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Introduction
Melanoma is the most aggressive skin cancer, 
characterized by high metastatic spread and high 
mortality rates.1 Melanoma has several unique 
characteristics that contribute to the renowned 
high immunogenicity, and make it an attractive 

tumor for treatment with immune checkpoint 
inhibitors (ICIs).2

Despite the therapeutic impact of reinvigorating 
the antitumor immune response by immunother-
apy, the clinical benefit of ICIs in advanced 
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melanoma is still limited to selected patients.3 
Approximately half of the patients do not derive 
durable responses.2 Despite elevated tumor pro-
grammed cell death ligand 1 (PD-L1) expression 
in the tumor microenvironment (TME),4 tumor 
mutational burden, and other markers such as 
interferon gamma (IFNγ) signature or the pres-
ence of T cells in the tumor have been found to 
correlate with outcomes, these biomarkers cannot 
accurately predict the response to ICIs in all 
patients.5 This indicates the clinical need for bet-
ter, robust, and dynamic predictive, treatment 
specific, biomarkers.

Recent studies have shown that the programmed 
cell death protein 1 (PD-1)/PD-L1 axis is respon-
sible for less than half of the dysfunctional antitu-
mor immunity in cancers, suggesting that other 
mechanisms are involved in tumor immune eva-
sion.6–9 Butyrophilins (BTNs) and butyrophilin-
like (BTNL) family of proteins, such as BTN2A1, 
BTN3A1, and BTNL2, have been shown to play 
a critical role in modulating γδ T-cell develop-
ment and differentiation.10–14 γδ T cells are a non-
major histocompatibility complex-restricted 
lymphocyte subset.15 Intriguingly, γδ T cells pref-
erentially infiltrate the epithelial-rich human tis-
sues, such as the skin.16 Concurrent 
BTN3A1-BTN2A1 interactions seem to be 
essential for T-cell receptor (TCR)-dependent 
activation of Vγ9Vδ2+ T cells, the most abun-
dant γδ T cells in peripheral blood.11,13 Recent 
clinical studies reported the modified expression 
of molecules belonging to the BTN/BTNL family 
following immune checkpoint (IC) blockade with 
anti-PD-1 antibodies,16 suggesting their unex-
plored role in tumor immune escape.17–19

Furthermore, the new and evolving role of 
patients’ metabolic state and systemic inflamma-
tion is now highlighted in the complex symbiotic 
and metabolic interactions between tumor cells 
and dysfunctional/suppressive immune cells in 
the TME.20,21 Notably, obesity is accompanied 
by chronic low-grade systemic inflammation as a 
result of expanded adipose tissue.22 Several clini-
cal data showed that obesity is paradoxically asso-
ciated with improved outcomes in cancer patients 
treated with IC blockade.23 Importantly, tumor 
metabolic dependencies are emerging as key 
tumor vulnerabilities, and patient-associated fea-
tures, such as body mass index (BMI), are under 
investigation as factors to profoundly impact the 
cancer immune responses.24–28 Although the 

mechanistic link between metabolic state and 
immunotherapy benefit was not elucidated, an 
impact of excess adiposity/obesity on the PD-1/
PD-L1 pathway seems to exist. Recent preclinical 
findings suggested that obesity promotes T-cell 
exhaustion through leptin-induced upregulation 
of PD-1.25 This PD-1-mediated immune dys-
function in obesity cancer patients would be 
reversible by PD-1/PD-L1 inhibitors, making the 
tumors markedly more responsive to ICIs.29 
Furthermore, recent studies indicate a potential 
‘gamma-delta T-cell link’ between obesity and 
cancer.30 Obese adult humans show a decrease in 
Vγ9δ2 cells in the peripheral blood, which are less 
capable of IFNγ production, interleukin (IL)2 
and IL7 expression, and TCR interactions with 
BTN2A1/BTN3A1 bound to tumor phosphoan-
tigens (pAgs) expressed on cancer cells.31,32

In human tumors, clinical data linking excess adi-
posity to IC and BTN expression in patients 
treated with PD-1 inhibitors are lacking. The sol-
uble forms of immune checkpoints (sICs) and 
BTNs can be detected in the peripheral blood, 
and a correlation between sICs/BTNs levels with 
clinical response was recently described in several 
tumor types.17–19 Therefore, circulating ICs/BTNs 
detection, along with BMI, could provide more 
insights into the immune-metabolic interactions 
underlying the benefit observed in obese patients, 
improving the use of dynamic, noninvasive, bio-
markers for patient selection. With this goal, we 
performed a prospective study to investigate the 
role of BMI and baseline plasma levels of soluble 
PD-1 (sPD-1), PD-L1 (sPD-L1), BTN2A1 
(sBTN2A1), and BTN3A1 (sBTN3A1), as pre-
dictive biomarkers of immunotherapy response in 
metastatic melanoma patients treated with anti-
PD-1 nivolumab or pembrolizumab as first-line 
treatment (Figure 1).

Patients and methods

Study population
This study included a cohort of 41 patients with a 
histologically confirmed diagnosis of melanoma, 
treated at the Section of Medical Oncology of the 
Department of Surgical, Oncological, and Oral 
Sciences of the University of Palermo (Italy). The 
study population included patients with advanced 
disease, harboring no BRAF, NRAS, or KIT 
mutations, candidates for first-line treatment based 
on anti-PD-1 nivolumab or pembrolizumab from 
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January 2016 to March 2018. No patients treated 
with adjuvant therapy were included in the study.

Peripheral blood samples from melanoma patients 
were collected at baseline, before starting 
nivolumab or pembrolizumab treatment (T0).

The clinicopathological information collected 
included gender, age, histologic subtype, clinical 
stage according to the TNM system of the 
American Joint Committee on Cancer, prognos-
tic factors, site of metastases, and pretreatment 
lactate dehydrogenase (LDH), neutrophil-to-
lymphocyte ratio (NLR), and BMI. The NLR 
was recorded 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 base-
line. 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 ⩾ 30) were classified 

based on the World Health Organization 
recommendations.

The tumor response [progressive disease (PD), 
stable disease (SD), partial response (PR), com-
plete response (CR)] according to Response 
Evaluation Criteria in Solid Tumors (RECIST 
version 1.1.), objective response rate (ORR), time 
to treatment failure (TTF) to nivolumab or pem-
brolizumab treatment, and overall survival (OS) 
were assessed.

The association between clinicopathological vari-
ables, sIC, and clinical outcomes was evaluated.

The information was anonymously recorded for 
all patients who previously provided written 
informed consent. The ‘G-Land 2017’ study pro-
tocol was approved by the ethical committee of 
the University Hospital AOUP ‘Paolo Giaccone’ 
of Palermo, Italy (Comitato Etico Palermo 1; 
approval number: 0103-2017).
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Figure 1. A putative role of PD-1/PD-L1 axis and BTNs is highlighted as mechanism of cancer immune 
evasion and obesity-associated inflammation.
Obesity promotes T-cell exhaustion through leptin-induced upregulation of PD-1. This PD-1-mediated immune dysfunction 
in obesity cancer patients would be reversible by PD-1/PD-L1 inhibitors, making the tumors markedly more responsive to 
ICIs. The γδ T-cell accumulation in visceral fat promotes chronic inflammation. The Vγ9Vδ2+, the major class of γδ T cells, 
are activated by phosphoantigens produced by tumor cells, and needed the combination of two immunoglobulin superfamily 
members, BTN2A1 and BTN3A1. The soluble forms of PD-1, PD-L1, BTN2A1, and BTN3A1 can be detected in the peripheral 
blood. Circulating sICs/BTNs detection at baseline, before starting anti-PD-1 treatment, along with BMI, could give more 
insights into the symbiotic immune-metabolic interplay, to predict immunotherapy response.
BTNs, butyrophilins; ICIs, immune checkpoint inhibitors; sICs, soluble immune checkpoints; PD-1, programmed cell death 
protein 1; PD-L1, programmed cell death ligand 1.
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Determination of soluble PD-1, PD-L1, BTN2A1, 
and BTN3A1 concentrations in plasma
The peripheral blood samples from melanoma 
patients were processed for plasma isolation 
within 2 h of collection, by centrifugation at 
2.200g for 15 min at 4°C in the presence of ethyl-
enediaminetetraacetic acid. The plasma fractions 
were aliquoted in cryotubes and preserved at 
−80°C until their use for the determination of 
soluble ICs concentrations in plasma. The plasma 
sPD-1, sPD-L1, sBTN2A1, and sBTN3A1 levels 
were measured using specific homemade enzyme-
linked immunosorbent assays (ELISAs) not yet 
commercially available and designed by 
DYNABIO S.A. (Parc de Luminy, Marseille, 
France) according to our indications.17–19 Full 
steps of the experimental protocol using the 
homemade ELISA tests developed are reported 
in Supplemental Text S1, which were previously 
reported.17–19,31 A key step to underline was the 
sample compatibility checking regarding serum 
versus plasma concentrations and interference of 
the matrix. In fact, our analysis comparing con-
centrations of the four sICs measured in plasma 
and serum from the same blood series showed 
concentrations in serum at least threefold to five-
fold lower than in plasma. Therefore, we finally 
analyzed the concentrations of sPD-1, sPD-L1, 
sBTN2A1, and sBTN3A1 on plasma samples. 
Thereby, we observed in all four ELISA assays an 
interference of the plasma matrix, which became 
negligible when plasma samples were diluted at 
least 1/5. For this reason, plasma samples were at 
least diluted 1/5 before the assay.

Statistical analysis
The primary clinical outcome of the study was 
TTF. TTF was defined as the time from immu-
notherapy onset to discontinuation for any reason 
excluding remission, that is, disease progression, 
treatment toxicity, patient preference, or death. 
OS was calculated from the diagnosis of mela-
noma to death by any cause or last follow-up 
(censored patients). The analysis of TTF and OS 
between groups was compared using the Kaplan–
Meier method and log-rank test.

To identify independent prognostic factors for 
TTF and OS, univariate and multivariate Cox 
proportional hazard regression models were built. 
All tests were performed with a significance level 
of p < 0.05. Statistical analyses were conducted 
using IBM SPSS Statistics for Windows Version 
28.0 (IBM Corporation, Armonk, NY, USA). 

The receiver operating characteristic (ROC) 
curve analysis was used to determine the optimal 
cutoff for each marker, to classify short-term ver-
sus long-term responders. The optimal cutoff was 
11.24 ng/ml for sPD-1 [area under the curve 
(AUC) = 0.87, p < 0.001], 1.17 ng/ml for sPD-L1 
(AUC = 0.93, p < 0.001), 9.7 ng/ml for sBTN3A1 
(AUC = 0.93, p < 0.001), and 4.0 ng/ml for 
sBTN2A1 (AUC = 0.98, p < 0.001).

Results

Patients’ characteristics
In all, 41 melanoma patients were included in the 
study. Clinical and pathological patient charac-
teristics are summarized in Table 1. In our previ-
ous research, the same series of patients were 
evaluated to investigate the correlation between 
pretreatment plasma PD-1/PD-L1 expression 
levels and the presence/absence/class (brisk versus 
non-brisk) of tumor-infiltrating lymphocytes 
(TILs) in melanoma primary tumors of the same 
patients.33 The results showed that lower plasma 
PD-1 expression levels were statistically corre-
lated with the increased infiltration of brisk-type 
TILs in primary melanoma, suggesting a more 
favorable prognosis.33

Outcome analysis
First, we focused on the role of the soluble form 
of ICs (sPD-1, sPD-L1, sBTN3A1, and 
sBTN2A1) as predictive markers of immunother-
apy response.

We classified the plasma levels of each tested bio-
marker as ‘low’ or ‘high’ concentrations accord-
ing to the thresholds previously calculated using 
ROC analysis.

Overall median TTF was 36 months [95% confi-
dence interval (CI): 14.3–57.7]. At the time of 
data analyses, a total of 26 events (progression or 
death) occurred (63.4%). Notably, the presence 
of plasma levels of sPD-1 < 11.24 ng/ml and 
sBTN2A1 ⩾ 4.0 ng/ml was significantly associ-
ated with longer TTF (Figure 2(h) and (l)). 
Regarding the outcome data according to plasma 
levels of sPD-1, 7 events were observed in the 
group of 20 patients with sPD-1 low levels (35%), 
and 19 events in the group of 21 patients with 
sPD-1 high levels (90.4%). Regarding the out-
come data according to plasma levels of 
sBTN2A1, 16 events were observed in the group 
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Table 1. Clinical features of metastatic melanoma 
patients.

Characteristic No. of patients (%)

No. of patients 41

Gender

 Male 23 (56)

 Female 18 (44)

Age at diagnosis (year)

 Median 49

 Mean 50.6

 Range 23–74

Age groups (years)

 ⩽40 10 (24.4)

 41–50 13 (31.7)

 51–60 6 (14.6)

 >60 12 (29.3)

Type of melanoma

 Cutaneous 29 (70.7)

 Uveal 5 (12.2)

 Mucosal 2 (4.9)

 Unknown origin 5 (12.2)

Primary cutaneous tumor site

 Limbs (acral) 11 (38)

 Head and neck 7 (24.1)

 Back 7 (24.1)

 Chest 2 (6.9)

 Abdomen 2 (6.9)

TILs

 Brisk 10 (24.4)

 Non-brisk 6 (14.6)

 Absent 12 (29.3)

 NA 13 (31.7)

TILs density

 Mild 6/16 (37.4)

 Moderate 1/16 (6.3)

 Marked 1/16 (6.3)

 NA 8/16 (50)

Characteristic No. of patients (%)

BRAF status

 Mutated 0 (0)

 Wild type 41 (100)

PS (ECOG)

 0 30 (73.2)

 1 11 (26.8)

Site of metastasis, individual

 Lymph nodes 31 (75.6)

 Lung 19 (46.3)

 Liver 16 (39)

 Skin 14 (34.1

 Bones 9 (22)

 CNS 8 (19.5)

 Soft tissues 8 (19.5)

 Adrenal gland 6 (14.6)

 Others 18 (43.9)

No. of evaluable disease sites, n (%)

 ⩽2 28 (68.3)

 ⩾3 13 (31.7)

LDH*

 ⩽300 21 (51.2)

 >300 20 (48.8)

NLR*

 ⩽2.6 23 (56.1)

 >2.6 18 (43.9)

BMI*

 BMI < 25 16 (39)

 BMI ⩾ 25 25 (61)

Best response to nivolumab/pembrolizumab

 CR and PR 16 (39)

 SD 12 (29)

 PD 13 (32)

BMI, body mass index; CNS, central nervous system; CR, complete 
response; ECOG, Eastern Cooperative Oncology Group; LDH, 
lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PD, 
progressive disease; PR, partial response; PS, performance status; 
DS, stable disease; TILs, tumor-infiltrating lymphocytes.

(Continued)

Table 1. (Continued)
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Figure 2. TTF according to prognostic factors. TTF according to (a) gender, (b) age at first-line start, (c) TILs 
on primary melanoma, (d) pretreatment LDH, (e) BMI, (f) NLR, (g) baseline sPD-L1, (h) baseline sPD-1, (i) 
baseline sBTN2A1, and (l) baseline sBTN3A1.
BMI, body mass index; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; TILs, tumor-infiltrating 
lymphocytes; sBTN, soluble butyrophilin; sPD-1, soluble programmed cell death protein 1; sPD-L1, soluble programmed 
cell death ligand 1; TTF, time to treatment failure.
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of 20 patients with sBTN2A1 low levels (80%), 
and 10 events in the group of 21 patients with 
sBTN2A1 high levels (47.6%). Median TTF was 
not reached (NR) for the low sPD-1 group, and 
17 months (95% CI: 5.0, 28.9) for the high sPD-1 
group (p < 0.002).

Conversely, pretreatment levels of circulating 
PD-1 and BTN2A1 were significantly higher and 
lower, respectively, in patients who failed to 
respond to the first-line anti-PD-1 treatment with 
nivolumab or pembrolizumab. The difference 
was not significant for circulating PD-L1 and 
BTN3A1 (Figure 2(g) and (i)).

Overall median OS was 107 months (95% CI: 
88.7, 125.3). In all, 23 total events (deaths) were 
observed (56.1%). The distribution of events 
according to sPD-1 concentrations was: 10 in 20 
patients with low sPD-1 levels (50%) and 13 in 
21 patients with high sPD-1 levels (61.9%).

Median OS was 108 months (95% CI: 21.1, 194.8) 
and 88 months (95% CI: 45.6, 130.3) for the low 
and high sPD-1 groups, respectively (p = 0.03) 
(Figure 3(h)). The difference was not significant 
for the other sICs (Figure 3(g), (i), and (l)).

Objective response rate
We then examined the association of sPD-1 and 
sBTN2A1 pretreatment levels with ORR. Other 
ICs, because not statistically significant in the 
previous survival analyses (section ‘Outcome 
analysis’), were not included in this further 
investigation.

Following the first-line anti-PD-1 treatment, the 
patients showed the following best response: 16 
patients PR/CR (39%), 12 patients SD (29%), 
and 13 patients PD (32%) (Figure 4(a)).

The patients with low sPD-1 pretreatment levels 
had a significantly higher ORR (ORR 65%; 
n = 13/20 patients) compared to the patients with 
high sPD-1 levels (ORR: 14.3%, 3/21 patients) 
(p = 0.001) (Figure 4(b)). Conversely, the patients 
with high sBTN2A1 levels at baseline had a sig-
nificantly higher ORR (ORR 60%; n = 12/20 
patients) compared to the patients with low 
sBTN2A1 levels (ORR 19%, 4/21 patients) 
(p = 0.01) (Figure 4(c)).

Next, we examined the level of sPD-L1 and 
sBTN2A1 in melanoma patients according to 

TTF to anti-PD-1 therapy. The patients were 
named ‘long’ and ‘short’ responders using the 
overall median TTF previously investigated. The 
pretreatment level of sPD-1 was significantly 
lower, and the sBTN2A1 was significantly higher, 
in long-responder patients to nivolumab or pem-
brolizumab as first-line treatment (p = 0.001 and 
p = 0.004, respectively) (Supplemental Figure 
S1A and B). The median sPD-1 values were 
10.3 ng/ml (range: 1.7–16.1) for long-responder 
versus 16.6 ng/ml (range: 8.3−25.0) for short-
responder patients. The median sBTN2A1 values 
were 4.4 ng/ml (range: 3.0–9.4) for long-
responder versus 3.77 ng/ml (range: 1.7–5.7) for 
short-responder melanoma patients.

Therefore, higher levels of sPD-1 and lower levels 
of sBTN2A1 before the treatment were associ-
ated with poorer clinical outcomes and ORR.

Multivariable analysis
Table 2 summarizes the results of the univariable 
and multivariable prognostic factor analyses for 
TTF and OS. Variables included in the univariate 
analysis were as follows: (1) gender (male or 
female); (2) age at first-line start (⩽45 or 
>45 years); (3) TILs in primary melanoma 
(absent/non-brisk or present brisk); (4) BMI at 
first-line start (<25 or ⩾25); (5) NLR at first-line 
start (⩽2.6 or >2.6); (6) serum pretreatment level 
of LDH (⩽300 or >300); (7) baseline plasma lev-
els of sPD-L1 (<1.17 or ⩾1.17 ng/ml); (8) base-
line plasma levels of sPD-1 (<11.24 or ⩾11.24 ng/
ml); (9) baseline plasma levels of sBTN3A1 (<9.7 
or ⩾9.7 ng/ml); and (10) baseline plasma levels of 
sBTN2A1 (<4.0 or ⩾4.0 ng/ml).

Age, BMI, NLR, sPD-1, and sBTN2A1 were 
found to be statistically significantly associated 
with TTF in univariable analyses. In the final 
multivariable Cox regression model, BMI 
[p = 0.02, hazard ratio (HR): 0.37] and sPD-1 
(p = 0.002, HR: 4.5) were significant.

Regarding OS, LDH and sPD-1 were statistically 
significantly associated with univariable analyses. 
In the final multivariable model, no prognostic 
factor considered remains statistically significant.

Therefore, these results showed that, in meta-
static melanoma patients treated with first-line 
PD-1 inhibitors, BMI ⩾ 25 and sPD-1 < 11.24 ng/
ml were significant independent prognostic fac-
tors for longer TTF.

https://journals.sagepub.com/home/tam
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Figure 3. OS according to prognostic factors. OS according to (a) gender, (b) age at first-line start, (c) TILs 
on primary melanoma, (d) pretreatment LDH, (e) BMI, (f) NLR, (g) baseline sPD-L1, (h) baseline sPD-1, (i) 
baseline sBTN2A1, and (l) baseline sBTN3A1.
BMI, body mass index; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; sBTN, soluble 
butyrophilin; sPD-1, soluble programmed cell death protein 1; sPD-L1, soluble programmed cell death ligand 1; TILs, 
tumor-infiltrating lymphocytes.
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TTF and OS curves were plotted according to 
each prognostic factor (Figures 2 and 3).

We then assessed the association between BMI 
and ORR. BMI ⩾ 25 was associated with higher 
response rates compared with patients having 
normal weight [48% (12 of 25) versus 25% (4 of 
16)] (p = 0.001) (Figure 5(a)). Age did not show a 
significant impact on BMI; the patients over 
65 years old were 9 out 41 (21.9%), and, among 
these, patients showing BMI < 25 were only 2 
(22.2%) (p = 0.4) (Figure 5(b)).

We further stratified melanoma patient groups 
using BMI along with sPD-1, which resulted to 
be statistically significant and associated with 
TTF in multivariable analyses.

Notably, patients with a BMI of 25 or higher and 
sPD-1 < 11.24 ng/ml had improved TTF (median 
TTF NR) following ICI treatment than patients 
with a BMI of less than 25 and sPD-1 ⩾ 11.24 ng/
ml (median TTF 4 months, 95% CI, 2.8–5.2) 
(Figure 5(c)). Furthermore, patients with a BMI 
of 25 or higher and sPD-1 < 11.24 ng/ml showed 
longer TTF also than patients with a BMI of 25 
or higher and sPD-1 ⩾ 11.24 ng/ml, and a BMI of 
less than 25 and sPD-1 < 11.24 ng/ml (median 
TTF 35 and 36 months, respectively) (p < 0.001) 
(Figure 5(c)).

Discussion
Individual response to ICIs is currently unpre-
dictable in patients with advanced melanoma.

Despite the immunotherapy with anti-PD-1, 
alone or in combination with anti-cytotoxic T 
lymphocyte antigen 4 (CTLA4), results in 
remarkable durable responses in selected patients, 
the ORR remains disappointingly low.16,34–36 The 
high immunogenicity of melanoma is clear, but 
immunosuppressive mechanisms are multiple 
and complex.2 Beyond the historical observations 
of primary melanoma spontaneous regression,37 
and the association with manifestation of an auto-
immune reaction against melanocytes, such as 
vitiligo,38 melanoma has a unique immune micro-
environment. Primary tumors can be character-
ized by dense infiltration of TILs, classified based 
on their distribution in brisk and non-brisk.39,40 
The abundance of peritumoral TILs suggests 
strongly that a host-versus-tumor immune 
response is present and is associated with favora-
ble prognosis41,42 and response to therapeutic 
blockade of the IC proteins PD-1 and CTLA4.43,44

Extensive efforts are underway to discover robust 
and dynamic biomarkers,34–36 and to elucidate 
mechanisms of response and resistance to IC 
blockade.

Recent findings highlighted some major concepts. 
First, tumor metabolic phenotype and patients’ 
metabolic dysregulation may play critical roles in 
shaping immune responses.2,25 Second, PD-1 is 
heavily involved in immune aging and T-cell 
exhaustion and dysfunction, which affects the 
antitumor immune response. Third, a striking 
improvement in the clinical outcomes of obese 
patients treated with ICIs exists,23 which seems 

(c)(a) (b)

Figure 4. ORR in the groups of patients showing high and low sPD-1 and sBTN2A1 pretreatment plasma levels.
ORR, objective response rate; sBTN, soluble butyrophilin; sPD-1, soluble programmed cell death protein 1.
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Table 2. Univariable and multivariable analyses of prognostic factors for TTF and OS in melanoma patients treated with first-line 
nivolumab or pembrolizumab. Gender, age, TILs, BMI, NLR, LDH, sPD-L1, sPD-1, sBTN3A1, and sBTN2A1 were evaluated in the Cox 
regression model.

TTF Univariable Cox regression Multivariable Cox regression

HR (95% CI) p Value HR (95% CI) p Value

Gender
(M versus F)

0.75 (0.34–1.65) NS  

Age
(⩽45 versus >45 years)

0.46 (0.21–1.00) 0.04 1.13 (0.45–2.82) NS

TILs
(Absent/non-brisk versus present brisk)

0.25 (0.07–0.91) 0.03 0.25 (0.6–1.07) NS

BMI
(<25 versus ⩾25)

0.46 (0.21–1.02) 0.04 0.37 (1.15–0.89) 0.02

NLR
(⩽2.6 versus >2.6)

2.26 (1.00–5.11) 0.04 1.63 (0.60–4.36) NS

LDH
(⩽300 versus >300)

2.11 (0.96–4.63) 0.05  

sPD-L1
(<1.17 versus ⩾1.17)

1.25 (0.54–2.89) NS  

sPD-1
(<11.24 versus ⩾11.24)

3.62 (1.51–8.67) 0.002 4.5 (1.71–12.03) 0.002

sBTN3A1
(<9.7 versus ⩾ 9.7)

0.89 (0.34–2.00) NS  

sBTN2A1
(<4.0 versus ⩾4.0)

0.44 (0.19–0.97) 0.03 0.57 (0.23–1.37) NS

OS Univariable Cox regression Multivariable Cox regression

HR (95% CI) P Value HR (95% CI) p Value

Gender
(M versus F)

0.74 (0.32–1.70) NS  

Age
(⩽45 versus >45 years)

0.94 (0.41–2.12) NS  

TILs
(Absent/non-brisk versus present brisk)

0.35 (0.10–1.25) NS  

BMI
(<25 versus ⩾25)

0.52 (0.23–1.18) NS  

NLR
(⩽2.6 versus >2.6)

2.15 (0.94–4.93) 0.06  

LDH
(⩽300 versus >300)

2.54 (1.07–6.05) 0.02 1.79 (0.67–4.78) NS

sPD-L1
(<1.17 versus ⩾1.17)

1.31 (0.55–3.09) NS  

sPD-1
(<11.24 versus ⩾11.24)

2.44 (1.05–5.68) 0.03 1.79 (0.67–4.78) NS

sBTN3A1
(<9.7 versus ⩾9.7)

0.85 (0.37–1.95) NS  

sBTN2A1
(<4.0 versus ⩾4.0)

0.85 (0.38–1.91) NS  

BMI, body mass index; CI, confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; sBTN, soluble butyrophilin; 
sPD-1, soluble programmed cell death protein 1; sPD-L1, soluble programmed cell death ligand 1; TILs, tumor-infiltrating lymphocytes; TTF, time to treatment failure.
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driven, at least in part, by PD-1-mediated T-cell 
dysfunction.25

In this study, we observed that metastatic mela-
noma patients with BMI ⩾ 25 along with low 
plasma levels of PD-1 (sPD-1 < 11.24 ng/ml) 
assessed at baseline, had TTF and ORR first-line 
nivolumab or pembrolizumab. The multivariable 
model confirmed the independent prognostic 
value of this finding. The biological reason why 
low plasma sPD-1 is more strongly associated 
with TTF remains speculative. A possible expla-
nation is that soluble PD-1 might represent a 
direct target of anti-PD-1 immunotherapy. Thus, 
high sPD-1 plasma concentration may impair the 
effectiveness of ICIs by neutralizing the PD-1 
inhibitors pembrolizumab and nivolumab, result-
ing in treatment resistance and consequently a 
shorter TTF.45,46

Although this hypothesis is intriguing, it does not 
explain the better clinical outcomes in overweight 
melanoma patients showing low sPD-1 levels, 
compared to normal-weight patients with the 

same low sPD-1. The link between a metabolic 
factor and the sPD-1 expression in determining 
the immunotherapy response could be explained 
by PD-1-mediated T-cell dysfunction induced by 
excess adiposity.25,47 PD-1 is a key receptor both 
in early T-cell activation and in later chronic 
stimulation, where the T-cell exhaustion and 
anergy phenotype predominate. In fact, in tumor 
patients, following the chronic antigen stimula-
tion, CD8+ exhausted T cells progressively lose 
effector functions and overexpress PD-1.48–52, 
PD-1/PD-L1 blockade can reinvigorate CD8+ 
exhausted T cells, leading to clinical responses to 
ICIs.53–55

Chronic inflammation can induce immunosup-
pression as a result of a protection mechanism 
against possible autoreactive responses from the 
immune system.2 In fact, the exhaustion of the 
immune system by persistent antigenic stimula-
tion can activate homeostatic immunologic feed-
back, which contributes to the onset of adaptive 
resistance, ultimately inducing tumor-mediated 
antitumor immunity suppression.2,22 Obesity 
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Figure 5. ORRs according to the BMI (a), BMI and age at diagnosis (b), and TTF analyses of melanoma patients stratified by BMI and 
sPD-1 (c).
BMI, body mass index; ORRs, objective response rates; sPD-1, soluble programmed cell death protein 1; TTF, time to treatment failure.
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promotes a low-grade and chronic systemic 
inflammation.45 This phenomenon alters the 
microenvironment of adipose tissue, stimulating 
the production of pro-inflammatory cytokines, 
and elevated levels of insulin, glucose, fatty acids, 
and leptin.56,57 A recent study indicates the role of 
leptin signaling in increasing PD-1 expression 
and promoting T-cell exhaustion, resulting in an 
immune-suppressed phenotype and obesity-
related T-cell aging.25 Therefore, our data show-
ing lower sPD-1 concentrations in overweight 
patients responding to anti-PD-1 antibodies 
could be indicative of a lower state of CD8+ 
T-cell exhaustion and dysfunction. An attenuated 
PD-1-mediated T-cell dysfunction, indirectly 
expressed by lower sPD-1 levels in plasma 
patients, could rebalance CD8+ T-cell function 
through anti-PD-1 treatment more effectively, 
remarkably leaving the tumors more responsive to 
ICIs, ultimately explaining the improved out-
comes in these subgroups of patients.

Interestingly, our study reveals that baseline solu-
ble concentrations of another IC, BTN2A1, were 
higher in patients with improved TTF and ORR 
to anti-PD-1 treatment. sBTN2A1 was found to 
be statistically significantly associated with TTF 
in univariable analysis. Although not reaching an 
independent value in the final multivariable 
model, this finding could be highly relevant and 
should be investigated in a larger patient popula-
tion. BTN2A1 is a butyrophilin (BTN) family 
member, recently identified as a key molecule in 
the activation of Vγ9Vδ2+ T cells.12,58 Vγ9Vδ2+ 
T cells are the most abundant subset of γδ T cells 
in the blood, with innate-like properties, and are 
activated by pAgs and phosphorylated antigens 
produced by many tumors.39 Recent findings 
indicate that BTN2A1 and BTN3A1 are required 
for pAg-dependent Vγ9Vδ2+ T-cell activa-
tion.12,59,60 Notably, like their adaptive counter-
parts, human Vγ9Vδ2+ T cells can also express 
the surface PD-1, leading to an ‘exhausted’ 
Vγ9Vδ2+ γδ T cells via the PD-1/PD-L1 axis.58 
A published case report describes an exceptional 
prolonged response to pembrolizumab in a 
patient with epithelioid mesothelioma. Whole-
exome sequencing on serial biopsies demon-
strated acquired missense mutation in BTN2A1 
at tumor relapse.61 These data underline the 
putative role of BTN2A1 loss of function in the 
mechanism of cancer immune evasion.53 Of note, 
our finding shows lower pretreatment levels of 
sBTN2A1 in patients who failed to respond to the 
first-line PD-1 inhibitors with nivolumab or 

pembrolizumab, further providing the biological 
rationale to better investigate this hypothesis.

A limitation of the study was the small sample size, 
and the small number of obese patients (BMI ⩾ 30) 
than overweight patients (BMI ⩾ 25 and <30). 
Therefore, the results warrant further study with a 
larger cohort. In addition, BMI is not a perfect 
assessment of excess adiposity because it cannot 
distinguish body composition, or rather fat mass, 
fat-free mass, and muscle quality. Furthermore, 
adipose tissues are highly plastic and strongly 
impact inflammatory and immune responses by 
several, known and unknown, driver mechanisms.

Hence, body fat measurement methods along 
with baseline and ongoing modifications of circu-
lating ICs and inflammatory biomarkers may 
have a strong value in future research, linking the 
symbiotic immune-metabolic interplay to immu-
notherapy response.

Conclusion
The established link between metabolic and 
immunologic factors in cancer immune evasion 
raises important questions regarding the conver-
sion of this knowledge into effective strategies to 
predict the response to immunotherapy.62 Overall, 
our data suggest that overweight and plasma 
sPD-1 low levels assessed at baseline are associ-
ated with improved anti-PD-1 treatment out-
comes in metastatic melanoma patients. This 
preliminary report outlines the next potential 
avenues to select those patients that are most 
likely to have a long-term response and to drive 
the therapeutic choice. Circulating ICs detection, 
along with BMI, could provide more insights into 
the immune-metabolic interactions underlying 
the benefit observed in overweight/obese patients, 
while improving the use of dynamic, noninvasive, 
biomarkers for patient selection.
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