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Abstract 

 

Background: The occurrence of severe, acute limiting toxicity in patients receiving anti-PD-1 

monoclonal antibodies, such as nivolumab, is largely unpredictable. Sarcopenia was found 

associated with anti-CTLA4 acute toxicity. We explore the clinical and pharmacological 

parameters influencing nivolumab toxicity, including body composition.  

Methods: From June 2015 to January 2017, all consecutive patients treated with nivolumab in 

our institution were prospectively included. We studied the relationship between muscle mass 

assessed by computed tomography, nivolumab trough level (Cmin) at day 14 assessed using 

ELISA method, and the occurrence of immune grade 3 or 4 toxicity or any toxicity leading to 

treatment discontinuation (irALT). 

Results: In our population (n=92) with a majority of lung cancer (72%), forty-five (51.7%) 

patients were sarcopenic. Median plasma nivolumab Cmin at day 14 was 15.4 μg/mL (IQR=11.8-

21.0). In multivariate analysis, hypoalbuminemia (<35g/L) was independently associated with 

low nivolumab Cmin on day 14 (OR=0.09; 95%CI = 0.01-0.59, p=0.01) and overweight/obesity 

with high nivolumab Cmin on day 14 (OR=5.94; 95%CI=1.25-28.29, p=0.03). We observed 22 

irALT in 19 patients (21%). The most frequent irALT were respiratory (6.5%) disorders and 

gastrointestinal (4.3%) disorders. Patients with sarcopenia were at significantly increased risk 

of experiencing an irALT (OR = 3.84; 95%CI= 1.02-14.46, p=0.047). No association was found 

between toxicity and nivolumab plasma Cmin at day 14. 

Conclusions: Our results highlight the importance of assessing body composition, and suggest 

that sarcopenia could predict severe immune-related toxicity of nivolumab in real life. 
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1. Introduction  

 

Over the last years, immune checkpoint inhibitors (ICI) such as nivolumab have become a 

cornerstone treatment of various malignancies [1–3]. Nivolumab is a fully human monoclonal 

immunoglobulin G4 (IgG4) that targets programmed cell death receptor-1 (PD-1), providing 

improved overall survival with durable responses in solid tumor patients. On the other side, 

nivolumab and ICI have a specific toxicity profile, designated as immune-related adverse events 

(irAEs) [4]. IrAEs result from an activation of immune response against normal tissues. Severe 

irAEs occurred in about 10-20% of patients treated with anti-PD-1 monoclonal antibodies with 

a large interindividual variability [1–3]. Currently, predictors of nivolumab toxicity are still 

lacking for daily clinical practice. 

 

During the last decade, body composition has been identified as a predictive factor of toxicity 

for various anticancer treatments. Sarcopenia (low muscle mass) is associated with increased 

toxicity [5], both for standard chemotherapy such as capecitabine in metastatic breast cancer 

patient [6], 5-fluoro-uracile in colorectal cancer [7] and tyrosine kinase inhibitors such as 

sunitinib in renal cancer patient [8] and sorafenib in hepatocellular carcinoma [9]. Regarding 

immunotherapy, patients with sarcopenia and low muscle attenuation are more likely to 

experience severe treatment-related toxicity with ipilimumab treatment [10]. For anti-PD-1 

antibodies, sarcopenia and high body mass index (BMI) association has been identified as a 

risk factor for early toxicities in melanoma patients [11]. 

 

Sarcopenia could predict drugs over-exposure and thus, the occurrence of dose-dependent 

toxicities [9]. In the case of monoclonal antibodies, body composition participates in the inter-

subject variability in drug exposure [12,13]. Moreover, anti-PD-1 antibodies exhibit a moderate 

to large interindividual variability in their pharmacokinetics [14]. As far as we know, the 

relationship between nivolumab toxicity, body composition and nivolumab exposure has not 

yet been investigated.  

 

The aims of the present study were (a) to explore the influence of sarcopenia on the onset of 

immune-related acute limiting toxicity (irALT) in patients with advanced solid tumors and 

treated with nivolumab, (b) to investigate the relationship between body composition and 

nivolumab plasma exposure.  

  



 

 

2. Materials and Methods  

 

2.1 Participants  

We performed a prospective medical record review of all consecutive adult patients treated with 

nivolumab for a metastatic solid tumor in the CERTIM cohort (Immunomodulatory Therapies 

Multidisciplinary Study group) of our institution from June 2015 to January 2017.  

 

2.2 Ethics  

The study was approved by the local ethics board (Cochin local ethical committee, number 

5231487) according to good clinical practice and applicable laws, and the declaration of 

Helsinki. All patients gave their written informed consent to participate in the study. 

 

2.3 Treatment 

All patients received the recommended dose of nivolumab (3mg/kg intravenously every 2 

weeks). Nivolumab was continued until disease progression or unacceptable toxicity.  

 

2.4 Clinical and toxicity assessments  

Clinical and biological assessments were performed before nivolumab treatment, including 

information on patient demographics, tumor type and stage, the extent of metastatic disease, 

prior oncological treatment and biochemistry results. Baseline thyroid disorder was collected 

and included hypo or hyperthyroidism. Toxicities were recorded at each cycle. Adverse events 

(AEs) severity was graded according to the National Cancer Institute Common Terminology 

Criteria for AE (CTCAE), version 4.0. irALT was defined as grade 3-4 toxicity or any toxicity 

leading to treatment discontinuation. irALT was associated with exposure to nivolumab and 

was consistent with a potential immunologic basis. This irALT could require: frequent 

monitoring until resolution, hospitalization, immune suppression, or endocrine replacement 

therapy. In our prospective study, investigators specified whether an AE was considered to be 

treatment related and/or immune related. 

 

2.5 Pharmacokinetic analysis  

Nivolumab trough plasma concentrations (Cmin) were determined at day 14 using a validated 

in-house enzyme-linked immunosorbent assay (ELISA) [15]. The calibration range for 

nivolumab assay was 5-100 μg/mL with a limit of detection at 3 μg/mL. Within- and between-



 

 

day imprecision for internal quality controls (5, 20 and 75 µg/mL) were less than 5% and 12%, 

respectively. All plasma samples were analyzed within the month after blood collection. 

 

2.6 Anthropometry and body composition 

Weight closest to the first administration of nivolumab was measured with a medical balance 

beam scale and height was measured with a stadiometer. Body mass index (BMI) was 

calculated (weight (kg) / height (m2)) and the World Health Organization (WHO) categories 

were used: underweight (BMI<18.5); normal (18.5<BMI<24.9); overweight (25<BMI<29.9), 

obesity (BMI>30) [16].   

Body composition was evaluated by assessing muscle tissue areas on CT-scan images, as 

previously described [17]. CT scan closest to treatment initiation was used. CT scans had been 

performed within no more than two months before initiation of nivolumab. CT images 

parameters included: contrast enhanced or unenhanced and 3-mm slice thickness. The third 

lumbar vertebrae (L3) was chosen as a standard landmark, as previously described [17] and two 

consecutive transverse CT images where both transverse processes were clearly apparent were 

analyzed using ImageJ software v1.50i (National Institutes of Health, USA, 

http://rsb.info.nih.gov/ij). Muscles were identified based on their anatomic features. The 

structure of those specific muscles was analyzed based on pre-established thresholds of skeletal 

muscle tissue (-29 to +150 Hounsfield units). Cross-sectional areas (cm2) of the sum of all of 

these muscles were computed and the mean value for the two consecutive images was 

calculated for each patient. These values were normalized for height and expressed in units of 

cm2/m2. Gender- and BMI-specific cut-points previously determined in cancer patients were 

used to define sarcopenia [18]. 

 

2.7 Statistical analysis 

Continuous data are expressed as median (interquartile range), and categorical data are given 

as percentages. Cumulative incidence of irALT was assessed in the whole cohort. Log-rank test 

was used to compare survival between groups of patients. In patients with lung cancer, survival 

was measured from cohort entry until the date of progression or censored date for Progression 

Free Survival (PFS) and until the date of death or censored date for Overall Survival (OS). 

Logistic regression analyses were used to identify parameters associated with irALT and Cmin 

(dichotomized based on median value), and odds ratios (OR) with 95% confidence intervals 

(95%IC) were estimated. Variables that had significance of p≤0.20 on univariate analysis were 

http://rsb.info.nih.gov/ij


 

 

eligible for inclusion in multivariate analysis. We considered differences to be statistically 

significant in multivariate analysis when the p value was <0.05.     

Analyses were performed using SAS (version 9.4) statistical software (SAS Institute). 

 

 

3. Results  

 

3.1 Patients’ characteristics 

From June 2015 to January 2017, 92 patients received nivolumab in the CERTIM cohort in our 

institution. Among them, 87 met the criteria for the analysis of anthropometric parameters 

associated with irALT (5 patients lacked an evaluable CT image). Baseline characteristics of 

the study cohort (n=92) are presented in Table 1. Among 92 patients, 63% were male with a 

median age for the whole cohort of 64.6 years (IQR 56.3-69.8 years). A majority of patients 

had lung cancer (71.7%). 

 

3.2 Anthropometry and body composition 

A total of 38 (41.3%) patients had a BMI ≥ 25 kg/m2 and 13 (14.1%) over 30, while 21 (24.1%) 

had both sarcopenia and a BMI ≥ 25 kg/m2. Forty-five patients (51.7%) were sarcopenic 

according to Martin cut-points [16]. Only two patients (2.2%) were clinically underweight by 

WHO standards. Twenty-two patients (23.9%) had serum albumin < 35 g/L. All nutritional 

characteristics are shown in Table 2.  

 

3.3 Factors influencing nivolumab plasma trough level  

The median dose of nivolumab was 210 mg (range 130-370). Nivolumab plasma Cmin was 

assayed in 87 patients on day 14 after treatment start and median nivolumab plasma Cmin was 

15.4 μg/mL (IQR=11.8-21.0). In multivariate analysis, hypoalbuminemia (<35g/L) was 

independently associated with low nivolumab plasma Cmin (OR=0.09; 95%CI = 0.01-0.59, 

p=0.01) and overweight/obesity with high nivolumab plasma Cmin (OR=5.94; 95%CI=1.25-

28.29, p=0.03) (Table 3). No significant association was observed between plasma nivolumab 

Cmin and sarcopenia. 

 

3.4 The incidence of irALT 

Among 825 nivolumab infusions, we observed 22 irALT in 19 (21%) patients. Patients received 

a median number of 6 nivolumab infusions (IQR=3-12) and half of all irALT occurred within 



 

 

the first six infusions (Figure 1). The latest irALT was observed during the twenty-fifth cycle. 

The most frequent irALT were respiratory (6.5%) disorders such as pneumonitis and 

gastrointestinal (4.3%) disorders such as colitis.  

The irALT also included musculoskeletal disorders (3.3%) such as arthralgia and myositis, two 

acute renal failures (2.2%), endocrine disorders with one hypophysitis (1.1%) and one diabetic 

ketoacidosis (1.1%), and others toxicities including one grade 3 thrombocytopenia (1.1%), one 

grade 4 myasthenia (1.1%), one grade 3 nervous system disorder (1.1%) and one grade 3 rash 

(1.1%). One death due to toxicity (1.1%) occurred, related to pulmonary hypertension. 

 

3.5 Predictive factors of irALT: impact of body composition parameters 

Patients with sarcopenia experienced more irALT compared with non-sarcopenic patients. 

Among the patients who experienced irALT, 76.5% were sarcopenic versus 45.7% in patients 

with no irALT (OR = 3.86; 95%CI= 1.14-13.01, p=0.03). The risk of irALT was also increased 

in female patients (OR = 4.28; 95%CI= 1.40-13.10, p=0.01). There was no significant 

association between overweight sarcopenic patients and irALT. On multivariate logistic 

regression analysis (Table 4) including age, gender, BMI, CRP, PS, tumor type and sarcopenia, 

sarcopenia was the single parameter independently associated with increased risk of 

experiencing an irALT (OR = 3.84; 95%CI= 1.02-14.46, p=0.047). There was no significant 

association between plasma nivolumab Cmin and irALT. No association between irALT and 

efficacy data (OS and PFS) was found in patients with lung cancer (p=0.72 and p=0.34, 

respectively). In irALT group, 3 patients had a response to nivolumab (27.3%) versus 14 

patients (25%) in no irALT group.  



 

 

4. Discussion  

This is the first study to examine the potential association between nivolumab toxicity, body 

composition and Cmin of nivolumab at day 14. We have shown in this study that sarcopenic 

patients experienced significantly more immune-related acute limiting toxicities with no 

relationship with Cmin of nivolumab.  

 

In phase 3 studies, the incidence of immune acute limiting toxicity was between 10-20% [1–3]. 

In this real life study, the incidence was 21%, as might be expected in non-selected patients. 

Immune-related toxicity spectrum was close to those usually found with nivolumab. In our 

cohort, 51.7% of patients were sarcopenic based on CT-scan images before treatment initiation. 

The prevalence of sarcopenia in our study is in accordance with those reported previously in 

patients with renal cell carcinoma or NSCLC [8,19]. We reported that sarcopenic patients 

experienced significantly more irALT (OR = 3.84; 95%CI= 1.02-14.46, p=0,047). Previous 

studies reported a link between sarcopenia and increased toxicity of chemotherapy [6,20–22] 

or tyrosine kinase inhibitors [8,9]. This association has been observed in patients treated with 

anticancer drugs based on body surface area as well as flat-dosed targeted therapies. In the 

immunotherapy field, a study has reported an increased risk of high-grade ipilimumab AEs in 

sarcopenic patients [10]. An association between muscle attenuation (MA), which refers to a 

poor quality skeletal muscle, and serious irAEs was also reported [10]. In melanoma patients, 

sarcopenic overweight females seem to experiment more anti-PD1-related early adverse 

limiting toxicity [11]. Daly and al. also reported an association between BMI > 25 kg.m-2 and 

toxicity, but patients with BMI > 25 kg.m-2 had lower MA compared with patients with a normal 

BMI, and the increased risk of toxicity could most likely be attributed to the low MA [10]. A 

higher incidence of irAEs of any grade and a better clinical outcome were reported in 

overweight/obese patients treated with ICI [23]. A nonlinear relationship between BMI and ICI 

efficacy was found and might rather suggest a relationship between muscle loss and survival 

[24]. Sarcopenia is associated with worse survival in lung cancer patients treated with ICI in 

several retrospective studies [25–27]. However, sarcopenia was associated with more irAEs of 

any grade in patients with non-low skeletal muscle mass. When considering any grade and any 

toxicity, irAEs correlate with the efficacy of ICI [28]. Here, we studied the association between 

severe acute limiting toxicity and body composition. Severe acute toxicity did not appear as a 

predictive parameter for efficacy in the main subgroup of lung cancer patients, possibly because 



 

 

of lack of power but also because limiting acute toxicities are not the best surrogate to analyze 

relationship between toxicity and efficacy. 

Several hypotheses may be considered to explain the increased toxicity in sarcopenic patients. 

Altered body composition may influence pharmacokinetic parameters of anti-cancer drugs at 

any level: absorption, distribution, metabolism or clearance [29]. These alterations could result 

in an increased risk of toxicity, especially in drugs with narrow therapeutic index. However, 

different pharmacokinetic/pharmacodynamic studies argue for a large therapeutic index for 

nivolumab. In our study, we found neither association between plasma nivolumab Cmin at day 

14 and toxicity nor sarcopenia. These results suggest that the increased risk of irALT in 

sarcopenic patients would not be related to increased nivolumab plasma exposure. As a possible 

alternative to pharmacokinetic explanation, either malnutrition or systemic inflammation cause 

sarcopenia and may increase toxicity. Regarding inflammation, we found no association 

between irALT and CRP. However, proinflammatory cytokines such as IL1a, IL2 and IFNα2 

were significantly upregulated in patients with severe immune-related toxicities at baseline and 

during treatment [30]. Cytokines such as IL-1 also play a pivotal role in promoting skeletal 

muscle atrophy and sarcopenia [5]. Systemic inflammation could underlie both irALT and 

sarcopenia. The association between sarcopenia and irALT could be based on Ubiquitin 

Proteasome system (UPS) as well. Sarcopenia is promoted by UPS [5]. UPS also contributes to 

the development of autoimmune disease; and some proteasome inhibitors such as bortezomib 

have demonstrated efficacy in autoimmune disease [31,32].Thus UPS could promote both 

sarcopenia and auto-immunity. Finally, sarcopenia is often considered as a sign of 

multifactorial frailty (including simultaneously malnutrition and inflammation), and thus could 

explain a lower treatment tolerance [33]. 

 

In our study, the interindividual variability in nivolumab Cmin (CV=37%) was moderate, which 

is in accordance with the literature [14]. Albumin level below 35 g/L was identified as an 

independent predictor of lower nivolumab plasma Cmin. This association was also reported for 

other monoclonal antibodies [34,35]. In a model-based population pharmacokinetic analysis, 

nivolumab clearance was greater in patients with lower albumin levels [36]. Hypoalbuminemia 

could be a sign of liver disease, hypercatabolism or low neonatal Fc receptor (FcRn) expression 

level or activity [37]. The recycling of albumin and monoclonal antibody such as nivolumab 

are both mediated by the same mechanism using FcRn and therefore albumin level may reflect 

the abundance and efficiency of FcRn [38]. In our study, nivolumab plasma Cmin at day 14 is 



 

 

also positively associated with BMI. Due to their high molecular weight, monoclonal antibodies 

are mainly distributed in vascular compartment, with a consequently low volume of distribution 

[12]. But a small proportion passes through or between cell membranes via transcellular or 

paracellular mechanisms towards peripheral compartments [39]. In pediatric patients, known 

for having higher interstitial fluid volume, monoclonal antibodies volume of distribution is 

higher [40]. Considering that nivolumab volume of distribution is around 8.0 liters, which is 

greater than human total blood volume, we can hypothesize that nivolumab could diffuse in 

peripheral compartment. Overweight patients are also characterized by a higher fluid volume 

[41]. This could explain a higher volume of distribution, responsible for a lengthened half-life 

and thus increased nivolumab plasma Cmin. Overall, even if serum albumin and BMI were 

identified as variability factors of nivolumab plasma Cmin, at day 14, the variations in plasma 

exposure related to these parameters were not clinically meaningful because of large therapeutic 

index of nivolumab [14].  

 

The main limitations of our study are the relatively small number of patients included and the 

few biological and CT-scan missing data despite prospective data collection, decreasing the 

statistical power of some analyses.  

 

Facing the increasing use of anti-PD1 and immunotherapy combinations, without toxicity 

biomarkers identified yet, our results highlight the importance of assessing body composition, 

and suggest that sarcopenia could predict severe immune-related toxicity of nivolumab. Our 

findings have potentially direct bedside implications, as evaluating sarcopenia on CT scan is 

feasible in daily practice due to opportunistic use of pre-existing CT scans , and more accurate 

than other methods for assessing body composition. This would enable enhanced follow-up of 

patients at risk for better management of immune related toxicities. As immune related 

toxicities could occur at any time of nivolumab treatment, strengthened surveillance could be 

necessary all along patient care. The importance of body composition in the field of 

immunotherapy is worth investigating further.  
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Figure Legends: 

Figure 1: Cumulative incidence of irALT over time since first infusion of nivolumab 

 

 

 



 

 

Tables  

 

  n = 92 

Age (years), median (IQR) 64.6 (56.3-69.8) 

Gender: Male/Female, n (%) 58 (63) / 34 (37) 

ECOG Performans status: 0-1/≥2, n (%) 56 (60.9) / 36 (39.1) 

Tumor type, n (%)  

 Lung cancer 66 (71.7) 

 Renal Cell Carcinoma 17 (18.5) 

 Melanoma 7 (7.6) 

 Others 2 (2.2) 

Number of metastatic sites: 1/≥2, n (%) 32 (34.8) / 60 (65.2) 

CNS metastasis at treatment initiation 21 (22.8) 

First line treatment, n (%) 11 (12.0) 

Systemic steroid use at 1st cycle of nivolumab 12 (13.0) 

Baseline thyroid disorder 11 (12.0) 

Abbreviation: IQR = interquartile range, ECOG = Eastern Cooperative Oncology 

Group, CNS = central nervous system 

 

Table 1: Baseline characteristics   



 

 

  n = 92 

BMI (kg/m2), n (%)  

 BMI < 18.5 2 (2.2) 

 18.5 ≤ BMI < 25 52 (56.5) 

 25 ≤ BMI < 30 25 (27.2) 

 BMI ≥  30 13 (14.1) 

SMI (cm2/m2) , median (IQR)  43.8 (39.3-50.4) 

Sarcopenia   

  Sarcopenic patient, n (%) 45 (51.7) 

  Missing data, n (%) 5 (5.4) 

Sarcopenia and BMI ≥ 25, n (%) 21 (24.1) 

Serum Albumin (g/L), median (IQR) 40.0 (36.0-42.0) 

 Serum Albumin < 35 g/L, n (%) 22 (23.9) 

 Missing data, n (%) 1 (1.1) 

Lymphocytes (cells/mm3) 1215 (935-1830) 

C reactive protein (mg/L) 10.8 (4.4-29.4) 

IgG (g/L) 10.3 (7.6-13.0) 

Abbreviation: BMI = Body Mass Index, IQR = interquartile range, SMI : skeletal 

muscle index, IgG = Immunoglobulin G 

 

Table 2: Nutritional and inflammation parameters   

  



 

 

 Univariate Multivariate 

 OR 95% CI p OR 95% CI p 

 Gender: Female 2.82 1.14-6.98 0.02 2.86 0.85-9.64 0.09 

 BMI ≥ 25 kg/m2 4.62 1.82-11.72 0.001 5.94 1.25-28.29 0.03 

 CRP 0.98 0.96-0.99 0.01 0.95 0.77-1.17 0.61 

 IgG 0.88 0.77-1.01 0.06 0.90 0.77-1.06 0.21 

 Alb < 35 g/L 0.09 0.02-0.40 0.002 0.09 0.01-0.59 0.01 

 ALAT 1.03 0.99-1.06 0.11 1.42 0.93-2.16 0.10 

 Sarcopenia 1 0.42-2.38 1.00 - - - 

Abbreviation: OR = Odds Ratio; CI = Confidence Interval; CRP = C reactive Protein; IgG = Immunoglobulin 

G; Alb = Serum Albumin; ALAT = alanine aminotransferase; 

 

Table 3:  Factors influencing nivolumab plasma trough level at day 14 (Cmin > median 

value)  

  



 

 

 

 

Table 4: Predictive factors of immune related Acute Limiting Toxicity (irALT) related 

to Nivolumab  

 

   univariate multivariate 

 irALT (n=17) No ALT (n=70) OR 95% CI p OR 95% CI p 

 Age (years) 65.0 (60.9-73.4) 64.5 (55.0-69.7) 1.03 0.97-1.09 0.30    

 Gender: Female 11 (64.7) 21 (30.0) 4.28 1.40-13.10 0.01 2.67 0.77-9.27 0.12 

 ECOG PS ≥ 2 4 (23.5) 30 (42.9) 0.41 0.12-1.38 0.15 0.52 0.12-2.31 0.39 

 Lung cancer  
 vs other cancers 

10 (58.8) 53(75.7) 0.46 0.15-1.39 0.17 0.43 0.11-1.73 0.24 

 Baseline thyroid 

disorder 
4 (23.5) 7 (10.0) 2.77 0.71-10.85 0.14 1.91 0.38-9.58 0.43 

 Baseline systemic      

steroid 
1 (5.9) 10 (14.3) 0.37 0.04-3.15 0.37    

 BMI ≥ 25 kg/m2 8 (47.1) 27 (38.6) 1.42 0.49-4.11 0.52    

 CRP 12.2 (4.20-33.8) 8.80 (5.50-13.9) 0.97 0.94-1.01 0.11 0.76 0.49-1.19 0.23 

 Albumin < 35 g/L 3 (17.6) 15 (21.4) 0.79 0.20-3.10 0.73    

 Sarcopenia 13 (76.5) 32 (45.7) 3.86 1.14-13.01 0.03 3.84 1.02-14.46 0.047 

 Cmin > median     

value 
32 (48.5) 9 (56.3) 1.37 0.45-4.10 0.58    

 Abbreviation : OR = Odds Ratio, CI = Confidence Interval, PS = Performans Status, BMI = Body Mass Index, 

CRP = C Reactive Protein,  

Cmin = nivolumab plasma trough level on day 14 

 Results are expressed as median (interquartile range) or number (%). Patients with no available CT scan were 

excluded from the analysis of predictive factors of acute limiting toxicity. 


