\
>

. ;
AT

UNIVERSITA DEGLI STUDI DI PALERMO

Dottorato di ricerca in Oncologia e Chirurgia Sperimentali
Dipartimento di Medicina di Precisione in Area Medica, Chirurgica e Critica (Me.Pre.C.C.)

Clinical and biochemical predictors of response
to avelumab in patients with metastatic

Merkel Cell Carcinoma (MCC)

Doctoral Dissertation of:
Dr. Federica Li Pomi

Tutor:
Prof. Giuseppe Badalamenti

The Chair of the Doctoral Program:
Prof. Antonio Russo

2025 - XXXVIII



INDEX

Abstract Page 2
CHAPTER 1 Background Rationale and Objectives Page 4
1.1 Epidemiology and Risk Factors Page 4
1.2 Pathogenesis Page 5
1.3 Clinical presentation Page 7
1.4 Diagnosis and Histopathology Page 7
1.5 Staging and Prognosis Page 8
1.6 Therapeutic landscape Page 9
1.7 Prognostic factors of response Page 11
1.8 Objectives Page 12
CHAPTER 2 Materials and Methods Page 14
2.1 Study design Page 14
2.2 Endpoints and response assessment Page 15
2.2 Statistical analysis Page 16
CHAPTER 3 Results Page 17
3.1 Baseline patient characteristics Page 17
3.2 Outcome analysis Page 18
3.3 Objective response rate and timing of response Page 19
3.4 Univariable and multivariable analysis Page 19
CHAPTER 4 Discussion Page 22
CHAPTER 5 Conclusions Page 28
Tables and Figures Page 29
Bibliography Page 35

Scientific Products Page 44



Abstract

Background: Merkel cell carcinoma (MCC) is a rare and highly aggressive cutaneous
malignancy associated with poor prognosis. Immune checkpoint inhibitors (ICIs),
including avelumab and pembrolizumab, have recently been approved as first-line
treatment for metastatic MCC. Improved clinical outcomes in obese patients treated with
ICIs, a phenomenon known as the “obesity paradox,” have been reported across several
tumor types. However, data in metastatic MCC patients remain limited, likely due to the
rarity of this disease.

Patients and methods: This observational, hospital-based study investigated the role of
clinical and biochemical markers as potential predictive factors of response to avelumab
in patients with metastatic MCC. Patients treated at an Italian referral center for rare
tumors between February 2019 and October 2025 were included. Clinicopathological
characteristics, BMI, baseline laboratory parameters including neutrophil-to-lymphocyte
ratio (NLR) and platelet (PLT) count, and response to avelumab were analyzed using
prospectively collected data from an MCC system database.

Results: A total of 41 patients were included. Pre-treatment BMI > 30 was significantly
associated with longer progression-free survival (PFS) compared with BMI < 30 [BMI <
30 Group: median PFS, 5 months (95% CI: 3.0 — 22.0); BMI > 30 Group: median PFS,
not reached; p=0.031]. The multivariable Cox regression model confirmed these
observations.

Conclusion: To our knowledge, this study represents one of the first investigations
evaluating the predictive role of BMI in patients with metastatic MCC treated with first-

line avelumab. Our findings are consistent with clinical observations of improved



outcomes in obese patients receiving ICIs across multiple tumor types. Advanced age,
baseline immune impairment, and obesity-associated “inflammaging” may represent key

factors influencing antitumor immune responses in patients with this rare clinical entity.



CHAPTER1

Background Rationale and Objectives

1.1 Epidemiology and Risk Factors

Merkel cell carcinoma (MCC) is a rare but highly aggressive primary tumor with both
epithelial and neuroendocrine features, first described by Cyril Toker in 1972 as
“trabecular carcinoma” [1]. Although it accounts for fewer than 1% of all cutaneous
malignancies [2], its incidence has risen markedly in recent decades, largely driven by
population aging, improved diagnostic accuracy, and a likely true increase in disease
burden [3—13].

Age 1s a significant epidemiologic risk factor, with a median age at diagnosis of
approximately 77 years, while MCC is rare in individuals younger than 50 years [2].
Incidence is nearly twice as high in men as in women and is substantially greater in non-
Hispanic White populations compared with Black ones [14]. The area distribution mirrors
cumulative ultraviolet (UV) exposure, which represents a pivotal risk factor, with
predilection for sun-exposed skin.

Immunosuppression, related to HIV/AIDS, hematologic malignancies, or solid-organ
transplantation, confers a several-fold risk elevation characterizing 6—-12% of MCC cases
[15-18].

At the molecular level, Merkel cell polyomavirus (MCPyV) is clonally integrated into the
tumor genome and represents the etiological driver of approximately 80% of MCC in

Europe and North America, while UV-driven, virus-negative MCC predominates in white



populations living in high-UV-exposed areas, including Australia [2,19,20].

1.2 Pathogenesis

From a pathogenetic perspective, MCC is characterized by two major molecular subtypes
that arise through distinct etiological mechanisms but ultimately converge on the
inactivation of the same key tumor suppressor pathways, namely retinoblastoma protein
(RB1) and p53. The disruption of these pathways represents a central oncogenic event
and underlies the aggressive biological behavior of the disease.

Most MCC cases are virus-positive and are driven by the clonal integration of MCPyV
into the host genome. MCPyV is a small double-stranded DNA polyomavirus of 5.4
kilobases that is commonly detected as part of the normal cutaneous virome in healthy
individuals. In MCC, viral integration occurs early during tumor development and is
followed by constitutive expression of viral early genes [21-23]. These viral products
include the large T antigen (LT) and small T antigen (sT). In contrast, late region genes,
encoding the structural capsid proteins viral protein 1 (VP1) and viral protein 2 (VP2),
are typically not expressed in tumor cells, as viral replication is no longer required for
tumor maintenance [24].

A hallmark of virus-positive MCC is the presence of tumor-specific truncating mutations
in the LT antigen. These mutations disrupt the helicase activity necessary for viral
replication while preserving the ability of LT to bind and functionally inactivate RB1. In
parallel, the sT antigen exerts oncogenic effects through multiple mechanisms, including
disruption of Fbxw7-dependent proteostasis. This leads to the stabilization of oncogenic
substrates and sustained activation of pro-survival signaling pathways [2,20]. As a

consequence of these molecular events, virus-positive MCCs exhibit a relatively low



tumor mutational burden. However, these tumors remain highly immunogenic due to the
stable and homogeneous expression of viral oncoproteins, which act as shared tumor
antigens and can be recognized by the host immune system.

Conversely, virus-negative MCC is primarily associated with chronic UV radiation
exposure. These tumors accumulate extensive UV-induced DNA damage and reach one
of the highest tumor mutational burdens reported among human cancers [25]. The
mutational landscape of virus-negative MCC is dominated by recurrent inactivating
alterations in RB1 and TP53, consistent with canonical UV mutational signatures. In
contrast to virus-positive tumors, immunogenicity in virus-negative MCC is driven by the
large number of somatic mutations, which generate a broad repertoire of tumor-specific
neoantigens [20].

Despite their distinct etiological origins, both virus-positive and virus-negative MCC
converge on the functional inactivation of the RB1 and p53 tumor suppressor pathways.
Loss of these critical regulators of cell-cycle control and genomic stability ultimately

promotes uncontrolled cellular proliferation and tumor progression.

Importantly, both MCC subtypes are characterized by pronounced immunogenicity,
albeit through different mechanisms: stable viral antigen expression in virus-positive
tumors and extensive neoantigen generation in virus-negative tumors. This shared
immunogenic profile provides a strong biological rationale for the remarkable sensitivity
of MCC to immune checkpoint inhibition, which has fundamentally changed the

therapeutic landscape of this cancer [26].



1.3 Clinical Presentation

MCC typically presents as a solitary, firm, painless, rapidly enlarging
erythematous-violaceous nodule or plaque [2]. The primary tumor shows a predilection
for sun-exposed areas, including the head and neck, upper and lower extremities;
however, any cutaneous location may be involved. In 0.8—14% of patients, the primary
lesion is occult, and the disease presents with nodal or distant metastasis [3,7,20].
Dermoscopic examination reveals polymorphous and linear irregular vessels, with an
erythematous background and milky-red areas; however, these findings overlap
substantially with those of other non-pigmented malignancies, making histopathologic

and immunohistochemical confirmation mandatory [27] (Figure 1A-B).

1.4 Diagnosis and Histopathology

Histologically, MCC presents as a dermal or subcutaneous proliferation of small round
blue cells, characterized by scant cytoplasm, finely granular “salt-and-pepper” chromatin,
and a high mitotic rate, with a Ki-67 proliferation index often exceeding 70—-80% [2].
Immunophenotypically, the diagnosis is supported by cytokeratin 20 (CK20) positivity,
typically exhibiting a perinuclear dot-like staining pattern, along with the co-expression
of synaptophysin, chromogranin A, and CD56. Conversely, negativity for thyroid
transcription factor 1 (TTF-1), S100 protein, and melanocyte antigen Melan-A helps to
exclude morphologically similar entities, including small cell lung carcinoma and

melanoma [2,20].



1.5 Staging and Prognosis

The 8th edition of the American Joint Committee on Cancer/Union for International
Cancer Control (AJCC/UICC) staging system presents the standard framework for MCC
staging [28]. Primary tumor (T) definitions are consistent between clinical and
pathological assessments. Nodal staging (N) distinguishes disease detected clinically or
radiologically from histologic confirmation obtained through sentinel lymph node biopsy
(SLNB), lymphadenectomy, or fine-needle aspiration [2]. Distant metastases (M) are
categorized mirroring that of melanoma: M1la for cutaneous, subcutaneous, or distant

lymph nodes metastases; M 1b for lung; and M1c for other visceral sites [20].

Prognosis depends on both tumor- and host-related factors. Adverse features include
larger tumor size (greater than 2 centimeters), head and neck location, and host
immunosuppression, as well as pathological features such as increasing thickness and
lymphovascular invasion [2,20]. Nodal risk rises with tumor diameter, from
approximately 14% for lesions measuring 0.5 cm to over 36% for tumors >6 cm. Overall
survival (OS) strongly depends on stage: five-year OS is about 50% for localized disease,
35% for regional involvement, and 13% for distant metastases. Occult nodal metastases
are found in roughly one-third of patients at diagnosis, and outcomes are superior when
disease is detected by SLNB compared with clinically evident nodal involvement [20].

At presentation, around 65% of patients have localized disease, 26% nodal metastases,

and 8% distant metastases [2].



1.6 Therapeutic Landscape

For localized disease, wide local excision with 1-2 cm margins, if anatomically feasible,
followed by adjuvant radiotherapy, represents the therapeutic standard. This multimodal
approach reduces local recurrence, improves locoregional control, and may confer OS
benefit, particularly in patients with negative prognostic factors.

As stated, SLNB is essential for accurate staging: when positive, it prompts consideration
of Complete Lymph Node Dissection (CLND) and/or nodal basin radiotherapy. As no
overall survival benefit has been demonstrated for routine CLND compared with
radiotherapy alone, CLND is generally reserved for macroscopic nodal disease, whereas
radiotherapy remains the cornerstone of nodal management [2,20].

In advanced MCC, platinum—etoposide chemotherapy historically represented the
standard systemic approach, achieving high initial response rates exceeding 50%.
However, these responses were short-lived, with a median progression-free survival
(PFS) of only 3—4 months and no demonstrable OS benefit, thereby restricting its role to
palliation [29].

The therapeutic landscape has since been revolutionized by the introduction of immune
checkpoint inhibitors (ICIs), a class of agents that target immune checkpoint pathways—
key regulatory mechanisms of the immune system that, when activated, attenuate
antitumor immune responses.

ICIs act by modulating inhibitory regulatory pathways that physiologically limit T-cell
activation and prevent autoimmunity. Among these, the programmed cell death protein 1
(PD-1)/programmed death-ligand 1 (PD-L1) axis plays a central role in peripheral
immune tolerance. PD-1 is expressed on activated T lymphocytes, B cells, and natural

killer (NK) cells and, upon engagement with its ligands PD-L1 or PD-L2, transduces



inhibitory signals that reduce T-cell proliferation, cytokine secretion, and cytotoxic
effector function. Tumor cells and cells of the tumor microenvironment (TME) frequently
exploit this pathway through PD-L1 overexpression, thereby inducing functional
exhaustion of tumor-infiltrating lymphocytes and enabling immune escape [30].

Blockade of the PD-1/PD-L1 interaction with ICIs restores antitumor immune activity by
reinvigorating exhausted T cells, enhancing clonal expansion, cytokine production, and
tumor cell killing [31,32]. In immunogenic tumors, such as MCC, this strategy is
particularly effective, as pre-existing antitumor immune responses can be rapidly

reactivated once inhibitory signaling is relieved.

Among ICIs, avelumab, a fully human IgG1 monoclonal antibody directed against
PD-L1, was the first agent to demonstrate efficacy and durable activity, with the
JAVELIN Merkel 200 trial reporting an Objective Response Rate (ORR) of 33% as
second-line treatment after chemotherapy and a median OS of 12.9 months. In the first-
line setting, efficacy was even greater, with an ORR of ~40% and complete responses in
~16% of patients [33].

Avelumab disrupts PD-1/PD-L1-mediated inhibitory signaling, thereby reactivating
antigen-specific T-cell responses within the MCC TME. By preventing PD-L1
engagement with PD-1 on activated T lymphocytes, avelumab enhances T-cell
proliferation, cytokine production, and cytotoxic effector function, effectively reversing
adaptive immune resistance. Distinct from other PD-L1 inhibitors, avelumab preserves
an intact Fc domain that can engage Fcy receptors on NK cells, enabling antibody-
dependent cellular cytotoxicity (ADCC) against PD-L1—-expressing tumor cells and

contributing to sustained antitumor immune control in MCC [34].
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Additional ICIs have demonstrated substantial efficacy: pembrolizumab, an 1gG4
isotype antibody that targets PD-1receptor of lymphocytes, achieved an ORR of ~56% in
treatment-naive advanced MCC [35], while nivolumab (another anti-PD-1 monoclonal
antibody) reached ORRs of up to ~68% in smaller prospective series [36].

Collectively, these data support PD-1/PD-L1 blockade as the guideline-endorsed first-
line systemic therapy for advanced disease, marking a paradigm shift from transient

cytotoxic benefit to durable immunologic control [2,20].

1.7 Prognostic factors of response

ICIs, and particularly the anti—-PD-L1 antibody avelumab, have substantially improved
outcomes for patients with metastatic MCC. However, durable benefit is achieved only
in a subset of patients, and both primary and acquired resistance remain major barriers to
long-term disease control.

Predictive factors of ICI effectiveness in MCC remain incompletely understood,
underscoring the need for reliable clinical, biochemical, and immunological biomarkers
to guide patient stratification and therapeutic decision-making.

To date, response to ICIs has not shown a consistent association with MCPyV status or
with UV-driven mutational signatures, despite the markedly distinct immunogenic
landscapes of virus-positive and virus-negative MCC [37]. This apparent dissociation
suggests that ICI responsiveness in MCC is not linked to a single tumor-intrinsic axis
(viral antigenicity versus neoantigen load), but rather emerges from a broader interplay
between tumor biology, the TME, and host systemic immune—metabolic factors [38].
Also PD-1/PD-L1 expression within tumor tissue has been explored as a potential

predictor in some cohorts; however, results remain inconsistent, likely reflecting assay

11



heterogeneity, variability in immunohistochemical scoring thresholds, and substantial
intratumoral and intertumoral heterogeneity [39,40].

The complexity of resistance to ICIs in MCC likely reflects the multifactorial nature of
immune evasion. Mechanisms implicated across other tumor types—including impaired
antigen presentation, T-cell exhaustion, TME remodeling, metabolic competition, and
cytokine-mediated immunosuppression—are likely to play central roles in MCC but
remain incompletely understood [41].

This gap underscores the need for comprehensive biomarker research integrating
clinical, biochemical, genomic, transcriptomic, and immune-phenotypic variables.
Finally, emerging observations in oncology have highlighted the so-called “obesity
paradox” whereby patients with elevated body mass index (BMI) appear to reach
enhanced responses to ICIs across several malignancies [42]. Nevertheless, the rarity of
MCC has limited the availability of tumor-specific data, leaving this potential association

unexplored in this patient population.

1.8 Objectives

This doctoral project is grounded in the recognition of a significant unmet need in the
current literature. One of the major challenges in metastatic MCC is the lack of reliable
predictive biomarkers capable of identifying patients most likely to benefit from ICIs
therapy. Although avelumab and other immunotherapies have substantially improved
clinical outcomes, approximately half of patients with metastatic MCC do not achieve
durable responses, and no validated clinical biomarkers are currently available to guide

patient selection.
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The study aims to address this unmet clinical need by focusing on readily accessible
clinical parameters and circulating metabolic and inflammatory markers as candidate
predictors of response in a prospective cohort of patients with metastatic MCC receiving
avelumab. These parameters were selected based on accumulating evidence linking host
metabolic status and systemic inflammation to immunotherapy responsiveness across
multiple tumor types.

By exploring their potential role as analytically robust and clinically meaningful
biomarkers, this project seeks to contribute to improved treatment stratification, earlier

identification of non-responders, and ultimately better patient outcomes.
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CHAPTER 11

Materials and methods

2.1 Study design
This was an observational, hospital-based study designed to investigate the role of clinical
and biochemical parameters as predictive biomarkers of immunotherapy response in

patients with metastatic MCC treated with the ICI avelumab.

The study population included adult patients with a pathologically confirmed diagnosis
of MCC and metastatic disease, who received avelumab as first-line therapy according to
clinical choice and available treatment options. Patients were treated between February
2019 and October 2025 at the Sicilian Regional Center for the Prevention, Diagnosis and
Treatment of Rare and Heredo-Familial Tumors, University Hospital Policlinico “Paolo
Giaccone” of Palermo. Clinical data were collected in a prospectively updated MCC

System database.

Pathological information collected for primary MCC included histological subtype, Ki-
67 proliferation index (%), and chromogranin A expression, as reported in routine
diagnostic pathology records. Clinical data included age, sex, disease stage at diagnosis,
comorbidities, hepatic impairment (HBV- or HCV-correlated or from other cause),
history of secondary malignancies, primary tumor site, number of metastatic sites,
avelumab dosing, and treatment duration. Pre-treatment BMI, Neutrophil-to-Lymphocyte
Ratio (NLR), and platelet count (PLT) were also recorded. NLR was calculated from
baseline complete blood count values as the ratio between absolute neutrophil and

lymphocyte counts. BMI was computed as weight in kilograms divided by height in
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meters squared, and classified according to World Health Organization (WHO) criteria:

normal weight (BMI =18.5-24.9), overweight (BMI = 25-29.9), and obese (BMI >30).

2.2 Endpoints and response assessment

The primary study endpoint was PFS, defined as the time from treatment initiation to
disease progression, death from any cause, or last follow-up for censored patients.
OS, defined as the time from treatment initiation to death from any cause, with patients
alive at last follow-up censored, was also evaluated.

Tumor response to treatment was assessed according to Response Evaluation Criteria In
Solid Tumors (RECIST version 1.1), including progressive disease (PD), stable disease
(SD), partial response (PR), and complete response (CR).

ORR, defined as the proportion of patients with a CR or PR per RECIST, was also
calculated.

Associations between clinicopathological characteristics, BMI, NLR, PLT count, and
clinical outcomes were analyzed. All clinical variables were anonymized and coded

before analysis.

The study protocol received approval from the Ethics Committee of the University
Hospital A.O.U.P. “Paolo Giaccone” of Palermo (approval number 1122). The study was
conducted in accordance with the Declaration of Helsinki and Good Clinical Practice

guidelines.
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2.3 Statistical analysis

Descriptive analyses were performed to assess patients’ characteristics. Differences
between subgroups were assessed using Fisher’s exact test. Pearson’s correlation
coefficient was used to evaluate the linear relationship between age and pre-treatment
BMI.

The analysis of PFS and OS between groups was compared using the Kaplan-Meier
method and log-rank test.

Univariable and multivariable Cox proportional hazards regression models were applied
to identify independent prognostic factors for PFS and OS. Hazard ratios (HRs) and
corresponding 95% confidence intervals (Cls) were reported. A two-sided P value <0.05
was considered statistically significant. All statistical analyses were performed using IBM

SPSS Statistics Version 29.0 (IBM Corporation, Armonk, NY, USA).
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CHAPTER III

Results

3.1 Baseline patient characteristics

From February 2019 to October 2025, 41 patients with metastatic MCC were included in
the study. The median age of the overall population was 78 years (range, 31-91). Twenty-
four patients (58.5%) were male, and 17 (41.5%) were female. All patients had a good
performance status at treatment initiation, with 30 patients (73.2%) presenting an Eastern
Cooperative Oncology Group (ECOG) performance status of 0 and 11 patients (26.8%)

an ECOG performance status of 1.

Most patients had a relevant burden of comorbidities, with 27 patients (65.9%) presenting
two or more concomitant conditions (cardiovascular, endocrinological, and/or other
concomitant diseases). Hepatic impairment was reported in 4 patients (9.8%), whereas 12

patients (29.3%) had a history of a second solid or hematological malignancy.

Regarding tumor characteristics, the most frequent primary tumor site was the lower limb
(41.5%), followed by head and neck (17.1%), upper limb (12.2%), trunk (9.8%), and
unknown primary site (19.5%). Ki-67 proliferation index was available in 32 (78%)
patients, with values >90% observed in 20 patients (48.7%), while chromogranin A

expression was positive in 26 patients (63.4%).

At diagnosis, 21 patients (51.2%) presented with metastatic disease, while 19 patients
(46.3%) had non-metastatic disease at initial presentation. Fewer than two metastatic sites

were observed in 23 patients (56.1%), and lymph nodes represented the most common
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site of metastasis (43.9%), either alone or in combination with other sites.
Baseline inflammatory and hematologic parameters were also assessed. NLR was > 2 in

22 patients (53.7%), while platelet count was > 207 x10°/L in 28 patients (68.3%).

Based on baseline BMI, 32 patients (78.0%) were classified as non-obese (BMI <30),
while 9 patients (22.0%) were classified as obese (BMI >30). In an exploratory analysis,
age at avelumab initiation showed a weak inverse correlation with pre-treatment BMI
(Pearson’s r=-0.30,95% CI [—0.56,0.01]; p=0.061). The detailed distribution of patient

clinicopathological characteristics is reported in Table 1.

3.2 Outcome analysis

Overall, the median PFS was 13 months. At the time of data analysis, 22
events (progression or death) were observed in the overall cohort.

Notably, pre-treatment BMI > 30 was significantly associated with longer PFS (p=0.031)
(Figure 2). Median PFS was 5 months (95% CI: 3.0-22.0) in patients with BMI <30,
whereas median PFS was not reached in patients with BMI >30.

Response to avelumab (CR/PR vs SD/PD) was significantly associated with longer PFS
(p= 0.024) (Figure 3). No other prognostic factors (gender, ECOG performance status,
Ki-67 (%), metastatic sites, metastatic stage at diagnosis, PLT, and NLR at baseline) were
significantly associated with PFS.

In the overall population, the median OS was not reached. Nine (9) events (deaths) were
recorded. The prognostic factors significantly associated with OS were the best response
to avelumab (CR/PR vs SD/PD; p=0.003; median OS not reached vs 27.0 months [95%

CI: 15.0-NR]) and ECOG performance status (>1 vs 0; p=0.005; median OS 19.0 months
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[95% CI: 4.0-NR] vs not reached) (Figure 4-5). No other prognostic factors were

significantly associated with OS.

3.3 Objective response rate and timing of response

Overall, 21 of 41 patients (51.2%) achieved an objective response to avelumab, including
10 patients (24.4%) who achieved CRs and 11 patients (26.8%) who achieved PRs. SD
was observed in 7 patients (17.1%), while PD occurred in 7 patients (17.1%). In 6 patients

(14.6%), response assessment was still not available (Table 2).

The ORR was comparable between BMI subgroups, with responses observed in 16 of 32
patients (50.0%) in the BMI <30 group and in 5 of 9 patients (55.6%) in the BMI >30
group. CRs were more frequently observed among patients with BMI >30 (44.4%)
compared with those with BMI <30 (18.8%), whereas PRs were more common in patients

with BMI <30.

The median time to best response in the overall population was 3.6 months (range, 2.0—
22.9). Patients with BMI <30 achieved best responses earlier, with a median time of 3.4
months (range, 2.0-19.4), whereas patients with BMI >30 showed a longer median time

to best response of 8.4 months (range, 5.7-22.9).

3.4 Univariable and multivariable analysis
Table 3 summarizes the results of the univariable and multivariable prognostic factor
analysis for PFS and OS. Variables included in the univariate analysis were: gender (male

or female), age at avelumab start (< 75 or > 75 years), pre-treatment BMI (< 30 or > 30),
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performance status (1 or 0); metastatic sites (only lymph nodes or lymph nodes and/or
other sites); metastatic at diagnosis (no or yes), best response to avelumab (CR/PR or
SD/PD), pretreatment PLT count (< 207 or > 207 x 109/L) and pre-treatment NLR (<2
or > 2).

In univariable Cox regression analysis, baseline BMI >30 was associated with a
statistically significant reduced risk of disease progression compared with BMI <30 (HR
0.553, 95% CI: 0.319-0.960). Also in the multivariable Cox regression model, BMI >30
emerged as an independent prognostic factor for longer PFS (HR 0.540, 95% CI: 0.294—
0.991; p = 0.047).

Moreover, patients with metastatic involvement of lymph nodes and/or other sites had a
significantly higher risk of progression compared with those with lymph node—
only disease in univariable Cox regression (HR 2.642, 95% CI: 1.065-6.555; p=0.036).
In the multivariable model, this association showed a similar direction but did not retain
statistical significance (HR 2.375, 95% CI 0.943-5.985; p=0.067).

No statistically significant associations with PFS were observed for sex, age category
(>75 vs <75 years), ECOG performance status, metastatic disease at diagnosis, or baseline

PLT and NLR.

In the OS analysis, patients whose best response was SD/PD (vs CR/PR) had a
significantly increased risk of death in univariable Cox regression (HR 8.043, 95% CI
1.699-38.062; p=0.009), and this association remained significant after multivariable
adjustment (HR 17.251, 95% CI 2.145-138.717; p=0.007). This finding should be
interpreted cautiously because the analysis is based on a small number of OS events,

which increases the risk of model instability and overfitting.
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Patients with ECOG performance status 1 (vs 0) had a significantly higher risk of death
in univariable Cox regression (HR 5.660, 95% CI 1.706-18.773; p=0.005), and this
association remained significant in the multivariable model (HR 12.720, 95% CI 2.192—
73.814; p=0.005).

No other baseline clinical or laboratory variable was significantly associated with OS, in

either univariable or multivariable analyses.
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CHAPTER 1V

Discussion

MCC is a rare and highly aggressive neuroendocrine malignancy that has long posed a
therapeutic challenge [43].

Until a few years ago, chemotherapy represented the standard treatment for advanced
MCC; however, outcomes were poor, with a median PFS of 3—4 months and a median
OS of less than 10 months, alongside considerable toxicity [29,43].

The increased incidence of MCC among elderly and immunocompromised patients,
together with the frequent presence of immune dysfunction, has long suggested a pivotal
role of the immune system in MCC pathogenesis and progression [44].

More recently, immunotherapy has become the cornerstone of treatment for advanced
and metastatic MCC, achieving durable responses in a subset of patients [2]. To date,
three ICIs—avelumab, pembrolizumab, and nivolumab—as well as the combination of
nivolumab and ipilimumab, have demonstrated antitumor activity in advanced MCC
[35,45,46]. Avelumab was the first anti-PD-L1 agent approved for metastatic MCC,
based on efficacy and safety results from the JAVELIN Merkel 200 trial [33,45]. A recent
systematic review and non-comparative meta-analysis of real-world data on avelumab in
advanced MCC found 12-month survival outcomes broadly consistent with JAVELIN
Merkel 200 trial (12-month OS: 77.7% in stage III and 63.0% in stage IV; 12-month PFS:
53.3% and 39.3%, respectively), and provided additional effectiveness estimates for
patients with stage IIl/locally advanced unresectable disease, a group underrepresented in
pivotal trials [47].

Nevertheless, as observed in other malignancies, only approximately half of patients with

22



metastatic MCC respond to immune checkpoint blockade, and a considerable proportion
eventually develop acquired resistance. Consequently, there is an urgent need to identify
predictive factors of immunotherapy response and to better understand the mechanisms
of tumor immune escape following ICI treatment [48].

In this context, readily accessible host-related variables, including clinical and
metabolic parameters, may provide complementary prognostic and predictive
information beyond tumor-centered biomarkers [49].

On this topic, recent pan-cancer analyses evaluating outcomes in patients treated
with ICIs have reported an association between obesity (BMI >30) and improved survival
compared with patients with a BMI <30. This phenomenon, termed “obesity paradox”,
was observed across multiple tumor types, including non—small cell and small cell lung
cancer, renal cell carcinoma, bladder cancer, breast cancer, gastric cancer, colorectal
cancer, endometrial cancer, sarcoma, and others [42].

In the dermatological field, Incorvaia et al. investigated the prognostic and
predictive role of BMI in combination with circulating soluble immune checkpoints in
patients with metastatic melanoma treated with anti-PD-1 therapy. The authors observed
that overweight patients (BMI > 25) achieved significantly improved clinical outcomes,
particularly when associated with low baseline levels of soluble PD-1, identifying BMI
and circulating immune checkpoints as interconnected predictive factors of response to
ICIs [50].

In the present study, we investigated the role of selected clinicopathological and
biochemical parameters in patients affected by metastatic MCC treated with avelumab.
In our survival analyses, obese MCC patients (BMI > 30) had improved PFS compared

with patients with overweight or normal weight (BMI < 30). Baseline clinical
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characteristics in our cohort were comparable between BMI groups, suggesting that the
observed association between BMI and PFS was not driven by major baseline imbalances.
In univariable Cox regression analysis, pre-treatment BMI >30 was associated with a
significantly reduced risk of disease progression compared with BMI <30. Notably, this
association remained significant after adjustment for potential confounders in the
multivariable model, underscoring the robustness of the observed effect.

Although counterintuitive, since obesity is a recognized risk factor for cancer
development, this finding suggests that host metabolic states may modulate the efficacy

of PD-1/PD-L1 blockade in ways that differ from their impact on natural disease course.

MCC patients are frequently characterized by a compromised immune system, not
only as a result of physiological age-related immune aging [51], but also due to the high
prevalence of additional immunosuppressive conditions [52]. In this already vulnerable
immunological setting, obesity could represent an additional factor capable of modulating
immune function.

Obesity is well known to be associated with a chronic low-grade systemic
inflammatory state, sustained by continuous production of pro-inflammatory cytokines
and adipokines, which profoundly alter the adipose tissue microenvironment and extend
their effects systemically [53—55]. Rather than enhancing immune activity, this persistent
inflammatory stimulation may lead to progressive immune dysregulation.

Specifically, prolonged exposure to inflammatory signals has been shown to promote
functional exhaustion of T lymphocytes, characterized by impaired effector function and
increased expression of inhibitory immune checkpoints within the PD-1/PD-L1 axis,

ultimately resulting in reduced immune competence, a phenomenon known as
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“inflammaging” [55]. In parallel, obesity promotes a pro-inflammatory remodeling of
adipose tissue, including M1 macrophage polarization and increased cytokine release,
further amplifying systemic inflammation [56].
As a consequence, obese individuals may exhibit a paradoxical immune phenotype, in
which chronic inflammation coexists with impaired antitumor immune surveillance.
Specifically, T cell exhaustion, often associated with increased PD-1 expression, can
make antitumor immunity more dependent on PD-1/PD-L1-mediated suppression. As a
result, tumors may become more sensitive to immune checkpoint inhibition. Therefore,
PD-L1 blockade may be particularly effective when tumor-infiltrating T cells are already
present and checkpoint signaling is the main barrier to effector function, allowing T-cell
reinvigoration and, in some cases, durable tumor control.
Such immune—metabolic interplay may contribute to the association observed between
obesity and improved outcomes in immunotherapy-treated MCC [56].

However, these mechanistic considerations remain hypothesis-generating in our
cohort, as we did not directly assess systemic inflammatory cytokine profiles or T-cell

exhaustion phenotypes.

Nevertheless, the interpretation of the obesity paradox warrants caution. In
patients with advanced cancer, a lower BMI may reflect pre-treatment frailty and cancer-
related weight loss. In particular, pre-treatment unintentional weight loss, sarcopenia, and
cachexia are common in metastatic settings and have been consistently associated with
impaired treatment tolerance, reduced immune competence, and poorer survival
outcomes, independently of tumor immunobiology. Consequently, patients classified as

non-obese at baseline may include individuals with occult cancer-related catabolic
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status or higher symptom burden, which could lead to shorter PFS regardless of PD-L1
pathway dependence.

Furthermore, BMI is a surrogate of adiposity and does not capture body
composition. Patients with a similar BMI may differ substantially in skeletal muscle mass
and visceral fat distribution.

To mitigate these concerns, future studies should incorporate objective markers of
nutritional and inflammatory status (e.g., baseline weight change, albumin, C-reactive
protein, prognostic nutritional index), as well as imaging-based estimates of muscle mass
and adiposity, and evaluate BMI both as a continuous variable and in interaction with
cachexia-related parameters [57-59].

In line with this approach, recent evidence based on computed tomography (CT)-
derived body composition analyses suggests that the obesity paradox observed in patients
receiving ICIs may be more accurately explained by differences in adipose tissue
distribution rather than by BMI alone. Specifically, higher subcutaneous and visceral
adipose tissue indices—but not intermuscular fat—have been associated with improved
PFS and OS, highlighting the heterogeneous biological role of distinct adipose
compartments [60].

Given the routine availability of baseline staging CT imaging in our institution,
future work on this cohort will incorporate CT-derived body composition measures—
such as skeletal muscle index and subcutaneous/visceral adipose tissue indices—to
disentangle BMI from sarcopenia/cachexia and refine the interpretation of BMI-related

associations.
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Notably, in our cohort, patients with BMI >30 had a longer time to best response
than those with BMI <30. This finding may suggest that, in obese patients, antitumor
immune activation following PD-L1 blockade may occur more gradually, yet result in
more sustained disease control. A delayed but durable immune response has been
described in other immunotherapy-treated populations and may reflect differences in
immune priming, metabolic signaling, or effector T-cell dynamics within the TME [61].
These observations may support the importance of prolonged treatment exposure and
adequate follow-up when evaluating immunotherapy outcomes in obese patients with

metastatic MCC [62].

This study has some limitations, including the small sample size, which reflects
the rarity of metastatic MCC, and its observational design. However, all patients were
consecutively enrolled at a single referral center, ensuring a relatively homogeneous
dataset and limiting potential selection bias. Additionally, BMI represents an imperfect
surrogate for obesity, as it does not distinguish between lean mass and adipose tissue [50].
Future prospective studies involving larger cohorts and more precise assessments of body
composition are warranted to validate these findings. If confirmed, BMI and body
composition-related parameters could contribute to a pragmatic risk stratification
framework in metastatic MCCs treated with avelumab, ideally integrated with

immunological and tumor-related features to improve clinical decision-making.
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CHAPTER V

Conclusions

MCC is a highly immunogenic malignancy that predominantly affects older and
immunocompromised individuals—patient groups in whom therapeutic options have
historically been limited and outcomes poor. The advent of ICIs has substantially
reshaped the treatment landscape, enabling durable disease control in a meaningful
proportion of cases; nevertheless, long-term benefit remains limited to a subset of
patients, and robust biomarkers to guide prognosis and clinical decision-making are still
lacking.

Within this real-world cohort of metastatic MCC treated with avelumab, baseline obesity
(BMI >30) was associated with prolonged PFS, supporting the clinical relevance of host-
related factors and extending the “obesity paradox™ observation to this rare malignancy.
Although BMI is an imperfect marker of adiposity and does not capture body composition
or longitudinal weight change, it may nonetheless reflect broader host factors—including
nutritional reserve, frailty, and systemic inflammation—that shape immune competence
and treatment tolerance. Overall, these findings suggest that readily available baseline
measures may aid risk stratification and support the hypothesis that metabolic—
inflammatory status may modulate antitumor immunity in MCC.

Larger, multicenter studies incorporating CT-based body-composition parameters and
circulating inflammatory/nutritional biomarkers are needed to validate the association,

clarify underlying mechanisms, and improve clinical applicability.
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Tables and Figures

Figure 1. A) MCC appears as a solitary, firm, painless, rapidly enlarging violaceous

nodule in the left preauricular region of a male patient; B) dermoscopic examination (10x)

reveals irregular vessels, with an erythematous background and milky-red areas.

Characteristic All patients  BMI <30 BMI =30 p-value
n (%) n (%) n (%)

No. of Patients (%) 41 (100) 32 (78.0) 9 (22.0)

Gender
Male 24 (58.5) 20 (62.5) 4 (44.4) 0.45
Female 17 (41.5) 12 (37.5) 5(55.6)

Age (years), median (range) 78 (31-91) 78 (31-91) 75 (36-85)

Age category
<15y 15 (36.6) 11 (34.4) 4 (44.4) 0.701
>75y 26 (63.4) 21 (65.6) 5(55.6)

ECOG
0 30(73.2) 24 (75.0) 6 (66.7) 0.68
1 11 (26.8) 8(25.0) 3(33.3)
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No. of Comorbidities
<2
>2
Hepatopathy
No
Yes
Unknown
Second Tumor
No
Yes
Primary site
Head and neck
Trunk
Upper limb
Lower limb
Unknown
Ki-67 (%)
<90
>90
Unknown
Chromogranin-A
Negative
Positive
Not specified
Metastatic at diagnosis
No
Yes
N. of metastatic sites
<2
>2
Common site of metastasis
Lymph nodes
Others
NLR
<2
>2
Unknown
PLT (x10°/L)
<207
>207
Unknown

14 (34.1)
27 (65.9)

29 (70.7)
4(9.8)
8 (19.5)

28 (68.3)
13 31.7)

7(17.1)
4(9.8)
5(12.2)
17 (41.5)
8 (19.5)

12 (29.3)
20 (48.8)
9 (22.0)

4(9.8)
26 (63.4)
11(26.8)

19 (46.3)
21 (51.2)

23 (56.1)
18 (43.9)

18 (43.9)
23 (56.1)

14 (34.1)
22 (53.7)
5(12.2)

8 (19.5)
28 (68.3)
5(12.2)

Table 1. Patients’ and disease characteristics

30

12 (37.5)
20 (62.5)

22 (68.8)
4(12.5)
6 (18.8)

22 (68.8)
10 (31.2)

6 (18.8)
2(6.2)
4(12.5)
14 (43.8)
6 (18.8)

9 (28.1)
17 (53.1)
6 (18.8)

3(9.4)
19 (59.4)
10 (31.2)

17 (53.1)
14 (43.8)

19 (59.4)
13 (40.6)

14 (43.8)
18 (56.2)

10 (31.2)
17 (53.1)
5 (15.6)

6 (18.8)
21 (65.6)
5(15.6)

2(22.2)
7(77.8)

7(77.8)
0(0.0)
2(22.2)

6 (66.7)
3(33.3)

1(11.1)
2(22.2)
1(11.1)
3(33.3)
2(22.2)

3(33.3)
3(33.3)
3(33.3)

1(11.1)
7(77.8)
1(11.1)

2(22.2)
7(77.8)

4 (44.4)
5(55.6)

4 (44.4)
5 (55.6)

4 (44.4)
5 (55.6)
0 (0.0)

2(22.2)
7(77.8)
0(0.0)

0.692

0.706

1.00

0.756

0.494

0.625

0.133

0.471

1.0

0.527

0.464



No. of Patients (%)

Time to Best Response, Median (range),
months

Overall Response (CR + PR), No. (%)
Best Response, No. (%)

CR

PR

SD

PD

Unknown

All patients
41 (100.0)

3.6 (2.0-22.9)
21(51.2)

10 (24.4)
11 (26.8)
7(17.1)
7(17.1)
6 (14.6)

BMI < 30
32 (78.0)

3.4(2.0-19.4)
16 (50.0)

6 (18.8)
10 (31.2)
4(12.5)
6 (18.8)
6 (18.8)

Table 2. Objective responses and timing of responses to avelumab.

CR, complete response; PR, partial response; SD, stable disease; PD, progressive

disease.

Progression-Free Survival (PFS)

1.0

BMI > 30
9 (22.0)

8.4 (5.7-22.9)
5(55.6)

4 (44.4)
1 (11.1)
3(33.3)
1 (11.1)
0 (0.0)

0.8 4

BMI
<30
— =30

<30 censored
+ =30 censored

o
=2
|

(=]
=
!

Survival probability

0.2 1

0.0

60

Months

Figure 2. Progression-Free Survival according to BMI.

BMI: body mass index
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Progression-Free Survival (PFS)

1.0
Best response
CR/PR
—— SD/PD
CR/PR censored

0.8 1 + SD/PD censored
&
= 0.6
o
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®
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Figure 3. Progression-Free Survival according to best response.

CR: complete response; PR, partial response; SD: stable disease; PD: progressive

0

disease.
1o Overall Survival (0S)
ECOG
0
— =]
0 censored
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= 0.6
o
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Figure 4. Overall survival according to ECOG performance status.
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Overall Survival (0S)

1.0
Best response
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Figure 5. Overall survival according to to best response.
CR: complete response; PR, partial response; SD: stable disease; PD: progressive

disease.
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BMI (=30 vs <30)

Gender (M vs F)

Age

(>75 vs <75 years old)
ECOG Performance
status (1 vs 0)

Metastatic Sites
(Lymph nodes and/or
others sites vs only
lymph nodes)
Metastatic at diagnosis
(yes vs no)

Best Response

(SD/PD vs CR/PR)
PLT

(>207 vs <207 x 10°L)

NLR
(2 vs <2)

PFS Univariable HR
(IC95%)

0.553 (0.319-0.960)

0.556 (0.241-1.283)

1.31 (0.50-3.45)

1.912 (0.814-4.492)

2.642 (1.065-6.555)

1.042 (0.458-2.371)

2.360 (0.903-6.165)

0.77 (0.27-2.21)

0.92 (0.35-2.41)

p-value

0.035

0.169

0.584

0.137

0.036

0.922

0.080

0.626

0.865

PFS Multivariable
HR (IC95%)

0.540 (0.294-0.991)

2.375 (0.943-5.985)

p-value

0.047

0.067

(O]

Univariable p-value
HR (IC95%)
0.638 (0.280-

0.285
1.453)
0.669 (0.211-

0.494
2.117)

1.68 (0.32-8.66) 0.537

5.660 (1.706—

0.005
18.773)
2.771 (0.734—

0.133
10.466)
0.939 (0.297—

0915
2.972)
8.043 (1.699—

0.009
38.062)

0.46 (0.10-2.07) 0.315

0.54 (0.12-2.40) 0.420

OS Multivariable HR
(IC95%)

12.720 (2.192-73.814)

17.251 (2.145-138.717)

Table 3. Univariable and multivariable Cox proportional hazards regression analyses

evaluating the association between clinical, pathological, and laboratory variables and

PFS and OS in patients with MCC treated with avelumab. Hazard ratios (HRs) are

reported with 95% confidence intervals (Cls).
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Oral presentations, posters, and abstracts presented at national and international

conferences during the PhD period

e Speaker at 97th National Congress of SiDeMaST, Naples, Italy, 2023.
Oral presentation: “Antimicrobial Photodynamic Therapy for Intergluteal Warts
in a Child with Rett Syndrome.”

e Poster Presentation, 97th National Congress of SiDeMaST, Naples, Italy, 2023.
“Dermoscopy Features of Infantile Perianal Pyramidal Protrusion.”

Authors: L. Di Bartolomeo, F. Borgia, F.A. Pedaci, F. Li Pomi, M. Vaccaro, C.
Filippeschi, F. Guarneri, T. Oranges.

e Oral Communication, 97th National Congress of SiDeMaST, Naples, Italy, 2023.
“A Case of Lymphedematous Mucinosis Associated with Obesity.”

Authors: A. Motolese, L. Macca, F. Li Pomi, F. Guarneri, M. Vaccaro.

o Poster Presentation, 97th National Congress of SiDeMaST, Naples, Italy, 2023.
“Role of Wnt Signaling Pathways in the Pathogenesis of Non-Melanoma Skin
Cancer.”

Authors: L. Di Bartolomeo, F. Vaccaro, N. Irrera, F. Borgia, F. Li Pomi, F.
Squadrito, M. Vaccaro.

e Speaker at 98th National Congress of SiDeMaST, Giardini Naxos (ME), Italy,
2024.

Oral presentation: “Cutaneous Adverse Events Following Treatment with Third-
Generation EGFR Tyrosine Kinase Inhibitors.”

e Poster Presentation, 98th National Congress of SiDeMaST, Giardini Naxos (ME),
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