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Thomas Haidn4, Julian Kofler8, Rainer Huegel8, Bernhard Lange-Asschenfeldt8,9,

Martin Pichler10,11, Stefan Pilz7, Akos Heinemann1, Erika Richtig2

1 Otto Loewi Research Center, Pharmacology Section, Medical University of Graz, Graz, Austria,

2 Department of Dermatology, Medical University of Graz, Graz, Austria, 3 Department of Dermatology,

Medical University of Vienna, Vienna, Austria, 4 Department of Dermatology, State Hospital Wiener

Neustadt, Wiener Neustadt, Austria, 5 Department of Psychology, Biological Psychology Unit, University of

Graz, Graz, Austria, 6 Swiss Cardiovascular Center Bern, Department of Cardiology, Bern University

Hospital, Bern, Switzerland, 7 Department of Internal Medicine, Division of Endocrinology and Diabetology,

Medical University of Graz, Graz, Austria, 8 Department of Dermatology and Venereology, State Hospital

Klagenfurt, Klagenfurt am Wörthersee, Austria, 9 Skin Cancer Center Charité, Department of Dermatology
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Abstract

Introduction

Immunotherapy is a well-established treatment option in patients with metastatic melanoma.

However, biomarkers that can be used to predict a response in these patients have not yet

been found, putting patients at risk of severe side effects.

Methods

In this retrospective analysis, we investigated the association between the body mass index

and ipilimumab treatment response in patients with metastatic melanoma. Patients with

metastatic melanoma who received a monotherapy of up to 4 doses of ipilimumab (3 mg/kg)

every 3 weeks from 2011 to 2014 in three major hospitals in Austria were included. Patients

were classified into two groups: normal group (BMI<25) and overweight group (BMI�25).

Results

40 patients had a normal BMI, and 36 had a BMI above normal. Patients with a BMI that was

above normal showed significantly higher response rates (p = 0.024, χ2), and lower likeli-

hood of brain metastases (p = 0.012, χ2). No differences were found between both groups

with respect to gender (p = 0.324, χ2), T-stage (p = 0.197, χ2), or the occurrence of side

effects (p = 0.646, χ2). Patients with a BMI above normal showed a trend towards longer
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overall survival (p = 0.056, Log-Rank), but no difference was found regarding progression-

free survival (p = 0.924, Log-Rank).

Conclusions

The BMI correlated with the response to ipilimumab treatment in a cohort of metastatic mel-

anoma patients.

Introduction

The introduction of the immune checkpoint inhibitors ipilimumab (monoclonal antibody

[mAb] against CTLA-4) and nivolumab/pembrolizumab (mAb against PD-1), as well as the

combination of ipilimumab and nivolumab, represented a breakthrough in the treatment of

metastatic melanoma and many other cancer types.[1,2] Because these drugs lead to long-term

responses in many patients, they have been approved for the treatment of metastatic disease in

melanoma. Ipilimumab and nivolumab have additionally been approved for the adjuvant

treatment of high-risk melanoma in the U.S. and, recently, nivolumab, for adjuvant treatment

in Europe.[3,4] However, despite promising data on the efficacy of immune checkpoint inhibi-

tors, several knowledge gaps and challenges regarding the optimal application of these thera-

peutic agents still exist at present.[5]

Obesity is characterized by a self-sustaining inflammatory response, referred to as ‘meta-

inflammation’.[6] It is also accompanied by increased amounts of infiltration of CD4+ and

CD8+ T-cells, B-cells, and eosinophils into white adipose tissues.[7] Moreover, lipogenesis in

primary lymphoid organs leads to a disturbance of the immune surveillance, which in turn

might favour cancer and autoimmunity.[7] Obesity is a world-wide problem, and one cause of

obesity in the developed world is the low-fibre diet, which leads to increased Body Mass Index

(BMI) and alterations in the microbial diversity and composition.[8] Recent studies have dem-

onstrated that changes in microbial diversity have an impact on the PD-L1/2 expression of

immune cells and might influence the efficacy of CTLA-4 and PD-1 immunotherapy.[9–12]

We considered this potential correlation between obesity and its changes in microbial

diversity and inflammation together with the increasing application of immune checkpoint

inhibitors in the treatment of melanoma patients and hypothesized that a higher BMI could be

associated with a poor response to ipilimumab treatment in patients with metastatic mela-

noma. Therefore, we tested this hypothesis in a retrospective multi-centre analysis to deter-

mine whether BMI is associated with the treatment response, progression free survival (PFS),

and overall survival (OS) rates of melanoma patients treated with ipilimumab.

Material and methods

We performed a retrospective study in patients who received treatment with ipilimumab

monotherapy for metastatic melanoma from 2011 to 2014 in three hospitals in Austria.

Patients were treated at the Department of Dermatology at the Medical University of Graz, the

Department of Dermatology of the State Hospital in Klagenfurt, and the Department of Der-

matology of the State Hospital in Wiener Neustadt. Patients of all ages, regardless of their

mutational status (BRAF, NRAS, KIT), were eligible for study inclusion, if they had a detailed

medical history including data on the primary tumour, mutational status, history of metastases

and outcome, including a full set of follow-up data. Treatment surveillance was performed at

the respective study sites. Up to 4 doses of ipilimumab were administered intravenously at the
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approved dose of 3 mg/kg per dose every 3 weeks. Clinical assessment, including laboratory

examinations and computed tomography (CT) scans, was conducted, and treatment outcomes

were documented. OS was calculated from the date of treatment induction to the date of death

by any cause. PFS was calculated from the date of treatment initiation to the date of progres-

sion as documented by imaging (CT-scan), clinical examination, or death. An objective

response was assessed according to response evaluation criteria in solid tumours (RECIST 1.1)

or death.[13] Those alive and without progression were censored at the last follow-up. The

first response was assessed three months (mean: 88 days; SD ± 29 days) after the first ipilimu-

mab infusion and every three months thereafter and classified as complete response (CR), par-

tial response (PR), stable disease (SD), or progressive disease (PD). For the purpose of this

study, CR, PR, and SD were considered to be clinical benefits. In cases of pseudo-progression

according to the Immune-related Response Criteria (irRC)[14], an additional staging was per-

formed six–eight weeks afterwards to either confirm or refute the results. Side effects were

reported as adverse events (Grade 1–4 according to the CTCAE criteria version 4.0). The BMI

was calculated as weight in kilograms divided by the square of the height in meters (kg/m2) on

day 1 immediately before the first infusion of ipilimumab therapy. To classify the patients in

our analysis, we used a modified BMI classification, which was based on the BMI classification

proposed by the World Health Organization.[15] The patients were dichotomized into two

groups, i.e., in a patient group with a BMI lower than 25 kg/m2 (normal weight group) and

patient group with a BMI higher than or exactly 25 kg/m2 (overweight group).

The 2009 edition of the American Joint Committee on Cancer (AJCC) TNM system was

used to assess the stage of disease classification.[16]

The retrospective analysis was approved by the local ethics committee of the Medical Uni-

versity of Graz (ID: 29–202 ex 16/17).

Statistical analysis of clinicopathological parameters

The normal distribution of continuous variables was assessed by visually inspecting the histo-

grams, Q-Q plots, and the skewness and kurtosis (-1 to +1). Variables displaying a non-normal

(skewed-) distribution were log10-transformed before their inclusion in parametric statistical

tests. Fisher’s exact test, χ2 test, and the Mann-Whitney U tests were used where appropriate

to analyse BMI in relation to each clinicopathological parameter. Baseline characteristics were

reported as means and their standard deviation, as medians with interquartile range, or as per-

centages. The primary endpoint of the study was the objective response to treatment in

patients with a BMI above and below 25 kg/m2. Secondary outcomes were the overall survival

and progression free survival rates. Event-time distributions and the 5-year overall survival of

patients were calculated using the Kaplan-Meier method followed by the log-rank test. A two-

sided alpha level of 0.05 was considered significant. All statistical analyses were performed

using SPSS version 23.0 software (SPSS, Chicago, IL).

Results

Seventy-six patients were included in this retrospective analysis: 30 female patients (39.5%), 13

(43.4%) of whom were overweight, and 46 (60.5%) male patients, 23 (50.0%) of whom were

overweight (full baseline characteristics are shown in S1 Table).

In the entire cohort, the mean (SD; min to max in kg/m2) BMI was 25.6 (± 5.6; 18.0 to

59.1), with a BMI of 29.4 (± 5.9; 25.1 to 59.2) in the overweight group, and of 22.2 (± 1.8; 18.0

to 24.7) for the normal BMI group, respectively. Baseline characteristics stratified by BMI

groups are shown in Table 1. Lymph node and spleen metastases were added as parts of the

peripheral lymphoid organ system.
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Table 1. Patients’ characteristics divided by Body-Mass-Index.

Normal (BMI< 25)

(n = 40)

Overweight (BMI� 25)

(n = 36)

p

Gender 0.324a

Male 23 (57,5%) 23 (63.9%)

Female 17 (42,5%) 13 (36.1%)

M1c 0.048a

no 10 (25.0%) 16 (47.1%)

yes 30 (75.0%) 18 (52.9%)

Adjuvant Therapy 0.467a

Yes 20 (50.0%) 21 (58.3%)

No 20 (50.0%) 15 (41.7%)

BRAF 0.366a

Wild-type 19 (47.5%) 20 (55.6%)

Mutated 18 (45.0%) 11 (30.6%)

Not assessed 3 (7.5%) 17 (47.2%)

Breslow thickness
(mm, SD)

4.08 ± 3.92 7.72 ± 9.30 0.447b

Side effects 0.646a

yes 19 (47.5%) 19 (52.8%)

no 21 (52.5%) 17 (47.2%)

Brain metastases 0.012a

yes 13 (32.5%) 3 (8.6%)

no 27 (67.5%) 32 (91.4%)

Spleen metastases 0.677c

yes 4 (10.0%) 2 (5.6%)

no 36 (90.0%) 34 (94.4%)

Lymph node metastases 0.978

yes 29 (72.5%) 26 (72.2%)

no 11 (27.5%) 10 (27.8%)

LDH at therapy start 0.029a

normal 19 (47.5%) 24 (72.7%)

elevated 21 (52.5%) 9 (27.3%)

S100 at therapy start 0.043a

normal 16 (41.0%) 22 (64.7%)

elevated 23 (59.0%) 12 (35.3%)

CRP at therapy start 0.154a

normal 16 (40.0%) 8 (24.2%)

elevated 24 (60.0%) 25 (75.8%)

ECOGperformance status 0.256a

0 17 (42.5%) 20 (55.6%)

� 1 23 (57.5%) 16 (44.4%)

a = χ2 test;
b = Mann-Whitney U test;
c = Fisher’s exact test

https://doi.org/10.1371/journal.pone.0204729.t001
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No difference was found between both groups regarding gender (p = 0.324, χ2 test), T stage

(p = 0.197, χ2 test), BRAFmutation status (p = 0.366, χ2 test), ECOG performance status

(p = 0.256, χ2 test), tumour thickness (p = 0.447, Mann-Whitney U Test), immune-related side

effects (p = 0.498, χ2 test), or metastases in spleen (p = 0.677, Fisher’s exact test), lymph nodes

(p = 0.978, χ2 test), NLR (p = 0.318, Fisher’s exact test), or elevation of eosinophils under ther-

apy (p = 0.165, χ2 test). However, compared to the normal weight group, patients with a BMI

over 25 kg/m2 were significantly less likely to have brain metastases (p = 0.012, χ2 test), less

likely to have M1c stage (p = 0.048, χ2 test), had a significantly higher prevalence of normal

LDH levels (p = 0.029, χ2 test), and normal S100 levels at the start of therapy (p = 0.043, χ2

test). Normal LDH levels at the therapy start were not associated with a higher likelihood of

treatment response (p = 0.156, χ2 test), and no correlation between LDH levels and treatment

response was found (p = 0.186, Mann-Whitney U).

Longitudinal analysis

In the longitudinal analyses, the overweight group had a significantly higher likelihood of

showing an objective response to ipilimumab treatment (p = 0.024, χ2 test) compared to the

normal weight group. Overweight patients showed a non-significant trend towards longer

overall survival (p = 0.056, log-rank test; hazard ratio [HR] = 1.81, Cl95% = 0.98–3.33), and no

difference was found with regard to PFS (p = 0.924, log-rank test; HR = 1.03, CI95% = 0.62–

1.70). Normal LDH levels at therapy initiation were associated with significantly longer OS

(p = 0.027, log-rank test) but not with PFS (p = 0.217, log-rank test) (shown in detail in Fig 1).

Decreases in the numbers of eosinophils (p = 0.027, log-rank test) (S1A Fig) and NLR> 5

(p = 0.029, log-rank test) (S1B Fig) during therapy were statistically significantly associated

with shorter OS but not with PFS (p = 0.791; log-rank test, and p = 0.538; log-rank test),

respectively.

Multivariate analysis

Binary logistic regression analysis was performed between the overweight group (BMI�25)

and the treatment response group, controlling for the common prognostic markers age, sex,

visceral metastases (M1c), ECOG, and LDH levels at the start of immunotherapy. After con-

trolling for the effects of all other prognostic markers, the association between the independent

variable ‘overweight’ and the dependent variable ‘treatment response’ was nearly significant at

the 0.05 level (p = 0.084; Odds ratio = 2.75; Cl95% = 0.87–8.66; see Table 2). To further estimate

the effect of obesity on the response rate by simultaneously controlling for the different stages

of disease (M1a, M1b, M1c), a logistic regression was calculated. The results clearly showed

that obesity had a significant effect on the response rate irrespective of the respective stage of

disease (p = 0.037; OR = 2.80, CI95% = 1.06–7.39). On the contrary, the stage of disease in itself

was not significantly related to the response type (p = 0.963).

Discussion

Herein, we report on an observation of a positive correlation between the BMI and response to

CTLA-4 mAb ipilimumab in a cohort of patients from three Austrian centres.

In the literature, higher BMI has been associated with a higher likelihood of developing

melanoma but also with a better outcome for metastatic diseases in different cancer forms.

[17,18] In our cohort, overweight patients showed a significantly better treatment response

compared to patients with normal weight, but only a trend towards longer overall survival. No

difference was observed regarding the PFS between the groups. Although the study by

McQuade et al. showed improved PFS for obese patients in their immunotherapy cohort, their
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study included patients treated with both ipilimumab and dacarbazine, whereas our patients

were treated with ipilimumab as monotherapy.[19] Therefore, the beneficial effect of addi-

tional chemotherapy with ipilimumab on PFS cannot be ruled out. Recently, Daly et al. also

speculated that ipilimumab might augment existing systemic inflammation in patients,

because they observed an increased incidence of high-grade AEs in patients with sarcopenia

and low muscle attenuation.[20] Since BMI in our cohort was only assessed at the start of ther-

apy, changes in body composition by patients might have had an influence on PFS. Unlike

McQuade et al., we did not observe a significant improvement in OS, which might be due to

the underpowered study design.

LDH levels are one of the most important predicting markers for outcome in immune ther-

apy. In our study, obesity was associated with normal LDH levels at the start of therapy. This

might be interpreted as a more effective prognostic group, but in a meta-inflammatory state,

where the immune system is highly active—and at some point exhausted—as occurs in obesity,

dying cancer cells might release lower levels of LDH. Therefore, it might be possible that, on

the one hand, a potential lower tumour burden (lower LDH levels at therapy start) might have

been responsible for the improved treatment response in our overweight patients, whereas, on

the other hand, meta-inflammatory conditions in the host at the beginning of therapy could

have led to the same results. Because we found no difference in the PFS between both groups,

we could speculate that the treatment effect might have been lost due to immune exhaustion

and changes in the tumour microenvironment (early secondary resistance).[21]

All in all, these results might be viewed as puzzling, but the meta-inflammation due to obe-

sity might only play a role in the metastatic tumour environment and in the local response to

treatment. The ECOG performance status and CRP did not differ between the groups, indicat-

ing that patients were not pre-selected at the start of therapy. Regarding the comparability of

our study cohort with other published cohorts, we demonstrated that an increase in the

Fig 1. Kaplan-Meier-Plots of patients treated with ipilimumab for metastatic melanoma according to different

parameters. Overall survival of patients treated with ipilimumab grouped by (A) BMI and (B) LDH levels.

Progression-free survival rates of patients treated with ipilimumab, grouped by BMI (C).

https://doi.org/10.1371/journal.pone.0204729.g001

Table 2. Results of the binary logistic regression for parameters included in the analysis.

Parameter Odds ratio p-value 95% CI

Lower Upper

Age 0.983 0.496 0.936 1.032

Sex 0.405 0.127 0.127 1.294

M1c 0.875 0.831 0.258 2.972

LDH 0.999 0.529 0.996 1.002

ECOG 5.240 0.005 1.651 16.630

Overweight 2.751 0.084 0.874 8.658

https://doi.org/10.1371/journal.pone.0204729.t002
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eosinophil count was associated with better overall survival as had been shown by Delyon et al.

[22] In addition, a positive neutrophil-to-lymphocyte ratio was associated with better overall

survival, a finding that has been reported by several other studies.[23–25]

The strength of this study was that it was a multi-centre study carried out in three major

hospitals in Austria with patients treated under ‘real world’ conditions as part of routine, daily

clinical practice. The major limitation of this study, however, is its retrospective character and

limited number of patients. These limitations did not allow us to determine whether the BMI

can be used as a predictive or a prognostic marker or not. However, as our results suggest that

it can be used to identify patients who would be more likely to benefit from immunotherapy in

advance, we strongly encourage authors of prospective studies to include BMI as a parameter

in their analyses, particularly since it can easily and promptly be calculated.

In conclusion, the BMI can potentially be used to predict the response of metastatic mela-

noma patients to ipilimumab treatment. Correlations between obesity, the microbial flora, and

immunotherapy in cancer patients is of major interest, as an increase in weight and, thus, in

BMI leads changes in microbial diversity and composition. The question of whether nutri-

tional changes have an impact on responses to immunotherapy is especially tantalizing.
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Visualization: Georg Richtig.

Writing – original draft: Georg Richtig, Erika Richtig.

Writing – review & editing: Christoph Hoeller, Martin Wolf, Ingrid Wolf, Barbara M. Rainer,

Günter Schulter, Markus Richtig, Martin R. Grübler, Anna Gappmayer, Thomas Haidn,
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