
Abstract. Background/Aim: To determine whether BMI and
sarcopenia were related to treatment-limiting toxicity or
efficacy of pembrolizumab treatment in melanoma patients.
Patients and Methods: Medical records for melanoma patients
undergoing pembrolizumab treatment at Duke University from
January 2014 to September 2018 were reviewed. Pre-
treatment measurements such as BMI were collected. Pre-
treatment CT imaging was used to determine psoas muscle
index (PMI). Patients in the lowest sex-specific tertile of PMI
were sarcopenic. Logistic regression measured associations
with treatment toxicity and response. Kaplan-Meier analysis
assessed progression-free survival (PFS) and overall survival
(OS). Results: Among 156 patients, the overall objective
response rate was 46.2% and 29 patients (18.6%) experienced
treatment-limiting toxicity. Sarcopenia was not significantly
associated with toxicity, response, or survival. However, obese
patients (BMI >30) experienced higher rates of toxicity
(p=0.0007). Conclusion: Sarcopenia did not appear to predict
clinically relevant outcomes. Obesity, however, represents a
readily available predictor of pembrolizumab toxicity. 

Immune checkpoint inhibitor (ICI) therapies, including those
targeting the programmed death (PD)-1 receptor, have
significantly improved the outcomes for patients with
unresectable or metastatic melanoma. Studies have suggested
that easily measured patient markers such as body mass
index (BMI) and radiographic sarcopenia can help predict
response and toxicity to targeted immunotherapies (1, 2).
These factors can, therefore, impact treatment decisions in
choosing one drug versus another depending on individual
patient characteristics. 

Several other clinical predictors of immune checkpoint
inhibitor treatment outcomes such as baseline tumor volume,
lactate dehydrogenase and presence of lung metastases have
been previously identified. Relative changes in S100 levels
have been found to predict survival in metastatic melanoma
patients treated with pembrolizumab (3). Nevertheless,
additional reliable predictors of treatment response are
needed (4-7). Severe adverse events (AEs) associated with
pembrolizumab, in particular, are uncommon, but do occur
and can even be life-threatening, with toxicities ranging from
the more common pneumonitis, colitis and thyroiditis, to rare
reported cases of bullous pemphigoid, demyelinating
polyradiculopathy, and acute heart failure from autoimmune
myocarditis (8-10). 

Baseline patient body parameters such as BMI and
sarcopenia could play a useful role in predicting
pembrolizumab response and toxicity. Further, understanding
the efficacy and toxicity of pembrolizumab in adult patients
could better inform therapeutic options for pediatric patients
as well (11). Baseline BMI is already routinely recorded in
clinical practice and is therefore an easily accessible
biomarker. Sarcopenia, however, is a separately reportable
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health condition in the 10th edition of the International
Classification of Diseases (ICD-10), and is defined as muscle
failure due to adverse changes that accrue across a lifetime
(12). As it is difficult to accurately gauge muscle quality and
quantity, measurements on radiographic imaging have been
used as surrogates for sarcopenia in clinical research.

Recent retrospective studies have revealed a possible
“obesity paradox” in which higher BMI is associated with
better survival in melanoma patients treated with
immunotherapy (13, 14). Radiographic sarcopenia has been
shown to be a reliable predictor of prognosis in patients with
stage III melanoma and has been associated with worse
toxicity and lower survival rates in response to
immunotherapy (15-17). Recently published reports have
indicated that skeletal muscle mass may modify the
association between BMI and mortality (18, 19). Sarcopenia
and obesity have therefore emerged as patient characteristics
of interest in the evaluation of cancer prognosis and PD-1
inhibitor therapy outcomes (1, 14, 20). 

We conducted a retrospective study to investigate whether
BMI and the aforementioned simple measure for sarcopenia
correlates with toxicity and response to pembrolizumab in
the treatment of advanced melanoma. 

Patients and Methods
Overview and inclusion criteria. A search tool (DEDUCE) was
used to find all patients with advanced cutaneous melanoma who
initiated pembrolizumab treatment (200 mg intravenously every
three weeks) at Duke University Medical Center between January
2014 and September 2018, with last follow-up date April 4th,
2019. Patients were excluded from the analysis if they received
pembrolizumab as an adjuvant therapy following complete
surgical resection, if they had mucosal or choroidal melanoma, or
did not undergo computerized tomography (CT) imaging
spanning the L3-L4 vertebrae within 3 months of starting
treatment. This retrospective study was approved by the Duke
University Institutional Review Board, and written informed
consent was not required.

We performed a retrospective chart review and recorded data
elements including demographic information, primary tumor
characteristics (Breslow thickness, Clark level, and number of
mitotic figures), baseline laboratory results (albumin, creatinine),
previous treatments, concurrent treatments (immunotherapy and
radiation), and baseline BMI. Dates of best response, tumor
progression, and death, if applicable, were also recorded.

Response assessment. Response to pembrolizumab was assessed
using body CT scans performed with or without positron emission
tomography (PET). The response determination made by the
treating oncologist was recorded. Response was categorized as
complete response (CR), partial response (PR), stable disease (SD),
or progressive disease (PD) using RECIST v1.1 principles (2). If
the patient had neither a sufficient decrease in lesions to qualify for
an objective response designation, nor a sufficient increase to
qualify for a PD designation, the patient was recorded as
experiencing SD. 

Toxicity assessment. Toxicity was assessed by conducting a chart
review of each individual patient’s outpatient oncology visits and
hospital admission notes. Events were categorized according to the
Common Terminology Criteria for Adverse Events v5.0, and a
patient was recorded as experiencing a treatment-limiting toxicity
if their symptoms led to the permanent discontinuation of
pembrolizumab treatment (21). 

Anthropometric measurements. Within 1 week prior to treatment
initiation, weight was measured with a medical balance beam scale,
and height was measured with a stadiometer. The BMI was calculated
as follows: BMI (in kg/m2)=weight (in kg)/height2 (in m2). 

Image analysis. Cross-sectional area of a single psoas muscle was
measured following the example set by a prior study using this
method (22). All measurements were performed by a board-certified
radiologist (LH) with fellowship training in abdominal imaging,
who was blinded to clinical outcomes. All measurements were made
manually, using electronic calipers, on the picture archiving and
communication system (PACS) (Centricity 6.0, GE Healthcare).
After identifying the third non-rib bearing lumbar vertebra, an
image was chosen at the level of the transverse process. On this
image, the size of the right psoas was determined by measuring and
recording the longest anterior-posterior dimension and longest
medial-lateral dimension. If the right psoas appeared asymmetrically
large or small compared with the left, both psoas muscles were
measured and averaged.

The psoas area at the L3 level was normalized for height to
calculate the psoas muscle index (PMI) using the following equation:
PMI (in cm2/m2)=cross-sectional area of psoas muscle (in cm2)/
height2 (in m2). This is shown in Figure 1.  

Statistical analysis. The goal of this study was to assess the
potential association between body composition factors (such as
BMI and sarcopenia) and clinical outcomes among patients treated
with pembrolizumab. Patients were categorized as obese,
overweight, or low-average weight according to the guidelines
published by the National Institutes of Health and Center for
Disease Control and Prevention. In the absence of a standard
definition of sarcopenia, patients were dichotomized according to
their PMI or contrast density values relative to the other patients in
the sample of the same gender. Patients in the lower third for the
pertinent value were categorized as sarcopenic. Two definitions for
sarcopenia were used to analyze the same group of patients. Results
are presented for the PMI-based definition. 

Patients were assessed for differences in demographics, cancer,
and treatment characteristics by sarcopenic status and BMI
category using Wilcoxon rank sum tests for continuous variables
and chi-square or Fisher’s exact (where appropriate) for categorical
variables. Differences in progression-free survival (PFS) and
overall survival (OS) were evaluated using the Kaplan Meier
method. All statistical analyses were conducted using SAS
software, version 9.4. 

Results
Patients. This study included 156 patients with advanced
melanoma (AJCC 7 staging system). The sample was 96%
white (n=150), 58% male (n=91) and 73% overweight or
obese (n=114). By the time of treatment initiation, 84% had
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metastatic stage IV melanoma (n=131) and 15% had low
albumin (<3.5 mg/dl). Forty-nine patients (32%) had a
confirmed BRAF V600E mutation. Patients underwent a
median of 8 cycles (range=1-49 cycles) for a median of 5.5
months of pembrolizumab treatment (range=0.7-41.4
months). Sixteen patients (9%) received concurrent treatment
including: talimogene laherparepvec (T-VEC) (n=5),
denosumab (n=4), dabrafenib/trametinib (n=2), Dynavax SD-
101 (on clinical trial) (n=2), and 1 patient each received
temozolomide, pomalidomide, and paclitaxel). The patient
characteristics are summarized in Table I.

Clinicopathologic differences across sarcopenic designations.
Fifty-three patients (34%) in the bottom sex-specific tertile
for PMI were categorized as sarcopenic. The baseline
clinicopathologic characteristics of the patients are compared
by sarcopenia status and are summarized in Table II. Overall,
sarcopenic patients were older (p=0.01), had lower BMI
(p<0.0001), and were more likely to have abnormally low
albumin levels <3.5 g/dl (p=0.02) compared to non-
sarcopenic patients. 

Clinicopathologic differences across BMI categories. After
patients were divided into BMI groups as conducted in a
prior study (23), 42 patients (27%) fell into the low/average
BMI group (BMI less than 25), 56 patients (36%) were
overweight (BMI greater than or equal to 25 and less than
30) and 58 patients (37%) were obese (BMI of 30 or
greater). Other than the previously mentioned differences in
sarcopenia rates, patients in the three BMI categories
differed in sex, with obese patients being more likely to be
men (p=0.047). Otherwise, there were no statistical
differences in baseline clinicopathologic characteristics
among patients grouped by BMI. These comparisons are
summarized in Table III.

Response. The overall objective response rate (PR or CR)
was 46% (72 patients). We observed a CR rate of 28% (43
patients) and a PR rate of 19.0% (29 patients). There were
13 patients who achieved SD and were therefore included in
the disease control group, a total of 85 patients (54%)
achieved disease control (SD + PR + CR), and 71 patients
(46%) who progressed without responding. In unadjusted
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Figure 1. Demonstration of how a single psoas cross-sectional area measurement was performed. This figure was created using an anonymized CT
scan cross-section at the L3 vertebrae. The light blue line represents the longest medial-lateral diameter. The red line represents the longest anterior-
posterior diameter. These diameters were then multiplied together and normalized by patient height2 (m2).



analysis, patients differed in rates of objective response
based on neither sarcopenic status (Table IV) nor BMI
category (Table V). 

Toxicity. Twenty-nine patients (19%) experienced a toxicity
that was severe enough to cause permanent cessation of
pembrolizumab treatment. The most common treatment-
stopping toxicities were GI- and skin-related, with 6 patients
each (3.8%). While there were no differences in toxicity
based on sarcopenic status, BMI category was statistically
associated with toxicity (p=0.0004). Specifically, obese
patients had higher rates of treatment-ending toxicity (35%
compared to 7% and 12%) (Table V).

Progression-free survival (PFS) and overall survival (OS).
Sixty-one patients (39%) died, five of which did not have
disease progression and 94 patients (60%) progressed. There
were no statistical differences in PFS and OS by sarcopenic
status or BMI category. The median PFS for sarcopenic
patients was 12.8 months (95%CI=4.8-41.4 months)
compared to 12.2 months (95%CI=6.6-23.6 months) for non-
sarcopenic patients. Patients with low-to-average BMI had
median PFS of 12.2 months (95%CI=5.0-30.7) compared to
10.3 months (95%CI=5.7-19.5) for overweight and 16.9
months [95% CI 4.9-NE (non-estimable)] for obese patients,
log-rank p=0.95. The log-rank test for differences in OS
curves by sarcopenic status or BMI category resulted in
p=0.48 and p=0.75, respectively. Median follow-up for the
sample was 32.9 months (95%CI=30.4-39.9 months) with
slight differences by BMI category that were not statistically
significant: 41.6 months (95%CI=27.1-43.6) for low-average
BMI vs 31.2 months (95%CI=26.7-35.0) for overweight to
obese patients, log-rank p=0.08.

Discussion

This study investigated the potential impact of sarcopenia
and BMI on the efficacy and toxicity of pembrolizumab
therapy in patients with advanced melanoma. To the best of
our knowledge, this is the first study to employ a simple
measure of sarcopenia (lumbar cross-sectional area of a
single psoas muscle) to examine outcomes of melanoma
patients treated with pembrolizumab. Sarcopenia, defined
using PMI calculated from simple psoas cross-sectional area,
was associated with older age, lower BMI, and lower
albumin. There is published evidence showing that muscle
function and muscle mass are associated with these three
factors, suggesting that our simple psoas measurement may
have been a good surrogate for sarcopenia (24-26). However,
this measure was not found to be associated with the efficacy
and toxicity of pembrolizumab. Further, we did not find
evidence to suggest that sarcopenia or BMI groupings
correlated with survival outcomes. Interestingly, though,
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Table I. Patient, cancer and treatment characteristics.

                                                                                All patients (n=156)

                                                                                   n                 %

Median age at treatment start (Min-Max)                           66 (21-93)
Patient gender                                                                                
  Female                                                                    65              41.7
  Male                                                                       91              58.3
Patient race                                                                                    
  Caucasian                                                             150              96.2
  African American                                                    5               3.2
  American Indian or Alaskan Native                       1               0.6
Median BMI (Min-Max)                                                  28.5 (16.4-71.5)
BMI category                                                                                 
  Low-average (BMI <25)                                       42              26.9
  Overweight (25≤BMI<30)                                    58              37.2
  Obese (BMI ≥30)                                                   56              35.9
ECOG status                                                                                  
  Performance status 0                                             63              40.4
  Performance status 1                                             36              23.1
  Performance status 2                                               7               4.5
  Performance status 3                                               3               1.9
  Performance status not reported                           47              30.1
Albumin                                                                                         
  Low (<3.5 g/dl)                                                     24              15.4
  Normal (5.5≥Albumin≥3.5 g/dl)                         132              84.6
  High (>5.5 g/dl)                                                       0                 0
Creatinine                                                                                       
  Low (female <0.6, male <0.9 mg/dl)                   24              15.4
  Normal (female 0.6-1.1, male 0.9-1.3 mg/dl)    119              75.0
  High (female >1.1, male >1.3 mg/dl)                   15               9.6
Chronic kidney disease diagnosis                                                 
  Yes                                                                          40              25.6
  No                                                                         116              74.4
AJCC 7 stage at treatment start                                                    
  IIIC                                                                         25              16.0
  IV                                                                         131              84.0
Median Breslow thickness (Q1-Q3)
(missing for 39/156 patients)                                             2.5 (0.3-28.0)
Primary site                                                                                    
  Head/neck                                                              38              24.4
  Trunk                                                                      31              19.9
  Upper extremity                                                     30              19.2
  Lower extremity                                                    41              26.3
  Metastatic                                                               16              10.3
Presence of BRAF V600E mutation                                             
  Unknown                                                                  6               3.8
  Wild-type                                                             101              64.7
  Mutant                                                                    49              31.4
Median number of cycles (Min-Max)                                   8 (1-49)
Concurrent cancer diagnosis                                                         
  No                                                                         134              85.9
  Yes                                                                          22              14.1
Concurrent radiation therapy                                                        
  No                                                                         152              97.4
  Yes                                                                            4               2.6
Concurrent treatment                                                                     
  No                                                                         142              91.0
  Yes                                                                          14               9.0
  Median time on Pembro, months (Min-Max)                   5.5 (0.7-41.4)

Sex-specific creatinine levels were defined using the University of
Rochester Online Health Encyclopedia.



patients with obesity were more likely to experience a
toxicity leading to treatment cessation. 

Most published studies that used radiographic imaging to
quantify sarcopenia employed specialized software such as

SYNAPSE VINCENT (Fujifilm Medical, Tokyo, Japan) and
Slice-O-Matic (Tomovision, Montreal, Quebec, Canada) to
calculate total muscle cross-sectional area (27). Although
such tools may be automated and could more accurately
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Table II. Patient, cancer and treatment characteristics by sarcopenic status.

                                                                                                                                                                 PMI-based definition

                                                                                                                                           Not sarcopenic                              Sarcopenic
                                                                                                                                                  n=103                                          n=53

                                                                                                                                        N                        %                         N                      %          p-Value

Median age at treatment start (Q1-Q3)                                                                          65.1 (54.3-71.9)                            68.5 (62.0-77.0)             0.01
Patient gender                                                                                                                                                                                                                 0.98
   Female                                                                                                                         43                       41.0                      22                    41.5             
   Male                                                                                                                             60                       58.3                      31                    58.5             
Patient race                                                                                                                                                                                                                     0.78
   Caucasian                                                                                                                    98                       95.1                      52                    98.1             
   African American                                                                                                         4                         3.9                        1                      1.9             
   American Indian or Alaskan Native                                                                            1                         1.0                        0                      0                 
Median BMI (Q1-Q3)                                                                                                      29.1 (26.5-34.0)                            25.3 (22.2-29.0)          <0.0001
BMI category                                                                                                                                                                                                              <0.0001
   Low-Average (BMI <25)                                                                                           17                       16.2                      25                    47.2             
   Overweight (25≤BMI<30)                                                                                         38                       36.9                      18                    34.0             
   Obese (BMI ≥30)                                                                                                        48                       46.6                      10                    18.9             
Albumin                                                                                                                                                                                                                          0.02
   Low (<3.5 g/dl)                                                                                                           11                       10.7                      13                    24.5             
   Normal (5.5≥Albumin≥3.5 g/dl)                                                                                92                       89.3                      40                    75.5             
Creatinine                                                                                                                                                                                                                       0.17
   Low (female <0.6, male <0.9 mg/dl)                                                                        14                       13.6                      10                    18.9             
   Normal (female 0.6-1.1, male 0.9-1.3 mg/dl)                                                           76                       73.8                      41                    77.4             
   High (female >1.1, male >1.3 mg/dl)                                                                        13                       12.6                        2                      3.8             
Stage at treatment start                                                                                                                                                                                                 0.49
   IIIC                                                                                                                              18                       17.5                        7                    13.2             
   IV                                                                                                                                 85                       82.5                      46                    86.8             
Median Breslow thickness (Q1-Q3) missing for 39/156 patients; 
26/103 non sarcopenic and 13/53 sarcopenic                                                                   2.7 (1.3-4.5)                                  2.3 (1.3-4.2)                0.48
Primary melanoma site                                                                                                                                                                                                  0.71
   Head/neck                                                                                                                    22                       21.4                      16                    30.2             
   Trunk                                                                                                                           20                       19.4                      11                    20.8             
   Upper extremity                                                                                                          20                       19.4                      10                    18.9             
   Lower extremity                                                                                                          29                       28.2                      12                    22.6             
   Metastatic                                                                                                                    12                       11.7                        4                      7.5             
Presence of BRAF V600 mutation                                                                                                                                                                               1.00
   Unknown                                                                                                                       4                         3.9                        2                      3.8             
   BRAF Wild-type                                                                                                          67                       65.0                      34                    64.2             
   BRAF Mutant                                                                                                              32                       31.1                      17                    32.1             
Median number of treatment cycles (Q1-Q3)                                                                     8.0 (4-13)                                      8.0 (3-20)                  0.79
Concurrent cancer diagnosis                                                                                                                                                                                         0.22
   No                                                                                                                                91                       88.3                      43                    81.1             
   Yes                                                                                                                               12                       11.7                      10                    18.9             
Concurrent radiation therapy                                                                                                                                                                                         1.00
   No                                                                                                                              100                       97.1                      52                    98.1             
   Yes                                                                                                                                 3                         2.9                        1                      1.9             
Concurrent treatment                                                                                                                                                                                                     0.08
   No                                                                                                                                97                       94.2                      45                    84.9             
   Yes                                                                                                                                 6                         5.8                        8                    15.1             
Median time on Pembro, months (Q1-Q3)                                                                       5.5 (2.7-10.3)                                5.3 (2.1-13.8)               0.95

Continuous variables were compared using Wilcoxon rank sum tests and categorical variables by chi-square or Fisher’s exact (where appropriate).
Percentages are within sarcopenic status.
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Table III. Patient, cancer and treatment characteristics by BMI category.

                                                                                                                                                             BMI Category                           

                                                                                                                        Low-average                  Overweight                        Obese
                                                                                                                              n=42                              n=56                               n=58
   
                                                                                                                        n               %                n                  %                  n               %           p-Value

Median age at treatment start (Q1-Q3)                                                      68.4 (57.0-77.0)            67.8 (55.9-75.9)            65.3 (55.2-68.9)           0.17
Patient gender                                                                                                                                                                                                               0.047
   Female                                                                                                        22             52.4             26                44.1             17              29.8              
   Male                                                                                                           20             47.6             30                53.6             41              70.7              
Patient race                                                                                                                                                                                                                     0.44
   Caucasian                                                                                                   42           100.0             54                96.4             54              93.1              
   African American                                                                                        0               0                  2                  3.6               3                5.2              
   American Indian or Alaskan Native                                                           0               0                  0                  0                  1                1.7              
Albumin                                                                                                                                                                                                                         0.81
   Low (<3.5 g/dl)                                                                                           6             14.3             10                17.9               8              13.8              
   Normal (5.5≥Albumin≥3.5 g/dl)                                                               36             85.7             46                82.1             50              86.2              
Creatinine                                                                                                                                                                                                                       0.42
   Low (female <0.6, male <0.9 mg/dl)                                                         9             21.4               5                  8.9             10              17.2              
   Normal (female 0.6-1.1, male 0.9-1.3 mg/dl)                                          30             71.4             46                82.1             41              70.7              
   High (female >1.1, male >1.3 mg/dl)                                                         3               7.1               5                  8.9               7              12.1              
Stage at treatment start                                                                                                                                                                                                 0.90
   IIIC                                                                                                               7             16.7               8                14.3             10              17.2              
   IV                                                                                                               35             83.3             48                85.7             48              82.8              
Median Breslow thickness (Q1-Q3) missing for 39/156 patients; 
9/42 Low-average, 15/56 Overweight, and 15/58 Obese                             2.2 (1.1-3.0)                  2.7 (1.3-5.7)                  2.6 (1.3-4.5)              0.42
Primary site                                                                                                                                                                                                                    0.84
   Head/neck                                                                                                    9             21.4             15                26.8             14              24.1              
   Trunk                                                                                                            6             14.3             11                19.6             14              24.1              
   Upper extremity                                                                                         10             23.8             12                21.4               8              13.8              
   Lower extremity                                                                                        11             26.2             14                25.0             16              27.6              
   Metastatic                                                                                                     6             14.3               4                  7.1               6              10.3              
Presence of BRAF V600E mutation                                                                                                                                                                             0.77
   Unknown                                                                                                      2               4.8               3                  5.4               1                1.7              
   BRAF Wild-type                                                                                        25             59.5             36                64.3             40              69.0              
   BRAF Mutant                                                                                             15             35.7             17                30.4             17              29.3              
Median number of cycles (Q1-Q3)                                                                 8.5 (4-21)                      7.0 (4-13)                      7.5 (4-12)                0.38
Concurrent cancer diagnosis                                                                                                                                                                                         0.47
   No                                                                                                               34             81.0             48                85.7             52              89.7              
   Yes                                                                                                                8             19.0               8                14.3               6              10.3              
Concurrent radiation therapy                                                                                                                                                                                        0.84
   No                                                                                                               41             97.6             54                96.4             57              98.3              
   Yes                                                                                                                1               2.4               2                  3.6               1                1.7              
Concurrent treatment                                                                                                                                                                                                     0.69
   No                                                                                                               37             88.1             51                91.1             54              93.1              
   Yes                                                                                                                5              11.9               5                  8.9               4                6.9              
Median time on Pembro, months (Q1 - Q3)                                                6.2 (2.1-13.8)                 5.4 (2.2-9.1)                 5.1 (3.0-11.0)             0.70
PMI-based sarcopenia definition                                                                                                                                                                                      
   Not sarcopenic                                                                                           17             40.5             38                67.9             48              82.8       <0.0001
   Sarcopenic                                                                                                  25             59.5             18                32.1             10              17.2              
Density-based sarcopenia definition*                                                                                                                                                                              
   Did not have a contrast scan (not included)                                              9             21.4               5                 8.5                10            17.2               
   Not sarcopenic                                                                                           23      54.8 (69.7)        35          62.5 (68.6)         29      50.0 (60.4)      0.60
   Sarcopenic                                                                                                  10      23.8 (30.3)        16          28.6 (31.4)         19      32.8 (39.6)          

Continuous variables were compared using Kruskal-Wallis tests and categorical variables by chi-square or Fisher’s exact (where appropriate).
Percentages are within BMI group. *Patients who did not have a contrast scan were not included in the test comparing BMI groups on Density-
Based Sarcopenia Definition; percentages in parentheses are specifically among those in the corresponding BMI group who had a scan.



quantify muscle surface area, these methods are costly,
requiring additional training and software. In contrast, this
study employs an expedient and accessible measure of the
cross-sectional area of the psoas muscle, which has been
successfully used in the past to study major surgical
complications after colorectal carcinoma resection (22). To
our knowledge, no study has yet evaluated sarcopenia in the
context of pembrolizumab treatment for melanoma using this
simple method. 

Only limited research has been published on sarcopenia in
patients treated with PD-1 inhibitors, yet existing evidence
indicates that radiographic sarcopenia may be associated
with higher frequency of toxicity and lower response rates
(23, 28). In contrast with these prior studies, no relationship
between sarcopenia and treatment outcomes were identified
in this study. While it is possible that sarcopenia is not
relevant to pembrolizumab outcomes in this population, it is
also plausible that the impact of sarcopenia is masked by the
small sample size or some variable not accounted for in this
study. Perhaps sarcopenic patients experienced unmeasured

disadvantages such as lower quality of life and decreased
daily function, but if these impacts were present, they did not
appear to affect treatment outcomes or survival (29). It is
also possible that sarcopenia itself is a confounding variable
related to other variables associated with the outcomes of
interest. Although the described method of defining
sarcopenia did not find a direct association between
sarcopenia and clinical outcomes in this sample, it was found
to be associated with albumin, age, and BMI.

In contrast with these prior studies, no relationship between
sarcopenia and treatment outcomes were identified in this
study. Our results suggest that higher BMI is associated with
greater likelihood of toxicity. Thus far, there is a paucity of
evidence relating BMI and the risk of pembrolizumab-related
toxicity; two retrospective studies published from the same
institution show that sarcopenic overweight patients experience
more early acute limiting toxicity from PD-1 inhibitors (1, 30).
In contrast, pharmacokinetic studies predicted that although
body weight influences the clearance and volume of
distribution of monoclonal antibodies, weight has no clinically

Hu et al: BMI and Pembrolizumab Toxicity in Melanoma 

5251

Table IV. Toxicity and treatment response by sarcopenic status.

                                                                                                                                    PMI-based definition                               

                                                                                                     All                               Not sarcopenic                           Sarcopenic                          

                                                                                           n                     %                    n                     %                      n                     %                p-Value

Toxicity leading to pembrolizumab cessation                                                                                                                                                             0.95
  No                                                                                 127                 81.4                  84                  81.6                   43                  81.1                     
  Yes                                                                                  29                  18.6                  19                  18.4                   10                  18.9                     
Objective response determination                                                                                                                                                                                0.88
  Non-responders (SD, PD)                                             84                  53.8                  55                  53.4                   29                  54.7                     
  Responders (CR, PR)                                                    72                  46.2                  48                  46.6                   24                  45.3                     

Percentages are within sarcopenic status.

Table V. Toxicity and treatment response by BMI category.

                                                                                                                                        BMI category

                                                                                           All                      Low-average                Overweight                        Obese                          

                                                                                   n                %               n               %                n                %                 n                 %             p-Value

Toxicity leading to pembrolizumab cessation                                                                                                                                                            0.0004
   No                                                                        127             81.4            37             88.1              52             92.9              38              65.5                  
   Yes                                                                         29             18.6              5             11.9                4               7.1              20              34.5                  
Objective response determination                                                                                                                                                                                 0.40
   Non-responders (SD or NONE)                           84             53.8            26             61.9              30             53.6              28              48.3                  
   Responders (CR or PR)                                        72             46.2            16             38.1              26             46.4              30              51.7                  

Percentages are within BMI category. p-values <0.05 are shown in bold.



relevant impact on pembrolizumab treatment (31, 32). In fact,
in one such study, the effects of body weight on the volume of
distribution and clearance of pembrolizumab appear to be
minimal in comparison to the effects of body weight on the
other PD-1 inhibitor drug, nivolumab (33). Yet, our results
suggest that obesity may augment the risk of pembrolizumab
toxicity. Therapeutic antibodies such as pembrolizumab are
primarily eliminated by protein catabolism in multiple tissue
types. It is possible that the relative lack of lean tissue in
patients with obesity leads to reduced elimination and exposure
ton increased concentrations of the drug (34). This would hold
especially true if pembrolizumab was administered on a
weight-based dosing regimen; however, it is given in a fixed
dose to all patients. Another explanation may involve the fact
that monoclonal antibodies are largely confined to vascular and
interstitial spaces due to their large molecular weight and
hydrophilicity (32). As BMI increases, there may be a greater
increase in body mass in proportion to the volume of
distribution, thereby concentrating the drug in a smaller space
relative to total body mass. Altered cardiac performance and
adipose tissue blood flow in patients with obesity may also
play a role in heightened toxicity to pembrolizumab (35).
Lastly, it has been posited that adipokines and obesity-related
inflammation could contribute to toxicity (1).

Finally, no correlation between BMI and treatment
response or survival was found, notwithstanding the reported
“obesity paradox” in which obesity has been associated with
superior treatment outcomes in patients receiving BRAF-
targeted and immunologic therapies (10, 12, 36). Moreover,
there is a documented direct relationship between occurrence
of immune-related adverse events and improved clinical
response to immune checkpoint inhibitor treatment (37-39).
As this study suggests that obesity is correlated with
pembrolizumab toxicity, we would have also expected
obesity to correlate with positive treatment outcomes. 

Ultimately, the findings in this study suggest that while a
simple measure of radiographic sarcopenia may correlate
with patient age, albumin and BMI, it is not necessarily
predictive of toxicity and response to pembrolizumab. BMI,
however, appears to be a readily available baseline patient
measure which corresponds to heightened toxicity.

Our findings should be interpreted in the context of
several study limitations. First, this was a retrospective
single-institution analysis with a relatively small sample size
which limited subgroup and multivariate analyses. Moreover,
this study illustrates only one of many ways to measure
sarcopenic status, and it is possible that more accurate,
automated approaches could be implemented and further
developed. Future studies on pembrolizumab for the
treatment of melanoma could explore other strategies for
determining sarcopenia, including single-distance
measurement of the temporalis muscle, measurement of all
lumbar muscles, hand-grip strength, and the ECOG (Eastern

Cooperative Oncology Group) performance score (12, 40).
Other variables associated with nutritional status and muscle
mass, such as albumin and creatinine, may be examined in
further studies to explore these specific patient factors and
how they influence individual response to immunotherapy. 

Conclusion

Our findings indicate that sarcopenia was not predictive of
efficacy or toxicity associated with pembrolizumab treatment
of patients with advanced melanoma. However, higher BMI,
a routinely measured and readily available baseline
characteristic, was associated with treatment-limiting
toxicity. While further study is warranted to elucidate the
basis of this relationship, knowledge that patients with higher
BMI are at higher risk for these toxicities could inform
decision-making and provide anticipatory guidance when
choosing the right therapy for an individual patient. 
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