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ABSTRACT
Background Obesity is a risk factor for malignancy;
however, its prognostic role in patients with metastatic
melanoma is controversial. We aim to investigate the
prognostic role of body mass index (BMI) in patients
with metastatic melanoma receiving mitogen-activated
pathway kinase inhibitors (MAPKi), immune checkpoint
inhibitors (ICIs) alone or their sequence.
Methods Data on patients with metastatic melanoma
receiving ≥1 line of systemic treatment were retrieved
from prospectively collected databases. Progression-free
survival (PFS) and overall survival (OS) were analyzed by
means of multivariable stratified Cox regression models;
disease control rate (DCR) was analyzed by multivariable
stratified logistic regression models. Subgroup analyzes
according to the type of treatments received, and in
BRAF-mutated patients were pre-planned. All multivariable
models included BMI, age, gender, American Joint
Committee on Cancer stage, performance status, lactate
dehydrogenase and treatment sequencing strategy as
covariates.
Results Between November 2010 and November 2018,
688 patients from three Italian and two Polish centers
were enrolled. 379 (57%) patients had M1c/d disease, 273
(41%) were female and the mean BMI was 27.1 (SD=4.9).
Considering first-line treatment, 446 patients (66.8%)
received ICIs and 222 MAPKi. No impact of BMI on OS was
detected either considering the first line of ICIs, or ICIs
sequencing (HR=1.02, 95% CI: 0.99 to 1.05, p=0.202, and
HR=1.02, 95% CI: 0.99 to 1.04, p=0.237, respectively). A
late effect of BMI on OS was found in patients treated with
MAPKi: for five units increment, a 51% of risk reduction at
18 months and a 76% of risk reduction at 30 months were
observed. No significant effect of BMI on PFS and DCR was
found in any of the subgroup analyzes.
Conclusion In patients with metastatic melanoma
receiving ICIs, there is no impact of BMI on DCR, PFS and
OS. The late prognostic effect of BMI in patients treated
with MAPKi should be considered hypothesis generating
and needs to be further investigated.

INTRODUCTION
Obesity is defined as a medical condition
in which excess body fat accumulates to an
extent that it may have a negative effect on
global health.1 In the recent decades, the
world has experienced a significant growth in
obesity incidence, with an annual increase of
more than 1% every year.2 According to the
data from the National Health and Nutrition
Examination Survey, it is estimated that more
than 40% of adults are affected by obesity in
the USA.2 3
Body mass index (BMI) is an easy measure
to determine whether individuals are in
healthy weight on the basis of their height
(ie, weight (kg) divided by the square of the
person’s height (m) (kg/m2)). According to
the WHO, individuals with a BMI ≥25 kg/m2
are classified as being overweight; while, individuals with a BMI >30 kg/m2 are classified as
obese.4 BMI strongly impacts on individuals’
health, with an increase in mortality with
growing degrees of overweight, as measured
by BMI.4
There is a strong correlation between
BMI
and
cancer’s
incidence
and
outcomes.4 5 Higher values of BMI correlate
with an increased risk of developing various
types of cancer, including breast, colorectal,
uterine, as well as prostate cancers.4 5 Additionally, there are mixed findings regarding
the impact of obesity on cancer patients’
outcomes, with data demonstrating both a
detrimental and protective effect, depending
on the pathological context analyzed.6 7
Epidemiological studies in melanoma
patients found that obesity is associated with

Rutkowski P, et al. J Immunother Cancer 2020;8:e001117. doi:10.1136/jitc-2020-001117

1

J Immunother Cancer: first published as 10.1136/jitc-2020-001117 on 17 November 2020. Downloaded from http://jitc.bmj.com/ on September 27, 2021 by guest. Protected by copyright.

Open access

Breslow thickness, suggesting a higher biological aggressiveness of melanoma in obese patients.8 Interestingly,
data in mice models suggest that weight decrease can
reverse the aggressiveness of melanoma.9 However, this
evidence has not been demonstrated in humans. Recent
accumulating evidence has suggested a positive correlation between increased BMI and efficacy of immune
checkpoint inhibitors (ICIs), or mitogen-
activated
pathway kinase inhibitors (MAPKi) in metastatic melanoma.10–12 The pro-
inflammatory status promoted by
adipocytes might partly explain this so-
called obesity
paradox.11 However, the correlation between BMI and
response to MAPKi and ICIs in metastatic melanoma is
not fully understood, and the prognostic impact of BMI is
still under investigation,10–16
Moreover, most studies evaluated a potential effect of
BMI in patients treated either with MAPKi or ICIs.10–16
Indeed, due to the significant development in therapeutic strategies over the last years, treatment paradigm
of metastatic melanoma now consists mostly of sequential treatment strategies. Real-world data reporting the
effect of BMI and its variations (ie, BMI measured as
a continuous rather than a fixed variable) over subsequent distinct lines of treatment are still lacking.
Here, we sought to investigate a possible association
between BMI and outcome of metastatic melanoma
patients receiving ICIs and MAPKi, by interrogating
large international prospectively collected homogeneous
databases.

MATERIALS AND METHODS
The study included all consecutive metastatic melanoma
patients, diagnosed and treated with MAPKi and ICIs at
Italian Melanoma Intergroup (IMI) and two Polish cancer
centers from November 2010 to November 2018. Data
were prospectively collected into specific databases, with
information on demographics, previous medical history,
diagnosis, surgical procedures, pathological features and
follow-up.
Approval to conduct this study was obtained from IMI
Institutional Review Board and local ethical committees.
Statistical methods
BMI at treatment initiation was calculated as weight (kg)
divided by the square of height (m) and it was analyzed
both as a continuous and categorical variable according
to the standard WHO definitions:4 underweight (BMI
<18.5 kg/m²), normal weight (18.5 to 24.9 kg/m²),
overweight (25 to 29.9 kg/m²) and obese (≥30 kg/m²).
Patients without height or weight data available for BMI
calculation were excluded from this analysis. The main
objectives were to assess the association of BMI with
progression-free survival (PFS) and overall survival (OS).
An exploratory aim was to investigate the association of
BMI with disease control rate (DCR, with stable disease
(SD) >6 months). Disease evaluation during treatment
followed the National Melanoma Treatment Program
2

(Polish centers) and the IMI (Italian centers) guidelines. Both guidelines recommend time schedules every
3 months until disease progression. PFS was defined as
the time from the date of treatment start to the date of
progression or death from any causes, whichever comes
first. Patients who did not progress or die at the time of
analysis were censored at their last disease assessment
date. OS was defined as the time from treatment start
to the date of death from disease (ie, melanoma specific
survival). DCR was defined as the proportion of patients
with a complete response (CR), a partial response (PR)
or with a SD.
Patients with at least one evaluable endpoint were
included in the present analysis. A possible different impact
of BMI on prognosis according to treatment was evaluated
by means of interaction test. A p value<0.05 was used to
consider the interaction test as statistically significant, and
therefore to analyze patients separately according to the
treatment received. For PFS and DCR analysis, the treatment received were classified as MAPKi or ICIs. For the OS
analysis, the treatment was categorized as MAPKi only, ICIs
only, MAPKi followed by ICIs or ICIs followed by MAPKi.
A further subgroup analysis was planned in patients with
BRAFV600 mutation. Survival curves were estimated with
the Kaplan-Meier method. PFS and OS were analyzed by
means of Cox regression model and results were expressed
as HR with their 95% CI. The proportional hazard (PH)
assumption was tested including in the model the interaction between time and covariate. In case of significant
interaction (p value <0.10) hazards were considered
non-
proportional, therefore a time-
varying coefficient
was included in the final Cox model. DCR was analyzed
by means of logistic regression models and expressed as
OR with their 95% CI. All multivariate models included
as covariates age, gender, American Joint Committee on
Cancer (AJCC) stage, performance status and lactate dehydrogenase (LDH). In the subgroup of patients receiving
ICIs, the type of ICI (anti-PD-1 or ipilimumab) and the
BRAFV600 status were also included as covariates, while in
the subgroup of patients with BRAFV600 mutation, the type
of therapy was also included as a covariate. All the fitted
models were stratified according to the enrolling center. All
analyzes were performed using the statistical analysis system
(SAS), V.9.4. All statistical tests were two-sided and considered significant at p<0.05 (unless otherwise specified).
RESULTS
Overall, 730 patients received a systemic therapy between
November 2010 and November 2018. Sixty-
two patients
(8.5%) were excluded from the analyzes: 50 due to missing
data on BMI, 11 received neither ICIs nor MAPKi (BRAF
and/or MEK inhibitors), and data on main endpoints
were missing for one patient. Among 668 patients, 129
were enrolled in Bergamo, 115 in Milan, 77 in Padua, 162
in Krakow and 185 in Warsaw. Overall, 659 (98.7%), 653
(97.8%) and 642 (96.1%) were included in OS, PFS and
DCR analysis, respectively.
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Table 1 Demographic and clinical characteristics of the enrolled population by first-line treatment
ICIs
n=446

MAPKi
n=222

Overall
n=668

BMI continuous
 Mean (SD)

27.1 (5.0)

27.0 (4.7)

27.1 (4.9)

 Median (Q1 to Q3)

26.3 (23.7 to 29.7)

26.3 (23.7 to 29.7)

26.3 (23.7 to
29.7)

 Min to max

14.8 to 50.4

17.8 to 41.0

14.8 to 50.4

 Normal (BMI <25)

166 (37.2)

83 (37.4)

249 (37.3)

 Overweight (BMI (25 to 30))

176 (39.5)

85 (38.3)

261 (39.1)

 Obese (BMI≥30)

104 (23.3)

54 (24.3)

158 (23.7)

 Female

174 (39.0)

99 (44.6)

273 (40.9)

 Male

272 (61.0)

123 (55.4)

BMI class, n (%)

Gender, n (%)
395 (59.1)

Age
 Mean (SD)

63.5 (13.4)

56.9 (13.1)

61.3 (13.6)

 Median (Q1 to Q3)

65.5 (54.3 to 73.7)

57.5 (47.7 to 66.7)

62.1 (52.2 to
71.5)

 Min to max

22.9 to 93.1

23.0 to 91.1

22.9 to 93.1

 Negative

373 (84.4)

0 (0.0)

 Positive

69 (15.6)

 Missing

4

BRAF mutation, n (%)
222 (100)
0

373 (56.2)
291 (43.8)
4

Disease stage, n (%)
 M1a+M1b

205 (46.4)

80 (36.0)

 M1c+M1d

237 (53.6)

142 (64.0)

 Missing

4

0

285 (42.9)
379 (57.1)
4

LDH values, n (%)
 0

304 (70.9)

112 (50.9)

416 (64.1)

 ≥1

125 (29.1)

108 (49.1)

233 (35.9)

 Missing

17

2

19

ECOG PS values, n (%)
 0

262 (59.0)

98 (44.1)

 ≥1
 Missing

182 (41.0)
2

124 (55.9)
0

360 (54.1)
306 (45.9)
2

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group Performance Status; ICIs, immune checkpoint inhibitors; LDH, lactate
dehydrogenase; MAPKi, mitogen activated pathway kinase inhibitors; Max, maximum; Min, minimum; n, number of subjects; Q, quartile.

Table 1 summarizes patients’ characteristics according
to the first line of treatment. The mean BMI was 27.1 (q1
to q3: 23.7 to 29.7). In total, 9 (1.3%), 240 (35.9%), 261
(39.1%) and 158 (23.7%) patients were categorized as
underweight, normal weight, overweight and obese, respectively. The mean age was 61.3 years (q1 to q3: 52.2 to 71.5);
273 (40.9%) were female and 373 (56.2%) were BRAFV600
wild type; BRAFV600 status was unknown for four patients.
All the enrolled patients had metastatic (stage IV) melanoma: 110 (16.6%) M1a, 175 (26.4%) M1b, 267 (40.2)
M1c, and 112 (16.9%) M1d according to the AJCC VIII
Rutkowski P, et al. J Immunother Cancer 2020;8:e001117. doi:10.1136/jitc-2020-001117

classification; four patients had undetermined disease
stage. Considering the first line treatment, 446 patients
(66.8%) received ICIs and 222 MAPKi. Among 286 patients
harboring BRAFV600 mutation, 67 (23%) received ICIs and
219 (77%) received MAPKi as first-line treatment.
Impact of BMI on overall survival
With a median follow-up of 42.5 months, 438 (66.5%) out
of 659 patients died. Overall, 417 (63.3%) consecutive
patients received ICIs alone, 106 (16.1%) MAPKi alone,
113 (17.1%) MAPKi followed by ICIs and 23 (3.5%) ICIs
3
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Table 2 Multivariable Cox model for overall survival
immunotherapy alone subset
n=393

P value of
variable
HR (95% CI)

BMI

0.202

Gender

0.922

 Female

1.02 (0.99 to 1.05) –

1.01 (0.77 to 1.33)
Reference
0.56 (0.32 to 0.96)

1.25 (0.95 to 1.66)
Reference

 ≥1

1.71 (1.28 to 2.28)

0.114

<0.001*

Reference

 ≥1

2.11 (1.47 to 3.03)
0.514

<0.001*

1.00 (0.99 to 1.01) –

 Anti-PD1

Reference

 Ipilimumab

1.14 (0.77 to 1.69)

0.514

*For LDH, the PH assumption is not satisfied.
BMI, body mass index; ECOG PS, Eastern Cooperative
Oncology Group performance status; ICI, immune checkpoint
inhibitor; LDH, lactate dehydrogenase; PH, proportional
hazard.

followed by MAPKi. The test of interaction between BMI
and the type of therapy was statistically significant (p=0.009),
suggesting that the impact of BMI on survival was different
in patients receiving ICIs versus MAPKi, or a combination
of both therapies.
At a median follow-up of 38.8 months, 246 out of 417
patients (59%) who received ICIs alone died, while the
remaining 171 (41%) were alive. The median OS was 24.6
months (q1 to q3: 8.4 to not reached). Three hundred
and thirty-one patients (79.4%) and 86 (20.6%) patients
received an anti-PD1 and ipilimumab as first-line treatment,
respectively. Considering all lines of immunotherapy, 23
patients (5.5%) received ipilimumab alone, 281 (67.4%)
anti-PD1 alone and 113 (27.1%) ICIs sequence. Considering the ICIs sequence, 63 out of 113 (55.8%) patients
received ipilimumab before, while 50 (44.2%) received
anti-PD1 as first-line therapy.
Table 2 summarizes results of the multivariable Cox
PH model in patients receiving ICIs alone. No impact of
BMI on OS was detected either considering the first line
of ICIs, or the ICIs’ sequence (HR=1.02, 95% CI: 0.99 to
1.05, p=0.202, and HR=1.02, 95% CI: 0.99 to 1.04, p=0.237,
4

–

0.980

0.97 (0.91 to 1.03)
Reference

 Male

1.01 (0.63 to 1.61)

0.980

0.163

 M1a+M1b

Reference

 M1c+M1d

1.53 (0.84 to 2.80)

0.163

0.100
Reference

 ≥1

1.51 (0.92 to 2.47)

0.100

0.008*

 0

Reference

 ≥1

2.42 (1.26 to 4.65)

0.008*

1.00 (0.98 to 1.02)

–

Age

<0.001*

 0
0.700

0.310

Gender

ECOG PS value

 0

Type of first-line
ICIs

BMI

 0

<0.001*

Age

P value of
contrasts

LDH value
Reference

 M1c+M1d

ECOG PS value

0.034*

0.114

 M1a+M1b

P value of
variable
HR (95% CI)

Disease stage

 Positive

LDH value

0.922

0.034*

 Negative
Disease stage

n=104

 Female

Reference

 Male
BRAF mutation

P value of
contrasts

Table 3 Multivariable Cox model for overall survival in
targeted therapy alone subset

0.927

For BMI, the PH assumption is not satisfied.
BMI, body mass index; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate
dehydrogenase; PH, proportional hazard.

respectively). Similar results were obtained considering the
BMI as categorical parameter (online supplemental table
1). The statistical significance of the interaction between
BMI and gender was evaluated to assess a different effect
of BMI on OS according to gender. In the cohort of ICIs
patients, the p value of interaction between gender and
BMI was not statistically significant (p=0.160).
At a median follow-up of 47.2 months, among the 106
patients treated with MAPKi alone, 82 died (77.4%). The
median OS was 9.2 months (q1 to q3: 5.7 to 32.2). Table 3
summarizes the results of the multivariable Cox PH model
in the cohort of patients treated with MAPKi alone. No
impact of BMI on OS was detected. However, non-
PH
was found (p value interaction=0.031), accordingly an
adjusted time-varying HR was estimated for BMI (online
supplemental table 2) for results of the corresponding Cox
model. As illustrated in figure 1, the risk of death related to
BMI increase lowered with time. Since the observed trend
became significant after 13 months, a ‘late’ effect of BMI on
OS was found. Specifically, for five units increment in BMI,
a 51% risk reduction of death was observed at 18 months
(ie, when 31 (29.2%) patients were still at risk of dying)
and a 76% risk reduction was reached at 30 months (ie,
with 24 (22.6%) patients at risk). Superimposable results
were obtained considering the BMI as a categorical parameter, in particular for obese versus normal weight subjects
(online supplemental table 3). Moreover, also in the cohort
of patients treated with MAPKi, no statistically significant
interaction between gender and BMI was found (p value
interaction=0.472).
Rutkowski P, et al. J Immunother Cancer 2020;8:e001117. doi:10.1136/jitc-2020-001117
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more than one line of ICIs, two patients received anti-PD1
followed by ipilimumab, while the others received ipilimumab followed by anti-PD1. The effect of BMI on OS was
not statistically significant (HR=1.00, 95% CI: 0.96 to 1.05,
p=0.896) (online supplemental table 4), similar results
were obtained considering BMI as a categorical variable
(online supplemental table 5). No statistically significant
interaction between BMI and gender was found (p value
of interaction=0.832).
At a median follow-up of 47.2 months, 207/286 (72.4%)
patients with BRAFV600 mutation died. The median OS
was 16.6 months (q1 to q3: 8.6 to 53.5). The majority of
these patients received a MAPKi: 106 (37.1%) MAPKi
alone, 113 (39.5%) MAPKi followed by ICIs and 23 (8%)
ICIs followed by MAPKi; 44 subjects (15.4%) were treated
with ICIs only. The adjusted effect of BMI on OS was not
statistically significant (HR=0.97, 95% CI: 0.94 to 1.01,
p=0.108) (online supplemental tables 6 and 7) for continuous and categorical BMI. The interaction between BMI
and gender was not statistically significant (p=0.937).
Figure 2 shows the Kaplan-Meier curves for OS in the
whole population, according to BMI categories.
Figure 1 Time varying HR for five units increment of body
mass index over time. Overall survival in target therapy alone
subset.

At a median follow-up of 67 months, 98 out of 113
patients (86.7%) treated with MAPKi followed by ICIs
died, while 15 (13.3%) were alive. The median OS was 16.7
months (q1-q3: 11.4–39.1). Seventy-two (63.7%) patients
received anti-PD1, while 41 (36.3%) received ipilimumab
as first-line ICI. Among 15 patients (13.3%) who received

Figure 2

Progression-free survival
Considering the whole population, at a median PFS of 8.3
months (q1: 3.7 to q3: 26.6), 516 (79.1%) patients died or
experienced disease progression (83 patients had disease
progression, 52 died without disease progression and 381
progressed and then died); 435 (66.6%) and 218 (33.4%)
patients received ICIs and MAPKi as first-line treatment,
respectively.
Among 435 patients treated with ICIs, 341 (78.4%)
received an anti-
PD1 and the remaining 94 (21.6%)

Kaplan-Meier estimate of overall survival in the whole population by BMI categories. BMI, body mass index.
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ipilimumab. No statistically significant interaction was
found for BMI and type of immunotherapy (p=0.132).
Median PFS was 8.6 months (q1 to q3: 3.0 to 40.1), 322
(74.2%) subjects experienced a PFS event (progression
or death). No significant effect of BMI on PFS was shown
(adjusted HR=1.00, 95% CI: 0.98 to 1.03, p=0.732) (online
supplemental tables 8 and 9) for continuous and categorical BMI. The interaction between BMI and gender was
not statistically significant (p=0.432). A sensitivity analysis, which included only patients treated with anti-PD1
showed similar results (n=341, adjusted HR=1.01, 95% CI:
0.98 to 1.04, p=0.462) (online supplemental table 10).
Considering the 218 subjects who received MAPKi, 194
patients (89.0%) died or experienced disease progression, with a median PFS of 7.6 months (q1 to q3: 4.5 to
14.2). No effect of BMI was detected, with an adjusted
HR of 0.98 (95%CI: 0.94 to 1.01, p=0.194) (online supplemental tables 11 and 12) for continuous and categorical
BMI. The interaction between BMI and gender was not
statistically significant (p=0.317).
Among the 285 patients with BRAFV600 mutation, 241
(84.6%) patients progressed or died. The median PFS
was 8.2 months (q1 to q3: 4.3 to 19.5). No effect of BMI
was detected (adjusted HR=0.97, 95% CI: 0.94 to 1.00,
p=0.067) (online supplemental tables 13 and 14) for
continuous and categorical BMI. The interaction between
BMI and gender was not statistically significant (p=0.526).
The Kaplan-Meier curves for PFS in the whole study
population, according to BMI categories, are reported in
online supplemental figure 1.

282 (44.2%) were BRAFV600 mutated and four had
unknown BRAF mutational status. In the BRAFV600-
mutant subgroup, 38 (13.5%) had PD as best response,
31 (11.0%) CR, 125 (44.3%) PR and 88 (31.2%) SD. No
effect of BMI on DCR was shown (adjusted OR=1.03,
95% CI 0.94 to 1.12, p=0.578) (online supplemental
tables 19 and 20) for continuous and categorical BMI.
The interaction between BMI and gender was not statistically significant (p value for interaction=0.920).

Disease control rate
Among 642 patients evaluable for DCR, 138 (21.5 %)
experienced progressive disease (PD) as best response,
75 (11.7%) had CR, 208 (32.4%) PR and 221 (34.4%) SD
(for at least 6 months). Considering the first-line therapy,
426 (66.4%) patients received ICIs and 216 (33.6%)
MAPKi.
Among the 426 patients who received ICIs, 118 (27.7%)
had PD as best response, 51 (12.0%) CR, 98 (23.0%) PR
and 159 (37.3%) SD The majority of patients received
PD1 (77.7%) and the remaining ipilimumab. No
anti-
interaction between BMI and type of immunotherapy was
detected (p=0.960). No effect of BMI on DCR was shown
(adjusted OR=0.98, 95% CI 0.93 to 1.03, p=0.432) (online
supplemental tables 15 and 16) for continuous and categorical BMI. The interaction between BMI and gender was
not statistically significant (p value of interaction=0.841).
Considering the 216 subjects treated with MAPKi, 20
(9.3%) had PD, 24 (11.1%) CR, 110 (50.9%) PR and
62 (28.7%) SD Even in this subgroup, no effect of BMI
on DCR was shown (adjusted OR=1.04, 95% CI 0.93 to
1.17, p=0.499) (online supplemental tables 17 and 18)
for continuous and categorical BMI. The interaction
between BMI and gender was not statistically significant
(p value for interaction=0.586).
Among the 642 patients evaluable for response to first-
line treatment, 356 (55.8%) were BRAFV600 wild-type,
6

DISCUSSION
There is a complex relationship between obesity and
melanoma. Preclinical and clinical data showed a correlation between obesity and Breslow thickness, suggesting
a higher biologic aggressiveness of melanoma in obese
patients.8 Paradoxically, some recent studies have
reported a direct correlation between BMI and response
to ICIs and MAPKi in metastatic melanoma, highlighting
that the increase in BMI may improve the activity and the
efficacy of ICIs and MAPKi.10–12 The pro-inflammatory
status promoted by adipocytes might partly explain this
so-called obesity paradox.11
In this context, our study is timely and potentially
relevant to better understand the impact of obesity
and its relationship with the activity and the efficacy of
new systemic strategies in advanced melanoma. Prevalence of obesity was quite high in our study population
(median BMI=27.1), which is somehow similar to the
values reported in US population studies, supporting
the finding that cachexia is infrequent in this subset of
patients.10–12 Our study is based on data derived from
routine activity and, accordingly, a relevant proportion
of patients received sequential treatments, mirroring
the modern approach in metastatic melanoma patients.
As so, the subgroup of BRAF positive patients receiving
first line targeted therapy may have had a more extensive
disease, a worse performance status, higher LDH levels
and younger age, compared with BRAF-positive patients
receiving immunotherapy as first-line treatment.
By interrogating prospectively collected database and
including patients treated in the context of routine activity,
we were not able to find any correlation between BMI
and response rate or PFS in melanoma patients receiving
ICIs and/or MAPKi. Importantly, in our study, BMI was
evaluated as a continuous variable as well as a categorical
parameter in multivariate analysis, after adjusting for all
the established prognostic factors.
In both the ICI and the MAPKi cohorts, the estimated
effects of BMI on survival were not statistically significant
at early times. At a median follow-up of 42.5 months,
considering patients receiving ICIs, we did not find BMI
to have a detrimental late effect on survival. In patients
treated with ICIs, the PH assumption for BMI was satisfied, implying the absence of a late effect of BMI on
survival. Our data support this result both by analyzing
ICI as monotherapy and sequential strategy. Conversely,
for the MAPKi cohort, only 44 out of 106 patients (41.5%)
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had a survival time ≥13 months, which is the time point
from which the impact of BMI was statistically significant.
Considering this, we cannot exclude that such result can
partly be explained by an early selection of patients with
poor prognostic characteristics (eg, presence of brain
metastases).
Overall, our data suggest that further research is
needed to elucidate the relationship between obesity and
melanoma, and we think that the scientific community
should consider several important issues and weaknesses
of the data so far reported prior to drawing conclusions
that could potentially influence patient care.
There are four important issues to consider while examining results available so far on the correlation between
obesity and new systemic therapies in melanoma. First,
clinical results have not shown a unique correlation
between BMI and immunotherapy, with inconsistent
results through populations receiving either anti-CTLA4
or anti-PD1. Wang et al,17 Naik et al11 and Cortellini et al18
showed a significantly positive association between BMI
and survival in melanoma patients treated with anti-PD1
antibody; Richtig et al12 showed a positive association in
patients treated with anti-CTLA4; McQuade et al10 showed
a positive association for both patients receiving anti-PD1
and anti-
CTLA4 antibodies; Donnelly et al19 showed a
positive association in patients treated with combination
of anti-CTLA-4 and anti-PD1, but not with anti-CTLA-4
or anti-
PD1 alone. The reasons for such inconsistent
results partly lie in the heterogeneity of study populations, dosing of ICIs as weight-based versus fixed, and
the absence of pharmacokinetic control in analyzing the
correlation between BMI and systemic treatments.19
Second, the studies adjusted their analyzes using
different covariates and used distinct statistical models to
assess the associations.
Third, all the studies included different patients’
cohort, and different time schedule evaluation during
systemic treatments.
Fourth, BMI as described by the WHO classification
does not recapitulate the right body composition. In view
of this limitation, some authorities advocate a definition
of obesity based on percentage of body fat. For men, a
percentage of body fat greater than 25% defines obesity,
with 21% to 25% being borderline. For women, over 33%
defines obesity, with 31% to 33% being borderline. Other
indices include the four standard skin thicknesses (ie,
subscapular, triceps, biceps and suprailiac) and various
anthropometric measures, of which waist and hip circumferences are the most important. The current standard
techniques for measuring visceral fat volume are abdominal CT and MRI techniques, and, more recently, bioelectrical impedance. Translational studies are needed with
longitudinal biopsies, in order to better understand the
biological correlates linked to obesity.
The strengths of our study include (i) the large cohort
of patients included; (ii) data prospectively collected
into specific databases with information regarding demographics, patient clinical history, diagnosis, systemic
Rutkowski P, et al. J Immunother Cancer 2020;8:e001117. doi:10.1136/jitc-2020-001117

therapy, objective response, PFS and OS; (iii) the longest
follow-up to date in this subset of patients, thus allowing
to investigate specific survival endpoints.
We are aware of some limitations, including the retrospective nature of our analysis which cannot exclude
patient enrollment bias. Furthermore, we included only
BMI value at baseline and no longitudinal assessment has
been performed, although cachexia in melanoma is rare
at disease progression. A potential danger in our analysis
is that analyzing data at late time points could be less reliable, due to the lower number of patients surviving at late
time points.
In conclusion, our study suggests that it is important to
better and further investigate BMI as a potential biomarker
for a positive clinical outcome of patients treated with
ICIs or MAPKi. It is imperative to not overemphasize
associations found in some cohort studies considering
the inconsistency of the trials so far reported and more
translational longitudinal studies are needed in order to
clarify the so-called obesity paradox in the context of new
systemic strategies in metastatic melanoma.
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Supplementary Table 1. Multivariable Cox model for OS (categorical variable) –
Immunotherapy alone subset.
N=393
BMI

P-value of
variable

HR (95% CI)

P-value of
contrasts

0.686

Normal weight

reference

Overweight

1.09 ( 0.79 - 1.49 )

0.601

Obese

1.17 ( 0.82 - 1.68 )

0.390

Gender

0.887

FEMALE

reference

MALE
BRAF mutation

1.02 ( 0.77 - 1.34 )
0.037*

Wild type

reference

Mutated

0.56 ( 0.33 - 0.96 )

Disease stage

reference

M1c+M1d

1.24 ( 0.94 - 1.64 )

reference

>=1

1.72 ( 1.29 - 2.30 )

reference

>=1
Age

0.711

Type of immunotherapy

0.566

Ipilimumab

<0.001*

<0.001*

0

AntiPD1

0.129

<0.001*

0

ECOG PS value

0.037*

0.129

M1a+M1b

LDH value*

0.887

2.10 ( 1.46 - 3.03 )

<0.001*

1.00 ( 0.99 - 1.01 )

-

reference
1.12 ( 0.76 - 1.67 )

0.566

Legend: HR: Hazard Ratio, CI: Confidence Interval
(*): for LDH hypotesis of PH not satisfied
Note 1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference
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Supplementary Table 2. Multivariable Cox model for OS allowing time varying effect for
BMI (continuous variable) – Target therapy alone subset.
N=104

P-value of
variable

HR (95% CI)

P-value of contrasts

BMI t0

0.188

1.08 (0.97 - 1.20)

-

Time varying effect of BMI

0.031*

0.99 (0.98 – 1.00)

-

Gender

0.893

FEMALE

reference

MALE
Disease stage

0.97 (0.61 - 1.55)

M1a+M1b

reference

M1c+M1d
LDH value

1.55 (0.84 - 2.84)

reference

>=1

1.48 (0.90 - 2.44)

0.126

0.008*

0

Reference

>=1
Age

0.160

0.126

0

ECOG PS value

0.893

0.160

0.920

2.39 (1.25- 4.57)

0.008*

1.00 ( 0.98 - 1.02 )

-

Legend: HR: Hazard Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 3. Multivariable Cox model for OS allowing time varying effect for
BMI (categorical variable) – Target therapy alone subset.
P-value of
variable

HR (95% CI)

P-value of
contrasts

BMI Overweight (vs normal weight)

0.907

1.03 (0.61 - 1.75)

0.907

BMI Obese (vs normal weight) at t0

0.117

2.40 (0.80 - 7.19)

0.117

Time varying effect of BMI obese (vs
normale weight)

0.016*

0.87 (0.78 - 0.97)

-

Gender

0.652

N=104

FEMALE

reference

MALE
Disease stage

0.89 (0.54 - 1.47)
0.170

M1a+M1b

Reference

M1c+M1d

1.53 (0.83 - 2.83)

LDH value

reference

>=1

1.41 (0.86 - 2.31)

0.173

0.002*

0

reference

>=1
Age

0.170

0.173

0

ECOG PS value

0.652

0.838

2.77 (1.44 - 5.33)

0.002*

1.00 (0.98 - 1.02)

-

Legend: HR: Hazard Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 4. Multivariable Cox model for OS (continuous variable) – Target
therapy followed by immunotherapy subset.
P-value of
variable

HR (95% CI)

P-value of
contrasts

BMI

0.896

1.00 ( 0.96 - 1.05 )

-

Type of immunotherapy

0.399

N=113

AntiPD1

reference

Ipilimumab
Gender

1.29 ( 0.71 - 2.36 )
0.895

FEMALE

reference

MALE
Disease stage

1.03 ( 0.65 - 1.63 )

reference

M1c+M1d

1.31 ( 0.80 - 2.16 )

reference

>=1

2.98 ( 1.80 - 4.95 )

<0.001*

0.294

0

reference

>=1
Age

0.286

<0.001*

0

ECOG PS value

0.895

0.286

M1a+M1b

LDH value

0.399

0.460

1.43 ( 0.73 - 2.77 )

0.294

0.99 ( 0.97 - 1.01 )

-

Legend: HR: Hazard Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 5. Multivariable Cox model for OS (categorical variable) – Target
therapy followed by immunotherapy subset.
N=113
BMI

P-value of
variable

HR (95% CI)

P-value of
contrasts

0.388

Normal weight

reference

Overweight

1.46 ( 0.82 - 2.62 )

0.200

Obese

1.10 ( 0.60 - 2.01 )

0.766

Gender

0.870

FEMALE

reference

MALE
Disease stage

0.96 ( 0.60 - 1.55 )
0.258

M1a+M1b

reference

M1c+M1d

1.35 ( 0.80 - 2.25 )

LDH value*

reference

>=1

2.74 ( 1.63 - 4.63 )

reference

>=1
Age

0.263

Type of immunotherapy

0.507

Ipilimumab

<0.001*

0.274

0

AntiPD1

0.258

<.001*

0

ECOG PS value

0.870

1.44 ( 0.75 - 2.79 )

0.274

0.99 ( 0.97 - 1.01 )

-

reference
1.23 ( 0.67 - 2.26 )

0.507

Legend: HR: Hazard Ratio, CI: Confidence Interval.
(*) The PH assumption is not fulfilled
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference. Note2: Two underweight subjects were excluded from the analysis

Rutkowski P, et al. J Immunother Cancer 2020; 8:e001117. doi: 10.1136/jitc-2020-001117

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

Supplementary Table 6. Multivariable Cox model for OS allowing time varying effect for
type of therapy (continuous variable) – BRAF mutated subset.
P-value of
variable

HR (95% CI)

P-value of
contrasts

BMI

0.108

0.97 ( 0.94 - 1.01 )

-

Gender

0.838

N=281

FEMALE

reference

MALE
Disease stage

0.97 ( 0.73 - 1.29 )

M1a+M1b

reference

M1c+M1d
LDH value

1.26 ( 0.92 - 1.73 )

reference

>=1

2.26 ( 1.64 - 3.11 )

<0.001*

<0.001*

0

reference

>=1
Age

0.289

Type of therapy*

0.003*

Target

0.151

<0.001*

0

ECOG PS value

0.838

0.151

2.41 ( 1.62 - 3.57 )

<0.001*

0.99 (0.98 - 1.01)

-

reference

Immuno

0.47 ( 0.26 - 0.85 )

0.012*

Immuno-Target

0.54 ( 0.27 - 1.05 )

0.071

1.15 ( 0.82 - 1.61 )

0.424

Target-Immuno

Legend: HR: Hazard Ratio, CI: Confidence Interval
(*): for immuno-target and target-immuno the PH assumption is not satisfied
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 7. Multivariable Cox model for OS allowing time varying effect for
type of therapy (categorical variable) – BRAF mutated subset.
N=281
BMI

P-value of
variable

P-value of
contrasts

HR (95% CI)

0.044*

Normal weight

reference

Overweight

1.22 ( 0.87 - 1.71 )

0.254

0.74 ( 0.49 - 1.13 )

0.164

Obese
Gender

0.519

FEMALE

reference

MALE
Disease stage

0.91 ( 0.68 - 1.22 )

M1a+M1b

reference

M1c+M1d
LDH value

0.519

0.127

1.29 ( 0.93 - 1.77 )

0.127

<0.001*

0

reference

>=1
ECOG PS value

2.16 ( 1.57 - 2.98 )

<0.001*

<0.001*

0

reference

>=1
Age

0.183

Type of therapy*

0.003*

2.52 ( 1.70 - 3.75 )

<0.001*

0.99 (0.98 - 1.01)

-

Target

reference

Immuno

0.45 ( 0.25 - 0.80 )

0.007*

Immuno-Target

0.56 ( 0.28 - 1.09 )

0.087

1.14 ( 0.82 - 1.60 )

0.439

Target-Immuno

Legend: HR: Hazard Ratio, CI: Confidence Interval
(*) for immuno-target and target-immuno the PH assumption is not satisfied
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while
the p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 8. Multivariable Cox model for PFS (continuous variable) –
Immunotherapy subset.
P-value of
variable

HR (95% CI)

P-value of
contrasts

BMI

0.723

1.00 ( 0.98 - 1.03 )

-

Gender

0.838

N=410

FEMALE

reference

MALE
BRAF mutation

1.03 ( 0.81 - 1.30 )
0.909

Wild type

reference

Mutated

0.98 ( 0.70 - 1.37 )

Disease stage

reference

M1c+M1d

1.08 ( 0.85 - 1.37 )

reference

>=1

1.60 ( 1.23 - 2.09 )

reference

>=1

type of immunotherapy
AntiPD1
Ipilimumab

<0.001*

0.002*

0

Age

0.546

<0.001*

0

ECOG PS value

0.909

0.546

M1a+M1b

LDH value

0.838

0.253

1.67 ( 1.21 - 2.31 )

0.002*

0.99 ( 0.99 - 1.00 )

-

<0.001*
reference
2.49 ( 1.78 - 3.48 )

<0.001*

Legend: HR: Hazard Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 9. Multivariable Cox model for PFS (categorical variable) –
Immunotherapy subset.
N=410
BMI

P-value of
variable

HR (95% CI)

P-value of
contrasts

0.997

Normal (BMI<25)

reference

Overweight (BMI [25-30))

1.01 ( 0.77 - 1.32 )

0.957

Obese (BMI>=30)

1.01 ( 0.74 - 1.39 )

0.944

Gender

0.879

FEMALE

reference

MALE
BRAF mutation

1.02 ( 0.80 - 1.30 )
0.946

Wild type

reference

Mutated

1.01 ( 0.72 - 1.42 )

Disease stage

reference

M1c+M1d

1.03 ( 0.81 - 1.31 )

reference

>=1

1.74 ( 1.33 - 2.27 )

reference

>=1
Age

0.040*

type of immunotherapy

<0.001*

Ipilimumab

<0.001*

0.013*

0

AntiPD1

0.799

<0.001*

0

ECOG PS value

0.946

0.799

M1a+M1b

LDH value

0.879

1.48 ( 1.09 - 2.02 )

0.013*

0.99 (0.98 - 1.00)

0.040*

reference
2.50 ( 1.79 - 3.49 )

<0.001*

Legend: HR: Hazard Ratio, CI: Confidence Interval
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 10. Multivariable Cox model for PFS (continuous variable) – Anti
PD1 subset.
P-value of
variable

HR (95% CI)

P-value of contrasts

BMI

0.462

1.01 ( 0.98 - 1.04 )

-

Gender

0.820

N=331

FEMALE

reference

MALE
BRAF mutation

0.97 ( 0.73 - 1.28 )
0.926

Wild type

reference

Mutated

0.98 ( 0.67 - 1.45 )

Disease stage

reference

M1c+M1d

1.07 ( 0.81 - 1.41 )

reference

>=1

1.76 ( 1.30 - 2.39 )

<0.001*

0.003*

0

reference

>=1
Age

0.618

<0.001*

0

ECOG PS value

0.926

0.618

M1a+M1b

LDH value

0.820

0.041*

1.69 ( 1.19 - 2.38 )

0.003*

0.99 ( 0.98 - 1.00 )

-

Legend: HR: Hazard Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 11. Multivariable Cox model for PFS (continuous variable) – Target
therapy subset.
P-value of
variable

HR (95% CI)

P-value of contrasts

BMI

0.194

0.98 ( 0.94 - 1.01 )

-

Gender

0.872

N=216

FEMALE

reference

MALE
Disease stage

0.98 ( 0.72 - 1.32 )
0.398

M1a+M1b

reference

M1c1+M1d

1.16 ( 0.83 - 1.61 )

LDH value

reference

>=1

1.69 ( 1.21 - 2.35 )

0.002*

<0.001*

0

reference

>=1
Age

0.398

0.002*

0

ECOG PS value

0.872

0.748

1.95 ( 1.32 - 2.89 )

<0.001*

1.00 ( 0.99 - 1.01 )

-

Legend: HR: Hazard Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 12. Multivariable Cox model for PFS (categorical variable) – Target
therapy subset.
N=216
BMI

P-value of
variable

HR (95% CI)

P-value of
contrasts

0.357

Normal (BMI<25)

reference

Overweight (BMI [25-30))

0.91 ( 0.64 - 1.28 )

0.575

Obese (BMI>=30)

0.73 ( 0.48 - 1.12 )

0.151

Gender

0.824

FEMALE

reference

MALE
Disease stage

0.97 ( 0.71 - 1.31 )
0.477

M1a+M1b

reference

M1c+M1d

1.13 ( 0.81 - 1.59 )

LDH value

reference

>=1

1.67 ( 1.19 - 2.35 )

0.003*

<0.001*

0

reference

>=1
Age

0.477

0.003*

0

ECOG PS value

0.824

0.726

1.96 ( 1.32 - 2.92 )

<0.001*

1.00 ( 0.99 - 1.01 )

-

Legend: HR: Hazard Ratio, CI: Confidence Interval,
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 13. Multivariable Cox model for PFS (continuous variable) – BRAF
mutated subset.
P-value of
variable

HR (95% CI)

P-value of
contrasts

BMI

0.067

0.97 (0.94 - 1.00)

-

Gender

0.774

N=280

FEMALE

reference

MALE
Disease stage

0.96 ( 0.74 - 1.25 )
0.209

M1a+M1b

reference

M1c+M1d

1.20 ( 0.90 - 1.61 )

LDH value

0.209

<0.001*

0

reference

>=1
ECOG PS value

0.774

1.89 ( 1.41 - 2.54 )

<0.001*

<0.001*

0

reference

>=1
Age

0.464

Type of therapy*

0.714

1.87 ( 1.32 - 2.65 )

<0.001*

1.00 ( 0.99 - 1.01 )

-

Immunotherapy

reference

Target therapy

1.07 ( 0.75 - 1.52 )

0.714

Legend: HR: Hazard Ratio, CI:Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
Note: for type of therapy the PH assumption is not satisfied

Rutkowski P, et al. J Immunother Cancer 2020; 8:e001117. doi: 10.1136/jitc-2020-001117

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

Supplementary Table 14. Multivariable Cox model for PFS (categorical variable) – BRAF
mutated subset.
N=278
BMI

P-value of
variable

HR (95% CI)

P-value of
contrasts

0.217

Normal weight

reference

Overweight

0.99 ( 0.73 - 1.35 )

0.960

Obese

0.74 ( 0.50 - 1.08 )

0.114

Gender

0.643

FEMALE

reference

MALE
Disease stage

0.94 ( 0.72 - 1.23 )
0.224

M1a+M1b

reference

M1c+M1d

1.20 ( 0.89 - 1.62 )

LDH value

0.224

<0.001*

0

reference

>=1
ECOG PS value

0.643

1.85 ( 1.37 - 2.49 )

<0.001*

<0.001*

0

reference

>=1
Age

0.401

Type of therapy*

0.696

1.89 ( 1.33 - 2.68 )

<0.001*

1.00 ( 0.98 - 1.01 )

0.401

Immunotherapy

reference

Target therapy

1.07 ( 0.76 - 1.52 )

0.696

Legend: HR: Hazard Ratio, CI:Confidence Interval
(*): the PH assumption for type of immunotherapy is not satisfied,
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference. Note2: Two underweight subjects were excluded from the analysis
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Supplementary Table 15. Multivariate logistic regression model for DCR (continuous
variable) – Immunotherapy subset.
N=402
BMI
Type of immunotherapy

P-value of
variable

OR (95% CI)

P-value of
contrasts

0.432

0.98 ( 0.93 - 1.03 )

-

<0.001*

AntiPD1

reference

Ipilimumab
Braf Mutation

0.31 ( 0.16 - 0.60 )
0.351

Wild Type

reference

Mutated
Gender

0.72 ( 0.35 - 1.45 )

reference

MALE

1.23 ( 0.74 - 2.05 )

reference

M1c+M1d

0.54 ( 0.32 - 0.91 )

reference

>=1

0.61 ( 0.36 - 1.06 )

0.078

0.281

0

reference

>=1
Age in class

0.020*

0.078

0

ECOG PS value

0.418

0.020*

M1a+M1b

LDH value

0.351

0.418

FEMALE

Disease stage

<0.001*

0.69 ( 0.36 - 1.35 )

0.281

0.583

<65

reference

>=65

0.86 ( 0.50 - 1.48 )

0.583

Legend: OR: Odds Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 16. Multivariate logistic regression model for DCR (categorical
variable) – Immunotherapy subset.
N=395
BMI

P-value of
variable

OR (95% CI)

P-value of
contrasts

0.757

Normal (BMI<25)

reference

Overweight (BMI [25-30))

0.81 (0.47 - 1.42)

0.520

Obese (BMI>=30)

0.84 (0.42 - 1.68)

0.235

Type of immunotherapy

<0.001*

AntiPD1

reference

Ipilimumab
Braf Mutation

0.32 (0.16 - 0.62)
0.441

Wild Type

reference

Mutated
Gender

0.76 (0.38 - 1.53)

Reference

MALE

1.27 (0.76 - 2.129

reference

M1c+M1d

0.55 (0.33 - 0.92)

reference

>=1

0.59 (0.34 - 1.03)

0.062

0.290

0

reference

>=1
Age in class

0.024*

0.062

0

ECOG PS value

0.366

0.024*

M1a+M1b

LDH value

0.441

0.366

FEMALE

Disease stage

<0.001*

0.70 (0.35 - 1.36)

0.290

0.806

<65

reference

>=65

0.93 (0.54 - 1.61)

0.806

Legend: OR: Odds Ratio, CI: Confidence Interval
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference. Note2: Seven underweight subjects were excluded from the analysis
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Supplementary Table 17. Multivariate logistic regression model for DCR (continuous
variable) – Target therapy subset.
P-value of
variable

OR (95% CI)

P-value of
contrasts

BMI

0.499

1.04 ( 0.93 - 1.17 )

-

Gender

0.647

N=214

FEMALE

reference

MALE
Disease stage

1.27 ( 0.46 - 3.51 )
0.240

M1a+M1b

reference

M1c+M1d

0.44 ( 0.11 - 1.74 )

LDH value

reference

>=1

0.32 ( 0.10 - 1.05 )

0.061

0.822

0

reference

>=1
Age

0.240

0.061

0

ECOG PS value

0.647

0.091

1.16 ( 0.31 - 4.36 )

0.822

0.96 ( 0.92 - 1.01 )

-

Legend: OR: Odds Ratio, CI. Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.
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Supplementary Table 18. Multivariate logistic regression model for DCR (categorical
variable) – Target therapy subset.
N=212
BMI

P-value of
variable

OR (95% CI)

P-value of
contrasts

0.892

Normal (BMI<25)

reference

Overweight (BMI [25-30))

1.18 (0.38 - 3.68)

0.778

Obese (BMI>=30)

1.42 (0.33 - 6.16)

0.644

Gender

0.695

FEMALE

reference

MALE
Disease stage

1.24 (0.43 - 3.55)
0.287

M1a+M1b

reference

M1c+M1d

0.47 (0.12 - 1.89)

LDH value

0.695

0.287

0.063

0

reference

>=1
ECOG PS value

0.33 (0.10 - 1.06)

0.063

0.818

0

reference

>=1
Age

0.092

1.17 (0.31 - 4.40)

0.818

0.96 (0.92 - 1.01)

-

Legend: OR: Odds Ratio, CI: Confidence Interval
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while
the p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference. Note2: Two underweight subjects were excluded from the analysis
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Supplementary Table 19. Multivariate logistic regression model for DCR (continuous
variable) – BRAF mutated subset.
N=277
BMI
Type of first line therapy

P-value of
variable

OR (95% CI)

P-value of
contrasts

0.578

1.03 ( 0.94 - 1.12 )

-

<0.001*

IMMUNO

reference

TARGET

5.43 ( 2.22 - 13.3 )

Gender

0.602

FEMALE

reference

MALE
Disease stage

1.23 ( 0.56 - 2.70 )

reference

M1c+M1d

0.48 ( 0.19 - 1.18 )

reference

>=1

0.35 ( 0.14 - 0.88 )

0.025*

0.666

0

reference

>=1
Age

0.108

0.025*

0

ECOG PS value

0.602

0.108

M1a+M1b

LDH value

<0.001*

0.151

1.25 ( 0.45 - 3.49 )

0.666

0.98 ( 0.95 - 1.01 )

-

Legend: OR: Odds Ratio, CI: Confidence Interval
Note: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while the
p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference.

Rutkowski P, et al. J Immunother Cancer 2020; 8:e001117. doi: 10.1136/jitc-2020-001117

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

Supplementary Table 20. Multivariate logistic regression model for DCR (categorical
variable) – BRAF mutated subset.
N=275
BMI

P-value of
variable

OR (95% CI)

P-value of
contrasts

0.274

Normal (BMI<25)

reference

Overweight (BMI [25-30))

0.54 (0.22 - 1.35)

0.189

Obese (BMI>=30)

1.17 (0.35 - 3.86)

0.798

Type of first line therapy

<0.001*

IMMUNO

reference

TARGET

5.62 (2.29 - 13.78)

Gender

0.405

FEMALE

Reference

MALE
Disease stage

1.41 (0.63 - 3.15)

0.405

0.089

M1a+M1b

reference

M1c+M1d

0.45 (0.18 - 1.13)

LDH value

<0.001*

0.089

0.028*

0

reference

>=1
ECOG PS value

0.36 (0.14 - 0.90)

0.028*

0.686

0

reference

>=1
Age

0.153

1.24 (0.44 - 3.49)

0.686

0.98 (0.95 - 1.01)

-

Legend: OR: Odds Ratio; CI: Confidence Interval
Note1: for categorical variables, p-value of variables evaluates the overall impact of the variable on the outcome, while
the p-value of each contrast evaluates if the considered category is statistically different form the category chosen as
reference. Note2: Two underweight subjects were excluded from the analysis
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Supplementary Figure 1: Kaplan Meier estimate of Progression Free survival in the whole
population by BMI categories
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