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Background: Merkel cell carcinoma (MCC) is a rare and aggressive skin cancer,

associated with a worse prognosis. The Immune Checkpoint Inhibitors (ICIs)

avelumab and pembrolizumab have been recently approved as first-line

treatment in metastatic MCC (mMCC). The clinical observation of improved

outcomes in obese patients following treatment with ICIs, known as the “obesity

paradox”, has been studied across many types of tumors. Probably due to the

rarity of this tumor, data on mMMC patients are lacking.

Patients and methods: This is an observational, hospital-based, study to

investigate the role of Body Mass Index (BMI) as predictive biomarker of ICI

response in mMCC patients treated with avelumab as first-line treatment. The

study population included the patients treated from February 2019 to October

2022 in an Italian referral center for rare tumors. Clinico-pathological

characteristics, BMI, laboratory parameters (NLR and platelet count), and

response to avelumab were analyzed from a MCC System database

prospectively collected.

Results: Thirty-two (32) patients were included. Notably, the presence of pre-

treatment BMI ≥ 30 was significantly associated with longer PFS [BMI < 30 Group:

median PFS, 4 months (95% CI: 2.5-5.4); BMI ≥ 30 Group: median PFS, not

reached; p<0.001)[. Additionally, the median PFS was significantly higher in
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2023.1141500/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1141500/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1141500/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1141500/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1141500&domain=pdf&date_stamp=2023-04-17
mailto:antonio.russo@usa.net
https://doi.org/10.3389/fonc.2023.1141500
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1141500
https://www.frontiersin.org/journals/oncology


Incorvaia et al. 10.3389/fonc.2023.1141500

Frontiers in Oncology
patients with higher PLT (median PFS: 10 months in the “low PLT” Group (95% CI:

4.9, 16.1) vs 33 months (95% CI: 24.3, 43.2) in the “high PLT” Group (p=0.006).

The multivariable Cox regression model confirmed these results.

Conclusion: To our knowledge, this is the first study that investigates the

predictive role of BMI in MCC patients. Our data were consistent with the

clinical observation of improved outcomes in obese patients across other

tumor types. Thus, advanced age, a weakened immune system, and the

obesity-associated “inflammaging”, are key factors that could impact the

cancer immune responses of mMCC patients.
KEYWORDS

Merkel cell carcinoma (MCC), avelumab, body mass index - BMI, predictive factors,
immunotherapy, skin cancer non melanoma
1 Introduction
Merkel Cell Carcinoma (MCC) is a rare primary cutaneous

neuroendocrine carcinoma usually involving the sun-exposed skin

of elderly individuals, but sometimes also the trunk and limbs (1).

Immunosuppression, chronic ultraviolet (UV) exposure, and old

age are known predisposing factors (2), and MMC incidence is

rising in Western countries (3). Clinical presentation is a rapidly

growing, painless, erythematous/violaceous nodule or plaque (4).

MCC is an aggressive tumor, as synchronous nodal and/or systemic

metastases are present in about one-third of cases (2). Merkel Cell

Polyomavirus (MCPyV) seems to be the pathogenic factor for about

80% of MMCs in the northern hemisphere, as viral DNA was shown

to be integrated within the tumor genome (1, 5). The genetic

damage induced by UV radiation accounts for the pathogenesis

of the MCPyV-negative MCCS, showing a high tumor mutational

burden (TMB) and a UV mutational signature (6).

The Immune Checkpoint Inhibitors (ICIs), anti-PD-L1 avelumab

and anti-PD-1 pembrolizumab, have been recently approved as first-

line treatment in metastatic MCC, although only a minority of patients

exhibit long-term response (7, 8). Response to ICI therapy did not

correlate either with MCPyV or with UV mutational signature status

(9). An association with PD-1/PD-L1 tumor tissue expression was

found (9, 10), but current assays remain imperfect to predict which

patient will benefit from immunotherapy (11). Thus, further predictors

of response are needed.

Recently, the clinical, contrasting, observation of improved

outcomes in obese patients following treatment with immune

checkpoint blockade, known as the “obesity paradox”, has been

studied across many types of tumors (12). Cancer patients with high

body mass index (BMI) seem to respond better to ICI therapy when

compared to those with normal BMI (13–17). Probably due to the

rarity of this tumor, data on the relationship between BMI and

response to ICI treatment among MMC patients are lacking.

Although the mechanistic link between metabolic state and

immunotherapy benefit was not clearly elucidated, clinical data
02
linking excess adiposity to ICI response in MCC patients could give

more insights into the complex immune-metabolic interactions,

serving as both predictive and stratification factors in future

clinical trials.
2 Methods

2.1 Study design and patient selection

This was an observational, hospital-based, study to investigate

the role of BMI as a predictive biomarker of immunotherapy

response in metastatic MCC (mMCC) patients treated with the

ICI avelumab.

The study population included adult patients with a

pathologically confirmed diagnosis of MCC and advanced disease,

treated with avelumab in the first-line setting, according to medical

choice and current therapeutic options. The patients were treated

from February 2019 to October 2022 in an Italian referral center for

rare tumors: the “Sicilian Regional Center for the Prevention,

Diagnosis and Treatment of Rare and Heredo-Familial Tumors”

of the University Hospital Policlinico “Paolo Giaccone” of Palermo.

Patients data were analyzed from a MCC System database

prospectively collected. The pathological information collected on

primary MCC included the histology, the Ki-67 (%) value and

chromogranin A expression from pathology reports for clinical use.

The clinical data on disease stages, comorbidities and hepatopathy,

second tumor history, the primary site of the tumors, number of

metastatic sites, dose, and duration of avelumab treatment, were

abstracted from the clinical records. Pre-treatment BMI,

Neutrophil-to-Lymphocyte Ratio (NLR) and platelet count (PLT)

were recorded. The NLR was extracted from the routinely

performed blood cell count, as the absolute count of neutrophils

divided by the absolute count of lymphocytes from peripheral blood

samples collected at baseline. BMI was calculated as weight in

kilograms divided by height in meters squared. Normal weight

(BMI=18.5-24.9), overweight (BMI=25-29.9), and obesity (BMI ≥
frontiersin.org
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30) were classified based on the World Health Organization

(WHO) recommendations (nota).

The tumor response [progressive disease (PD), stable disease

(SD), partial response (PR), complete response (CR)] according to

Response Evaluation Criteria In Solid Tumors (RECIST version

1.1.), objective response rate (ORR), progression-free survival (PFS)

to avelumab treatment, and overall survival (OS) were assessed. The

association between clinic-pathological variables, BMI, and clinical

outcomes was evaluated. All clinical characteristics were

anonymously recorded and coded.

The protocol was approved by the ethical committee of the

University-affiliated Hospital A.O.U.P. “Paolo Giaccone” (approval

number 1122), and the study was conducted in accordance with the

Declaration of Helsinki and Good Clinical Practice guidelines.
2.2 Statistical considerations

Descriptive analyses were used to assess patients ’

characteristics. The differences between subgroups were evaluated

by Fisher’s exact test. Pearson’s correlation coefficient was used to

define the relationship between age and BMI.

The primary outcome of the study was progression-free survival

(PFS). PFS was calculated from the beginning of the

immunotherapy treatment to death by any cause or disease

progression or last follow-up (censored patients). Overall survival

(OS) was calculated from the start of immunotherapy treatment to

death by any cause or last follow-up (censored patients). The

analysis of PFS and OS between groups was compared using the

Kaplan-Meier method and log-rank test. The receiver operating

characteristic (ROC) curves analysis was used to determine the

optimal cut-off for PLT count and NLR.

To identify independent prognostic factors for PFS and OS,

univariable and multivariable Cox proportional hazard regression

models were built. P values <0.05 were considered statistically

significant. Statistical analyses were conducted using IBM SPSS

Statistics Version 29.0 (IBM Corporation, Armonk, NY, USA).
3 Results

3.1 Study population

From February 2019 to October 2022, thirty-two (32) patients

were included in the study. The median age was 75 (range 43-89).

Seventeen patients were men (53%) and fifteen were women (47%).

All the patients had an ECOG Performance status of 0 or 1. Twenty-

one patients (66%) had two or more comorbidities (cardiovascular,

endocrinological and/or another concomitant disease). In

particular, twelve (12) patients (38%) were obese (BMI ≥ 30),

while twenty (20) patients had a BMI <30 (62%). Additionally,

seven (7) patients had a previous hepatopathy and eight (8) patients

had a second hematological or solid tumor. The most common

tumor primary site was the lower limb (21 patients, 66%), followed

by unknown origin (5 patients, 16%). Fifteen (15) patients had only

lymph node involvement (47%), and 17 patients (53%) showed
Frontiers in Oncology 03
other metastatic sites (visceral or soft tissues, alone or along with

lymph node metastasis). Pathological and clinical patient

characteristics are summarized in Table 1.
3.2 Outcome analysis

Overall, the median PFS was 18 months (95% confidence

interval [CI]: 6.6-31.1). At the time of data analyses, 17 events

(progression or death) occurred (53.1%). Notably, the presence of

pre-treatment BMI ≥ 30 was significantly associated with longer

PFS (Figure 1C). A total of 14 events were observed in the group of

20 patients with BMI <30 (70.0%), and 3 events in the group of 12

patients with BMI ≥ 30 (25.0%). Median PFS was 4 months for the

BMI < 30 Group (95% CI: 2.5-5.4), and not reached for the group of

patients with BMI ≥ 30 (p<0.001). The presence of age <75 years old

was significantly associated with longer PFS (p=0.01)(Figure 1B). A

statistically significant and clinical meaningful correlation between

BMI and age was shown using Pearson ’s correlat ion

coefficient (p=0.008).

Regarding the outcome data according to PLT count, the pre-

treatment value was available for 26 patients. Eight (8) events were

observed in the group of 11 patients with PLT count < 207 × 109/L

(72.7%), and 5 events in the group of 15 patients with PLT count ≥

207 × 109/L (33.3%). Median PFS was 10 months for the low PLT

Group (95% CI: 4.9, 16.1), and 33 months (95% CI: 24.3, 43.2) for

the high PLT Group (p=0.006) (Figure 1I). No other prognostic

factors (gender, Performance Status, Ki-67 (%), metastatic sites,

metastatic stage at diagnosis, best response to avelumab, and NLR at

baseline) were statistically associated with PFS (Figures 1A, D–F, G,

H, J).

Overall median OS was not reached. Six (6) total events (deaths)

were observed (18.7%). The only prognostic factor statistically

associated with OS was the best response to avelumab (p=0.04).

The distribution of events according to best response was: 1 event1

in 17 patients with best response CR or PR (5.9%) and 5 events in 15

patients with best response SD or PD (33.3%). Median OS was not

reached for the patients with CR/PR or SD/PD (Figure 2H). No

other prognostic factors were statistically associated with OS

(Figures 1A–G, I, J).
3.3 Objective response rate (ORR) and
timing of response

Seventeen (17) out of 32 mMCC patients (53.1%) achieved

objective tumor responses, including 3 patients who obtained CRs

(9.4%) (Table 2). The majority of patients with BMI < 30 achieved a

PR (50%) as the best response. In the group with BMI ≥ 30, the SD

was the most frequent response achieved (41.7%), followed by PR

(33.3%). The median time to objective response was of 4 months

(range, 2–7 months) in the overall population. Tumor responses

were more rapid in the group of patients BMI < 30 [3.5 months

(range, 2-7 months)[ than in those with BMI ≥ 30 [6 months (range,

3-7 months)].
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TABLE 1 Patients’ and disease characteristics.

Characteristic All patients
No. (%)

BMI<30
No. (%)

BMI≥ 30
No. (%) p-value

No. of Patients (%) 32 (100) 20 (62.5) 12 (37.5) –

Gender
Male
Female

17 (53.1)
15 (46.1)

10 (50.0)
10 (50.0)

7 (58.3)
5 (41.7) 0.2

Age (years),
median (range)

<75 y
≥75 y

75 (43–89)
16 (50.0)
16 (50.0)

7 (35.0)
13 (65.0)

9 (75.0)
3 (25.0)

0.02

ECOG
0
1

23 (71.9)
9 (28.1)

15 (75.0)
5 (25.0)

8 (66.7)
4 (33.3) 0.2

No of Comorbidities
<2
≥2

11 (34.4)
21 (65.6)

6 (30.0)
14 (70.0)

5 (41.7)
7 (58.3) 0.4

Hepatopathy
No
Yes
Unknown

22 (68.8)
7 (21.9)
3 (9.3)

13 (65.0)
5 (25.0)
2 (10.0)

9 (75.0)
2 (16.7)
1 (8.3)

0.3

Second Tumor
No
Yes

24 (75.0)
8 (25.0)

14 (70.0)
6 (30.0)

10 (83.3)
2 (16.7) 0.7

Primary site
Head and neck
Trunk
Upper limb
Lower limb
Unknown

2 (6.3)
2 (6.3)
2 (6.3)
21 (65.6)
5 (15.6)

1 (5.0)
0 (0.0)
2 (10.0)
14 (70.0)
3 (15.0)

1 (8.3)
2 (16.7)
0 (0.0)
7 (58.3)
2 (16.7)

0.03

KI67%
<90
≥90

Unknown

11 (34.4)
17 (53.1)
4 (12.5)

6 (30.0)
11 (55.0)
3 (15.0)

5 (41.7)
6 (50.0)
1 (8.3)

0.4

Chromogranin-A
Negative
Positive
Not specified

1 (3.1)
23 (71.9)
8 (25.0)

0 (0.0)
14 (70.0)
6 (30.0.0)

1 (8.3)
9 (75.0)
2 (16.7)

0.7

Metastatic at diagnosis
No
Yes

13 (40.6)
19 (59.4)

10 (50.0)
10 (50.0)

3 (25.0)
9 (75.0) 0.1

N. of metastatic sites
<2
≥2

12 (37.5)
20 (62.5)

8 (40.0)
12 (60.0)

4 (33.3)
8 (66.7) 0.7

Common site of metastasis
Lymph nodes
Others

15 (46.9)
17 (53.1)

10 (50.0)
10 (50.0)

5 (41.7)
7 (58.3) 0.6

NLR
<2,
≥2
Unknown

7 (21.9)
17 (53.1)
8 (25.0)

5 (25.0)
10 (50.0)
5 (25.0)

2 (16.7)
7 (58.3)
3 (25.0)

0.5

PLT
<207
≥207
Unknown

11 (34.4)
15 (46.8)
6 (18.8)

8 (40.0)
8 (40.0)
4 (20.0)

3 (25.0)
7 (58.3)
2 (16.7)

0.2
F
rontiers in Oncology
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BMI, Body Mass Index; NLR, Neutrophil-to-Lymphocyte Ratio (NLR); PLT, platelet count.
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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: (1) gender (male or

female); (2) age at avelumab start (≤ 75 or > 75 years); (3) pre-

treatment BMI (< 30 or ≥ 30); (4) performance status (1 or 0); (5)
Frontiers in Oncology 05
Ki-67 (%) (<90 or ≥90); (6) metastatic sites (only lymph nodes or

lymph nodes and/or other sites); (7) metastatic at diagnosis (no or

yes); (8) best response to avelumab (CR/PR or SD/PD); (9) pre-

treatment PLT count (< 207 or ≥ 207 × 109/L); (10) pre-treatment

NLR (<2 or ≥ 2).

Age, BMI, and PLT were found to be statistically significantly

associated with PFS in univariable analyses. In the final
D

A B

E F

G

I

H

J

C

FIGURE 1

PFS according to prognostic factors. PFS according to: (A) Gender; (B) Age; (C) Baseline BMI; (D) Performance status (PS); (E) Ki-67 (%); (F) Metastatic
Sites; (G) Metastatic disease at diagnosis; (H) Best Response to avelumab; (I) Baseline PLT count; (J) Baseline NLR. BMI, Body Mass Index; NLR,
Neutrophil-to-Lymphocyte Ratio; PLT, Platelets; PFS, Progression-free Survival.
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I
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FIGURE 2

OS according to prognostic factors. OS according to: (A) Gender; (B) Age; (C) Baseline BMI; (D) Performance status (PS); (E) Ki-67 (%); (F) Metastatic
Sites; (G) Metastatic disease at diagnosis; (H) Best Response to avelumab; (I) Baseline PLT count; (J) Baseline NLR. BMI, Body Mass Index; NLR,
Neutrophil-to-Lymphocyte Ratio; PLT, Platelets; Overall Survival.
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multivariable Cox regression model, BMI (p=0.04, HR: 0.18), and

PLT (p=0.02, HR: 0.23) were significant.

Regarding OS, only best respone to avelumab was statistically

significantly associated in univariable analyses. In the final

multivariable model, no prognostic factor considered remains

statistically significant.

Therefore, these results showed that, in metastatic MCC

patients treated with the PD-L1-inhibitor avelumab, BMI ≥ 30

and PLT ≥ 207 × 109/L were significant independent prognostic

factors for longer PFS.

PFS and OS curves were plotted according to each prognostic

factor (Figures 1, 2).
4 Discussion

MCC is an uncommon and highly aggressive neuroendocrine

neoplasm difficult to treat (4). Until some years ago the treatment of

choice for advanced MCC has been chemotherapy, as well as in

poorly differentiated neuroendocrine neoplasms, showing a median

PFS of 3–4 months, median OS of less than 10 months, and

significant toxicity (4, 18). The association between increased

MCC incidence in the elderly and/or immunocompromised

subjects and pathological immune dysfunction always suggested a

significant role of the immune system in MCC development

(19, 20).

Recently, immunotherapy has become the mainstay of

treatment of metastatic disease, with durable responses in some

cases (21). To date, three immune checkpoint inhibitors (avelumab,

pembrolizumab and nivolumab) (7, 22, 23), and the combined

nivolumab and ipilimumab (24) resulted to be active in the

treatment of advanced MCC. Avelumab was the first approved

anti-PD-L1 treatment for patients with metastatic MCC, based on

efficacy and safety data observed in the JAVELIN Merkel 200 trial

(22). However, as well as for other cancers, only around half of the

patients with mMCC respond to the immune‐checkpoint blockade,

and a substantial number of patients developed acquired resistance.

Consequently, there is a clinical need for predictive factors of

immunotherapy response, and understanding the underlying
Frontiers in Oncology 07
tumor immune escape mechanisms following the ICI treatment is

urgently warranted (25).

Recent pan-cancer outcome analyses on patients with or

without obesity treated with ICIs showed that presenting with a

BMI of 30 or higher was associated with prolonged survival than

having BMI less than 30. This study was performed across many

cancer types, such as melanoma, NSCLC and SCLC, renal cell

carcinoma, bladder cancer, breast cancer, gastric cancer, colorectal

cancer, endometrial cancer, sarcoma, and others (12), and the final

results were in agreement with some previous published studies that

hypothesized the “paradoxical effects” of obesity on cancer

immunotherapy across multiple tumor types.

To our knowledge and based on the best data available today,

this is the first study that investigates the role of BMI in patients

affected by Merkel Cell Carcinoma treated with checkpoint

blockade immunotherapy. In our survival analyses, obese mMCC

patients showed improved PFS following avelumab treatment than

patients with overweight or normal weight. Multivariable Cox

regression analyses confirmed these results.

This is consistent with the notion that obesity might lead to an

immune aging effect, which could be particularly highlighted in

elderly MCC patients. These patients seem to be often

immunocompromised, not only for the physiological age-related

immune senescence, but also for the frequent history of solid organ

and/or hematological stem cell transplantation, and hematological

malignancies, especially B cell chronic lymphocytic leukemia (20).

Notably, obesity is often accompanied by a chronic low-grade

systemic inflammation (26–28), stimulated by the production of

th e p ro - inflamma to r y c y t ok in e s , wh i ch a l t e r s th e

microenvironment of expanded adipose tissue. Chronic

inflammation can induce immunosuppression as a result of a T

cells exhaustion by persistent antigenic stimulation, ultimately

inducing dysfunction of the immune system in obese patients (28).

Thus, advanced age, a weakened immune system, and the

potential obesity-associated “inflammaging” (28), are key factors

that could impact the cancer immune responses in the context of

immunotherapy treatment of mMCC patients.

Despite our results showed that most of obese mMCC patients

were younger [9 out 12 patients <75 years old (75%) had BMI ≥ 30]
TABLE 2 Objective responses and timing of responses to avelumab.

All patients BMI<30 BMI≥ 30

No. of Patients (%) 32 (100) 20 (62.5) 12 (37.5)

Time to
Response,
Median (range),
months

4 (2-7) 3.5 (2-7) 6 (3-7)

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

17 (53.1) 12 (60.0) 5 (41.7)

Best Response, No. (%)
CR
PR
SD
PD

3 (9.4)
14 (43.8)
8 (25.0)
7 (21.8)

2 (10.0)
10 (50.0)
3 (15.0)
5 (25.0)

1 (8.3)
4 (33.3)
5 (41.7)
2 (16.7)
fro
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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than patients with normal weight or overweight, MCC is a tumor of

elderly individuals, and the median age of these patients, stratified

as younger, were 63 years. In agreement with the known causes of

progressive disease or death during avelumab treatment, this result
Frontiers in Oncology 08
linking higher BMI and younger age was not influenced by clinical

factors beyond the metastatic cancer diagnosis.

Although our study focuses on obesity and outcomes of ICI, we

further observed a predictive value of platelet counts at baseline
TABLE 3 Univariable and multivariable analysis of prognostic factors for PFS and OS in MCC patients treated with avelumab.

PFS
Univariable Cox Regression Multivariable Cox Regression

HR (95%CI) p-value HR (95%CI) p-value

Gender
(F vs M)

0.67 (0.25-1.78) NS

Age
(>75 vs ≤75 years old)

3.28 (1.13-9.55) 0.02 1.58 (0.39-6.39) 0.51

BMI
(≥30 vs <30)

0.12 (0.03-0.53) 0.005 0.18 (0.03-0.93) 0.04

Performance status (PS)
(1 vs 0)

1.47 (0.54-4.02) NS

Ki-67 (%)
(≥90 vs <90)

1.44 (0.48-4.28) NS

Metastatic Sites
(Lymphnodes and/or others vs only lymphnodes)

0.90 (0.32-2.51) NS

Metastatic at diagnosis
(yes vs no)

0.69 (0.26-1.83) NS

Best Response
(SD/PD vs CR/PR)

1.05 (0.39-2.81) NS

PLT
(≥207 vs < 207 × 109/L)

0.22 (0.06-0.74) 0.01 0.23 (0.06-0.85) 0.02

NLR
(≥2 vs <2)

1.01 (0.31-0.71) NS

OS
Univariable Cox Regression Multivariable Cox Regression

HR (95%CI) p-value HR (95%CI) p-value.

Gender
(F vs M)

0.44 (0.08-2.47) NS

Age
(>75 vs ≤75 years old)

2.81 (0.51-15.39) NS

BMI
(≥30 vs <30)

0.61 (0.11-3.37) NS

Performance status (PS)
(1 vs 0)

2.53 (0.50-12.76) NS

Ki-67 (%)
(≥90 vs <90)

1.36 (0.25-7.46) NS

Metastatic Sites
(Lymphnodes and/or others vs only lymphnodes)

1.59 (0.29-8.68) NS

Metastatic at diagnosis
(yes vs no)

0.34 (0.06-1.87) NS

Best Response
(SD/PD vs CR/PR)

6.41 (0.74-55.34) 0.04

PLT
(≥207 vs < 207 × 109/L)

0.65 (0.11-3.92) NS

NLR
(≥2 vs <2)

0.35 (0.06-2.12) NS
Gender, age, BMI, Performance Status, Ki-67 (%), metastatic sites, metastatic stage at diagnosis, best response to avelumab, PLT and NLR at baseline, were evaluated in the Cox regression model.
NS, Not Significant.
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before immunotherapy. Interestingly, according to a growing body

of evidence, a direct cross-talk between platelets and host immunity

seemed to exist (29). Pre-clinical studies have suggested the

contribution of platelets to systemic and local responses against

cancers (30). Platelets lack a nucleus and DNA available for the

transcription of new RNA molecules. However, they can sequester

molecules, including RNA and protein transcripts, altering their

spliced RNA profiles (31, 32). Specific splice events may be induced

in response to signals released by tumor cells and the tumor

microenvironment (33). Thus, the resulting “tumor-educated

platelets (TEPs) represent dynamic biomolecules with a rich and

highly variable repertoire of mRNA, transported from the tumor

microenvironment forward multiple anatomic sites (30, 34).

Furthermore, tumor-associated thrombocytosis has been linked

to poor clinical outcomes in several cancers, including pancreatic

cancer, hepatocellular carcinoma, renal cell carcinoma or

glioblastoma (15, 35–38), and it recently has been significantly

associated with a poorer prognosis in lung cancer and melanoma

patients receiving immunotherapy (39–41). Rachidi et al. (42)

showed that platelets can suppress T-cell responses against tumors

through the production and activation of immunosuppressive

factors, including TGFb, demonstrating how platelet-related TGFb
activation contributes dominantly to the immunosuppressive

tumor microenvironment.

In our study population, we observed that mMCC patients with

higher platelet counts assessed at baseline had improved PFS

following first-line avelumab treatment. The multivariable model

confirmed the independent prognostic value of this finding. The

biological reason remains speculative. A possible explanation is that

the higher immunosuppression associated with elevated basal

platelets may lead to a greater effect of immune checkpoint

inhibitors in reinvigorating the T-cell immune response against

the tumor following avelumab treatment.

Limitations of our study include the small sample size due to the

rarity of this cancer and the retrospective data analysis. On the other

hand, all the patients studied were consecutively collected from our

single referral Center, thus patients’ data, although retrospective,

should be homogenous, limiting possible biases. In addition, BMI is

not a perfect assessment of obesity because it cannot distinguish

muscle from body fat (43). Accordingly, more specific body fat

assessment methods should be used in future prospective studies on

larger cohorts.
5 Conclusion

MCC has long been considered to be immunogenic cancer

because it occurs more frequently and has a worse prognosis in

immunosuppressed individuals. Despite the therapeutic impact of

reinvigorating the antitumor immune response by immunotherapy,

the clinical benefit of ICIs in mMCC is still limited to selected

patients. From previous studies across many cancer types, we have

learned that in metastatic patients treated with ICIs, obesity is often
Frontiers in Oncology 09
associated with better clinical outcomes. Our findings validate this

concept also in mMCC patients following avelumab treatment,

demonstrating a positive effect on PFS of a BMI > 30. The

association between basal platelet count and PFS seemed to

suggest that a cross-talk platelets-host immunity exists. It remains

to be elucidated whether other clinical, immunological or biological

factors not yet investigated, may have a further relevant impact on

tumor response and clinical outcomes.
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