEAEs, PFS, | I/l |-DXd+ Atezolizumab with or without car- | 1% line
[142] . ORR, DOR, DCR, boplatin
recruiting
CBR, TTR, OS, PK,
Cmax, ADA
NCT05384015 Active, AEs, PFS, DOR, | Il Pembrolizumab+Lenvatinib+ChT 1%t line
[143] -, OS, ORR,
recruiting
NCT06769971 Active, ORR, safety, DCR, | Il Ivonescimab (PD1/VEGF Bispecific) and | 1% line
144 DOR, TTR, OS, ili i ifi
[144] recruiting ore Cadonilimab (PDL1/CTLA4 Bispecific) +
' Carboplatin/Etoposide
NCT06217757 Active, Safety, PFS, OS, | I/ LDRT + sugemalimab, olaparib, ChTy in | 1% line
[145] . ORR the first-line treatment of SLFN-11 positive
recruiting
NCT06712355 Active, 0S, PFS, ORR, Il BNT327 (PD1/VEGF Bispecific) + ChT vs. | 1% line
[146] . TEAEs, QoL, atezolizumab+ChT
recruiting
NCT05896059 Active, 1y-PFS, PFS, OS, | |l Tislelizumab+ Anlotinib as maintanance af- | 1% line
[147] . ORR, DCR, DOR, ter Tislelizumab+ ChT
recruiting
TEAEs
NCT05228496 Active, not | 1y-PFS, PFS, OS, | Il Tislelizumab+ sitrvatinib as maintanance | 1*line
[148] yet recruit- | ORR, DCR, DOR, after Tislelizumab+ ChT
ing AEs
NCT04487756 Active, not | 6m-PFS, safety | I/ll Atezolizumab +DCvac 1%t line
[149] recruiting (AEs, SAEs), DCB,
ORR, OS
NCT04699838 Active, PES, TTP, Time to | Il ChT+IClIs Followed by Durvalumab and | 1%line
[150] . CNS progression, Ceralasertib
recruiting ) .
Time to systemic
progression; ORR,
DCR, DOR; OS,
AEs
NCT05091567 Active, not | PFS, OS, ORR, | lll Lurbinectidin+Atezolizumab vs. Atezoli- | 1% line
[151] recruiting ADA TTCD zumab as maintanance after Atezoli-
zumab+ ChT
NCT04728230 Active, Incidence of DLT, | Il olaparib + durvalumab+ carboplatin, etopo- | 1% line
[152] ORR, PFS, OS, In- side with or without RT

recruiting
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NCT06429696
[153]

NCT06646276
[154]

NCT04924101
[155]

NCT06478043
[156]

NCT05874401
[157]

NCT04698941
[158]

NCT05731518
[159]

NCT06801834
[160]

NCT06663098
[161]

NCT06332950
[162]

NCT05280470
[109]

NCT06749691
[163]

NCT05901584
[164]

NCT06227546
[165]

Active, not
recruiting

Active, re-
cruiting

Active, not
yet recruit-

ing

Active, not
yet recruit-
ing

Active,

recruiting

Unknown

Active,

recruiting

Active, not
yet recruit-
ing

Active, not
yet recruit-
ing

Active, not
yet recruit-

ing

Active, not
yet recruit-
ing

Active,
recruiting
Active,
recruiting
Active,

recruiting

tra- and extra-tho-
racic recurrence
rates

6m-PFS, PFS, OS,

OS, TTDD, AEs,
SAEs, DOR, OS,
ORR

ORR; PFS, DOR,
0S, AEs, Tumor
size change, QoL

ORR, AEs, DCR,
DOR, OS, PFS,

0S, PFS, ORR,
DCR, AEs

DCR, ORR, PFS,
OS, AEs

MDT, RP2D, safety
and tolerability,
ORR, DCR, PFS,
OS, AEs, Maximum
blood concentration

ORR, OS, PFS,
DOR, TRAEs

0S, PFS, ORR, fre-
guency of AEs

Safety, 6m-PFS,
ORR, PFS, OS,
DCR, DOR

ORR; TEAEs, PFS,
0S, DOR, TTR,

DCR, plasma
Cmax, Terminal
Half-Life, ADA

6m-PFS, PFS, OS,
ORR

PFS, OS,
ORR

DCR,

ORR, AEs, PFS,
DOR, OS, 6m-PFS

I

1l

PD-L1 inhibitor combined with apatinib
maintanance after ChT+ICls

BMS-986489 (Anti-fucosyl-GM1+

Nivolumab) + Carboplatin + Etoposide vs.
Atezolizumab/Carboplatin/ Etoposide

Investigational agents (MK-4830, bosero-
limab (MK-5890) and lenvatinib (MK-7902))
in combination with pembrolizumab +
etoposide/platinum

lvonescimab+ Irinotecan Liposome

Trilaciclib+Topotecan vs placebo+ Topo-
tecan

Simvastatin+ albumin paclitaxel

SC0245+ Irinotecan

Sacituzumab govitecan vs. SoC

Rechallenge atezolitumab + ChT

Adebrelimab Plus Irinotecan Liposome (II)
With or Without Famitinib

Ifinatamab Deruxtecan

Liposomal Irinotecan and Apatinib

Cadunilumab (Anti-PD-1/CTLA-4) in Com-
bination With or Without Chemotherapy

MGC018(B7-H3 ADC)

1%t line

1%t line

1%t line

2% line

2% line

2% line

2%line

2% line

2%line

2% line

2%line

2% line

2% line

2% line
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NCT04938817 Active, DLTs, AEs, ORR; | I/l Coformulation Pembroli- | 2%line
[166] recruiting PFS, DOR zumab/Quavonlimab alone or in combina-

tion with lenvatinib or +MK-4830; Coformu-

lation Favezelimab/Pembrolizumab

ADA: Anti-drug antibody; ADC: antibody drug conjugate; AE: adverse events; ChT: chemotherapy; CR: complete response; cCRT:
concomitant chemoradiotherapy; Cmax: maximum concentration; CBR: clinical benefit rate; CNS: central nervous system; DCvac: den-
tritic cell vaccine; DCR: Disease control rate; DDR: DNA damage repair; DOR: duration of response; DLT: dose limiting toxicity; ECG:
Electrocardiogram; FACT-L:health-related quality of life; ICls: Immune checkpoint inhibitors; I-DXd: Ifinatamab deruxtecan; LDRT: low-
dose radiotherapy; MTD: maximum tolerated dose; MSI: MicroSatellite Instability; PFS: Progression-Free Survival; PFSR: Progression-
Free Survival Rate; ORR: objective response rate; irORR: Immune-related Objective response rate; OS: overall survival; PD-1: pro-
grammed cell death -1; PD-L1: programmed death ligand-1; PK: Pharmacokinetic parameters; PR: partial response; QoL: quality of
life; RP2D: Recommended Phase 2 Dose; RT: radiotherapy; SAE: serious adverse events; SoC: standard of care; TRAEs: Treatment
related adverse events; TBI: total body irradiation; TTR: Time to response; TMB: tumor mutational burden; TACs: Time activity curves;
TEAESs: Treatment-Emergent Adverse Events; TTP: time to treatment progression; TTCD: ,Time to Confirmed Deterioration; TTDD:

Time to definitive deterioration; VEGF: Vascular endothelial growth factor.



6 The role of laterality in cancers 28

6. The role of laterality in cancers

The human body exhibits inherent asymmetry in the structure and function of paired organs like the
lungs, breasts, and kidneys. These differences, extending to organ positioning, vascular anatomy, and
lymphatic drainage, are well recognized in anatomical literature. However, their impact on cancer de-
velopment, progression, and patient outcomes—collectively termed "laterality"—has not been exten-
sively studied in oncology.

Recent evidence, however, suggests that the side on which a cancer develops may affect its incidence,
stage at diagnosis, and even survival. One of the most extensive investigations into this topic was con-
ducted by Roychoudhuri et al., who analyzed over 260,000 unilateral tumors using data from the
Thames Cancer Registry. Their findings highlight that “asymmetries in organ structure and function are
mirrored in cancer incidence and, to a lesser extent, clinical outcomes” [167].

In their analysis, paired organs such as the lungs, breasts, kidneys, ovaries, and testes were evaluated
for side-specific differences. Testicular cancer, for instance, showed a marginal but statistically signifi-
cant survival advantage for left-sided tumors (five-year survival: 98.2% vs. 96.9% for right-sided; p <
0.01). This may relate to physiological differences such as “the higher and warmer position of the right
testis” [167].

A similar trend was observed in ovarian cancer, where left-sided non-germ cell tumors had a slight
survival benefit (52.3% vs. 49.5%), although the underlying mechanisms remain uncertain. Possible
explanations include differences in pelvic anatomy or surgical accessibility.

In contrast, no substantial survival differences were observed in kidney and breast cancers between
left- and right-sided tumors, suggesting that laterality may not always be prognostically relevant.

Lung cancer presents a more nuanced picture. Among women, right-sided tumors have been associated
with “modestly better five-year survival rates (4.6% vs. 3.8%, p < 0.01)” [167] . This trend persisted even
in surgical subgroups, with right-sided resections showing slightly improved outcomes. These disparities
may reflect differences in lymphatic drainage pathways or mediastinal anatomy, which could influence
treatment response or recurrence patterns.

Right-sided lung tumors also occur more frequently than left-sided ones. This may relate to tracheo-
bronchial structure: the right main bronchus is shorter, wider, and more vertically oriented, facilitating
easier entry of inhaled substances. In contrast, the left bronchus is longer and deflected by the aortic
arch, potentially limiting exposure. This structural variation results in “preferential airflow and particle
deposition into the right lung, especially the right lower lobe” [168—170].

This hypothesis is supported by imaging and autopsy studies, which consistently show more severe
emphysematous and bronchitic changes in the right lung of smokers [171]. Autopsy reports also docu-
ment more aspiration-related damage and foreign material in the right lung, corroborating this anatomi-
cal vulnerability. Autopsy studies further corroborate this by documenting a higher prevalence of “aspi-
ration-related pathology and foreign material in the right lung” [172]. These findings are not limited to
anatomical observation; aerosol studies in both humans and animals have demonstrated that “the right
lung receives a disproportionately higher share of inhaled particulate matter” under conditions of normal
(tidal) breathing [173].

These patterns are especially relevant when considering the inhalation of carcinogens, such as polycy-
clic aromatic hydrocarbons and nitrosamines in tobacco smoke. Chronic exposure in the right lung may
contribute to the observed higher incidence of right-sided lung cancers. Roychoudhuri et al. reported
that the “incidence-rate ratio of left-to-right lung cancers was 0.88 in males and 0.86 in females”, which
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closely corresponds to the differences in lung mass, strengthening the argument for a combined vol-
ume—exposure model of carcinogenesis [167].

One of the most clinically important examples of cancer laterality is found in colorectal cancer. Right-
sided (proximal) and left-sided (distal) colon tumors differ not only anatomically but also in their biology,
symptomatology, and response to treatment.

Right-sided lesions more frequently exhibit microsatellite instability (MSI), BRAF mutations, and a CIMP-
high phenotype, while left-sided tumors are more commonly associated with chromosomal instability,
TP53 mutations, and KRAS alterations. [174—176]. These molecular variations influence symptomatol-
ogy—right-sided tumors often present with anemia, while left-sided lesions more commonly lead to
bowel obstruction—and affect treatment response.

Prognostically, patients with left-sided tumors tend to have better survival, especially when treated with
chemotherapy and targeted agents. For instance, patients with RAS wild-type, left-sided tumors are
more likely to benefit from anti-EGFR agents like cetuximab or panitumumab. In contrast, right-sided
tumors derive less benefit from these therapies and may respond better to alternatives like bevacizumab
[177].

Treatment decisions in metastatic colorectal cancer now routinely consider tumor laterality. Several
studies have shown that patients with RAS wild-type, left-sided tumors derive substantial benefit from
anti-EGFR therapies such as cetuximab or panitumumab. Conversely, “patients with right-sided tumors
derive limited benefit from these agents and may be better suited to other biologics like bevacizumab”
[178].

In summary, laterality in cancer reflects a complex interplay between anatomical, molecular, and envi-
ronmental factors. While not universally predictive or prognostic, it provides an additional dimension for
understanding tumor behavior and optimizing patient management. From both a clinical and research
perspective, incorporating laterality into cancer analyses could uncover subtle patterns that enhance
personalized treatment strategies and improve outcomes.
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7. Aim of the study

SCLC continues to pose a major clinical challenge due to its highly aggressive nature, rapid progression,
and early dissemination. Unlike many solid tumors where systemic therapies have notably improved
outcomes, advancements in the management of SCLC have lagged behind the pace of its clinical de-
terioration. Most patients present with a high symptom burden, including severe respiratory symptoms,
weight loss, and paraneoplastic syndromes, which often result in a swift decline in performance status
and overall health.

The introduction of immune checkpoint inhibitors has reshaped the first-line therapeutic landscape for
extensive-stage SCLC, offering modest survival improvements when combined with chemotherapy. Ne-
vertheless, once disease progresses beyond the first line, outcomes remain dismal. This reality under-
scores the necessity to optimize initial treatment duration and efficacy, as therapeutic options in later
lines are generally limited in benefit.

Unlike NSCLC, where treatment is increasingly guided by biomarkers such as PD-L1 expression, tumor
mutational burden (TMB), and oncogenic drivers, SCLC lacks validated predictive biomarkers to guide
immunotherapy selection [179,180]. The reasons for this are multifaceted:

1. Low Tumor Cellularity: Most SCLC biopsies provide limited cellular material, which hampers
accurate PD-L1 testing.

2. Necrosis and Sample Size: The predominance of necrotic zones and the typically small biopsy
size limit reliable molecular profiling, including TMB evaluation.

3. Absence of Reliable Predictors: Although PD-L1 and TMB are used in other settings, they
have not proven predictive in SCLC. As noted in recent reviews, “PD-L1 expression and TMB
do not reliably stratify SCLC patients for ICI therapy. Consequently, these factors have been
largely abandoned as criteria for patient selection in clinical trials and routine practice” [179].

Historically, SCLC was seen as a molecularly uniform disease, largely due to its consistent loss of TP53
and RB1 and strong neuroendocrine features. However, recent molecular analyses have challenged
this view, revealing the existence of biologically distinct subtypes. These subtypes, defined through
transcriptional profiling, appear to differ in their response to chemotherapy, immunotherapy, and emer-
ging targeted agents.

This molecular heterogeneity opens the door to a more individualized approach to treatment. Initial stu-
dies suggest that these subtypes may exhibit unique therapeutic vulnerabilities, although prospective
validation is still required. As one group of researchers put it, “these findings require prospective valida-
tion in well-designed clinical trials to establish their predictive value and inform personalized treatment
strategies” [179].

Recognizing the unmet need for better patient stratification and treatment personalization in SCLC, our
study was designed to explore prognostic and potentially predictive factors that could guide clinical de-
cision-making.

We conducted a retrospective analysis involving patients with stage 11l and IV SCLC treated at institu-
tions in Italy and Germany. This investigation sought to determine whether specific clinical features or
molecular subtypes were associated with differences in survival or treatment response.

Our objectives were as follows:

e To identify clinical and molecular prognostic indicators that could help distinguish patients
with more favorable versus poorer survival outcomes.
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e To evaluate the influence of molecular subtypes on therapeutic efficacy and disease trajec-
tory, aiming to define subgroups that may benefit from particular treatment strategies.

e To propose refined risk stratification methods, with the goal of optimizing treatment alloca-
tion, personalizing therapeutic decisions, and tailoring follow-up plans to individual patient risk.

By drawing on real-world data from a multinational cohort, our study aims to bridge the gap between
daily clinical practice and evolving concepts in precision oncology. We hope that our findings will contri-
bute to the effort of moving SCLC management toward a more nuanced, biomarker-driven framework,
particularly in a disease long considered resistant to personalization.



8 Materials and Methods 32

8. Materials and Methods

This retrospective, multicenter observational study included 222 patients diagnosed with SCLC who
received first-line treatment at institutions in Italy and at the Lungenklinik of Ludwig-Maximilians-Uni-
versitat Minchen (LMU). The study was conducted in compliance with the ethical standards outlined
in the Declaration of Helsinki and was approved by the Institutional Ethics Committee of the Uni-
versity Hospital of Munich (LMU) (Approval Code: 476-16 UE, approval date: 5 August 2016).

8.1 Patient Population

Eligible patients were adults with a confirmed diagnosis of SCLC, based on histological or cytological

criteria, in accordance with the 2015 WHO classification of lung tumors.

Included patients had either locally advanced (unresectable stage Ill) or metastatic (stage IV) dis-
ease at the time of diagnosis. Treatment strategies varied depending on disease extent and clinical
fitness. Patients with stage Il disease typically received concurrent or sequential chemoradiother-
apy, while patients with stage IV disease were treated with either platinum-based chemotherapy

alone or first-line chemoimmunotherapy, according to institutional protocols and clinical eligibility.

Patients were excluded if their diagnosis did not meet SCLC histological criteria (e.g., adenocarcinoma,
squamous cell carcinoma, large cell carcinoma), if they had undergone curative-intent surgery, or if

their disease was classified as early-stage at diagnosis.

After application of these criteria, a total of 222 patients were included in the final analysis. A diagram

illustrating the patient inclusion and exclusion process is shown in Figure 2.

All procedures involving human participants were conducted in line with the Declaration of Helsinki,
which emphasizes that “research involving human subjects must be conducted only if the importance of
the objective outweighs the risks and burdens to the research subjects” (World Medical Association,
2013).

SCLC patients with available data, N 290

l Excluded patients with early stage, not SCLC histology
pathology revision, N 58

Eligible for the analysis, N 232

Patients with incomplete data, N 10

Study population, N 222

Figure 2. Patients’ selection flow chart
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8.2 Clinical and Pathological Characteristics of Patients

For all patients included in the study, detailed clinical data were systematically collected. This included
demographic factors such as age, sex, and smoking status. Tumor characteristics were recorded, in-
cluding tumor laterality (i.e., localization in the right or left lung), TNM staging as per the 8th edition of
the AJCC, and the individual T, N, and M components. Specific information was gathered on tumor size,
the extent of lymph node involvement, and presence and sites of distant metastases, including common
locations such as the brain, liver, bone, lungs, pleura, adrenal glands, soft tissues, and other affected

organs.

Further clinical variables included the date of diagnosis and the initiation of systemic treatment. From a
pathological standpoint, tumor grading, the Ki-67 proliferation index, and expression of neuroendocrine
markers such as synaptophysin and chromogranin A were assessed, in line with standard SCLC diag-

nostic criteria.

Outcomes analyzed in this study included PFS and OS. These were used to assess clinical prognosis

and therapeutic response across the study population.

8.3 Statistical Analysis

Descriptive statistics were applied to summarize baseline characteristics. Categorical variables are re-
ported as absolute numbers and percentages, while continuous variables are described using medians

and ranges.

Survival outcomes (PFS and OS) were estimated using the Kaplan—Meier method. PFS was defined as
the interval from the start of first-line treatment to either radiological disease progression (as determined
by RECIST v1.1) or death from disease-related causes. OS was calculated from the date of treatment

initiation to death from any cause or the date of last follow-up.

To explore potential associations between clinical/pathological variables and survival outcomes, we first
used the Chi-square test to evaluate relationships between categorical variables. Statistical significance

was set at p < 0.05.

Univariate analyses were performed using Cox proportional hazards regression to estimate the effect of
each variable on PFS and OS. For continuous variables, cut-off thresholds were based on the median
value of the study population. Variables with statistically significant results in univariate testing were
subsequently entered into a multivariate Cox regression model to determine independent prognostic
factors.

Survival data are presented as hazard ratios (HR) along with corresponding 95% confidence intervals
(95% CI). As recommended for clinical oncology studies, this approach provides an estimate of relative

risk over time.

All statistical procedures were conducted using R software (version 4.0) in RStudio. Microsoft Ex-

cel and RStudio were used to create tables and visual representations of the data.
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In line with best practice, the study followed established statistical conventions for survival analysis,
including the use of Kaplan—Meier curves and proportional hazards modeling, acknowledging that “a p-
value of <0.05 was considered statistically significant” for all analyses conducted.
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9. Results

9.1 Patient Characteristics

A total of 222 patients diagnosed with SCLC were included in the analysis, with 107 patients (48.2%)
treated at the LMU Clinic and 115 patients (51.8%) treated at Italian center between January 2020 and
December 2022. The median age at diagnosis was 69 years, ranging from 46 to 87 years. The majority
of patients were male, accounting for 60.4% (n = 134), while 39.6% (n = 88) were female. Smoking
history was prevalent in the cohort, with 91% of patients being either current or former smokers.

At the time of diagnosis, most patients had a good performance status. Specifically, 58.6% (n = 130)
had an ECOG performance status of 0, and 38.2% (n = 85) had a status of 1. Only a small number of
patients presented with a more compromised performance status, with six patients (2.7%) having an
ECOG-PS of 2 and one patient (0.5%) presenting with a score of 3.

Regarding disease staging, the majority of patients—167 individuals, or 75.2%—had stage IV disease,
while the remaining 55 patients (24.8%) were classified as stage Ill according to the 8th edition of the
TNM classification by the AJCC. The tumor was located in the right lung in 110 patients (49.5%) and in
the left lung in 111 patients (50%). In one case, the central location of the tumor made it difficult to assign
it to either side definitively.

Lymph node involvement was frequent at diagnosis. Locoregional lymph node metastases were de-
tected in 95.5% of patients, and distant lymph node metastases were found in 26.6%. Bone metastases
were present in 69 patients (31.1%), and liver metastases were observed in 65 patients (29.3%). Meta-
static spread to the contralateral lung occurred in 29.3% of cases, while brain metastases were reported
in 21.6% of patients at diagnosis. Pleural involvement was identified in 17.1% of the population, and soft
tissue metastases in 7.7%. Adrenal gland metastases were present in 13.1% (n = 29), with additional,
less frequent metastatic sites including the pancreas (3.6%), pericardium (0.5%), peritoneum (1%), and
kidney (1%).

As for systemic therapy, 116 patients (52.3%) received a first-line regimen consisting of carboplatin,
etoposide, and the immune checkpoint inhibitor atezolizumab. This subgroup included 114 patients with
stage IV disease and two patients with stage Il disease who were not considered suitable candidates
for locoregional treatment. Additionally, eight patients with stage IV disease were treated with a first-line
combination of carboplatin or cisplatin, etoposide, and durvalumab. A platinum-based chemotherapy
doublet—carboplatin or cisplatin plus etoposide—without immunotherapy was administered to 53 pa-
tients with stage Il disease and to 45 patients with stage IV disease.

Thoracic radiotherapy was integrated into the treatment strategy for several patients. Specifically, 28
patients (12.6%) underwent sequential chemoradiotherapy, whereas 25 patients (11.3%) received con-
current chemoradiotherapy. In both settings, radiotherapy was combined with platinum—etoposide
chemotherapy.

A full overview of baseline patient characteristics and treatment patterns is provided in Table 4.
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Table 4. Patient charachteristics
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9.2 Prognostic Impact on Progression-Free and Overall Survival

After a median follow-up period of 11 months (range: 3 to 28 months), our analysis revealed a statisti-
cally significant association between tumor laterality and patient outcomes in small-cell lung cancer.
Specifically, patients with tumors originating in the left lung had markedly worse OS compared to those
with right-sided tumors. The median OS was 8 months for left-sided tumors versus 12 months for right-
sided tumors, with a HR of 2.020 and a p-value of 0.001, indicating a substantial negative prognostic

effect.

When examining PFS, tumor laterality also demonstrated a significant impact. Patients with right-sided
tumors had a median PFS of 7.7 months, compared to 6.7 months for those with left-sided tumors (HR
1.293, p = 0.009), suggesting that laterality may play a role not only in survival but also in disease

progression dynamics.

Smoking status was another variable that showed a strong association with clinical outcomes. In uni-
variate analysis, active or prior smoking was significantly correlated with poorer overall survival (p <
0.001). However, in multivariate Cox regression analysis, smoking retained its significance as an inde-
pendent prognostic factor only for OS (p = 0.064) but not for PFS, suggesting its influence may be more

pronounced in long-term mortality rather than short-term disease control.

Performance status at diagnosis, measured by the ECOG scale, emerged as a critical predictor of out-
come. Patients with worse ECOG scores experienced significantly shorter survival durations. This was
confirmed in the multivariate analysis, where ECOG-PS was identified as an independent negative prog-
nostic factor for both OS (p = 0.025) and PFS (p < 0.001), supporting its utility in baseline risk stratifica-

tion.

As anticipated, advanced stage at diagnosis (stage V) was strongly associated with unfavorable out-
comes. In the multivariate model, stage IV disease was found to be an independent negative prognostic

variable for both overall survival and progression-free survival (p < 0.001 for both endpoints).

The number and distribution of metastatic sites also influenced prognosis. Patients presenting with two

or more distant metastatic lesions at the time of diagnosis had significantly poorer survival outcomes,
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affecting both OS and PFS (p < 0.001). Among specific metastatic sites, distant lymph node involve-
ment and liver metastases were strongly correlated with reduced overall survival (p < 0.001 for both).
Additionally, bone metastases at diagnosis were associated with worse outcomes in patients with
stage IV disease, negatively impacting both PFS (p = 0.035) and OS (p = 0.021).

Conversely, our analysis did not show statistically significant associations between survival outcomes
and other variables, including patient sex, locoregional lymph node involvement, or the presence of

metastases in the brain, lungs, soft tissue, pleura, or adrenal glands.

The multivariate model identified several factors independently associated with survival, all of which are
summarized in Tables 5 and 6. Corresponding Kaplan—Meier survival curves illustrating the prognos-

tic impact of key clinical and pathological variables are displayed in Figure 3.

Figure 3. Overall survival all study population (N=222); B) Progression free survival all study
population
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10. Discussion

SCLC remains one of the most aggressive and lethal forms of thoracic malignancy, largely due to its
rapid progression, early dissemination, and the absence of effective targeted therapies. Despite signifi-
cant advancements in the molecular characterization of SCLC over the past decade, these insights have
yet to translate into substantial clinical benefit. Recent genomic studies have unveiled a complex muta-
tional profile, involving alterations in transcription factors, receptor tyrosine kinases, and epigenetic reg-
ulators such as chromatin-modifying enzymes [182-186]. However, as summarized in current re-
views, “clinical trials evaluating targeted therapies have not yet demonstrated a significant survival ben-
efit”in SCLC [187].

Although several clinical and pathological factors—such as age, sex, Ki-67 index, tumor differentiation,
and neuroendocrine marker expression—have been investigated for their prognostic relevance, results
have been inconsistent and inconclusive [189]. Given the dismal survival associated with this malig-
nancy, there is an ongoing need to identify biomarkers that can support both risk stratification and ther-

apeutic decision-making.

Among emerging variables, tumor laterality has gained attention due to anatomical and physiological
differences between the lungs. For instance, in colorectal cancer, sidedness has proven to be a mean-
ingful factor, reflecting disparities in embryological origin, vascular supply, and genomic alterations, all
of which influence treatment response and prognosis [190]. Similarly, population-based data in renal
cell carcinoma from the SEER database indicated that left-sided tumors were linked with inferior out-

comes, potentially due to their higher grade and stage at diagnosis [191].

However, the relevance of laterality in lung cancer, particularly in SCLC, remains unclear. Some studies
in non-small cell lung cancer (NSCLC) have observed procedural risks associated with right-sided re-
sections. For example, one investigation of 1,465 NSCLC patients undergoing pneumonectomy re-
ported higher perioperative mortality for right-sided procedures following neoadjuvant therapy, although

no long-term survival difference was observed [192].

More recently, a study by La Salvia et al. examined 300 cases of lung neuroendocrine tumors (NETS)
and found a significant prognostic role for laterality. The authors observed that left-sided typical and
atypical carcinoids were associated with worse survival outcomes. As they noted, “left-sided NETs
displayed a significantly higher prevalence of tumor necrosis,” suggesting a possible biological mecha-

nism underpinning these findings [193].

To the best of our knowledge, the present study is the first to demonstrate a significant impact of tumor
laterality on prognosis in patients with SCLC. Our results indicate that tumors originating in the left lung
parenchyma are associated with significantly worse overall and progression-free survival compared to
right-sided tumors. These findings suggest potential anatomical or biological differences that could in-

fluence tumor behavior and disease progression.

The relevance of these findings is further supported by molecular observations in NETs. In the same
study by La Salvia et al., tumors in the right lung showed higher microvessel density (MVD), whereas

those in the left lung exhibited increased expression of hypoxia-inducible factor-1 alpha (HIF-1a).
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According to the authors, “higher HIF-1a expression was significantly associated with poor differentia-
tion, increased necrosis, and reduced MVD” [194]. These characteristics, when applied to SCLC—which
is itself a high-grade neuroendocrine carcinoma—raise the hypothesis that similar hypoxia- and angio-

genesis-related mechanisms may also drive the observed prognostic differences in laterality.

If validated, these biological differences may hold translational relevance. Specifically, biomarkers as-
sociated with hypoxia and vascularization could support the development of prognostic tools or thera-
peutic targets in SCLC, potentially guiding more personalized treatment strategies. However, the bio-
logical mechanisms behind laterality remain speculative and require prospective validation, especially

within the broader context of lung neuroendocrine tumors.

In addition to tumor laterality, our study confirmed several well-established clinical factors associated
with poor outcomes in SCLC, including worse ECOG performance status, advanced stage at diag-
nosis, and the presence of liver metastases. These findings are consistent with previous literature and
support the robustness of our data. Importantly, the impact of tumor laterality remained significant even

after adjusting for these variables, suggesting its potential role as an independent prognostic marker.

Despite the novelty and relevance of our findings, some limitations must be acknowledged. First, the ret-
rospective nature of the study may introduce selection and information bias. Second, the modest sam-
ple size could limit the power of subgroup analyses, particularly in multivariable models. Moreover, in-
complete clinical data, such as missing values for smoking status or neuroendocrine marker expres-
sion, may restrict the generalizability of our conclusions. To overcome these limitations, prospective
studies involving larger, well-characterized patient cohorts and comprehensive molecular profil-

ing are needed.

In summary, our results suggest that tumor laterality may represent a novel prognostic factor in
SCLC. This observation warrants further investigation, as it could have implications for both clinical trial
design and individualized treatment strategies. Understanding the underlying biology of laterality-related
differences—especially those related to angiogenesis and hypoxia—may also open new avenues in the

management of this challenging disease.
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11. Conclusions

This study presents novel clinical evidence indicating that the side of origin of the primary tumor—tumor
laterality—may serve as an independent prognostic factor in patients with SCLC. The significant differ-
ences in survival outcomes observed between left- and right-sided tumors suggest that laterality may
not simply reflect anatomical variation but instead may be indicative of underlying biological heteroge-

neity.

If confirmed in prospective datasets, tumor laterality could be integrated into prognostic assessment
tools and contribute to more individualized treatment planning in SCLC. As noted in earlier oncological
studies, “anatomical differences may reflect deeper biological mechanisms influencing tumor behav-
jor” [La Salvia et al., 2021].

To explore this hypothesis further, we propose to conduct in-depth biological characterization of tumor
samples from our patient population. Planned analyses include immunohistochemistry, targeted gene
profiling, and transcriptomic studies, focusing particularly on pathways involved in neuroendocrine reg-
ulation and hypoxia. Special attention will be given to markers such as ASCL1, HIF-1a, and other reg-
ulators known to influence angiogenesis and tumor proliferation. As La Salvia et al. observed in lung
NETSs, “HIF-1a expression was significantly associated with necrosis, poor differentiation, and lower

vascular density”, suggesting that similar mechanisms may be operative in SCLC [194].
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12. Summary

Importance: SCLC remains among the most therapeutically challenging thoracic malignancies, marked
by rapid progression, high metastatic potential, and limited long-term survival. Established prognostic
factors—such as performance status, tumor stage, and liver metastases—are important but insufficient
for accurate patient stratification. This gap highlights the need for new, clinically meaningful markers

that could guide individualized treatment decisions.

Objective: Recent studies in well-differentiated pulmonary neuroendocrine tumors have shown that the
side of tumor origin (laterality) can influence prognosis, with worse outcomes reported for left-sided
carcinoids. Given the neuroendocrine lineage of SCLC, albeit poorly differentiated, we hypothesized
that tumor laterality might similarly affect survival in SCLC. Our study aimed to assess whether the side
of the lung in which the primary tumor develops serves as a prognostic indicator, potentially reflecting

underlying biological variation.

Design, Setting, and Participants: This was a multicenter, retrospective, observational study involving
three institutions—two in Italy and one in Germany. The cohort included consecutive patients diagnosed
with histologically or cytologically confirmed SCLC, treated between January 2020 and December 2022,
and followed for a minimum of three months. Treatment approaches varied according to disease stage

and institutional standards.

Main Outcomes and Measures: We collected comprehensive clinical and pathological data, including
patient demographics, tumor characteristics (location, histology, stage), metastatic spread, and treat-
ment details. The key outcome measures were PFS and OS. We evaluated the prognostic impact of
tumor laterality in the context of other clinical variables such as age, sex, ECOG performance status,

metastatic sites, and therapy received.

Results: A total of 222 patients were included in the analysis. The cohort was predominantly male
(60.4%) and comprised a high proportion of individuals with a smoking history (90.1%). Most patients
were diagnosed with advanced disease, with 75.2% at stage V. Tumors were almost equally distributed
between the lungs: 49.5% in the right and 50.5% in the left.

Consistent with existing literature, poorer survival was observed in patients with advanced stage, poor
ECOG status, and liver metastases at diagnosis. Notably, our study found that tumor laterality inde-
pendently influenced prognosis. Patients with right-sided tumors had significantly better median OS than
those with left-sided tumors (12 vs. 8 months, p = 0.001; HR = 2.020). A similar pattern was observed
for PFS: right-sided tumors had a median PFS of 7.8 months, compared to 6.7 months for left-sided
tumors (p = 0.009; HR =1.293).

Additional prognostic factors identified included smoking status, ECOG performance score, and the
presence of distant lymph node or bone metastases. In contrast, no significant association was found

between OS or PFS and patient sex, or metastases to the brain, lung, adrenal glands, or pleura.

Conclusions and Relevance: Our findings suggest, for the first time in the context of SCLC, that the

location of the primary tumor may hold prognostic value. This observation is in line with previous work
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on lung carcinoids, and may reflect biological differences between the left and right pulmonary environ-
ments. As La Salvia et al. noted in lung NETS, “tumor laterality was associated with necrosis, angiogen-

esis, and microenvironmental differences, contributing to survival disparities” [La Salvia et al., 2021].

We hypothesize that differential exposure to inhaled carcinogens, asymmetric lymphatic drainage, or
variations in local hypoxia may contribute to this effect. These findings support the need for further
research into how anatomical and molecular tumor characteristics interact, and whether tumor laterality

could be integrated into prognostic models or used as a stratification factor in clinical trials.
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13. Zusammenfassung

Hintergrund: Das kleinzellige Lungenkarzinom (SCLC) z&hlt zu den aggressivsten Tumorentitaten der
Lunge und ist durch eine &uf3erst ungiinstige Prognose gekennzeichnet. Auch wenn klinische Parame-
ter wie der Allgemeinzustand (ECOG Performance Status), das Krankheitsstadium und das Vorhanden-
sein von Lebermetastasen etablierte prognostische Faktoren darstellen, reichen sie alleine nicht aus,
um eine differenzierte Risikobewertung bei SCLC-Patienten vorzunehmen.

Zielsetzung: In friiheren Arbeiten zu gut differenzierten neuroendokrinen Lungentumoren wurde gezeigt,
dass die Seitenlokalisation des Primé&rtumors — also ob dieser in der rechten oder linken Lunge entsteht
— einen unabhangigen Einfluss auf das Uberleben nehmen kann. Insbesondere zeigten sich linksseitige
Karzinoide mit schlechteren klinischen Verlaufen. Da SCLC ebenfalls eine neuroendokrine Tumorform
darstellt, wenn auch schlecht differenziert, untersuchten wir in dieser Studie, ob sich ein ahnlicher Ein-
fluss der Tumorlokalisation auch bei SCLC feststellen I&sst.

Studiendesign, Setting und Teilnehmer: Unsere retrospektive multizentrische Beobachtungsstudie um-
fasste Patienten mit histologisch oder zytologisch gesichertem SCLC, die zwischen Januar 2020 und
Dezember 2022 in drei Kliniken in Italien und Deutschland behandelt wurden. Die Behandlungsstrategie
richtete sich dabei jeweils nach dem initialen Tumorstadium. Voraussetzung fir die Studienteilnahme
war eine Mindestnachbeobachtungszeit von drei Monaten.

Hauptergebnisse und Messgrof3en: Neben soziodemografischen Merkmalen und klinischen Basisdaten
wurden unter anderem Tumorstadium, histopathologische Charakteristika, Metastasenmuster sowie die
eingesetzten Therapien systematisch erfasst. ZielgrolRen der Analyse waren das Gesamtiberleben
(OS) und das progressionsfreie Uberleben (PFS). Es erfolgte eine multivariate Auswertung, um den
unabhangigen Einfluss der Tumorseite im Vergleich zu weiteren prognostischen Faktoren wie Alter,
Geschlecht, ECOG, Therapieschema und Metastasierungsmuster zu bestimmen.

Ergebnisse: Insgesamt wurden 222 Patienten in die Analyse eingeschlossen. Der GrofR3teil war mannlich
(60,4 %) und Uuber 90 % der Patienten hatten eine aktuelle oder frGhere Rauchhistorie. Bei 75,2 % wurde
ein Stadium IV diagnostiziert. Der Primartumor war nahezu gleich verteilt zwischen der rechten (49,5 %)
und linken Lunge (50,5 %).

Wie erwartet, zeigten sich ein schlechter ECOG-Status, ein fortgeschrittenes Tumorstadium und das
Vorliegen von Lebermetastasen als signifikant negative Einflussfaktoren auf das Uberleben. Dariiber
hinaus ergab unsere Analyse, dass auch die Seite des Primartumors eine unabhangige Rolle spielt:
Patienten mit rechtsseitigem Tumor wiesen ein signifikant [Angeres medianes OS auf als Patienten mit
linksseitigem Tumor (12 Monate vs. 8 Monate, p =0,001; HR =2,020). Auch im Hinblick auf das PFS
ergab sich ein Unterschied zugunsten der rechtsseitigen Tumoren (7,8 Monate vs. 6,7 Monate;
HR =1,293, p=0,009).

Weitere negative Einflussfaktoren waren ein schlechter Allgemeinzustand (ECOG 21), aktives oder
friheres Rauchen sowie das Vorliegen von Fernmetastasen in Lymphknoten und Knochen. Dagegen
zeigten sich kein signifikanter Einfluss von Geschlecht oder Metastasen in Gehirn, Lunge, Pleura oder
Nebenniere auf das Uberleben.
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Schlussfolgerung und Relevanz: Unsere Ergebnisse deuten erstmalig darauf hin, dass die Lokalisation
des Priméartumors bei SCLC — analog zu gut differenzierten neuroendokrinen Tumoren — einen prog-
nostischen Einfluss haben kénnte. Dies legt nahe, dass Unterschiede in der Tumormikroumgebung oder
Tumorbiologie je nach Lungenhalfte existieren. In einer friilheren Arbeit zu neuroendokrinen Lungentu-
moren wurde berichtet, dass ,rechtsseitige Tumoren eine héhere mikrovaskulare Dichte (MVD) und
damit ein besseres Uberleben aufwiesen, wahrend linksseitige Tumoren haufiger Nekrosen zeigten und
mehr HIF-1a exprimierten® [La Salvia et al., 2021].

Wir vermuten daher, dass auch bei SCLC Unterschiede in Hypoxie, Angiogenese und Mikromilieu —
etwa durch asymmetrische lymphatische Drainage oder Aspiration — eine Rolle spielen kénnten. Diese
Hypothese sollte in zukiinftigen prospektiven Studien weiter validiert werden, um die klinische Relevanz
der Tumorlateralisierung in der Therapieplanung und Risikostratifizierung von SCLC-Patienten zu pru-
fen.
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