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Abstract
Background

The dose-limiting effect of CT-assessed low skeletal muscle mass (LSMM) measured at the
level of the third cervical vertebra has been found in head and neck cancer patients receiv-

ing high-dose cisplatin chemoradiotherapy. The aim of this study was to investigate the pre-
dictive factors for dose-limiting toxicities (DLTs) using low-dose weekly chemoradiotherapy.

Materials and methods

Head and neck cancer patients receiving definite chemoradiotherapy with weekly 40 mg/m?
body surface area (BSA) cisplatin or paclitaxel 45 mg/m? BSA and carboplatin AUC2 were
consecutively included and retrospectively analysed. Skeletal muscle mass was assessed
using the muscle surface at the level of the third cervical vertebra in pretherapeutic CT
scans. After stratification for LSMM DLT, acute toxicities and feeding status during the treat-
ment were examined.

Results

Dose-limiting toxicity was significantly higher in patients with LSMM receiving cisplatin
weekly chemoradiotherapy. For paclitaxel/carboplatin, no significance regarding DLT and
LSMM could be found. Patients with LSMM had significantly more dysphagia before treat-
ment, although feeding tube placement before treatment was equal in patients with and
without LSMM.

Conclusions

LSMM is a predictive factor for DLT in head and neck patients treated with low-dose weekly
chemoradiotherapy with cisplatin. For paclitaxel/carboplatin, further research must be car-
ried out.
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Introduction

A curative treatment of locally advanced head and neck cancer is radiotherapy with concurrent
chemotherapy with (or without) prior surgery. Consequently, it is the only definite treatment
in (technical or functional) unresectable cases. Concurrent platinum-based chemotherapy is
necessary to achieve significantly higher locoregional disease control and survival [1, 2]. In
particular, survival is dependent on the cumulative dose of radiation and chemotherapy [3].
Inherent treatment-associated toxicity is often a dose-limiting factor, thus negatively affecting
the outcome. Identifying patients prone to a higher risk of acute toxicity is key in predicting
treatment outcomes and employing adequate supportive care. This may increase the quality of
life during and after treatment on the one hand and improve long-term outcomes on the other
hand. Sarcopenia, defined by skeletal muscle mass (SMM) loss and function, is emerging as a
predictive marker in all oncological patients for outcome and toxicities [4], especially in head
and neck patients [5-7]. SMM can be determined using a single CT slide at a particular body
height [8, 9]. This method has been established at the level of the third lumbar vertebra and
subsequently also at the level of the third cervical vertebra to identify patients with low skeletal
muscle mass (LSMM) [10, 11]. Recently, studies have shown the dose-limiting effect of LSMM
measured at the level of the third cervical vertebra for primary chemoradiotherapy with high-
dose cisplatin in head and neck cancer patients [12-15]. However, an increasing number of
concurrent low-dose chemotherapy regimens on a weekly basis are used, achieving the same
outcome with lower toxicities [16-18]. To our knowledge, no studies have evaluated the effect
of LSMM on dose-limiting toxicities in head and neck cancer patients receiving low-dose
weekly chemoradiotherapy. Therefore, this study investigated whether LSMM can also be used
as a predictive factor for dose-limiting toxicities in low-dose weekly chemoradiotherapy of
head and neck cancer patients.

Materials and methods
Patients and treatment

In this single-centre study, patients with head and neck squamous cell carcinoma (HNSCC)
receiving definitive chemoradiotherapy with curative intent between January 2015 and Octo-
ber 2021 were consecutively included and retrospectively analysed. Postoperative or radiother-
apy-only cases were primarily excluded. Patients for whom an accurate measurement of SMM
was not possible and patients not completing treatment due to nontoxicity reasons (e.g., non-
compliance or disease progression) were secondarily excluded. All patients gave their written
consent. The Medical Ethical Research Committee of the Hannover Medical School approved
the design of this study.

The standard treatment regimen was moderately hypofractionated volumetric arc therapy
(VMAT) with a simultaneous integrated boost using a total dose of 66 Gy (daily dose, 2.2 Gy)
for gross tumour volumes, 60 Gy (daily dose, 2.0 Gy) for tumour-adjacent cervical nodes at
high risk for subclinical disease and 54 Gy (daily dose, 1.8 Gy) for elective cervical nodes
divided into 30 fractions [19, 20]. Five fractions were applied every week for a total treatment
time of six weeks. Intravenous chemotherapy was given simultaneously every week using a cis-
platin target dosage of 40 mg/m® body surface area (BSA), accumulating to 240 mg/m* BSA
for 6 weeks. Patients with contraindications to cisplatin-based chemotherapy (mainly reduced
renal function) received carboplatin (AUC2) and paclitaxel (45 mg/m”> BSA) weekly. Only
patients with those two regimens were included.

Dose-limiting toxicity was defined in cases where less than five cycles of chemotherapy
were applied; thus, in the case of cisplatin, less than 200 mg/m” BSA was applied during
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treatment. No cycle was performed in cases of haematopoietic toxicity with a white blood cell
count < 3.0 x 10°/1 and/or platelets < 75 x 10°/1. Cisplatin was reduced in dosage if the creati-
nine clearance was between 65 and 60 ml/min and discontinued below a clearance of 60 ml/
min. Furthermore, in cases of infections with fever, a cycle was postponed. G-CSF was given
for a white blood cell count < 1.0 x 10°/1. The above requirements were evaluated weekly.

Data collection

Patient characteristics included age, sex, smoking history, p16 status in oropharyngeal
tumours, tumour location, and tumour (T) and lymph node (N) stage according to the 7th edi-
tion of the American Joint Committee on Cancer (AJCC) Staging Manual [21]. In addition,
every week before any planned chemotherapy administration, weight and height were mea-
sured along with blood samples, including serum creatinine concentration (mg/dl) and a com-
plete blood count. Furthermore, feeding status and toxicities were noted according to the
Common Terminology Criteria for Adverse Events (CTCAE) v5.0 [22] before and during the
treatment on a weekly basis in the individual patient protocol.

CT-based sarcopenia analysis

SMM was assessed by CT scans (3 mm slices) for radiation planning performed on a SOMA-
TOM Definition AS CT (Siemens, Germany) directly before treatment. A thermoplastic mask
was used to ensure immobilization. Following the validated procedure of Swartz et al. [11, 23],
the first slide, including the entire vertebral arc scrolling from cranial to caudal at the level of
the third cervical vertebra, was selected and manually followed by delineation of the cross-sec-
tional area (CSA) of both sternocleidomastoid and paravertebral muscles using the software
Centricity PACS Radiology RA1000 Workstation (GE Healthcare, Barrington IL, USA), see
“S1 Fig”. Patients with scans with severe dental artefacts or tumour infiltration of the relevant
muscles at the level of the third cervical vertebra that impeded accurate assessment of CSA
were excluded. Next, the CSA of both sternocleidomastoid and paravertebral muscles was
added to obtain the respective skeletal muscle CSA on the third cervical vertebra. This was fur-
ther used to calculate the estimated skeletal muscle CSA on the third lumbar vertebra accord-
ing to the formula by Swartz et al. [11]. The CSA (cm?®) was divided by the square of the body
height (m?) to adjust for patients’ stature. This results in the skeletal muscle index (SMI, cm®/
m?) at the third lumbar vertebra which is considered a comparable surrogate marker for the
SMM [24]. The continuous SMI was additionally utilized to categorize patients for LSMM cor-
responding to a previously established cut-off value of SMI < 43.2 cm*/m? [15, 25]. In further
analysis, LSMM is therefore defined as SMI < 43.2 cm*/m”. Delineation was performed by an
experienced single researcher (JNB) [26]. Imaging analysis was further tested in terms of the
reproducibility of the study by measuring inter- and intraobserver reliability [27]. Interob-
server reliability was determined by comparing the SMI measured by two observers (JNB and
JW) from 25 randomly selected patients. Intraobserver reliability was determined by compar-
ing two sets of measurements of 25 randomly reselected patients performed by a single
observer separated by two weeks. The observers were blinded to previous delineations.

Statistical analysis

Patients were stratified by LSMM status and described with descriptive statistics. Data are pre-
sented as the mean with standard deviation for normally distributed continuous variables and as a
number with percentage for categorical variables. Normality was confirmed using the Kolmogo-
rov-Smirnov test and Q-Q-plots. The Pearson chi-square test was used for categorical group com-
parisons, and the independent sample t test was used for continuous variables. Univariate and
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multivariate logistic regression analyses were used to assess the predictive value of LSMM and
DLT. Variables with a p value lower than 0.05 (two-tailed) in univariate analysis were selected for
inclusion in multivariate analysis. The goodness of fit of the multivariate model was analysed
using the Hosmer-Lemeshow test. The imaging analysis of the relevant CSA was tested for repro-
ducibility by measuring inter- and intraobserver reliability with respective interclass correlation
coefficients (ICCs). An ICC > 0.9 was considered excellent according to Koo et al. [28]. Statistical
significance was considered at p < 0.05. There were no missing data. All statistical analyses were
conducted with IBM Statistical Package for Social Sciences version 27.

Results

In total, 109 patients were found to be receiving primary chemoradiotherapy. Four patients
did not complete treatment for nontoxic reasons, and eight patients had inadequate image
quality and were excluded. Analysis was performed on the remaining 97 patients.

Patient characteristics

The characteristics of the low-skeletal muscle patients are presented in Table 1. All continuous
variables were normally distributed.

All female patients were classified into the low skeletal muscle mass group (LSMM). Mean
age was slightly higher and mean weight significantly lower in the LSMM group. Mean height
was also significantly lower in the LSMM group. The primary tumour sites were the orophar-
ynx (32.7%) in the normal SMM group and the oral cavity (45,2%) in the LSMM group. T and
N as well as anatomic staging were not significantly different between normal and low SMM.

Dose limitations and toxicities

Dose limitations were observed significantly more often in the LSMM group (35.7%) than in
the normal SMM group (10.9%) presented in Table 2. Significant differences were docu-
mented in the cisplatin subgroup. However, in the paclitaxel/carboplatin subgroup, no signifi-
cant differences were observed between the groups. The reason for dose limitation was always
haematopoietic toxicity in patients without LSMM. In low SMM patients, two-thirds also had
dose limitations due to haematopoietic toxicity, nephrotoxicity (n = 2), and infections (n = 3).
In five patients a cisplatin dose reduction was necessary due to reduced renal function during
treatment (three patients with one reduced cycle, two patients with two reduced cycles). Those
patients had also less than four cycles of cisplatin each, thus, dose-limiting toxicity anyway.

The number of patients with a feeding tube prior to treatment was not significantly differ-
ent in patients with and without LSMM as shown in Table 3. However, dysphagia before treat-
ment was significantly higher in LSMM patients. No significant difference between normal
and low SMM was found in relation to weight loss during treatment or mucositis, dermatitis,
and dysphagia at the end of the treatment.

Table 4 presents the results of the univariate and multivariate logistic regression for DLT.
Significant for predicting DLT were older age (1.08 95% CI 1.01-1.15) and LSMM (4.54 95%
CI 1.58-13.06). In multivariate analysis, only LSMM was a significant predicting factor for
dose-limiting toxicity, giving an odds ratio of 3.96 (95% CI 1.34-11.64). The Hosmer-Leme-
show test gave a high goodness-of-fit with a Chi-Square = 8.615 and a p = 0.376.

Inter- and intraobserver reliability

The calculated ICC was 0.97 (95% CI 0.92-0.99) for interobserver reliability and 0.98 (95% CI
0.95-0.99) for interobserver reliability. Both are excellent, with values above 0.9.
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Table 1. Characteristics of included patients (n = 97).

Without low SMM (n = 55) Low SMM (n = 42) P-value
Sex <0.01?
Female 0 (0%) 19 (45.2%)
Male 55 (100%) 23 (54.8%)
Age at diagnosis (years) 61.1 (£8.5) 64.4 (+£8.2) 0.06°
Smoking
No 24 (43.6%) 17 (40.5%) 0.76 %
Yes 31 (56.4%) 25 (59.5%)
Weight (Kg) 83.3 (+18.4) 62.1 (+12.6) 0.01°
Length (cm) 175.3 (+6.4) 172.3 (+8.5) 0.03°
SMI (cm*/m?) 50.2 (£6.5) 37.1(5.5) <0.01°
P16 status (oropharyngeal tumour) 0.24°
Positive 7 (38.9%) 3 (20%)
Negative 11 (61.1%) 12 (80%)
Tumour site 0.06 %
Oropharynx 18 (32.7%) 15 (35.7%)
Larynx 6 (10.9%) 2 (4.8%)
Hypopharynx 14 (25.4%) 5(11.9%)
Oral cavity 12 (21.8%) 19 (45.2%)
Nasopharynx 5(9.1%) 1(2.4%)
T-stage* 0.61°
T1 2 (3.6%) 2 (4.8%)
T2 11 (20%) 5(11.9%)
T3 17 (30.9%) 11 (26.2%)
T4 25 (45.5%) 24 (57.1%)
N-Stage” 0.40*
NO 13 (17.5%) 7 (16.7%)
N+ 42 (82.5%) 35 (83.3%)
Anatomic stage group* 0.76 *
Stage II 8 (14.5%) 4 (9.5%)
Stage ITI 11 (20%) 9 (21.4%)
Stage IV 36 (65.5%) 29 (69.1%)

Categorical data with the percentage of total group size n. Continued data (age, weight, and length) is given as the mean with standard deviation. The T stage is

categorizing the tumour size while the N stage represents the presence of lymph node metastasis (N+ = at least one positive lymph node).

Significance p was calculated by * Pearson’s chi-squared test and ® Student independent t test.
*Staging confirm with the AJCC Cancer Staging Manual, 7th edition [21].

https://doi.org/10.1371/journal.pone.0282015.t001

Discussion

Our study identified LSMM as a predictor for dose-limiting toxicity in weekly low-dose con-
current cisplatin chemoradiotherapy for HNSCC patients. These results are in line with previ-
ous studies using high-dose cisplatin chemotherapy regimens.
Bril et al. [14] found a trifold risk of DLT due to LSMM in HNSCC patients undergoing
high-dose chemoradiotherapy. They proposed that a low-dose weekly regimen may be better
in sarcopenic patients. In our study, the risk of dose-limiting toxicity was even slightly higher
in LSMM patients. Our results, therefore, argue against a benefit of a low-dose weekly regimen
in the LSMM group.
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Table 2. Dose-limiting toxicity (DLT) according to SMM status.

Total (n=97) Without low SMM (n = 55) Low SMM (n = 42) P-value
DLT <0.01
No 49 (89.1%) 27 (64.3%)
Yes 6 (10.9%) 15 (35.7%)
DLT in cisplatin
No 38 (90.5%) 20 (66.7%) 0.01
Yes 4(9.5%) 10 (33.3%)
DLT in paclitaxel/carboplatin 0.14
No 11 (84.6%) 7 (58.3%)
Yes 2 (15.4%) 5(41.7%)
Reason of DLT 0.45
Haematopoietic toxicity 6 (100%) 10 (66.7%)
Nephrotoxicity 0 2 (13.3%)
Infection 0 3(20%)

DLT dose limiting toxicity; SMM skeletal muscle mass; Significance p calculated by Pearson’s chi-squared test

https://doi.org/10.1371/journal.pone.0282015.t002

In our study, patients who were not eligible for weekly chemotherapy with 40 mg/m? cis-
platin received carboplatin AUC2 and paclitaxel 45 mg/m? BSA as an alternative. Here, LSMM
could not be identified as a statistically relevant predictive factor for dose-limiting toxicity.
However, the group size of carboplatin/paclitaxel patients was relatively small compared to
that of the cisplatin group. On the other hand, the respective percentage differences tended to

Table 3. Toxicities and feeding status according to SMM status.

Without low SMM (n = 55) Low SMM (n = 42) P-value
Mucositis* 0.41
/11 49 (89.1%) 35 (83.3%)
I/1v 6(10.9%) 7 (16.7%)
Dermatitis* 0.98
U1 51 (92.7%) 39 (92.9%)
11/1v 4 (7.3%) 3(7.1%)
Dysphagia* 0.11
/11 23 (41.8%) 11 (26.2%)
11/1v 32 (58.2%) 31 (73.8%)
Dysphagia before treatment 0.01
/11 48 (87.3%) 27 (64.3%)
11/1v 7 (12.7%) 15 (35.7%)
Weight loss during treatment 0.40
<10% 45 (81.8%) 37 (88.1%)
>=10% 10 (18.2%) 5 (11.9%)
Feeding-tube prior treatment 0.46

No

38(69.1%)

26(61.9%)

Yes

17(30.9%)

16(38.1%)

SMM skeletal muscle mass; Significance p calculated by Pearson’s chi-squared test, Mucositis, Dermatitis, and

Dysphagia grouped according to CTCAE v5.0 [22]

*highest CTCAE classification during treatment

https://doi.org/10.1371/journal.pone.0282015.t003
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Table 4. Univariate and multivariate logistic regression for DLT.

Gender
Female
Male
Age
BMI
Anatomic stage group
Stage 11
Stage II1
Stage IV
Dysphagia before treatment
/11
1I1/1v
LSMM
No
Yes

Univariate analysis Odds ratio (95% CI) P-value Multivariate analysis Odds ratio P-value
(95% CI)
Ref
1.05 (0.31-3.57) 0.90
1.08 (1.01-1.15) 0.02 1.07 (1.00-1.14) 0.06
1.01 (0.93-1.10) 0.86
Ref
0.73 (0.14-3.72) 0.70
1.21 (0.38-3.92) 0.75
Ref
1.32 (0.39-4.43) 0.65
Ref
4.54 (1.58-13.06) <0.01 3.96 (1.34-11.64) 0.01

DLT dose limiting toxicity; LSMM low skeletal muscle mass; BMI body mass index; CI confidence interval; Significance p

https://doi.org/10.1371/journal.pone.0282015.t004

be lower in the carboplatin/paclitaxel group. This finding may have clinical relevance in choos-
ing a therapy regimen for LSMM patients. Better tolerance may result in a better outcome. A
possible explanation could be the carboplatin dosage according to the AUC2 instead of the
body surface area used for cisplatin [29]. Another possible explanation is that hydrophilic cis-
platin is distributed mainly in muscle rather than fat. Therefore, patients with LSMM but nor-
mal or high body mass due to fat may receive a relative overdosage of BSA-calculated cisplatin,
resulting in more toxicity [30]. However, regarding the LSMM paclitaxel/carboplatin group
percentage, relatively more patients had a DLT than in the cisplatin group. This finding could
be due to more vulnerable patients in the paclitaxel/carboplatin group. No published research
using weekly chemotherapy with the paclitaxel/carboplatin regimen alone or with paclitaxel/
carboplatin stratification was available regarding DLT in HNSCC patients. Therefore, we
focused on the cisplatin group regarding dose limitation, for whom data are available.

Comparing the relative amounts of patients with cisplatin dose limitation, thus less than
200 mg/m* BSA for the total treatment, our results align with previous studies using the high-
dose cisplatin regimen. Cargi et al. [13] had nearly the same ratios for patients with and with-
out LSMM. Additionally, in a meta-analysis comparing weekly low-dose and high-dose cis-
platin regimens, no significant differences were found between both regimens in reaching the
cumulative 200 mg/m?* BSA dosage in the definite chemoradiotherapy of HNSCC patients
[18]. Dosage below this landmark has been shown to give inferior results [1, 2]. Reaching 200
mg/m? BSA with two cycles of a high-dose or five cycles of a weekly low-dose cisplatin regimen
seems to have no impact on progression-free and overall survival. Nevertheless, the different
regimens have been shown to impact treatment toxicities.

In definitive and postoperative chemoradiotherapies of HNSCC, a weekly cisplatin regimen
has been shown to cause less severe toxicities [18, 31]. In the study of Cargi et al. [13], using a
high-dose cisplatin regimen, mostly ototoxicity and nephrotoxicity were reasons for a dose
limitation. In our study, in contrast, mainly haematopoietic toxicity led to a reduction in the
number of dose cycles. This is consistent with previous studies [18]: in the high-dose cisplatin
regimen, acute severe nephrotoxicity (Grade 3 and 4 according to the CTCAE [22]) was

PLOS ONE | https://doi.org/10.1371/journal.pone.0282015 February 21, 2023 7/12


https://doi.org/10.1371/journal.pone.0282015.t004
https://doi.org/10.1371/journal.pone.0282015

PLOS ONE

Low skeletal muscle mass is predictive of dose-limiting toxicities in head and neck cancer patients

significantly more frequent compared to the weekly regimen. Data were also found only in
studies with high-dose cisplatin for severe ototoxicity. Therefore, a clear argument for using
the weekly regimen during chemoradiotherapy is causing less severe toxicities with no inferi-
ority in terms of progression-free survival and overall survival. Here, one must also consider
the toxicities more related to radiation.

Consistent with previous publications [32, 33], in our study, LSMM could not be identified
as a predicting factor for skin and mucosa toxicities or dysphagia at the end of treatment.
These typical skin and mucosa responses are mostly due to local radiation. Based on our cur-
rent knowledge, these reactions can only be reduced by a well-balanced dose plan for these vul-
nerable regions and intensified supportive care during treatment [34, 35]. Regarding the initial
feeding status, significantly more patients with LSMM already had severe dysphagia before
treatment. This result is also in line with previous studies [12] and, incidentally, even not sur-
prising, as malnutrition is a major reason for sarcopenia [36].

Interestingly, feeding tube placements before treatment were not significantly higher in
LSMM patients in our study population. However, weight loss was not significantly different
between LSMM and non-LSMM patients during chemoradiotherapy. It is possible that more
non-LSMM patients received a prophylactic feeding tube without severe dysphagia. This
aspect may need further investigation. Indeed, dedicated nutrition combined with physiother-
apy helps LSMM patients gain more crucial muscle mass before and perhaps during treatment
[37]. This could result in fewer dose-limiting toxicities and consequently a better outcome.
However, the placement of feeding tubes with a relatively high risk of complications could be
evaluated more critically using the LSMM [38, 39].

A strength of our study compared to all studies published before was the inclusion of only
definitive chemoradiotherapy treatment. In previous studies, differences between postopera-
tively and definitely treated patients were, as far as they were analysed, always significant in
terms of low skeletal muscle mass [13]. Thus, the results derived from a group including both
could be less reliable for each part of the group and under- or overestimate the dose-limiting
effect of LSMM, for instance. In previous studies, different concurrent chemotherapy or even
immunotherapy regimens were often not stratified. In this study, we were the first to distin-
guish between chemotherapeutic agents, making the results more comparable. Intra- and
interobserver reliability was confirmed to make the measurements more robust.

As with most previous studies, the retrospective nature of this study has some intrinsic limi-
tations. Hearing function was measured mostly before treatment but not during or after treat-
ment. Even though no patients stated an evident subjective hearing loss during the treatment
in our records, regular measurements could have been compared with other studies in terms
of ototoxicity. Patient assessment and blood samples were systematically collected weekly dur-
ing treatment. Data in the weeks after therapy in terms of toxicities were not available. This is
also true in previous studies, but LSMM may influence the length of specific toxicities and thus
the recovery from such therapy [12].

Furthermore, the relatively small number of patients receiving paclitaxel and carboplatin
instead of cisplatin only can give a trend but is too small for a clear statement based on a statis-
tical calculation. The cut-off for LSMM was used from published studies for better compari-
son. Using this cut-off, all women fell into the LSMM group. The debate about suitable cut-off
values is still ongoing [40].

Conclusions

This is the first study showing that low skeletal muscle mass by CT-scan measurements of the
third cervical vertebra is a predictor for dose-limiting toxicity in concurrent
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chemoradiotherapy using weekly low-dose cisplatin-based regimens in HNSCC patients. Fur-
ther research should be carried out on different chemotherapy agents and chronic toxicities.

Supporting information

S1 Fig. Skeletal muscle measurements. Axial neck CT at the level of the third cervical vertebra
with skeletal muscle measurements. (1) cross-sectional area (CSA) of the right sternocleido-
mastoid muscle, (2) CSA of the left sternocleidomastoid muscle, and (3) CSA of the paraver-
tebral muscles. a Patient with low skeletal muscle mass. b Patient without low skeletal muscle
mass.

(DOCX)

Author Contributions

Conceptualization: Jan-Niklas Becker, Frank Bruns.

Data curation: Jan-Niklas Becker, J6rn Wichmann, Frank Bruns.
Formal analysis: Jan-Niklas Becker, Mathias Sonnhoff, Frank Bruns.

Investigation: Jan-Niklas Becker, Robert Hermann, Mathias Sonnhoff, Hans Christiansen,
Frank Bruns.

Methodology: Jan-Niklas Becker, Robert Hermann, J6rn Wichmann, Mathias Sonnhoff,
Frank Bruns.

Project administration: Jan-Niklas Becker, Frank Bruns.

Resources: Jan-Niklas Becker, Robert Hermann, Jorn Wichmann, Hans Christiansen, Frank
Bruns.

Software: Jan-Niklas Becker, Jorn Wichmann, Hans Christiansen, Frank Bruns.
Supervision: Jan-Niklas Becker, Hans Christiansen, Frank Bruns.

Validation: Jan-Niklas Becker, Robert Hermann, Mathias Sonnhoff, Frank Bruns.
Visualization: Jan-Niklas Becker, J6rn Wichmann.

Writing - original draft: Jan-Niklas Becker, Frank Bruns.

Writing - review & editing: Jan-Niklas Becker, Robert Hermann, Jorn Wichmann, Mathias
Sonnhoff, Hans Christiansen, Frank Bruns.

References

1. Strojan P, Vermorken JB, Beitler JJ, Saba NF, Haigentz M, Bossi P, et al. Cumulative cisplatin dose in
concurrent chemoradiotherapy for head and neck cancer: A systematic review. Head Neck. 2016; 38
Suppl 1:E2151-8. https://doi.org/10.1002/hed.24026 PMID: 25735803

2. Pignon J-P, Le Maitre A, Maillard E, Bourhis J. Meta-analysis of chemotherapy in head and neck cancer
(MACH-NC): an update on 93 randomised trials and 17,346 patients. Radiother Oncol. 2009; 92:4—14.
https://doi.org/10.1016/j.radonc.2009.04.014 PMID: 19446902

3. Al-Mamgani A, Ridder M de, Navran A, Klop WM, Boer JP de, Tesselaar ME. The impact of cumulative
dose of cisplatin on outcome of patients with head and neck squamous cell carcinoma. Eur Arch Otorhi-
nolaryngol. 2017; 274:3757-65. https://doi.org/10.1007/s00405-017-4687-4 PMID: 28755023

4. Shachar SS, Williams GR, Muss HB, Nishijima TF. Prognostic value of sarcopenia in adults with solid
tumours: A meta-analysis and systematic review. Eur J Cancer. 2016; 57:58—67. https://doi.org/10.
1016/j.ejca.2015.12.030 PMID: 26882087

PLOS ONE | https://doi.org/10.1371/journal.pone.0282015 February 21, 2023 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282015.s001
https://doi.org/10.1002/hed.24026
http://www.ncbi.nlm.nih.gov/pubmed/25735803
https://doi.org/10.1016/j.radonc.2009.04.014
http://www.ncbi.nlm.nih.gov/pubmed/19446902
https://doi.org/10.1007/s00405-017-4687-4
http://www.ncbi.nlm.nih.gov/pubmed/28755023
https://doi.org/10.1016/j.ejca.2015.12.030
https://doi.org/10.1016/j.ejca.2015.12.030
http://www.ncbi.nlm.nih.gov/pubmed/26882087
https://doi.org/10.1371/journal.pone.0282015

PLOS ONE

Low skeletal muscle mass is predictive of dose-limiting toxicities in head and neck cancer patients

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Surov A, Pech M, Gessner D, Mikusko M, Fischer T, Alter M, et al. Low skeletal muscle mass is a pre-
dictor of treatment related toxicity in oncologic patients. A meta-analysis. Clin Nutr. 2021; 40:5298-310.
https://doi.org/10.1016/j.clnu.2021.08.023 PMID: 34536638

Grossberg AJ, Chamchod S, Fuller CD, Mohamed ASR, Heukelom J, Eichelberger H, et al. Association
of Body Composition With Survival and Locoregional Control of Radiotherapy-Treated Head and Neck
Squamous Cell Carcinoma. JAMA Oncol. 2016; 2:782-9. https://doi.org/10.1001/jamaoncol.2015.6339
PMID: 26891703

Takenaka Y, Takemoto N, Oya R, Inohara H. Prognostic impact of sarcopenia in patients with head and
neck cancer treated with surgery or radiation: A meta-analysis. PLoS One. 2021; 16:e0259288. https://
doi.org/10.1371/journal.pone.0259288 PMID: 34714876

Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge M-P, Albu J, et al. Total body skeletal muscle
and adipose tissue volumes: estimation from a single abdominal cross-sectional image. J Appl Physiol
(1985). 2004; 97:2333-8. https://doi.org/10.1152/japplphysiol.00744.2004 PMID: 15310748

Lee SJ, Janssen |, Heymsfield SB, Ross R. Relation between whole-body and regional measures of
human skeletal muscle. Am J Clin Nutr. 2004; 80:1215-21. hitps://doi.org/10.1093/ajcn/80.5.1215
PMID: 15531668

Prado CMM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB, Martin L, et al. Prevalence and clinical
implications of sarcopenic obesity in patients with solid tumours of the respiratory and gastrointestinal
tracts: a population-based study. Lancet Oncol. 2008; 9:629-35. https://doi.org/10.1016/S1470-2045
(08)70153-0 PMID: 18539529

Swartz JE, Pothen AJ, Wegner |, Smid EJ, Swart KMA, Bree R de, et al. Feasibility of using head and
neck CT imaging to assess skeletal muscle mass in head and neck cancer patients. Oral Oncol. 2016;
62:28-33. https://doi.org/10.1016/j.oraloncology.2016.09.006 PMID: 27865369

van Rijn-Dekker MI, van den Bosch L, van den Hoek JGM, Bijl HP, van Aken ESM, van der Hoorn A,

et al. Impact of sarcopenia on survival and late toxicity in head and neck cancer patients treated with
radiotherapy. Radiother Oncol. 2020; 147:103-10. https://doi.org/10.1016/j.radonc.2020.03.014 PMID:
32251949

Chargi N, Bashiri F, Wendrich AW, Smid EJ, Jong PA de, Huitema ADR, et al. Image-based analysis of
skeletal muscle mass predicts cisplatin dose-limiting toxicity in patients with locally advanced head and
neck cancer. Eur Arch Otorhinolaryngol 2022. https://doi.org/10.1007/s00405-021-07229-y PMID:
35038029

Bril SI, Al-Mamgani A, Chargi N, Remeijer P, Devriese LA, Boer JP de, et al. The association of pretreat-
ment low skeletal muscle mass with chemotherapy dose-limiting toxicity in patients with head and neck
cancer undergoing primary chemoradiotherapy with high-dose cisplatin. Head Neck. 2022; 44:189—
200. https://doi.org/10.1002/hed.26919 PMID: 34713519

Wendrich AW, Swartz JE, Bril SI, Wegner |, Graeff A de, Smid EJ, et al. Low skeletal muscle mass is a
predictive factor for chemotherapy dose-limiting toxicity in patients with locally advanced head and neck
cancer. Oral Oncol. 2017; 71:26—-33. https://doi.org/10.1016/j.oraloncology.2017.05.012 PMID:
28688687

Helfenstein S, Riesterer O, Meier UR, Papachristofilou A, Kasenda B, Pless M, et al. 3-weekly or weekly
cisplatin concurrently with radiotherapy for patients with squamous cell carcinoma of the head and neck
—a multicentre, retrospective analysis. Radiat Oncol. 2019; 14:32. https://doi.org/10.1186/s13014-019-
1235-y PMID: 30744643

Mohamed A, Twardy B, Zordok MA, Ashraf K, Alkhoder A, Schrapp K, et al. Concurrent chemora-
diotherapy with weekly versus triweekly cisplatin in locally advanced squamous cell carcinoma of the
head and neck: Comparative analysis. Head Neck. 2019; 41:1490-8. https://doi.org/10.1002/hed.
25379 PMID: 30835900

Szturz P, Wouters K, Kiyota N, Tahara M, Prabhash K, Noronha V, et al. Weekly Low-Dose Versus
Three-Weekly High-Dose Cisplatin for Concurrent Chemoradiation in Locoregionally Advanced Non-
Nasopharyngeal Head and Neck Cancer: A Systematic Review and Meta-Analysis of Aggregate Data.
Oncologist. 2017; 22:1056-66. https://doi.org/10.1634/theoncologist.2017-0015 PMID: 28533474

Eisbruch A, Harris J, Garden AS, Chao CKS, Straube W, Harari PM, et al. Multi-institutional trial of
accelerated hypofractionated intensity-modulated radiation therapy for early-stage oropharyngeal can-
cer (RTOG 00-22). Int J Radiat Oncol Biol Phys. 2010; 76:1333-8. https://doi.org/10.1016/j.ijrobp.
2009.04.011 PMID: 19540060

Wichmann J, Durisin M, Hermann RM, Merten R, Christiansen H. Moderately Hypofractionated Inten-
sity-modulated Radiotherapy With a Simultaneous Integrated Boost for Locally Advanced Head and
Neck Cancer—Do Modern Techniques Fulfil Their Promise? In Vivo. 2021; 35:2801-8. https://doi.org/
10.21873/invivo.12566 PMID: 34410971

Edge SB. AJCC Cancer Staging Manual 7th edition. New York: Springer. 2010.

PLOS ONE | https://doi.org/10.1371/journal.pone.0282015 February 21, 2023 10/12


https://doi.org/10.1016/j.clnu.2021.08.023
http://www.ncbi.nlm.nih.gov/pubmed/34536638
https://doi.org/10.1001/jamaoncol.2015.6339
http://www.ncbi.nlm.nih.gov/pubmed/26891703
https://doi.org/10.1371/journal.pone.0259288
https://doi.org/10.1371/journal.pone.0259288
http://www.ncbi.nlm.nih.gov/pubmed/34714876
https://doi.org/10.1152/japplphysiol.00744.2004
http://www.ncbi.nlm.nih.gov/pubmed/15310748
https://doi.org/10.1093/ajcn/80.5.1215
http://www.ncbi.nlm.nih.gov/pubmed/15531668
https://doi.org/10.1016/S1470-2045%2808%2970153-0
https://doi.org/10.1016/S1470-2045%2808%2970153-0
http://www.ncbi.nlm.nih.gov/pubmed/18539529
https://doi.org/10.1016/j.oraloncology.2016.09.006
http://www.ncbi.nlm.nih.gov/pubmed/27865369
https://doi.org/10.1016/j.radonc.2020.03.014
http://www.ncbi.nlm.nih.gov/pubmed/32251949
https://doi.org/10.1007/s00405-021-07229-y
http://www.ncbi.nlm.nih.gov/pubmed/35038029
https://doi.org/10.1002/hed.26919
http://www.ncbi.nlm.nih.gov/pubmed/34713519
https://doi.org/10.1016/j.oraloncology.2017.05.012
http://www.ncbi.nlm.nih.gov/pubmed/28688687
https://doi.org/10.1186/s13014-019-1235-y
https://doi.org/10.1186/s13014-019-1235-y
http://www.ncbi.nlm.nih.gov/pubmed/30744643
https://doi.org/10.1002/hed.25379
https://doi.org/10.1002/hed.25379
http://www.ncbi.nlm.nih.gov/pubmed/30835900
https://doi.org/10.1634/theoncologist.2017-0015
http://www.ncbi.nlm.nih.gov/pubmed/28533474
https://doi.org/10.1016/j.ijrobp.2009.04.011
https://doi.org/10.1016/j.ijrobp.2009.04.011
http://www.ncbi.nlm.nih.gov/pubmed/19540060
https://doi.org/10.21873/invivo.12566
https://doi.org/10.21873/invivo.12566
http://www.ncbi.nlm.nih.gov/pubmed/34410971
https://doi.org/10.1371/journal.pone.0282015

PLOS ONE

Low skeletal muscle mass is predictive of dose-limiting toxicities in head and neck cancer patients

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

National Cancer Institute. Common Terminology Criteria for Adverse Events (CTCAE) v5. [Cited 2022
August 17] Available from: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/
CTCAE_v5_Quick_Reference_5x7.pdf

Bril SI, Chargi N, Wendrich AW, Wegner |, Bol GH, Smid EJ, et al. Validation of skeletal muscle mass
assessment at the level of the third cervical vertebra in patients with head and neck cancer. Oral Oncol.
2021; 123:105617. https://doi.org/10.1016/j.oraloncology.2021.105617 PMID: 34749251

Mourtzakis M, Prado CMM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A practical and precise
approach to quantification of body composition in cancer patients using computed tomography images
acquired during routine care. Appl Physiol Nutr Metab. 2008; 33:997—1006. https://doi.org/10.1139/
H08-075 PMID: 18923576

Chargi N, Bril SI, Emmelot-Vonk MH, Bree R de. Sarcopenia is a prognostic factor for overall survival in
elderly patients with head-and-neck cancer. Eur Arch Otorhinolaryngol. 2019; 276:1475-86. https://doi.
org/10.1007/s00405-019-05361-4 PMID: 30830300

Zwart AT, Becker J-N, Lamers MJ, Dierckx RAJO, Bock GH de, Halmos GB, et al. Skeletal muscle
mass and sarcopenia can be determined with 1.5-T and 3-T neck MRI scans, in the event that no neck
CT scan is performed. Eur Radiol. 2021; 31:4053-62. https://doi.org/10.1007/s00330-020-07440-1
PMID: 33219847

Bril SI, Wendrich AW, Swartz JE, Wegner |, Pameijer F, Smid EJ, et al. Interobserver agreement of
skeletal muscle mass measurement on head and neck CT imaging at the level of the third cervical verte-
bra. Eur Arch Otorhinolaryngol. 2019; 276:1175-82. https://doi.org/10.1007/s00405-019-05307-w
PMID: 30689037

Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability
Research. J Chiropr Med. 2016; 15:155-63. https://doi.org/10.1016/j.jcm.2016.02.012 PMID:
27330520

Calvert AH, Newell DR, Gumbrell LA, O’Reilly S, Burnell M, Boxall FE, et al. Carboplatin dosage: pro-
spective evaluation of a simple formula based on renal function. J Clin Oncol. 1989; 7:1748-56. https://
doi.org/10.1200/JC0O.1989.7.11.1748 PMID: 2681557

Hopkins JJ, Sawyer MB. Interactions of lean soft-tissue and chemotherapy toxicities in patients receiv-
ing anti-cancer treatments. Cancer Chemother Pharmacol. 2018; 82:1-29. https://doi.org/10.1007/
s00280-018-3614-8 PMID: 29876640

Kiyota N, Tahara M, Mizusawa J, Kodaira T, Fujii H, Yamazaki T, et al. Weekly Cisplatin Plus Radiation
for Postoperative Head and Neck Cancer (JCOG1008): A Multicenter, Noninferiority, Phase II/lll Ran-
domized Controlled Trial. J Clin Oncol. 2022; 40:1980-90. https://doi.org/10.1200/JC0O.21.01293
PMID: 35230884

Nishikawa D, Hanai N, Suzuki H, Koide Y, Beppu S, Hasegawa Y. The Impact of Skeletal Muscle Deple-
tion on Head and Neck Squamous Cell Carcinoma. ORL J Otorhinolaryngol Relat Spec. 2018; 80:1-9.
https://doi.org/10.1159/000485515 PMID: 29393251

Thureau S, Lebret L, Lequesne J, Cabourg M, Dandoy S, Gouley C, et al. Prospective Evaluation of
Sarcopenia in Head and Neck Cancer Patients Treated with Radiotherapy or Radiochemotherapy. Can-
cers (Basel) 2021. https://doi.org/10.3390/cancers13040753 PMID: 33670339

Gayen S, Kombathula SH, Manna S, Varshney S, Pareek P. Dosimetric comparison of coplanar and
non-coplanar volumetric-modulated arc therapy in head and neck cancer treated with radiotherapy.
Radiat Oncol J. 2020; 38:138—47. hitps://doi.org/10.3857/r0j.2020.00143 PMID: 33012157

Maggiore R, Zumsteg ZS, BrintzenhofeSzoc K, Trevino KM, Gajra A, Korc-Grodzicki B, et al. The Older
Adult With Locoregionally Advanced Head and Neck Squamous Cell Carcinoma: Knowledge Gaps and
Future Direction in Assessment and Treatment. Int J Radiat Oncol Biol Phys. 2017; 98:868-83. https://

doi.org/10.1016/j.ijrobp.2017.02.022 PMID: 28602414

Cruz-Jentoft AJ, Sayer AA. Sarcopenia. The Lancet. 2019; 393:2636—46. https://doi.org/10.1016/
S0140-6736(19)31138-9 PMID: 31171417

Dhillon RJS, Hasni S. Pathogenesis and Management of Sarcopenia. Clin Geriatr Med. 2017; 33:17—
26. https://doi.org/10.1016/j.cger.2016.08.002 PMID: 27886695

Madhoun MF, Blankenship MM, Blankenship DM, Krempl GA, Tierney WM. Prophylactic PEG place-
ment in head and neck cancer: how many feeding tubes are unused (and unnecessary)? World J Gas-
troenterol. 2011; 17:1004-8. https://doi.org/10.3748/wjg.v17.i8.1004 PMID: 21448351

Strijbos D, Keszthelyi D, Bogie RMM, Gilissen LPL, Lacko M, Hoeijmakers JGJ, et al. A Systematic
Review and Meta-Analysis on Outcomes and Complications of Percutaneous Endoscopic Versus
Radiologic Gastrostomy for Enteral Feeding. J Clin Gastroenterol. 2018; 52:753—64. https://doi.org/10.
1097/MCG.0000000000001082 PMID: 29924079

PLOS ONE | https://doi.org/10.1371/journal.pone.0282015 February 21, 2023 11/12


https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://doi.org/10.1016/j.oraloncology.2021.105617
http://www.ncbi.nlm.nih.gov/pubmed/34749251
https://doi.org/10.1139/H08-075
https://doi.org/10.1139/H08-075
http://www.ncbi.nlm.nih.gov/pubmed/18923576
https://doi.org/10.1007/s00405-019-05361-4
https://doi.org/10.1007/s00405-019-05361-4
http://www.ncbi.nlm.nih.gov/pubmed/30830300
https://doi.org/10.1007/s00330-020-07440-1
http://www.ncbi.nlm.nih.gov/pubmed/33219847
https://doi.org/10.1007/s00405-019-05307-w
http://www.ncbi.nlm.nih.gov/pubmed/30689037
https://doi.org/10.1016/j.jcm.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27330520
https://doi.org/10.1200/JCO.1989.7.11.1748
https://doi.org/10.1200/JCO.1989.7.11.1748
http://www.ncbi.nlm.nih.gov/pubmed/2681557
https://doi.org/10.1007/s00280-018-3614-8
https://doi.org/10.1007/s00280-018-3614-8
http://www.ncbi.nlm.nih.gov/pubmed/29876640
https://doi.org/10.1200/JCO.21.01293
http://www.ncbi.nlm.nih.gov/pubmed/35230884
https://doi.org/10.1159/000485515
http://www.ncbi.nlm.nih.gov/pubmed/29393251
https://doi.org/10.3390/cancers13040753
http://www.ncbi.nlm.nih.gov/pubmed/33670339
https://doi.org/10.3857/roj.2020.00143
http://www.ncbi.nlm.nih.gov/pubmed/33012157
https://doi.org/10.1016/j.ijrobp.2017.02.022
https://doi.org/10.1016/j.ijrobp.2017.02.022
http://www.ncbi.nlm.nih.gov/pubmed/28602414
https://doi.org/10.1016/S0140-6736%2819%2931138-9
https://doi.org/10.1016/S0140-6736%2819%2931138-9
http://www.ncbi.nlm.nih.gov/pubmed/31171417
https://doi.org/10.1016/j.cger.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/27886695
https://doi.org/10.3748/wjg.v17.i8.1004
http://www.ncbi.nlm.nih.gov/pubmed/21448351
https://doi.org/10.1097/MCG.0000000000001082
https://doi.org/10.1097/MCG.0000000000001082
http://www.ncbi.nlm.nih.gov/pubmed/29924079
https://doi.org/10.1371/journal.pone.0282015

PLOS ONE Low skeletal muscle mass is predictive of dose-limiting toxicities in head and neck cancer patients

40. Huiskamp LFJ, Chargi N, Devriese LA, May AM, Huitema ADR, Bree R de. The Predictive Value of Low
Skeletal Muscle Mass Assessed on Cross-Sectional Imaging for Anti-Cancer Drug Toxicity: A System-
atic Review and Meta-Analysis. J Clin Med 2020. https://doi.org/10.3390/jcm9113780 PMID: 33238530

PLOS ONE | https://doi.org/10.1371/journal.pone.0282015 February 21, 2023 12/12


https://doi.org/10.3390/jcm9113780
http://www.ncbi.nlm.nih.gov/pubmed/33238530
https://doi.org/10.1371/journal.pone.0282015

