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Abstract
Purpose  Evidence suggests that patients’ skeletal muscle mass (SMM) can predict the patients at risk for cisplatin dose-
limiting toxicities (DLT). Cisplatin is currently dosed on body surface area (BSA). The predictive value of SMM for cisplatin 
DLT in patients with locally advanced head and neck cancer (LA-HNC) is investigated.
Methods  Patients with LA-HNC treated with cisplatin-based chemoradiotherapy (CRT) were included. SMM was measured 
using pre-treatment scans. Logistic regression analysis was performed to identify the predictive impact of low SMM for DLT.
Results  In total, 343 patients were included of which 199 patients (58.0%) had low SMM and 154 patients (44.9%) experi-
enced cisplatin DLT. In multivariate analysis, low SMM at diagnosis was the only predictive factor for DLT (HR 1.8, 95% 
CI 1.1–2.9).
Conclusions  Low SMM was associated with an increased risk of DLT. Trials are needed to investigate cisplatin dosing with 
consideration of SMM rather than solely BSA.

Keywords  Sarcopenia · Head and neck cancer · Body composition · Skeletal muscle mass · Chemoradiotherapy · Image-
based analysis

Abbreviations
LA-HNC	� Locally advanced head and neck cancer
SMA	� Skeletal muscle area
SMM	� Skeletal muscle mass
LSMI	� Lumbar skeletal muscle index
C3	� Third cervical vertebra
L3	� Third lumbar vertebra
HU	� Hounsfield unit

LBM	� Lean body mass
DLT	� Dose-limiting toxicity

Introduction

Head and neck cancer accounts worldwide for more than 
500,000 cases annually [1]. Locally advanced head and 
neck cancer (LA-HNC) is the most frequent clinical 
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manifestation of head and neck cancer. Platinum-based 
chemoradiotherapy is the main treatment option for 
(technical or functional) irresectable LA-HNC and is also 
offered in a postoperative setting for resected LA-HNC in 
which the tumor is resected with positive margins or in the 
presence of extracapsular lymph-nodal extension.

Malnutrition is a common problem in LA-HNC in part 
due to dysphagia caused by the tumor or its treatment [2]. 
Malnutrition is also a major contributor to the develop-
ment of low skeletal muscle mass (SMM). Image-based 
analysis of SMM has shown critical new insights of low 
SMM as an important predictor and prognosticator in 
patients with cancer [3–5]. Cisplatin is the preferred plati-
num agent used in platinum-based chemoradiotherapy in 
LA-HNC. Cisplatin is dosed based on body surface area. 
This approach was initially advocated on the assumption 
that dosing based on body surface area leads to an accept-
able degree of toxicities without reducing the therapeu-
tic effect [6]. Cisplatin is highly emetogenic, neurotoxic, 
nephrotoxic and ototoxic [7]. Clinically, there is a wide 
interindividual heterogeneity in the ability of LA-HNC 
patients to tolerate cisplatin-based chemoradiotherapy. 
Over the last years, emerging evidence suggests a signifi-
cant negative relationship between low SMM and adverse 
effects of cytotoxic drugs leading to dose-limiting toxici-
ties (DLTs) [8–11]. As such, SMM may (partly) explain 
the heterogeneity of patient’s tolerance for chemotherapy. 
Cisplatin DLTs lead to frequent hospital readmissions, 
decreased survival and reduced quality of life.

The mechanism underlying the relationship between low 
SMM and DLTs of chemotherapeutical drugs is not fully 
understood. Several hypotheses have been proposed in the 
literature [12, 13]. It has been hypothesized that altered 
fat-to-lean body mass (LBM) influences the pharmacoki-
netics of anti-cancer drugs and/or may be associated with 
increased chronic low-grade inflammation, which results in 
a higher risk of adverse events. The most commonly sup-
ported hypothesis is based on the influence of low SMM on 
the volume of distribution of anti-cancer drugs [13].

Cisplatin is a hydrophilic agent; due to its hydrophilicity 
it favors distribution to the LBM of which SMM is the larg-
est component. However, SMM is currently not (directly) 
taken into account in cisplatin dosing. Body surface area is 
calculated by use of several formulas such as the formula of 
Du Bois [6]. These formulas incorporate body weight and 
height. Lower SMM can, however, occurs independently 
of adiposity, therefore in overweight or obese patients, the 
loss of SMM may be masked. Hence, dosing according 
to body surface area leads to substantial variation in drug 
doses per kilogram of LBM [8]. Higher dose per kilogram 
LBM has shown to have a significant correlation with higher 
rates of toxicities in other cancer types [9]. A loss of SMM 
in patients with head and neck cancer may, consequently, 

induce drug overdose when dose calculation is based on the 
conventional body surface area method.

In our previous study, we found a predictive impact of low 
SMM for platin (carboplatin and cisplatin) DLT. [8] As men-
tioned previously, cisplatin is the preferred platinum agent 
used in the treatment of LA-HNC. Cisplatin-unfit patients 
receive carboplatin, these patients are, however, more likely 
to have low SMM due to their comorbidities.

Therefore, the aim of the current study was to investi-
gate the predictive impact of low SMM for cisplatin DLT 
in a 10 year cohort of patients with LA-HNC treated with 
cisplatin-based chemoradiotherapy. Patients who received 
cisplatin in our previous study are also included in this study.

Materials and methods

Study design

A retrospective study was conducted in which all patients 
who were diagnosed with LA-HNC and treated in the UMC 
Utrecht with cisplatin-based chemoradiotherapy between 
2007 and 2018 were screened for inclusion. Inclusion cri-
teria for this study required that patients were treated with 
curative intent in primary or adjuvant setting and had pre-
treatment imaging of the head and neck area within 1 month 
before the start of chemoradiotherapy and had data available 
on cisplatin dosages and reported toxicities. Relevant demo-
graphic, clinical, biochemical and anthropometric variables 
were retrieved from electronic medical records. This study 
also included the patients who were treated with cisplatin 
from our previous study [8].

Ethical approval

The design of this study was approved by the Medical Ethi-
cal Research Committee (METC) of the University Medical 
Center Utrecht, METC ID: 17-365/C. The requirement for 
informed consent from patients was waived because of its 
retrospective design.

Therapy

Chemotherapy regimen consisted of three cycles of intra-
venous cisplatin-based chemotherapy on days 1, 22 and 43 
of treatment. Cisplatin dose was 100 mg per m2 of body 
surface area. Chemoradiotherapy was given in the primary 
setting for patients with (technical or functional) irresect-
able LA-HNC and in postoperative setting for tumors with 
their aforementioned high-risk features. Radiotherapy was 
administered in 35 fractions of 2 Gy to a total dose of 70 Gy 
(primary setting) or in 33 fractions of 2 Gy to a total dose of 
66 Gy (postoperative setting).
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Body composition measurements—skeletal muscle 
mass and lean body mass

SMM was segmented as skeletal muscle area using the 
Slice-O-matic software (version 5.0). At the level of the third 
cervical vertebrae (C3), a single slice was used for skel-
etal muscle area segmentation. The first slide to completely 
show the entire vertebral arc when scrolling through the 
C3 vertebra from caudal to cephalic direction was selected. 
For computed tomography (CT) imaging, muscle area was 
defined as the pixel area between the radiodensity range of 
-29 and +150 hounsfield units, which is specific for muscle 
tissue [14]. For magnetic resonance imaging (MRI), muscle 
area was manually segmented, and fatty tissue was manually 
excluded. Because the overall intraclass correlation coeffi-
cient for the skeletal muscle area obtained by CT and MRI 
was previously found to be excellent (ICC 0.97, p < 0.01) 
[15], skeletal muscle area measurements by CT and MRI 
were analyzed together. Figure 1. shows an example of skel-
etal muscle segmentation at the level of C3. The skeletal 
muscle area was calculated as the sum of the delineated 
areas of the paravertebral muscles and both sternocleido-
mastoid muscles. In cases of infiltration of the sternocleido-
mastoid muscle, we doubled the single skeletal muscle area 
of the not infiltrated sternocleidomastoid muscle. This in 
accordance with our previous study of Swartz et al. in which 
we found that this method was equally predictive for skeletal 
muscle area of SMM at L3 in comparison with the para-
vertebral muscles and both available sternocleidomastoid 
muscles [16].

SMM is often used interchangeably with LBM, however, 
LBM includes SMM, as well as bones and bodily fluids. 
Therefore, we also predicted LBM using Mourtzakis formula 
where the LBM in kilograms by use of the skeletal muscle area 
obtained by cross-sectional imaging was used [17]. Mourt-
zakis formula is based on skeletal muscle area measured at 
the third lumbar vertebrae (L3), not C3. Therefore, skeletal 
muscle area at the level of C3 was first converted to skeletal 

muscle area at the level of L3 using a previously published 
formula [16].

Absolute SMM is strongly correlated with height, therefore 
SMM must be calculated as an index of relative SMM [18]. 
This is the same as the use of body mass index [body weight 
(kg)/height2 (m2)] for classifying relative adiposity. Skeletal 
muscle area at L3 is normalized to stature (using squared 
height similar to calculating BMI) to obtain the lumbar skel-
etal muscle mass index (LSMI).

The LSMI cut-off value used in this study was a LSMI of 
43.2 cm2/m2, as previously established in a separate cohort of 
LA-HNC patients [8]. This cut-off value was used to catego-
rize patients into patients with low SMM and patients without 
low SMM. Thus, in further analysis low SMM was defined as 
LSMI ≤ 43.2 cm2/m2.

Dose‑limiting toxicity

We defined cisplatin DLT as any toxicity resulting in a cispl-
atin dose-reduction of ≥ 50%, a treatment delay of ≥ 4 days or 
a termination of cisplatin-based chemotherapy after the first 
or second cycle of therapy.

Statistical analysis

Data analysis was performed using IBM SPSS statistics 25. 
Demographic, clinical, biochemical and anthropometric data 
were reported for the total group and according to SMM 
and DLT status. Baseline measures for these groups were 
described using descriptive statistics. Normally distributed 
variables were shown as means ± standard deviation (SD), 
non-normally distributed variables were shown as medians 
with an interquartile range (IQR). Normality was investigated 
using the Kolmogorov–Smirnov test. Categorical variables 
were described as frequencies with corresponding percent-
ages. Chi-square statistics were used for analyzing differences 
between the frequencies of each categorical variable with the 
presence or absence of low SMM and DLT.

Wald logistic regression analysis was used for univariate 
and multivariate analysis of the predictors for cisplatin DLT. 
Covariates used in the multivariate analysis were selected 
based on statistical significance in univariate analysis or on 
clinical relevance. Statistical significance was evaluated at the 
0.05 level using 2-tailed tests. The Hosmer–Lemeshow test 
was performed to test the goodness-of-fit of the multivariate 
analysis model.

Fig. 1   Skeletal muscle mass segmentation on the level of C3 in which 
the sternocleidomastoid and paravertebral muscle are segmented in 
red
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Results

Patient characteristics

In total, 343 patients were included between January 2007 
and December 2018. Seventeen patients were excluded, 
six of them did not have evaluable pre-treatment imaging 
and eleven patients eventually did not receive cisplatin-
based chemoradiotherapy. Table 1 shows the character-
istics of the included patients. Of the included patients, 
235 patients (68.5%) were male and the median age at 
diagnosis was 59.07 years (IQR 53.41–63.70).

Known risk factors for HNC are smoking and alcohol 
use, which is also seen in this study. Majority of patients 
smoked (n = 282, 82.2%) and used alcohol (n = 283, 
82.5%). In the selection of patients fit for cisplatin treat-
ment, the medical oncologist takes into consideration 
patients’ comorbidities. This is represented by the minor-
ity of patients (n = 34, 9.9%) who had severe comorbidi-
ties, as evaluated by the ACE-27 comorbidity score, in this 
study. Most patients (n = 144, 42%) were symptomatic but 
completely ambulatory as indicated by the ECOG perfor-
mance status of 1.

Cisplatin-based chemoradiotherapy is most frequently 
given in a primary treatment setting in patients with LA-
HNC. As previously mentioned, adjuvant chemoradiother-
apy is only advised when the tumor is irradically resected 
or in the presence of extracapsular lymph-nodal extension. 
In this study, the majority of patients were treated in a 
primary setting (n = 274, 79.9%) and had a tumor, node, 
metastasis (TNM) stage IV tumor according to the 7th edi-
tion TNM cancer staging criteria (n = 284, 82.8%).

Prior to initiation of chemoradiotherapy the mean bio-
chemical values of the patients were as follows: mean 
hemoglobin of 8.5 mmol/L (SD 1.1), mean serum cre-
atinine of 69.9 μmol/L (SD 15.6), mean serum albumin 
of 40.0 g/L (SD 4.9) and mean total protein of 71.2 g/L 
(SD 7.9).

Anthropometric measurements

Table 2 shows the anthropometric measurements of the 
included patients. Of the 343 included patients, 199 
patients (58.0%) had low SMM at diagnosis. The median 
LSMI was 41.6  cm2/m2 (IQR 35.4–45.5). The median 
LBM was 44.8 kg (IQR 37.1–50.6). Majority of patients 
(n = 191, 55.7%) had ad normal weight as indicated by the 
body mass index (BMI) of 18.5–24.9 kg/m2. The median 
body surface area at diagnosis was 1.9 m2 (IQR 1.7–2.0).

Low skeletal muscle mass

Table 1 shows the differences in demographic, clinical 
and biochemical characteristics between patients with 
and without low SMM (LSMI ≤ 43.2 cm2/m2) at diagno-
sis. Demographical and clinical characteristics which were 
significantly more likely to be present in patients with 
low SMM were; being of female gender (n = 103, 95.4%; 
p < 0.01), older age at diagnosis (59.4 years; p < 0.01), 
smoking (n = 173, 61.3%; p = 0.01), an ECOG perfor-
mance status of ≥ 2 (n = 24, 63.2%; p = 0.02) and being 
treated in an adjuvant chemoradiotherapy setting (n = 48, 
69.6%, p = 0.04).

In comparison to patients without low SMM, patients 
with low SMM were more likely to have lower mean albu-
min levels (38.4 g/L vs 39.9 g/L; p < 0.05), lower mean 
hemoglobin levels (8.2 mmol/L vs 8.9 mmol/L; p < 0.01) 
and lower mean serum creatine levels (65.1 μmol/L vs 
76.8 μmol/L; p < 0.01). Interestingly, patients with low 
SMM at diagnosis received significantly higher cumulative 
doses of cisplatin per kilogram of LBM compared to patients 
without low SMM (9.0 mg/kg LBM versus 7.4 mg/kg LBM, 
p < 0.0001).

Table 2 shows the differences in anthropometric meas-
urements between patients with low SMM at diagnosis 
and patients without low SMM. All underweight patients 
(BMI < 18.5 kg/m2) (n = 30, 8.7%) had low SMM. Patients 
without low SMM were more likely to be overweight 
(65.5%; p < 0.01) and obese (73.7%; p < 0.01).

Cisplatin dose‑limiting toxicity

Of the 343 included patients, 154 patients (44.9%) experi-
enced cisplatin DLT. Figure 2 shows a boxplot of the amount 
of SMM expressed as LSMI (cm2/m2) in patients who have 
not experienced cisplatin DLT and patients who experienced 
cisplatin DLT. Table 3 shows the types of cisplatin DLT 
categorized into patients with low SMM and without low 
SMM. Of the 154 patients that experienced DLT, in 145 
patients (94.2%) this was due to the failure to complete all 
(n = 3) cycles of cisplatin, in 6 patients (3.9%) this was due 
to a treatment delay of ≥ 4 days and in 3 patients this was due 
to an cisplatin de-escalation of ≥ 50% (1.9%). The causes of 
cisplatin DLT were ototoxicity (n = 64, 41.6%), nephrotoxic-
ity (n = 41, 26.6%), malaise (n = 29, 18.8%), hematopoietic 
toxicity (n = 12, 7.8%), vascular toxicity (n = 6, 3.9%) and 
neurotoxicity (n = 1, 0.6%).

Patients with low SMM were more likely to experience 
cisplatin DLT (n = 102, 66.2%) compared to patients with-
out low SMM (n = 52, 33.8%) (p < 0.01). When comparing 
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Table 1   Demographic, clinical and biochemical characteristics of patients according to SMM status and DLT status

Bold values means statistically different

Characteristic Total Without With Without With
n = 343 Low SMM Low SMM DLT DLT

n = 144 n = 199 n = 189 n = 154

41.98% 58.01% 55.10% 44.90%

n (%) n (%) n (%) p n (%) n (%) p

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Gender
 Male 235 (68.5) 139 (59.1) 96 (40.9)  < 0.01 141 (60) 94 (40)  < 0.01
 Female 108 (31.5) 5 (4.6) 103 (95.4) 48 (44.4) 60 (55.6)

Age diagnosis 57.7 (8.4) 55.5 59.4  < 0.01 57.26 (8.6) 58.35 (8.2) 0.23
Smoking
 No 61 (17.8) 35 (57.4) 26 (42.6) 0.01 34 (55.7) 27 (44.3) 1.0
 Yes 282 (82.2) 109 (38.7) 173 (61.3) 155 (55.0) 127 (45.0)

Alcohol use
 No 60 (17.5) 26 (43.3) 34 (56.7) 0.89 35 (58.3) 25 (41.7) 0.7
 Yes 283 (82.5) 118 (41.7) 165 (58.3) 154 (54.4) 129 (45.6)

ACE-27
 None 85 (24.8) 37 (43.5) 48 (56.5) 0.96 48 (56.5) 37 (43.5) 0.43
 Mild 131 (38.2) 56 (42.7) 75 (57.3) 69 (52.7) 62 (47.3)
 Moderate 93 (27.1) 37 (39.8) 56 (60.2) 49 (52.7) 44 (47.3)
 Severe 34 (9.9) 14 (41.2) 20 (58.8) 23 (67.6) 11 (32.4)

Performance
 ECOG 0 93 (27.1) 50 (53.8) 43 (46.2) 0.02 52 (55.9) 41 (44.1) 0.73
 ECOG 1 144 (42) 60 (41.7) 84 (58.3) 77 (53.5) 67 (46.5)
 ECOG ≥ 2 38 (11.1) 14 (36.8) 24 (63.2) 19 950.0) 10 (50)
 Unknown 68 (19.8) 20 (29.4) 48 (70.6) 41 (60.3) 27 (39.7)

Albumin (g/L) 40 (4.9) 39.85 (4.50) 38.36 (5.19) 0.04 38.44 (4.5) 39.50 (5.3) 0.14
Total protein (g/L) 71.2 (7.9) 72.29 (6.04) 70.35 (9.13) 0.41 72.5 (5.90) 68.47 (10.7) 0.1
Hemoglobin (mmol/L) 8.5 (1.1) 8.91 (0.99) 8.23 (1.01)  < 0.01 8.58 (1.10) 8.44 (0.99) 0.21
Serum creatinine (μmol/L) 69.9 (15.6) 76.77 (14.7) 65.13 (14.5)  < 0.01 69.97 (15.8) 70.0 (15.5) 0.98
Tumor site
 Oral cavity 87 (25.4) 29 (33.3) 58 (66.7) 0.12 51 (58.6) 36 (41.4) 0.93
 Oropharynx 129 (37.6) 51 (39.5) 78 (60.5) 70 (54.3) 59 (45.7)
 Nasopharynx 45 (13.1) 27 (60.0) 18 (40.0) 24 (53.3) 21 (46.7)
 Hypopharynx 49 (14.3) 22 (15.3) 26 (13.1) 27 (55.1) 22 (44.9)
 Larynx 18 (5.2) 8 (44.4) 10 (55.6) 10 (55.6) 8 (44.4)
 Paranasal sinus 11 (3.2) 5 (45.5) 6 (54.5) 6 (54.5) 5 (45.5)

TNM stage
 III 59 (17.2) 26 (44.1) 33 (55.9) 0.77 32 (54.2) 27 (45.8) 0.89
 IV 284 (82.8) 118 (41.5) 166 (58.5) 157 (55.3) 127 (44.7)

Chemoradiotherapy
 Primary 274 (79.9) 123 (44.9) 151 (55.1) 0.04 154 (56.2) 120 (43.8) 0.42
 Postoperative 69 (20.1) 21 (30.4) 48 (69.6) 35 (50.7) 34 (49.3)

Cisplatin dose (mg/kg LBM) 
(median, IQR)

8.1 (4.2–11.8) 7.4 (3.6) 9.0 (4.3)  < 0.0001 10.0 (4.4) 6.3 (2.6)  < 0.0001
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the causes of cisplatin DLT with SMM status, patients with 
low SMM were, in particular, more likely to not complete 
all cycles (n = 3) of cisplatin (n = 95, 65.5%) compared 
to patients without low SMM (n = 50, 34.5%) (p = 0.02). 
Patients who experienced cisplatin DLT were shown to have 
received significantly higher cisplatin doses per kg of LBM.

Table  1 and Table  2 show the differences in demo-
graphic, clinical, biochemical and anthropometric charac-
teristic between patients who experienced cisplatin DLT and 
patients who did not experience cisplatin DLT. The SMM 
(LSMI) was significantly lower in patients with cisplatin 

DLT compared to patients without cisplatin DLT (LSMI 
39.7 cm2/m2 versus 42.4 cm2/m2; p < 0.01). Female patients 
were more likely to experience cisplatin DLT (n = 60, 55.6%; 
p < 0.01). No significant differences were seen in other 
demographic, clinical or biochemical characteristics. Inter-
estingly, although cisplatin is currently dosed on body sur-
face area, it was not significantly different between patients 
whom experienced cisplatin DLT (1.9  m2) and patients 
whom did not experience cisplatin DLT (1.9 m2) (p = 0.2). 
However, LBM was significantly different between these 
patients (p < 0.05). Patients whom experienced cisplatin 

Table 2   Anthropometric and clinical measurements according to SMM status and DLT status

Bold values means statistically different

Total Without With Without With
n = 343 low SMM Low SMM DLT DLT

n = 144 n = 199 p n = 189 n = 154 p

41.98% 58.01% 55.10% 44.90%

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Weight (kg) 73.5 (16.1) 82.3 (15.7) 67.2 (13.2)  < 0.01 74.6 (16.4) 72.3 (15.7) 0.17
Length (m) 1.7 (0.1) 1.8 (0.1) 1.7 (0.1)  < 0.01 1.8 (0.1) 1.7 (0.1) 0.82
BMI (n, %)
 18.5–24.9 kg/m2 191 (55.7) 61 (31.9) 130 (68.1)  < 0.01 99 (51.8) 92 (48.2) 0.03
  < 18.5 kg/m2 30 (8.7) 0 30 (100) 12 (40) 18 (60)
 25–29.9 kg/m2 84 (24.5) 55 (65.5) 29 (34.5) 57 (67.9) 27 (32.1)
  ≥ 30 kg/m2 38 (11.1) 28 (73.7) 10 (26.3) 21 (55.3) 17 (44.7)

Body surface area (m2)
 Median (IQR) 1.9 (1.7–2.0) 2.0 (0.2) 1.79 (0.2)  < 0.01 1.89 (0.2) 1.86 (0.2) 0.21

LBM (kg)
 Median (IQR) 42.0 (37.1–50.6) 51.44 (5.6) 38.59 (6.9)  < 0.01 45.1 (8.9) 42.7 (8.9) 0.01

LSMI cm2/m2 (median, IQR) 41.6 (35.43–45.98) n.a n.a 42.4 (8.3) 39.7 (7.6)  < 0.01

Fig. 2   Boxplot of the amount of 
LSMI (cm2/m2) in patients who 
have not experienced cisplatin 
DLT and patients who experi-
enced cisplatin DLT
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DLT had significantly lower mean LBM (42.7 kg) compared 
to patients who did not experience cisplatin DLT (mean 
LBM 45.1 kg) (p = 0.01). Patients whom were underweight 
(n = 30, 8.7%) were also more likely to experience cisplatin 
DLT (n = 18, 60%; p = 0.03).

Predictors for cisplatin dose‑limiting toxicity

Table 4 shows the univariate and multivariate logistic regres-
sion analysis of the predictors for cisplatin DLT. In univari-
ate analysis, significant predictors for increased risk of cispl-
atin DLT were female gender (OR 1.88; 95% CI 1.18–2.97; 
p < 0.01), LBM (OR 0.97; 95% CI 0.95–0.99; p = 0.01) 

and low SMM at diagnosis (OR 1.20; 95% CI 1.20–2.89, 
p < 0.01). Patients’ body surface area was not predictive for 
cisplatin DLT (HR 0.7, 95% CI 0.4–1.4; p = 0.4). Subse-
quently, low SMM was included in the multivariate analysis 
with the clinically relevant variables; age at diagnosis and 
BMI. Female gender was not included in the multivariate 
analysis because 95.4% of patients with low SMM were 
female patients. The LBM was not included because LBM 
is calculated by use of SMA in the Mourtzakis formula, 
SMA is already represented in SMM. In multivariate analy-
sis, low SMM at diagnosis (OR 1.75; 95% CI 1.06–2.90, 
p = 0.03) remained the only significant predictive factor for 
cisplatin DLT. The Hosmer and LemesHow test showed that 
the multivariate analysis model had a high goodness-of-fit 
(Chi-square 8.11, p = 0.42).

Discussion

In this large retrospective study, we evaluated the association 
between low SMM prior to treatment with cisplatin-based 
chemoradiotherapy and the occurrence of cisplatin DLTs. 
We found that patients with low SMM at diagnosis were at 
significant risk for experiencing cisplatin DLTs compared to 
patients without low SMM. Cisplatin DLTs lead to failure of 
the intended treatment plan in 44.9% of patients.

Our findings are in line with previous studies in patients 
with LA-HNC [8, 19]. Our previous study in a smaller 
cohort of LA-HNC patients treated with either cisplatin or 
carboplatin showed a threefold increase in DLT frequency 
in patients with low SMM [8]. An association between low 
SMM and DLT has also been found in patients with non-
small cell lung cancer, breast cancer, colorectal cancer, 
esophagogastric cancer and pancreatic cancer [9–11, 20, 21]. 
The scale of increased risk for DLTs found in these studies 
varies, mainly depending on the type of cytotoxic agent used 
and the cut-off points used to define low SMM.

Several hypotheses have been proposed in the literature 
to explain the underlying mechanism of this important find-
ing in several types of cancers [13, 22]. The most accepted 
hypothesis is based on the influence of low SMM on the 
volume of distribution of anti-cancer drugs and assumes that 
dosing of anti-cancer drugs on body surface area is insuffi-
cient to capture body composition differences. Dosing cyto-
toxic agents on body surface area was initially derived from 
observations that basal metabolic rates non-linearly differed 
between species (humans, animals) according to weight [6]. 
These observations also showed that the maximum tolerated 
dose expressed as mg/m2 was similar in different species [6]. 
Therefore, in the 1950’s, body surface area (m2) calculated 
with patient’s body weight and body height was used as an 
estimate for safe starting doses in phase 1 human trials based 
on preclinical animal toxicology studies [6]. However, the 

Table 3   Cisplatin dose-limiting toxicities according to SMM status

Bold values means statistically different

Total Without low 
SMM n = 144

Low SMM p value

n = 343 n (%) n = 199

n (%) n (%)

DLT  < 0.01
 No 189 92 (48.7) 97 (51.3)
 Yes 154 52 (33.8) 102 (66.2)

 < 3 cycles
 No 198 94 (47.5) 50 (34.5) 0.02
 Yes 145 50 (34.5) 95 (65.5)

Delay ≥ 4 days
 No 337 142 (42.1) 195 (57.9) 0.71
 Yes 6 2 (33.3) 4 (66.7)

De-escalation ≥ 50%
 No 340 144 (42.4) 196 (57.6) 0.27
 Yes 3 0 3 (100)

Reason DLT
Ototoxicity
 No 279 123 (44.1) 156 (55.9) 0.12
 Yes 64 21 (32.8) 43 (67.2)

Neurotoxicity
 No 342 144 (42.1) 198 (57.9) 1
 Yes 1 0 1 (100)

Hematopoietic toxicity
 No 331 139 (42) 192 (58) 1
 Yes 12 5 (41.7) 7 (58.3)

Nephrotoxicity
 No 302 170 (56.3) 132 (43.7) 0.09
 Yes 41 29 (70.7) 12 (29.3)

Vascular toxicity
 No 337 140 (41.5) 197 (58.5) 0.41
 Yes 6 4 (66.7) 2 (33.3)

Malaise
 No 314 134 (42.7) 180 (57.3) 0.44
 Yes 29 10 (34.5) 19 (65.5)
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use of body surface area for predicting a safe starting dose 
was extended as a dosing tool for cytotoxic agents. Prado 
et al. showed that LBM has a poor association with body 
surface area (r2 = 0.37) in patients with solid tumors of the 
respiratory or gastro-intestinal tract. They estimated that the 
individual variation in LBM could account for up to a three-
fold variation in volume distribution for anticancer drugs 
dosed per unit body surface area [23].

Currently, the best tool used to predict who will ben-
efit from chemotherapy is the performance status of the 
patient, which can be measured by the Eastern Coopera-
tive Oncology group (ECOG) or the Karnofsky perfor-
mance status. Besides the performance status, patients’ 
comorbidities such as renal conditions and otologic con-
ditions are taken into consideration as objective measures 
to classify a cisplatin-fit patient. However, the assessment 
of performance status by the clinician may be a subjective 
measure. In our study, also partly because unfit patients 
do not receive cisplatin, the performance status was, as 
expected, not an independent predictor for DLT. Besides 
performance status, BMI is mostly used as a surrogate 
measure of patients’ physical fitness or nutritional status 
in clinical oncology practice. We found that low BMI at 

diagnosis was not associated with an increased risk of 
DLTs. BMI is not an appropriate measurement tool to 
identify patient at risk for DLTs and may unjustly reas-
sure oncologists about patients’ nutritional status and risk 
for experiencing adverse treatment effects. Ideally in the 
future, the body composition rather than the body weight 
should be taken into account during the diagnostic, treat-
ment and surveillance stages of phases in oncology. A 
need for a more objective and integrated measurement 
tool, such as SMM assessment, is needed. This enables 
an individualized patient approach, as wide variations in 
body composition, especially SMM, are reported in many 
populations [24]. SMM can be determined on routinely 
performed diagnostic imaging and therefore may be use-
ful in clinical practice to identify patients at risk for DLTs 
without additional patient burden.

Our study had some limitations. First, due to the retro-
spective design of this study no information was available 
on nutritional status and physical exercise, which may influ-
ence the relationship between SMM and DLT. Second, due 
to the observative nature of this study no causal relation-
ship between cisplatin pharmacokinetics and body surface 
area or SMM could be drawn from this study and further 

Table 4   Univariate and 
multivariate predictors of 
cisplatin dose-limiting toxicity

Bold values means statistically different

Univariate analysis Multivariate analysis
Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value

Gender
 Male Ref
 Female 1.88 (1.18–2.97) 0.007

Age (years) 1.02 (0.99–1.04) 0.23 1.01 (0.98–1.04) 0.53
BMI (kg/m2) 0.97 (0.92–1.02) 0.18 0.99 (0.94–1.05) 0.8
ECOG
 0 Ref
 1 1.10 (0.65–1.86) 0.71
  ≥ 2 1.27 (0.60–2.70) 0.54
 Unknown 0.84 (0.44–1.58) 0.58

ACE-27
 None Ref
 Mild 1.17 (0.67–2.02) 0.58
 Moderate 1.17 (0.65–2.10) 0.61
 Severe 0.62 (0.27–1.43) 0.26

Albumin (g/L) 0.96 (0.90–1.01) 0.14
Total protein (g/L) 0.94 (0.86–1.02) 0.12
Hemoglobin (mmol/L) 0.88 (0.72–1.08) 0.21
Creatinine (μmol/L) 1.00 (0.99–1.01) 0.98
LBM (kg) 0.97 (0.95–0.99) 0.01
Body surface area (m2) 0.58 (0.22–1.55) 0.28
Low SMM
 No Ref
 Yes 1.86 (1.20–2.89) 0.006 1.75 (1.06–2.90) 0.03
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prospective studies are needed to elucidate this relation-
ship. Thirdly, due to the discrepancy of males and females 
in this study, 235 males and 108 females, we did not calcu-
late gender-specific cut-off values of low SMM. SMM may, 
however, differ between males and females. Further studies 
should be performed to determine valid gender-specific cut-
off values for low SMM in HNC patients.

Early screening to identify patients with occult low SMM 
combined with multimodal interventions may offer an 
improvement in treatment tolerance. To improve treatment 
tolerance to chemoradiotherapy in patients with LA-HNC 
two possible solutions are worth investigating: I. A new con-
cept of cisplatin drug dosing schedules per kilogram of LBM 
using C3 muscle area measured on CT or MRI and II. SMM 
improvement by a multimodal approach including physical 
exercise (aerobic and resistance training), nutritional sup-
plements (high protein) and pharmacological agents (anti-
inflammatory, detoxifying agents).

In conclusion, the current method of dosing cisplatin in 
patients with LA-HNC leads to the observed high frequency 
of DLT which may impair tumor treatment and definitely 
impairs quality of life. Low SMM at diagnosis is highly pre-
dictive for DLT. Cisplatin dosing based on taking SMM into 
account may be a promising new concept in HNC to improve 
treatment tolerance.
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