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Simple Summary: Immunotherapy has considerably changed the outcomes of cancer patients. How-
ever, only a minority of patients respond to immunotherapy and may suffer toxicity. Moreover, strong
predictive and prognostic markers are lacking. The number of overweight and obese individuals
is steadily increasing in developed countries. This factor is easy to measure and leads to a chronic
inflammatory state. We therefore evaluated the relationships between body mass index, survival,
and immune-related adverse events in patients treated by immunotherapy for metastatic cancer.
Overall survival was better in patients with a BMI ≥ 25 and in those experiencing toxicity. More than
60% of obese patients experienced toxicity. These results should raise the awareness of physicians
concerning the importance of body composition in the management of patients on immunotherapy.
Body composition, including lean and fat tissue proportions, could be analyzed by CT scans in this
selected population.

Abstract: The response to immunotherapy has been little investigated in overweight and obese cancer
patients. We evaluated the relationships between BMI, toxicity, and survival in patients treated by
immunotherapy for metastatic cancer. We included metastatic cancer patients treated by immunotherapy
between January 2017 and June 2020 at the Centre Léon Bérard. In total, 272 patients were included:
64% men and 36% women, with a median age of 61.4 years. BMI ≥ 25 in 34.2% and 50% had non-small
cell lung cancer (n = 136). Most received monotherapy, with nivolumab in 41.9% and pembrolizumab
in 37.9%. Toxicity, mostly dysthyroiditis, occurred in 41%. Median overall survival (OS), estimated by
Kaplan–Meier analysis, was significantly longer for patients with a BMI ≥ 25 than for those with a BMI
< 25 (24.8 versus 13.7 months HR = 0.63; 95% CI 0.44–0.92, p = 0.015), and for patients experiencing
toxicity than for those without toxicity (NR versus 7.8 months, HR = 0.22; 95% CI 0.15–0.33, p < 0.001).
Adjusted OS was associated with toxicity, and the occurrence of toxicity was associated with sex and
histological features but not with BMI. Thus, being overweight and experiencing toxicity was associated
with longer overall survival in patients treated by immunotherapy. More attention should be paid to
body composition in the care of cancer patients.

Keywords: body mass index; immunotherapy; survival; toxicity; advanced cancer; immune-related
adverse events
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1. Introduction

The development of immune checkpoint inhibitors, such as anti-PD-1, anti-PDL-1, and
anti-CTLA4 antibodies, has led to significant changes in the management of patients with
certain types of cancer over the last decade, improving overall survival (OS) [1,2]. However,
not all patients respond to immunotherapy, and many suffer toxicity [3]. Most immune-
related adverse events (irAEs) are reversible, but for patients suffering from more serious
side effects (grade ≥ 3), a temporary interruption or permanent cessation of treatment may
be considered. This may have a negative impact on tumor response, decreases the chances
of controlling neoplastic progression and survival. Moreover, no biological or clinical
predictive markers have been validated other than PDL1 expression, which is widely used
in clinical practice but has limited predictive value. New markers of immunotherapy
efficacy and toxicity are, therefore, urgently required.

The proportion of the population overweight (body mass index, BMI > 25) or obese
(BMI > 30) has been steadily increasing in recent decades, particularly in developed coun-
tries [4,5]. Recent epidemiological studies have revealed a heavy burden of obesity- and
body fat mass-related cancers [6,7]. Obesity, which is characterized by a chronic inflamma-
tory state [8], provides an interface between metabolic and immune cells [9] and modifies
the tumor microenvironment. Indeed, preclinical studies have shown that diet-induced
obesity can suppress antitumor immunity by decreasing the proportion of naïve CD8+ T
cells and increasing the size of the myeloid cell population in tumors [10,11]. However,
several recent clinical studies have demonstrated a paradoxical positive association of
being overweight or obese with a better response and overall survival on immunotherapy,
despite a higher frequency of irAEs [12–16]. Nevertheless, these studies were heteroge-
neous and often limited to melanoma, non-small cell lung cancer (NSCLC), and renal
cell carcinoma [17]. Moreover, discrepancies between studies, particularly as concerns
of obesity and irAEs [12,13,16], have highlighted the need for further explorations of the
association between BMI and outcome on immunotherapy.

In this study, we investigated the relationships between BMI, toxicity, and survival in
patients treated by immunotherapy for metastatic cancer.

2. Materials and Methods
2.1. Study Design and Cohort Population

The cohort was selected with ConSoRe, a new data analysis solution aggregating
diverse forms of structured and unstructured data extracted from digital medical files at
a number of French cancer centers. ConSoRe uses natural language processing to search
aggregated data and perform advanced data mining [18]. This data mining tool was used
to find all over the age of 18 years with inoperable locally advanced or metastatic solid
tumors who received immunotherapy in metastatic setting between January 2017 and
30 June 2020 at the Centre Leon Berard (Lyon, France). We excluded patients treated
with immunotherapies other than pembrolizumab, nivolumab, atezolizumab, durval-
umab, avelumab, or ipilimumab in monotherapy or with combinations of ipilimumab with
nivolumab or durvalumab with tremelimumab. Patients receiving adjuvant or neoadju-
vant immunotherapy and patients receiving immunotherapy in combination with other
antitumor therapies (i.e., chemotherapy or targeted therapy) were also excluded from
the cohort.

Data collection was approved in September 2020, by the local data protection officer,
on behalf of French regulatory authorities (Commission Nationale de l’Informatique et
des Libertés, CNIL) in accordance with MR004 methodology. All patients were informed
of the possibility of their health data being used for research purposes and expressed no
opposition to this possibility.
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2.2. Data Collection
2.2.1. Patient Characteristics

Clinical data and tumor characteristics were extracted from digital medical files, in-
cluding hospitalization and consultation notes. The clinical variables extracted included
sex, age, weight at diagnosis and before starting immunotherapy, and height. The tumor
characteristics extracted included histology, PDL-1 status (considered positive if >1%),
microsatellite status (MSS or MSI-H), and the number of previous treatments. Immunother-
apy was also dichotomized into two classes for further statistical analysis: anti-CTLA-4
and anti-PD-1/PDL-1 treatments.

2.2.2. Body Mass Index

BMI was calculated as weight in kilograms divided by height (in meters) squared.
Patients were classified on the basis of BMI as being (<18.5), normal weight (18.5–24.9),
overweight (25–29.9), or obese (≥30), in accordance with World Health Organization
(WHO) guidelines [19]. We also dichotomized the baseline BMI category, using a threshold
of 25.

2.2.3. Toxicity

Cases of toxicity were identified by examining all hospitalization reports and oncology
visit reports recorded in the patient’s medical file. We excluded toxicities unrelated to
adverse immune events, such as fatigue. irAEs were classified according to the Common
Terminology Criteria for Adverse Events v5.0.

2.3. Statistics

The characteristics of the participants are described with means and standard devi-
ations (SDs) for quantitative data and frequencies and percentages for qualitative data.
Comparisons between groups (BMI < 25 vs. BMI ≥ 25) were performed with Student’s
t-tests and Welsh’s t-test if necessary for continuous variables or Pearson’s χ2 tests and
Yates-corrected χ2 test if necessary for binary or categorical variables.

The primary endpoint of this retrospective study was the assessment of the association
between BMI and OS. We calculated OS as the time between the diagnosis of metastatic
disease and death from any cause. BMI was initially considered as a dichotomous categori-
cal variable (BMI ≥ 25 and BMI < 25). Kaplan–Meier methods were used to estimate OS,
and log-rank tests were used to assess the statistical significance of differences between
groups. Time was considered in months.

The second objective of the study was to analyze the impact of toxicity on OS. Kaplan–
Meier curves and log-rank tests were used, as described above. Univariate Cox regression
models were used to investigate the associations between survival and clinical variables,
including the type of primary tumor (non-small cell lung cancer, head, and neck squamous
cell carcinoma, digestive cancer, renal cell carcinoma, melanoma, urothelial carcinoma, and
others), BMI (<25 vs. ≥25), sex, expression status for CTLA4, PDL1, and MSI, the pres-
ence of toxicity, performance status during first-line immunotherapy (0 to 4), and the
grade (CTCAE) of the first toxicity observed (1 to 5). Multivariate Cox regression models
were generated by a backward approach after testing in univariate models to estimate
patient survival in association with BMI adjusted for covariates, including toxicity, perfor-
mance status during first-line immunotherapy (0 to 4), and MSI. A landmark analysis was
then performed to deal with the survivor bias resulting from patients responding to im-
munotherapy being exposed to immunotherapy for longer, and therefore being more likely
to develop irAEs than non-responder patients, in whom immunotherapy was stopped
earlier [20]. These analyses considered only toxicities occurring in the first three months of
immunotherapy for the classification of groups, with the exclusion of patients who died or
were censured before three months of treatment. The proportional hazards hypothesis was
tested, and a graphic diagnosis based on the scaled Schoenfeld residuals was performed.
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Univariate logistic regression models were then generated to investigate the associa-
tions between the occurrence of toxicity and clinical variables. The variables considered
included BMI (<25 vs. ≥25), sex, MSI status, number of prior lines of treatment, type of
immunotherapy (mono- vs. bitherapy), type of primary tumor (non-small cell lung cancer,
head and neck squamous cell carcinoma, digestive cancer, renal cell carcinoma, melanoma,
urothelial carcinoma, and others) and CTLA4 expression status. A multivariate analysis
was then performed by a backward approach with a subset of these variables after testing
in univariate models, including sex and histological features. Odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated in both univariate and multivariate analyses.

Statistical analyses were conducted with R software. Values of p < 0.05 were considered
to indicate significance in all statistical tests.

3. Results
3.1. Patient Characteristics

The characteristics of the patients are shown in Table 1. In total, 387 patients were
treated by immunotherapy for locally advanced or metastatic cancer at the Léon Bérard
Cancer Center between January 2017 and 30 June, 2020. We excluded 115 of these patients
due to (i) immunotherapy regimens other than those described above (n = 13), (ii) im-
munotherapy in association with chemotherapy or another cancer therapy (n = 98), and (iii)
other reasons (n = 4). The final analysis thus included 272 patients (Figure 1).
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Figure 1. Flow chart of the study population (n = 272).

Median age at the start of immunotherapy for the patients included was 61.4 years,
and 64% of the patients were men (Table 1). Menopausal status was not reported, but only
19 of the female patients were under the age of 50 years. More than 60% of the patients
(n = 179) had a BMI < 25, whereas 34.2% (n = 93) had a BMI ≥ 25. The most frequent type
of cancer was NSCLC, in about half the population (N = 136), followed by head and neck
carcinoma in 13.2% (N = 36), and gastrointestinal cancer, renal carcinoma and melanoma,
each in 8.5% (n = 24, n = 24 and n = 22, respectively). PDL-1 expression status was positive
(>1%) in 75.4% (n = 104) of the tumors tested (n = 138). Overall, 9% (n = 24) of the tumors
were MSI-H; 88% of patients (n = 239) received monotherapy, with nivolumab in 41.9%
(n = 114) and pembrolizumab in 37.9% (n = 103). Performance status (PS) at the initiation
of immunotherapy was ≤1 for 79% (n = 215) of patients. In total, 141 toxicity events were
reported, in 41.2% of patients (n = 112).
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Table 1. Clinical and demographic characteristics: comparison of underweight and normal-weight patients (BMI > 25) with overweight and obese patients (BMI ≥ 25) (n = 272).

Clinical Characteristics
Underweight or Normal

Weight (BMI < 25)
(n = 179)

Overweight or Obese
(BMI ≥ 25)

(n = 93)

Overall Population
(n = 272) p-Value

Age, mean (SD) 59.4 (12.2) 65.3 (9.89) 61.4 (11.8) <0.001

Sex, n (%)
0.02Men 105 (58.7) 69 (74.2) 174 (64)

Women 74 (41.3) 24 (25.8) 98 (36)

Primary tumor, n (%)

0.16

Non-small cell lung cancer 93 (52.0) 43 (46.2) 136 (50.0)
Head and neck squamous cell carcinoma 29 (16.2) 7 (7.5) 36 (13.2)

Digestive tumor 16 (8.9) 8 (8.6) 24 (8.8)
Renal cell carcinoma 14 (7.8) 10 (10.8) 24 (8.8)

Melanoma 12 (6.7) 10 (10.8) 22 (8.1)
Urothelial carcinoma 9 (5.0) 10 (10.8) 19 (7.0)

Other 6 (3.4) 5 (5.3) 11 (4.0)

MSI status, n (%)
0.56MSI-H 14 (7.8) 10 (10.8) 24 (8.8)

No information or negative 165 (92.2) 83 (89.2) 248 (91.2)

PDL1 (N = 138), n (%)
0.48>1% 73 (40.8) 31 (33.3) 104 (38.2)

≤1% 22 (12.2) 12 (13) 34 (12.5)

Treatment, n (%)

0.25

Nivolumab 80 (44.7) 34 (36.6) 114 (41.9)
Pembrolizumab 64 (35.8) 39 (41.9) 103 (37.9)

Nivolumab + ipilimumab 10 (5.6) 9 (9.7) 19 (7)
Durvalumab + Tremelimumab 9 (5) 5 (5.4) 14 (5.1)

Atezolizumab 11 (6.1) 2 (2.2) 13 (4.8)
Durvalumab 5 (2.8) 2 (2.2) 7 (2.6)
Ipilimumab 0 1 (1) 1 (0.4)
Avelumab 0 1 (1) 1 (0.4)

Performance status, n (%)

<0.01

0 29 (16.2) 29 (31.2) 58 (21.3)
1 99 (55.3) 58 (62.4) 157 (57.7)
2 42 (23.5) 6 (6.4) 48 (17.6)
3 8 (4.5) 0 8 (2.9)
4 1 (1) 0 1 (1)
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Table 1. Cont.

Clinical Characteristics
Underweight or Normal

Weight (BMI < 25)
(n = 179)

Overweight or Obese
(BMI ≥ 25)

(n = 93)

Overall Population
(n = 272) p-Value

Place of immunotherapy in the course of treatment, n (%)

0.59
First line 50 (27.9) 31 (33.3) 81 (29.8)

Second line 99 (55.3) 53 (57.0) 152 (55.9)
Third line 19 (10.6) 7 (7.5) 26 (9.6)

>Third line 11 (6.1) 2 (2.2) 13 (4.7)

Number of toxicities in patients, n (%)

0.17
No toxicity 56 (61.5) 50 (53.8) 160 (58.8)
One toxicity 54 (30.1) 31 (33.3) 85 (31.2)

Two toxicities 15 (8.4) 10 (10.7) 25 (9.2)
Three toxicities 0 2 (2.2) 2 (1)

Type of toxicity, n (%)

0.47

Thyroiditis 22 (12.3) 12 (12.9) 34 (12.5)
Rheumatologic toxicity 14 (7.8) 10 (10.7) 24 (8.8)
Diarrhea and/or colitis 14 (7.8) 6 (6.4) 20 (7.4)

Cutaneous toxicity 12 (6.7) 6 (6.4) 18 (6.6)
Hepatitis 7 (4) 6 (6.4) 13 (4.8)

Pneumonitis 6 (3.4) 7 (7.5) 13 (4.8)
Other 9 (5) 10 (10.7) 19 (7)

Toxicity grade, n (%)

0.46

Grade I 31 (17.3) 21 (22.6) 52 (19.1)
Grade II 32 (17.9) 23 (24.7) 55 (20.2)
Grade III 15 (8.3) 12 (12.9) 27 (9.9)
Grade IV 5 (2.8) 0 5 (1.8)
Grade V 1 (1) 1 (1) 2 (1)

Immunotherapy discontinued due to toxicity, n (%)
1Temporarily 13 (7.2) 10 (1) 23 (8.4)

Definitively 27 (15) 20 (21.5) 47 (17.3)
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The characteristics of the population were compared between the two groups (BMI < 25
and BMI ≥ 25). Age, sex, and performance status (PS) differed significantly between the
two groups. The patients with a BMI ≥ 25 were older, more likely to be male (74.2%, n = 69),
and with a PS of 1 (62.4%, n = 58) at treatment initiation. Underweight and normal-weight
patients (BMI < 25) mostly had a suitable performance status (PS0 or 1 for 71.5%, N = 128) at
treatment initiation, and 23.5% (n = 42) had a PS of 2, versus 6.4% (n = 6) for overweight and
obese patients (BMI ≥ 25). The types of primary cancer were evenly similarly distributed
between groups, but head and neck carcinoma were not significantly in the most frequent
cancer in normal-weight or underweight patients (BMI < 25) (16.2%, n = 29) (Table 1), and
patients with renal cell carcinoma, melanoma or urothelial carcinoma were not significantly
more frequent among overweight or obese patients (BMI ≥ 25) (Table 1).

3.2. Characteristics of the Observed Toxicities

In total, 141 toxicity events occurred in 112 patients. Thyroiditis, with either hypo- or
hyperthyroidism, was the most common irAE, occurring in 12.5% of patients, followed
by rheumatic adverse events (8.8%), diarrhea, and/or colitis (7.4%), and dermatitis (6.6%)
(Table 1). Most patients had grade I or II (39.3%) toxicities, with only 12% experiencing a
toxicity of grade III or above. Two patients experienced grade 5 toxicities (myocarditis and
colitis), causing death after one injection in one patient and after nine months of treatment
in the other. Treatment was discontinued due to toxicity in 26% of patients (n = 70), and
this discontinuation was definitive for 17.3% (n = 47). It was temporary in 8.4% (N = 23),
in whom it was possible to recommence treatment. Toxicity occurred in 58% of patients
receiving anti-CTLA4 antibodies (20 patients of 34). However, only 38% of patients treated
with PD1 or PDL-1 antibodies experienced toxicity (92 of 238 patients).

3.3. Association between BMI and Toxicities

We first considered four classes of BMI (underweight, normal weight, overweight
and obese). We found that between 35 and 40% of underweight, normal, and overweight
patients experienced immune-related toxicities, whereas such toxicities occurred in 62.5%
of obese patients (15 of 24 patients; Table S1). Moreover, two patients each experienced
three toxicity events, and both these patients were overweight.

The types of toxicity observed were globally similar between BMI groups, although
more overweight and obese patients experienced pneumonitis (7.5% versus 3.4%) (Table 1).
irAEs occurred within a median of 5 months (range, 0.1–28.1), and the time lag to toxicity
events was similar between the group of patients with a BMI below 25 and those with a
BMI of 25 or above (Figure 2).

3.4. Association between BMI and Survival

OS did not differ significantly between the four WHO categories for BMI but tended
to be higher in the obesity group (BMI ≥ 30) (p = 0.1) (Figure 3A). When BMI was
dichotomized, median OS was significantly higher for patients with a BMI ≥ 25, at
24.8 months (95% CI 18.8-NA) versus 13.7 months (95% CI: 8.5 -23.9) for patients with a
BMI < 25 (HR= 0.63, 95% CI 0.44–0.92, p= 0.015) (Figure 3B).

3.5. Association between Toxicity and Survival

Over a median follow-up of 10 months (range: 0.1–48.5), median OS was 21.6 months
(95% CI: 13.8–24.8) for the whole population. Median OS was not reached (95% CI 34.5-NA)
for patients experiencing toxicities but was 7.8 months (95% CI: 5.4–10.9) for patients
without toxicity (HR = 0.22; 95% CI 0.15–0.33, p < 0.001) (Figure 4A). The three-month
landmark analysis, used for sensitivity analysis, included 221 patients, 28% (N = 62) of
whom had irAEs, the remaining 72% (N = 159) experiencing no toxicity. Median OS was not
reached (95% CI: 23–NA) for patients with toxicities, but was 24.4 months (95% CI 19.7–35.8)
for patients without toxicity (HR = 0.55; 95% CI 0.32–0.94, p = 0.028) (Figure 4B).
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Figure 4. Kaplan–Meier estimate of overall survival for (A) the whole population and (B) the three-month toxicity
landmark (n = 272).

3.6. Determinants of Survival

In multivariate analysis, the occurrence of toxicity (HR = 0.25 95% CI 0.16–0.38) and
MSI-high status (HR = 0.26, 95% CI 0.11–0.63) were associated with prolonged survival.
BMI (≥ 25 versus < 25) was no longer associated with OS in multivariate analysis (HR = 0.75
95% CI 0.51–1.10 p = 0.14) (Figure 5).
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3.7. Occurrence of Toxicity

In multivariate analysis, toxicity was found to occur less frequently in men (men
versus women OR = 0.53 95% CI 0.31–0.90) and more frequently in patients with melanoma
(melanoma versus NSCLC OR = 3.42 95% CI 1.33–9.56) (Figure 6). These results were
confirmed by the three-month landmark analysis of sensitivity.
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4. Discussion

In this retrospective study, overweight and obese patients were found to have longer
overall survival than normal-weight or underweight patients.

The median OS of 24.8 months (95% CI 18.8-NA) for this cohort is consistent with
the findings of other studies. Indeed, in a recent study of 976 patients, 65% of whom
treated for NSCLC, a median OS of 26.6 months (95% CI: 21.4–36.8) was reported, and
median OS was higher in patients with a BMI ≥ 25 (HR= 0.33 95% CI: 0.28–0.41) [13].
Most of the other studies demonstrating a relationship between BMI and outcome on
immunotherapy [17,20–23] were also performed on patients with NSCLC [16,24,25], renal
carcinoma, or melanoma [12,26,27]. Moreover, two studies, including patients treated by
immunotherapy or chemotherapy, demonstrated a prognostic effect of BMI exclusively in
patients on immunotherapy. McQuade et al. pooled six independent cohorts of patients
with metastatic melanoma treated by chemotherapy, immunotherapy, or targeted therapy;
they found a survival benefit in obese patients only in the immunotherapy and targeted
therapy cohorts [12]. Cortellini et al. assessed survival outcomes in patients with metastatic
NSCLC treated with first-line pembrolizumab or platinum-based chemotherapy; they
found that progression-free survival and OS were longer in obese patients exclusively in
the immunotherapy subgroup [28]. These results highlight a specific role of obesity in
the efficacy of immunotherapy, suggesting that further studies should be performed on
this population.



Cancers 2021, 13, 2200 11 of 16

Adipose tissue is associated with a chronic inflammatory state [29] and secretes
cytokines, such as adiponectin or leptin, with a direct impact on the tumor microenvi-
ronment [30,31]. Indeed, it has an impact on immune cells, causing a decrease in naïve
CD8+ T-cell levels an increase in the size of the protumoral myeloid cell population in the
tumor [10]. In addition, the leptin pathway, which is characteristically overexpressed in
obesity [32], may exhaust T cells through PD-1 immune checkpoint overexpression [33].
However, leptin is also known to act on immune system priming, promoting the antitumor
immune response through Th1 and Th17 pathway activation together with T-cell differ-
entiation and proliferation [34]. Thus, although the mechanisms involved remain poorly
understood, obesity may enhance the immune system but decrease antitumor immune
responses mediated, in part, by PD-1 expression, both of which could increase the efficacy
of immune checkpoint blockade efficacy [33]. However, further studies are required to
improve our understanding of the link between obesity and tumor immune response for
the various pathways.

In parallel, a high BMI may also increase the rate of occurrence of irAEs. In our study,
41% of patients experienced irAEs, 75.8% were grade I or II adverse events, consistent with
published findings [3,35,36]. Toxicities occurred in 38% of patients with a BMI < 25, versus
46.2% for those with a BMI ≥ 25. Overall, 62.5% of obese patients experienced toxicities.
However, multivariate analysis failed to demonstrate an association between BMI and
the occurrence of toxicity, probably due at least partly to the small sample size. Obesity
has also been associated with higher rates of autoimmune and inflammatory diseases
in the general population [37], but studies on patients treated with immunotherapies
have yielded discrepant results. Some showed that BMI had no predictive value for
the incidence of irAEs [12,16,22,38], whereas others reported a significant increase in the
risk of irAEs with increasing BMI [15,39–44]. The exact mechanism of this association is
not completely understood. Disruption of the immune checkpoint by immunotherapy,
leading to immune cell activation and the production of pro-inflammatory cytokines,
results in off-target inflammation and autoimmunity [45]. We assume that the pre-existing
chronic inflammation in obesity may enhance the Th1/Th17 response and the imbalance
in favor of CD8+ T cells over T-reg cells in the bloodstream, potentially increasing the
risk of autoimmune disease in the general population and of irAEs in patients treated by
immunotherapy [46], with the abolition of the inhibition of the negative immune checkpoint
increased in obese patients, as previously reported.

The occurrence of irAEs was also associated with a higher OS in the entire population,
as confirmed by the sensitivity analysis, which addressed the issue of the bias due to longer
periods of exposure to treatment, leading to a higher risk of irAEs in patients responding to
immunotherapy. Moreover, the occurrence of irAEs was also found to be associated with
overall survival in multivariate analysis. Our results are consistent with those of a large
number of studies demonstrating relationships between irAE occurrence and response to
treatment or survival outcome [47]. Furthermore, the early onset of irAEs is known to be
predictive of response and of better survival on immunotherapy [48,49].

In multivariate analysis, the occurrence of toxicities was associated with OS, but BMI
was at the limit of significance. These results may support our hypothesis that obesity
improves outcome on immunotherapy through activation of the immune system, as high-
lighted by the occurrence of toxicities, such that irAEs are more strongly correlated with sur-
vival than BMI itself. Furthermore, performance status at the initiation of immunotherapy
was 6 1 for 79% of patients, and 85.7% received immunotherapy as a first-, or second-line
treatment, implying that most of our patients were in suitable general condition. These
characteristics, together with the low median age of the cohort, are associated with bet-
ter outcomes and a lower likelihood of undernutrition [50,51] and may have induced a
bias concealing the association between higher BMI and survival in multivariate analysis.
Moreover, patients with a BMI ≥ 25 also more frequently had a PS of 0 and were less likely
to have head and neck carcinoma, and this may also have interfered with the analysis,
leading to an overestimation of survival.
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BMI determination is recommended for the evaluation of obesity-related health
risks [52] but is probably not the most effective way to estimate the amount of fat and its
distribution or the level of adipose inflammation [53]. Indeed, visceral adipose tissue is
more active than subcutaneous adipose tissue and may be associated with metabolic issues,
such as insulin resistance and a chronic inflammatory state [54]. Moreover, metabolic
syndrome is known to increase cancer risk and mortality [55] through hyperglycemia,
hyperinsulinemia, insulin-like growth factor 1 (IGF-1), or an inflammatory state, and to
promote cell growth and division [56]. Subcutaneous adipose tissues are often associated
with longer survival in cancer [57], whereas higher visceral adipose tissue levels are as-
sociated with a poorer prognosis [58–60]. However, little is currently known about the
situation in patients on immunotherapy. A recent in vivo study reported a decrease in the
sensitivity of tumor cells to ipilimumab and an increase in cardiotoxicity in the presence of
high glucose concentrations [61]. Martini et al. also highlighted an association of higher
BMI and subcutaneous fat index with prolonged survival on immunotherapy, whereas no
such association was observed for high visceral adipose tissue levels [21]. Methods such as
waist circumference determination [62] or computed tomography assessments [63] provide
results more closely correlated with body composition. Biomarkers of metabolic syndrome
are also being investigated [61] and may also be useful for improving the characterization
of body composition and outcome on anticancer treatments, including immunotherapy.
Furthermore, the percent lean tissue is often low in obese patients [64], potentially affecting
pharmacokinetics and exposure to treatment [38,65]. An association between sarcopenic
obesity, defined as obesity with severe muscle depletion and survival outcome, has been
clearly described for chemotherapy [66–68] but has rarely been reported for immunother-
apy [44]. However, sarcopenia alone has already been shown to be associated with a poor
prognosis in patients on immunotherapy [25,43,44,69,70]. Not only do sarcopenic patients
have a poorer survival outcome, they also more frequently suffer irAEs on immunother-
apy [15]. Thus, body composition, including factors such as sarcopenia, fat mass and BMI,
should be taken into account more carefully in cancer patients, particularly those treated
by immunotherapy, to increase the benefits and minimize the risk of treatment and to
improve monitoring.

5. Conclusions

In conclusion, our findings demonstrate an association of higher BMI with the occur-
rence of irAEs. Longer overall survival in patients with BMI > 25 treated by immunotherapy
was also demonstrated with a 37% reduction in relative risk of death (HR = 0.63). However,
in multivariate analysis, BMI was no longer associated with OS. OS was also longer in
patients experiencing toxicities. One of the strengths of this study is that it considered
the relationships between BMI and both overall survival and irAEs. The diverse range
of primary tumors included may have induced a bias, which we tried to deal with by
including this variable in uni- and multivariate models. However, the heterogeneity of the
population may have enhanced the prognostic and predictive value of BMI across all types
of cancer on immunotherapy, a finding of interest given the expansion of immunotherapy
to many different types of cancer.

The results should be interpreted with caution, given the retrospective single-center
nature of this study, and its small sample size, particularly for subgroup analysis. Studies
with a larger sample as well as larger studies in specific tumor types and including patients
undergoing the same immunotherapy regimen are now required to explore and confirm
these findings.

It may also be relevant to consider and monitor BMI and other body composition
parameters in immunotherapy studies. In this way, it may also be possible to identify
prognostic and predictive factors and increase the use of multimodal approaches, including
nutritional care and physical activities, for example, in cancer management [71].



Cancers 2021, 13, 2200 13 of 16

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers13092200/s1, Table S1: Number of toxicities function of BMI classify in four categories.

Author Contributions: Conceptualization: L.C., L.D., P.E.H., S.C., A.S., T.M., A.N., H.C., and A.B.;
Methodology: P.E.H., L.D., and L.C.; Validation: L.C. and L.D.; Formal analysis: L.D. and S.C.;
Investigation: L.C., L.D., and P.E.H.; Resources: L.C. and P.E.H.; Data curation: L.C.; Writing—
Original draft preparation: L.C.; Writing—Review and editing: P.E.H., L.D., L.C., S.C., A.B., T.M.,
A.N., A.S., and H.C.; Supervision: P.E.H., L.D., and S.C.; Project administration: L.C., P.E.H., L.D.,
and S.C. All authors have read the manuscript and agreed to its submission for publication.

Funding: There was no specific funding for this study.

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and was approved by the Institutional Review Board, through the
local data protection officer, on behalf of French regulatory authorities (Commission Nationale de
l’Informatique et des Libertés, CNIL) in accordance with the MR004 methodology.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Informed consent is included in the Supplementary Document.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: HEUDEL reports grants, personal fees and non-financial support from PFIZER,
grants and non-financial support from NOVARTIS, grants and non-financial support from ROCHE,
grants, personal fees and non-financial support from Astra Zeneca, personal fees and non-financial
support from Mylan, grants, personal fees and non-financial support from Pierre Fabre, personal fees
and non-financial support from AMGEN outside the submitted work.

References
1. Larkin, J.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.-J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.;

Dummer, R.; et al. Five-Year Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2019,
381, 1535–1546. [CrossRef] [PubMed]

2. Mok, T.S.K.; Wu, Y.-L.; Kudaba, I.; Kowalski, D.M.; Cho, B.C.; Turna, H.Z.; Castro, G.; Srimuninnimit, V.; Laktionov, K.K.;
Bondarenko, I.; et al. Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing, locally advanced or
metastatic non-small-cell lung cancer (KEYNOTE-042): A randomised, open-label, controlled, phase 3 trial. Lancet 2019, 393,
1819–1830. [CrossRef]

3. Topalian, S.L.; Hodi, F.S.; Brahmer, J.R.; Gettinger, S.N.; Smith, D.C.; McDermott, D.F.; Powderly, J.D.; Carvajal, R.D.; Sosman,
J.A.; Atkins, M.B.; et al. Safety, Activity, and Immune Correlates of Anti–PD-1 Antibody in Cancer. N. Engl. J. Med. 2012,
366, 2443–2454. [CrossRef]

4. Berrington de Gonzalez, A.; Hartge, P.; Cerhan, J.R.; Flint, A.J.; Hannan, L.; MacInnis, R.J.; Moore, S.C.; Tobias, G.S.; Anton-Culver,
H.; Freeman, L.B.; et al. Body-mass index and mortality among 1.46 million white adults. N. Engl. J. Med. 2010, 363, 2211–2219.
[CrossRef] [PubMed]

5. Blüher, M. Obesity: Global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 2019, 15, 288–298. [CrossRef] [PubMed]
6. Lauby-Secretan, B.; Scoccianti, C.; Loomis, D.; Grosse, Y.; Bianchini, F.; Straif, K. International Agency for Research on Can-

cer Handbook Working Group Body Fatness and Cancer–Viewpoint of the IARC Working Group. N. Engl. J. Med. 2016,
375, 794–798. [CrossRef]

7. Arnold, M.; Leitzmann, M.; Freisling, H.; Bray, F.; Romieu, I.; Renehan, A.; Soerjomataram, I. Obesity and cancer: An update of
the global impact. Cancer Epidemiol. 2016, 41, 8–15. [CrossRef]

8. Wellen, K.E.; Hotamisligil, G.S. Inflammation, stress, and diabetes. J. Clin. Investig. 2005, 115, 1111–1119. [CrossRef] [PubMed]
9. Hotamisligil, G.S. Inflammation and metabolic disorders. Nature 2006, 444, 860–867. [CrossRef]
10. Drijvers, J.M.; Sharpe, A.H.; Haigis, M.C. The effects of age and systemic metabolism on anti-tumor T cell responses. eLife 2020,

9. [CrossRef]
11. Ringel, A.E.; Drijvers, J.M.; Baker, G.J.; Catozzi, A.; García-Cañaveras, J.C.; Gassaway, B.M.; Miller, B.C.; Juneja, V.R.; Nguyen,

T.H.; Joshi, S.; et al. Obesity Shapes Metabolism in the Tumor Microenvironment to Suppress Anti-Tumor Immunity. Cell 2020,
183, 1848–1866.e26. [CrossRef]

12. McQuade, J.L.; Daniel, C.R.; Hess, K.R.; Mak, C.; Wang, D.Y.; Rai, R.R.; Park, J.J.; Haydu, L.E.; Spencer, C.; Wongchenko,
M.; et al. Association of body-mass index and outcomes in patients with metastatic melanoma treated with targeted therapy,
immunotherapy, or chemotherapy: A retrospective, multicohort analysis. Lancet Oncol. 2018, 19, 310–322. [CrossRef]

13. Cortellini, A.; Bersanelli, M.; Buti, S.; Cannita, K.; Santini, D.; Perrone, F.; Giusti, R.; Tiseo, M.; Michiara, M.; Di Marino, P.; et al.
A multicenter study of body mass index in cancer patients treated with anti-PD-1/PD-L1 immune checkpoint inhibitors: When
overweight becomes favorable. J. Immunother. Cancer 2019, 7, 57. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/cancers13092200/s1
https://www.mdpi.com/article/10.3390/cancers13092200/s1
http://doi.org/10.1056/NEJMoa1910836
http://www.ncbi.nlm.nih.gov/pubmed/31562797
http://doi.org/10.1016/S0140-6736(18)32409-7
http://doi.org/10.1056/NEJMoa1200690
http://doi.org/10.1056/NEJMoa1000367
http://www.ncbi.nlm.nih.gov/pubmed/21121834
http://doi.org/10.1038/s41574-019-0176-8
http://www.ncbi.nlm.nih.gov/pubmed/30814686
http://doi.org/10.1056/NEJMsr1606602
http://doi.org/10.1016/j.canep.2016.01.003
http://doi.org/10.1172/JCI25102
http://www.ncbi.nlm.nih.gov/pubmed/15864338
http://doi.org/10.1038/nature05485
http://doi.org/10.7554/eLife.62420
http://doi.org/10.1016/j.cell.2020.11.009
http://doi.org/10.1016/S1470-2045(18)30078-0
http://doi.org/10.1186/s40425-019-0527-y
http://www.ncbi.nlm.nih.gov/pubmed/30813970


Cancers 2021, 13, 2200 14 of 16

14. Albiges, L.; Hakimi, A.A.; Xie, W.; McKay, R.R.; Simantov, R.; Lin, X.; Lee, J.-L.; Rini, B.I.; Srinivas, S.; Bjarnason, G.A.; et al.
Body Mass Index and Metastatic Renal Cell Carcinoma: Clinical and Biological Correlations. J. Clin. Oncol. 2016, 34, 3655–3663.
[CrossRef] [PubMed]

15. Guzman-Prado, Y.; Ben Shimol, J.; Samson, O. Body mass index and immune-related adverse events in patients on immune
checkpoint inhibitor therapies: A systematic review and meta-analysis. Cancer Immunol. Immunother. 2020. [CrossRef]

16. Kichenadasse, G.; Miners, J.O.; Mangoni, A.A.; Rowland, A.; Hopkins, A.M.; Sorich, M.J. Association Between Body Mass Index
and Overall Survival With Immune Checkpoint Inhibitor Therapy for Advanced Non-Small Cell Lung Cancer. JAMA Oncol. 2020,
6, 512–518. [CrossRef]

17. An, Y.; Wu, Z.; Wang, N.; Yang, Z.; Li, Y.; Xu, B.; Sun, M. Association between body mass index and survival outcomes for
cancer patients treated with immune checkpoint inhibitors: A systematic review and meta-analysis. J. Transl. Med. 2020,
18, 235. [CrossRef]

18. Heudel, P.; Livartowski, A.; Arveux, P.; Willm, E.; Jamain, C. The ConSoRe project supports the implementation of big data in
oncology. Bull. Cancer 2016, 103, 949–950. [CrossRef] [PubMed]

19. World Health Organization. Physical status: The use and interpretation of anthropometry. Report of a WHO Expert Committee.
World Health Organ. Tech. Rep. Ser. 1995, 854, 1–452.

20. Akce, M.; Liu, Y.; Zakka, K.; Martini, D.J.; Draper, A.; Alese, O.B.; Shaib, W.L.; Wu, C.; Wedd, J.P.; Sellers, M.T.; et al. Impact of
Sarcopenia, BMI, and Inflammatory Biomarkers on Survival in Advanced Hepatocellular Carcinoma Treated With Anti-PD-1
Antibody. Am. J. Clin. Oncol. 2020. [CrossRef]

21. Martini, D.J.; Kline, M.R.; Liu, Y.; Shabto, J.M.; Williams, M.A.; Khan, A.I.; Lewis, C.; Collins, H.; Akce, M.; Kissick, H.T.; et al.
Adiposity may predict survival in patients with advanced stage cancer treated with immunotherapy in phase 1 clinical trials.
Cancer 2020, 126, 575–582. [CrossRef]

22. Rogado, J.; Romero-Laorden, N.; Sanchez-Torres, J.M.; Ramos-Levi, A.M.; Pacheco-Barcia, V.; Ballesteros, A.I.; Arranz, R.;
Lorenzo, A.; Gullon, P.; Garrido, A.; et al. Effect of excess weight and immune-related adverse events on the efficacy of cancer
immunotherapy with anti-PD-1 antibodies. Oncoimmunology 2020, 9. [CrossRef] [PubMed]

23. Xu, H.; Cao, D.; He, A.; Ge, W. The prognostic role of obesity is independent of sex in cancer patients treated with immune
checkpoint inhibitors: A pooled analysis of 4090 cancer patients. Int. Immunopharmacol. 2019, 74, 105745. [CrossRef]

24. Ichihara, E.; Harada, D.; Inoue, K.; Sato, K.; Hosokawa, S.; Kishino, D.; Watanabe, K.; Ochi, N.; Oda, N.; Hara, N.; et al. The
impact of body mass index on the efficacy of anti-PD-1/PD-L1 antibodies in patients with non-small cell lung cancer. Lung Cancer
2020, 139, 140–145. [CrossRef] [PubMed]

25. Popinat, G.; Cousse, S.; Goldfarb, L.; Becker, S.; Gardin, I.; Salaün, M.; Thureau, S.; Vera, P.; Guisier, F.; Decazes, P. Sub-cutaneous
Fat Mass measured on multislice computed tomography of pretreatment PET/CT is a prognostic factor of stage IV non-small cell
lung cancer treated by nivolumab. Oncoimmunology 2019, 8, e1580128. [CrossRef] [PubMed]

26. Naik, G.S.; Waikar, S.S.; Johnson, A.E.W.; Buchbinder, E.I.; Haq, R.; Hodi, F.S.; Schoenfeld, J.D.; Ott, P.A. Complex inter-relationship
of body mass index, gender and serum creatinine on survival: Exploring the obesity paradox in melanoma patients treated with
checkpoint inhibition. J. Immunother. Cancer 2019, 7, 89. [CrossRef] [PubMed]

27. Richtig, G.; Hoeller, C.; Wolf, M.; Wolf, I.; Rainer, B.M.; Schulter, G.; Richtig, M.; Grübler, M.R.; Gappmayer, A.; Haidn, T.; et al.
Body mass index may predict the response to ipilimumab in metastatic melanoma: An observational multi-centre study. PLoS ONE
2018, 13, e0204729. [CrossRef]

28. Cortellini, A.; Ricciuti, B.; Tiseo, M.; Bria, E.; Banna, G.L.; Aerts, J.G.; Barbieri, F.; Giusti, R.; Cortinovis, D.L.; Migliorino, M.R.;
et al. Baseline BMI and BMI variation during first line pembrolizumab in NSCLC patients with a PD-L1 expression ≥ 50%:
A multicenter study with external validation. J. Immunother. Cancer 2020, 8. [CrossRef]

29. Saltiel, A.R.; Olefsky, J.M. Inflammatory mechanisms linking obesity and metabolic disease. J. Clin. Investig. 2021,
127, 1–4. [CrossRef]

30. Deng, T.; Lyon, C.J.; Bergin, S.; Caligiuri, M.A.; Hsueh, W.A. Obesity, Inflammation, and Cancer. Annu. Rev. Pathol. 2016,
11, 421–449. [CrossRef]

31. Iyengar, N.M.; Gucalp, A.; Dannenberg, A.J.; Hudis, C.A. Obesity and Cancer Mechanisms: Tumor Microenvironment and
Inflammation. J. Clin. Oncol. 2016, 34, 4270–4276. [CrossRef]

32. Lönnqvist, F.; Arner, P.; Nordfors, L.; Schalling, M. Overexpression of the obese (ob) gene in adipose tissue of human obese
subjects. Nat. Med. 1995, 1, 950–953. [CrossRef] [PubMed]

33. Wang, Z.; Aguilar, E.G.; Luna, J.I.; Dunai, C.; Khuat, L.T.; Le, C.T.; Mirsoian, A.; Minnar, C.M.; Stoffel, K.M.; Sturgill, I.R.; et al.
Paradoxical effects of obesity on T cell function during tumor progression and PD-1 checkpoint blockade. Nat. Med. 2019,
25, 141–151. [CrossRef] [PubMed]

34. Lord, G.M.; Matarese, G.; Howard, J.K.; Baker, R.J.; Bloom, S.R.; Lechler, R.I. Leptin modulates the T-cell immune response and
reverses starvation-induced immunosuppression. Nature 1998, 394, 897–901. [CrossRef]

35. Bertrand, A.; Kostine, M.; Barnetche, T.; Truchetet, M.-E.; Schaeverbeke, T. Immune related adverse events associated with
anti-CTLA-4 antibodies: Systematic review and meta-analysis. BMC Med. 2015, 13, 211. [CrossRef] [PubMed]

36. Baxi, S.; Yang, A.; Gennarelli, R.L.; Khan, N.; Wang, Z.; Boyce, L.; Korenstein, D. Immune-related adverse events for anti-PD-1
and anti-PD-L1 drugs: Systematic review and meta-analysis. BMJ 2018, 360, k793. [CrossRef] [PubMed]

http://doi.org/10.1200/JCO.2016.66.7311
http://www.ncbi.nlm.nih.gov/pubmed/27601543
http://doi.org/10.1007/s00262-020-02663-z
http://doi.org/10.1001/jamaoncol.2019.5241
http://doi.org/10.1186/s12967-020-02404-x
http://doi.org/10.1016/j.bulcan.2016.10.001
http://www.ncbi.nlm.nih.gov/pubmed/27816168
http://doi.org/10.1097/COC.0000000000000787
http://doi.org/10.1002/cncr.32576
http://doi.org/10.1080/2162402X.2020.1751548
http://www.ncbi.nlm.nih.gov/pubmed/32363123
http://doi.org/10.1016/j.intimp.2019.105745
http://doi.org/10.1016/j.lungcan.2019.11.011
http://www.ncbi.nlm.nih.gov/pubmed/31786476
http://doi.org/10.1080/2162402X.2019.1580128
http://www.ncbi.nlm.nih.gov/pubmed/31069139
http://doi.org/10.1186/s40425-019-0512-5
http://www.ncbi.nlm.nih.gov/pubmed/30922394
http://doi.org/10.1371/journal.pone.0204729
http://doi.org/10.1136/jitc-2020-001403
http://doi.org/10.1172/JCI92035
http://doi.org/10.1146/annurev-pathol-012615-044359
http://doi.org/10.1200/JCO.2016.67.4283
http://doi.org/10.1038/nm0995-950
http://www.ncbi.nlm.nih.gov/pubmed/7585223
http://doi.org/10.1038/s41591-018-0221-5
http://www.ncbi.nlm.nih.gov/pubmed/30420753
http://doi.org/10.1038/29795
http://doi.org/10.1186/s12916-015-0455-8
http://www.ncbi.nlm.nih.gov/pubmed/26337719
http://doi.org/10.1136/bmj.k793
http://www.ncbi.nlm.nih.gov/pubmed/29540345


Cancers 2021, 13, 2200 15 of 16

37. Versini, M.; Jeandel, P.-Y.; Rosenthal, E.; Shoenfeld, Y. Obesity in autoimmune diseases: Not a passive bystander. Autoimmun. Rev.
2014, 13, 981–1000. [CrossRef]

38. Hirsch, L.; Bellesoeur, A.; Boudou-Rouquette, P.; Arrondeau, J.; Thomas-Schoemann, A.; Kirchgesner, J.; Gervais, C.; Jouinot, A.;
Chapron, J.; Giraud, F.; et al. The impact of body composition parameters on severe toxicity of nivolumab. Eur. J. Cancer 2020,
124, 170–177. [CrossRef] [PubMed]

39. Cortellini, A.; Bersanelli, M.; Santini, D.; Buti, S.; Tiseo, M.; Cannita, K.; Perrone, F.; Giusti, R.; De Tursi, M.; Zoratto, F.;
et al. Another side of the association between body mass index (BMI) and clinical outcomes of cancer patients receiving
programmed cell death protein-1 (PD-1)/ Programmed cell death-ligand 1 (PD-L1) checkpoint inhibitors: A multicentre analysis
of immune-related adverse events. Eur. J. Cancer 2020, 128, 17–26. [CrossRef]

40. Eun, Y.; Kim, I.Y.; Sun, J.-M.; Lee, J.; Cha, H.-S.; Koh, E.-M.; Kim, H.; Lee, J. Risk factors for immune-related adverse events
associated with anti-PD-1 pembrolizumab. Sci. Rep. 2019, 9, 14039. [CrossRef] [PubMed]

41. Pollack, R.; Ashash, A.; Cahn, A.; Rottenberg, Y.; Stern, H.; Dresner-Pollak, R. Immune Checkpoint Inhibitor-induced Thyroid
Dysfunction Is Associated with Higher Body Mass Index. J. Clin. Endocrinol. Metab. 2020, 105. [CrossRef] [PubMed]

42. Albitar, H.A.H.; Duma, N.; Leventakos, K.; Gallo De Moraes, A. Pulmonary Complications Secondary to Immune Checkpoint
Inhibitors. Int. J. Chronic Dis. 2020, 2020, 4928648. [CrossRef] [PubMed]

43. Daly, L.E.; Power, D.G.; O’Reilly, Á.; Donnellan, P.; Cushen, S.J.; O’Sullivan, K.; Twomey, M.; Woodlock, D.P.; Redmond, H.P.; Ryan,
A.M. The impact of body composition parameters on ipilimumab toxicity and survival in patients with metastatic melanoma.
Br. J. Cancer 2017, 116, 310–317. [CrossRef]

44. Heidelberger, V.; Goldwasser, F.; Kramkimel, N.; Jouinot, A.; Huillard, O.; Boudou-Rouquette, P.; Chanal, J.; Arrondeau, J.; Franck,
N.; Alexandre, J.; et al. Sarcopenic overweight is associated with early acute limiting toxicity of anti-PD1 checkpoint inhibitors in
melanoma patients. Investig. New Drugs 2017, 35, 436–441. [CrossRef]

45. Dulos, J.; Carven, G.J.; van Boxtel, S.J.; Evers, S.; Driessen-Engels, L.J.A.; Hobo, W.; Gorecka, M.A.; de Haan, A.F.J.; Mulders, P.;
Punt, C.J.A.; et al. PD-1 blockade augments Th1 and Th17 and suppresses Th2 responses in peripheral blood from patients with
prostate and advanced melanoma cancer. J. Immunother. 2012, 35, 169–178. [CrossRef] [PubMed]

46. Mirsoian, A.; Murphy, W.J. Obesity and cancer immunotherapy toxicity. Immunotherapy 2015, 7, 319–322. [CrossRef]
47. Petrelli, F.; Grizzi, G.; Ghidini, M.; Ghidini, A.; Ratti, M.; Panni, S.; Cabiddu, M.; Ghilardi, M.; Borgonovo, K.; Parati, M.C.; et al.

Immune-related Adverse Events and Survival in Solid Tumors Treated With Immune Checkpoint Inhibitors: A Systematic Review
and Meta-Analysis. J. Immunother. 2020, 43, 1–7. [CrossRef] [PubMed]

48. Haratani, K.; Hayashi, H.; Chiba, Y.; Kudo, K.; Yonesaka, K.; Kato, R.; Kaneda, H.; Hasegawa, Y.; Tanaka, K.; Takeda, M.; et al.
Association of Immune-Related Adverse Events With Nivolumab Efficacy in Non–Small-Cell Lung Cancer. JAMA Oncol. 2018,
4. [CrossRef]

49. Schadendorf, D.; Wolchok, J.D.; Hodi, F.S.; Chiarion-Sileni, V.; Gonzalez, R.; Rutkowski, P.; Grob, J.-J.; Cowey, C.L.; Lao, C.D.;
Chesney, J.; et al. Efficacy and Safety Outcomes in Patients With Advanced Melanoma Who Discontinued Treatment With
Nivolumab and Ipilimumab Because of Adverse Events: A Pooled Analysis of Randomized Phase II and III Trials. J. Clin. Oncol.
2017, 35, 3807–3814. [CrossRef] [PubMed]

50. The Prognostic Value of Pretreatment Prognostic Nutritional Index in Patients with Small Cell Lung Cancer and It’s Influencing
Factors: A Meta-Analysis of Observational Studies Jiang Journal of Thoracic Disease. Available online: https://jtd.amegroups.
com/article/view/44092/html (accessed on 13 April 2021).

51. Laviano, A.; Di Lazzaro, L.; Koverech, A. Nutrition support and clinical outcome in advanced cancer patients. Proc. Nutr. Soc.
2018, 77, 388–393. [CrossRef] [PubMed]

52. Cornier, M.-A.; Després, J.-P.; Davis, N.; Grossniklaus, D.A.; Klein, S.; Lamarche, B.; Lopez-Jimenez, F.; Rao, G.; St-Onge, M.-P.;
Towfighi, A.; et al. Assessing adiposity: A scientific statement from the American Heart Association. Circulation 2011, 124,
1996–2019. [CrossRef]

53. Poirier, P. The Many Paradoxes of Our Modern World: Is There Really an Obesity Paradox or Is It Only a Matter of Adiposity
Assessment? Ann. Intern. Med. 2015, 163, 880–881. [CrossRef] [PubMed]

54. Galic, S.; Oakhill, J.S.; Steinberg, G.R. Adipose tissue as an endocrine organ. Mol. Cell Endocrinol. 2010, 316, 129–139. [CrossRef]
55. Esposito, K.; Chiodini, P.; Colao, A.; Lenzi, A.; Giugliano, D. Metabolic syndrome and risk of cancer: A systematic review and

meta-analysis. Diabetes Care 2012, 35, 2402–2411. [CrossRef] [PubMed]
56. Quagliariello, V.; Rossetti, S.; Cavaliere, C.; Palo, R.D.; Lamantia, E.; Castaldo, L.; Nocerino, F.; Ametrano, G.; Cappuccio, F.; Mal-

zone, G.; et al. Metabolic syndrome, endocrine disruptors and prostate cancer associations: Biochemical and pathophysiological
evidences. Oncotarget 2017, 8, 30606–30616. [CrossRef] [PubMed]

57. Ebadi, M.; Martin, L.; Ghosh, S.; Field, C.J.; Lehner, R.; Baracos, V.E.; Mazurak, V.C. Subcutaneous adiposity is an independent
predictor of mortality in cancer patients. Br. J. Cancer 2017, 117, 148–155. [CrossRef] [PubMed]

58. Fujiwara, N.; Nakagawa, H.; Kudo, Y.; Tateishi, R.; Taguri, M.; Watadani, T.; Nakagomi, R.; Kondo, M.; Nakatsuka, T.; Minami,
T.; et al. Sarcopenia, intramuscular fat deposition, and visceral adiposity independently predict the outcomes of hepatocellular
carcinoma. J. Hepatol. 2015, 63, 131–140. [CrossRef] [PubMed]

59. Li, X.-T.; Tang, L.; Chen, Y.; Li, Y.-L.; Zhang, X.-P.; Sun, Y.-S. Visceral and subcutaneous fat as new independent predictive factors
of survival in locally advanced gastric carcinoma patients treated with neo-adjuvant chemotherapy. J. Cancer Res. Clin. Oncol.
2015, 141, 1237–1247. [CrossRef]

http://doi.org/10.1016/j.autrev.2014.07.001
http://doi.org/10.1016/j.ejca.2019.11.003
http://www.ncbi.nlm.nih.gov/pubmed/31794927
http://doi.org/10.1016/j.ejca.2019.12.031
http://doi.org/10.1038/s41598-019-50574-6
http://www.ncbi.nlm.nih.gov/pubmed/31575933
http://doi.org/10.1210/clinem/dgaa458
http://www.ncbi.nlm.nih.gov/pubmed/32668461
http://doi.org/10.1155/2020/4928648
http://www.ncbi.nlm.nih.gov/pubmed/32373643
http://doi.org/10.1038/bjc.2016.431
http://doi.org/10.1007/s10637-017-0464-x
http://doi.org/10.1097/CJI.0b013e318247a4e7
http://www.ncbi.nlm.nih.gov/pubmed/22306905
http://doi.org/10.2217/imt.15.12
http://doi.org/10.1097/CJI.0000000000000300
http://www.ncbi.nlm.nih.gov/pubmed/31574022
http://doi.org/10.1001/jamaoncol.2017.2925
http://doi.org/10.1200/JCO.2017.73.2289
http://www.ncbi.nlm.nih.gov/pubmed/28841387
https://jtd.amegroups.com/article/view/44092/html
https://jtd.amegroups.com/article/view/44092/html
http://doi.org/10.1017/S0029665118000459
http://www.ncbi.nlm.nih.gov/pubmed/30001763
http://doi.org/10.1161/CIR.0b013e318233bc6a
http://doi.org/10.7326/M15-2435
http://www.ncbi.nlm.nih.gov/pubmed/26551376
http://doi.org/10.1016/j.mce.2009.08.018
http://doi.org/10.2337/dc12-0336
http://www.ncbi.nlm.nih.gov/pubmed/23093685
http://doi.org/10.18632/oncotarget.16725
http://www.ncbi.nlm.nih.gov/pubmed/28389628
http://doi.org/10.1038/bjc.2017.149
http://www.ncbi.nlm.nih.gov/pubmed/28588319
http://doi.org/10.1016/j.jhep.2015.02.031
http://www.ncbi.nlm.nih.gov/pubmed/25724366
http://doi.org/10.1007/s00432-014-1893-y


Cancers 2021, 13, 2200 16 of 16

60. Caan, B.J.; Cespedes Feliciano, E.M.; Kroenke, C.H. The Importance of Body Composition in Explaining the Overweight Paradox
in Cancer-Counterpoint. Cancer Res. 2018, 78, 1906–1912. [CrossRef]

61. Quagliariello, V.; De Laurentiis, M.; Cocco, S.; Rea, G.; Bonelli, A.; Caronna, A.; Lombari, M.C.; Conforti, G.; Berretta, M.; Botti, G.;
et al. NLRP3 as Putative Marker of Ipilimumab-Induced Cardiotoxicity in the Presence of Hyperglycemia in Estrogen-Responsive
and Triple-Negative Breast Cancer Cells. Int. J. Mol. Sci. 2020, 21, 7802. [CrossRef]

62. Ping, Z.; Pei, X.; Xia, P.; Chen, Y.; Guo, R.; Hu, C.; Imam, M.U.; Chen, Y.; Sun, P.; Liu, L. Anthropometric indices as surrogates for
estimating abdominal visceral and subcutaneous adipose tissue: A meta-analysis with 16,129 participants. Diabetes Res. Clin. Pr.
2018, 143, 310–319. [CrossRef] [PubMed]

63. Mourtzakis, M.; Prado, C.M.M.; Lieffers, J.R.; Reiman, T.; McCargar, L.J.; Baracos, V.E. A practical and precise approach
to quantification of body composition in cancer patients using computed tomography images acquired during routine care.
Appl. Physiol. Nutr. Metab. 2008, 33, 997–1006. [CrossRef] [PubMed]

64. Forbes, G.B.; Welle, S.L. Lean body mass in obesity. Int. J. Obes. 1983, 7, 99–107.
65. Cheymol, G. Effects of obesity on pharmacokinetics implications for drug therapy. Clin. Pharm. 2000, 39, 215–231. [CrossRef]
66. Carneiro, I.P.; Mazurak, V.C.; Prado, C.M. Clinical Implications of Sarcopenic Obesity in Cancer. Curr. Oncol. Rep. 2016, 18, 62.

[CrossRef] [PubMed]
67. Mei, K.L.; Batsis, J.A.; Mills, J.B.; Holubar, S.D. Sarcopenia and sarcopenic obesity: Do they predict inferior oncologic outcomes

after gastrointestinal cancer surgery? Perioper. Med. 2016, 5. [CrossRef] [PubMed]
68. Baracos, V.E.; Arribas, L. Sarcopenic obesity: Hidden muscle wasting and its impact for survival and complications of cancer

therapy. Ann. Oncol. 2018, 29, ii1–ii9. [CrossRef]
69. Cortellini, A.; Bozzetti, F.; Palumbo, P.; Brocco, D.; Di Marino, P.; Tinari, N.; De Tursi, M.; Agostinelli, V.; Patruno, L.; Valdesi,

C.; et al. Weighing the role of skeletal muscle mass and muscle density in cancer patients receiving PD-1/PD-L1 checkpoint
inhibitors: A multicenter real-life study. Sci. Rep. 2020, 10, 1456. [CrossRef]

70. Shiroyama, T.; Nagatomo, I.; Koyama, S.; Hirata, H.; Nishida, S.; Miyake, K.; Fukushima, K.; Shirai, Y.; Mitsui, Y.; Takata, S.;
et al. Impact of sarcopenia in patients with advanced non–small cell lung cancer treated with PD-1 inhibitors: A preliminary
retrospective study. Sci. Rep. 2019, 9, 2447. [CrossRef] [PubMed]

71. Prado, C.M.; Purcell, S.A.; Laviano, A. Nutrition interventions to treat low muscle mass in cancer. J. Cachexia Sarcopenia Muscle
2020, 11, 366–380. [CrossRef]

http://doi.org/10.1158/0008-5472.CAN-17-3287
http://doi.org/10.3390/ijms21207802
http://doi.org/10.1016/j.diabres.2018.08.005
http://www.ncbi.nlm.nih.gov/pubmed/30086371
http://doi.org/10.1139/H08-075
http://www.ncbi.nlm.nih.gov/pubmed/18923576
http://doi.org/10.2165/00003088-200039030-00004
http://doi.org/10.1007/s11912-016-0546-5
http://www.ncbi.nlm.nih.gov/pubmed/27541923
http://doi.org/10.1186/s13741-016-0052-1
http://www.ncbi.nlm.nih.gov/pubmed/27800156
http://doi.org/10.1093/annonc/mdx810
http://doi.org/10.1038/s41598-020-58498-2
http://doi.org/10.1038/s41598-019-39120-6
http://www.ncbi.nlm.nih.gov/pubmed/30792455
http://doi.org/10.1002/jcsm.12525

	Introduction 
	Materials and Methods 
	Study Design and Cohort Population 
	Data Collection 
	Patient Characteristics 
	Body Mass Index 
	Toxicity 

	Statistics 

	Results 
	Patient Characteristics 
	Characteristics of the Observed Toxicities 
	Association between BMI and Toxicities 
	Association between BMI and Survival 
	Association between Toxicity and Survival 
	Determinants of Survival 
	Occurrence of Toxicity 

	Discussion 
	Conclusions 
	References

