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KEYWORDS Abstract Background: Head and neck squamous cell carcinoma (HNSCC) is commonly
Head and neck associated with a high risk of malnutrition and sarcopenia, related to adverse clinical out-
squamous cell comes. This study evaluated the prognostic values of body composition on recurrence and sur-
carcinoma; vival in patients with advanced-stage HNSCC.

Body composition; Methods: This study prospectively enrolled 258 consecutive patients with definitive treatments
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Sarcopenia; the skeletal muscles (SMs) was measured at the level of the third lumbar vertebra on the
Prognosis computed tomography images of whole-body '*F-fluorodeoxyglucose positron-emission to-

mography/computed tomography before and after treatments. Univariate and multivariate
Cox proportional hazards regression analyses were performed to identify the prognostic fac-
tors of disease-free survival (DFS) and overall survival (OS).

Results: Pretreatment and post-treatment diminished SM masses (sarcopenia) were found in
17 (6.6%) and 32 (12.4%) of 258 included patients, respectively. All values of body composi-
tion, SM index, visceral fat area, lean body mass, fat mass and body mass index significantly
decreased after treatment (all P < 0.05). Multivariable analyses showed that age, Charlson co-
morbidity index, pretreatment and post-treatment sarcopenia, pretreatment hypoalbuminae-
mia, pl6 status and tumour site remained the independent variables predictive of DFS and
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OS outcomes (all P < 0.05). Patients with sarcopenia before or after treatment had about
threefold increased risk of overall recurrence or death.

Conclusion: Diminished SM mass may predict recurrence and survival after definitive treat-
ments in patients with advanced-stage HNSCC.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Depletion of skeletal muscle (SM) is associated with an
adverse impact on the prognosis of patients with cancer
[1]. Sarcopenia, characterised by depletion of skeletal
muscle mass (SMM), strength and function, has been
linked to decreased disease-free survival (DFS) and
overall survival (OS) in patients with a variety of cancer
types [2,3]. Moreover, increased chemotherapy toxicity
and a shorter time to tumour progression were observed
in cancer patients with sarcopenia [4,5].

Malnutrition and significant weight loss caused by
poor oral intake is common in patients with head and
neck squamous cell carcinoma (HNSCC). Malnutri-
tion may cause the depletion of SM, defined as sar-
copenia that is prevalent in up to 50% of cancer
patients across the spectrum of disease at presentation
[6,7]. Nutritional status and sarcopenia might impact
the clinical courses and outcomes of multimodal
therapy including surgery, radiotherapy and chemo-
therapy in HNSCC [8,9]. More studies are needed to
evaluate the therapeutic outcomes or prognostic values
related to body composition and sarcopenia in patients
with HNSCC.

The prognostic values of sarcopenia in patients with
advanced HNSCC have been rarely evaluated.
Computed tomography (CT) is an accurate method for
determining body composition and SMM [10,11]. Sar-
copenia can be defined from the measurement of SMM
using a CT cross-sectional image analysis at the third
lumbar vertebra (L3) level, defined as a standard bony
landmark [12]. Body composition parameters, such as
total body fat-free mass and sarcopenic obesity, have
clinical implications for functional status, therapy
toxicity and survival in patients with cancer [4,5,10].
SMM measurement at L3 may require abdominal CT
scanning that is available as whole-body '®F-fluo-
rodeoxyglucose (*F-FDG) positron-emission tomog-
raphy (PET)/CT for staging and post-treatment
surveillance [13]. Therefore, it could be hypothesised
that sarcopenia determined by L3 SMM might predict
tumour recurrence and patient survival after definitive
treatments for HNSCC. This study evaluated the
prognostic values of sarcopenia associated with recur-
rence and survival after definitive treatments in these
patients.

2. Materials and methods
2.1. Patients and study design

We prospectively enrolled patients older than 18 years
who were initially diagnosed with primary HNSCC at
our tertiary referral hospital between September 2010
and August 2015. A total of 677 patients with HNSCC
arising in the oral cavity, oropharynx, larynx or hypo-
pharynx were initially enrolled. Patients with early-stage
(I-IT) HNSCC (n = 275), previous history of cancer
treatment (n = 17), palliative treatment (n = 18),
incomplete initial radiotherapy or chemoradiotherapy
(n = 18), no initiation for any treatment modality
(n = 22) or the absence of follow-up CB data or lost to
follow-up (n = 17) were excluded. A total of 310 pa-
tients with definitive treatments for clinically advanced
(ITII-IV) stage HNSCC were included in the final ana-
lyses. The patients underwent examination of circulating
laboratory biomarkers (complete blood count [CBC],
electrolyte battery, chemical battery and C-reactive
protein [CRP]) at the time of initial diagnosis and
regularly after treatments. Patients were staged accord-
ing to the tumour-node-metastasis (TNM) staging sys-
tem of the American Joint Committee on Cancer (AJCC
7th ed., 2010) [18]. This study was reviewed by our
institutional review board, and written informed consent
was obtained from each patient.

We prospectively enrolled patients older than 18
years who were treated for treatment-naive HNSCC at
our tertiary referral hospital between September 2010
and December 2015. The primary end-point was the
impact of PET/CT imaging and circulating biomarkers
on recurrence and survival after definitive treatment for
HNSCC. The patients were requested to undergo whole-
body "®F-FDG PET/CT prior to and around 3—6
months after definitive treatment. The imaging and
biomarkers were performed for initial staging and post-
treatment surveillance. The research ethics board of our
institution reviewed and approved the study proposal,
and all patients gave written informed consent. A total
of 672 patients with HNSCC arising in the oral cavity,
oropharynx, larynx or hypopharynx were initially
enrolled. Patients with early I or II stage (n = 275),
palliative treatment or no treatment initiation (n = 40),
incomplete initial radiotherapy or chemoradiotherapy
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(n = 18), previous cancer treatment (n = 17) or lost to
follow-up (n = 17) were excluded. Forty-seven patients
were also excluded due to unavailable post-treatment
images assessing SM area at the L3 level. A total of
258 patients with definitive treatment for stage III or IV
HNSCC were included. Tumours were clinically staged
using the TNM system proposed by the American Joint
Committee on Cancer (7th edition).

2.2. CT assessment of body composition

The SMM was manually delineated along the SM out-
lines at the level of L3 from the CT images of pre-
treatment and post-treatment whole-body '*F-FDG
PET/CT. The images were analysed to determine cross-
sectional area (CSA, cm?) and total fat area (cm?)
including visceral plus subcutaneous fat regions using
the CT Hounsfield unit thresholds of —29 to +150 for
SM and —50 to —150 for adipose tissue [14—16]. The
CSA of the delineated area was automatically retrieved
as the sum of delineated pixels. The criteria for deter-
mining sarcopenia were derived from the CSA sum (lean
tissue area) of all SMs at the L3 level [14,15]. Skeletal
muscle index (SMI) was derived as the ratio of lean
tissue area (cm?) to the square of height (m?). Sarcope-
nia was defined as SMI less than 52.4 cm*/m? for men
and less than 38.5 cm?/m? for women [4,14,17]. Visceral
obesity was defined as a visceral fat area less than
163.8 cm? for men and 80.1 cm? for women [15]. Lean
body mass (LBM) was defined using the formula: LBM
(kg) = 0.30 x [lean tissue area (cm?)] + 6.06 [14]. Fat
mass (FM) was defined using the formula: FM
(kg) = 0.042 x [total fat area (cm?)] + 11.2 [4].

2.3. Variables

Patient demographic data were included as variables:
patient age (>65 years), sex, history of smoking (>20
pack-years) and alcohol consumption (>1 drink/day),
body mass index (BMI, <18.5 kg/m?), Charlson co-
morbidity index (>2), Karnofsky performance status
(<80) and second cancer [18,19]. Clinical tumour,
node and metastatic stage were also included [20]. Body
composition parameters from the measurement of CT
images were included: SMI, visceral obesity, LBM, and
FM. CBC and chemistry parameters were measured
without any evidence of infection in study patients
before treatment and around 2—4 months after treat-
ment. The reference limits of baseline biomarkers were
defined from previous reports and our institutional
normal ranges as leucocytosis (white blood cell count
>10,000/pL) [21,22], anaemia (haemoglobin <11 g/dL in
both genders) [23], hypoalbuminaemia (<3.5 g/dL) [24],
hypoproteinaemia (<6.0 g/dL) [24], neutrophilia
(>7500/uL) [21], lymphocytopenia (<1000/uL) [25] and
neutrophil-lymphocyte ratio (>2.5) [26]. Patients who
underwent primary surgery with/without postoperative

radiotherapy or chemoradiotherapy were allocated to
the surgery group, whereas those who received definitive
radiotherapy or chemoradiotherapy were allocated to
the non-surgery group. Variables were selected based on
recursive partitioning analysis with influences on sur-
vival in HNSCC [27].

2.4. Statistical analysis

Categorical data were expressed as number and per-
centage, and continuous data were expressed as median
and interquartile range (IQR). Primary end-points of
interest were DFS and OS. DFS was defined as the time
from the start of treatment to the first event of recur-
rence at any site or last visit. OS was defined as the time
from the start of treatment to the day of death due to
any cause or last visit. Univariate Cox proportional
hazard regression analyses were used to identify asso-
ciations between variables and DFS or OS. Variables
significant in the univariate analyses with P values of
<0.05 were included in the multivariate analyses.
Multivariate analyses were performed using a stepwise
variable selection procedure based on Akaike informa-
tion criterion (AIC) methods [28]. Variables with the
lowest AIC values were used in the final multivariate
model. A stratified Cox regression model was used to
address the violation of the proportional hazards
assumption. The multivariate Cox regression model was
also stratified for variables with non-proportional haz-
ards, and variables with multicollinearity were sepa-
rately fit [29]. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were estimated. The Kaplan—Meier and
log-rank tests were used to determine survival and sta-
tistical significance, respectively. The pretreatment and
post-treatment values were compared using the paired ¢-
test with Bonferroni correction. P-values less than 0.05
were considered statistically significant, and all statisti-
cal tests were two tailed. Statistical analyses were per-
formed using SAS 9.4 (SAS Institute, Cary, NC).

3. Results
3.1. Patient characteristics

The 258 patients comprised 223 (86.4%) males and 35
(13.6%) females, with a median age of 64 years (IQR
56—73). Patient characteristics are presented in Table 1.
Karnofsky performance status <80 and Charlson co-
morbidity index >2 were found in 111 (43.0%) and 29
(11.3%) patients, respectively. The median BMI, pre-
treatment SMI and post-treatment SMI were 23.0
(20.8—25.3), 62.3 (57.1—67.1) and 58.5 (53.8—63.2),
respectively. The most common tumour site was the
oropharynx (n = 94, 36.4%), followed by the oral cavity
(n = 56, 21.7%), the larynx (n = 54, 20.9%) and the
hypopharynx (n = 54, 20.9%). P16 positivity was found
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Table 1
Patient characteristics (N = 258).
Variables N %
Gender, male 223 86.4
Age (years), median (IQR) 64 (56—73)
Smoking, >20 pack-years 93 36.0
Alcohol consumption, >1 drink/day 110 42.6
KPS, 100/90/<80 102/45/111 39.5/17.4/43.0
CCI, 0/1/>2 176/53/29 68.2/20.5/11.3
Second cancer 73 28.3
BMI (kg/m?), median (IQR) 23.0 (20.8—25.3)
SMI, median (IQR) 62.3 (57.1-67.1)
Tumour site
Oropharynx 94 36.4
Oral cavity 56 21.7
Larynx 54 20.9
Hypopharynx 54 20.9
pl6, positive 72 27.9
T classification, T1/T2/T3/T4 35/79/63/81 13.6/20.6/24.4/31.4
N classification, NO/N1/N2/N3 50/42/162/4 19.4/16.3/62.8/1.6
Overall TNM stage, 11I/IV 69/189 26.7/73.3
Primary treatment
Surgery alone 61 23.6
Surgery + RT/CRT 70/32 21.1/12.4
RT alone/CRT 2/93 0.8/36.0

Follow-up information
Periods (months), median (IQR)
Recurrence, overall/local/regional/distant”
Last status, NED/DOD/DOC/AD

53.6 (26.3—70.5)
83/36/27/35
158/56/29/16

32.2/14.0/10.5/13.6
61.2/21.7/11.2/6.2

AD, alive with disease; BMI, body mass index (kg/mz); C3, the third cervical vertebra; CCI, Charlson comorbidity index; CRT, chemo-
radiotherapy; DOC, died of other causes; DOD, died of disease; IQR, interquartile range; KPS, Karnofsky performance status; L3, the third
lumbar vertebra; NED, no evidence of disease; SMI, skeletal muscle index (cmzlmz); RT, radiotherapy; TNM, tumour-node-metastasis staging

proposed by the AJCC (7th edition).
# There was overlapping of recurrent sites in some patients.

in 72 patients (27.9%). Advanced T classification was
found in 144 patients (55.8%), nodal positivity in 208
patients (20.6%) and overall IV stage in 189 patients
(73.3%). The patients underwent primary surgery alone
or surgery plus radiotherapy/chemoradiotherapy in 163
patients (63.2%) and definitive radiotherapy alone or
chemoradiotherapy in 95 patients (36.8%). The median
follow-up period was 53.6 (26.3—70.5) months. At last
follow-up, 158 patients (61.2%) were alive without dis-
ease, 56 (21.7%) died of disease, 29 (11.2%) died of other
causes and 16 (6.2%) were alive with disease. During
follow-up, any site recurrence was found in 83 patients
(32.2%): 36 (14.0) at the primary site, 27 (10.5%) at the
regional site and 35 (13.6%) at distant sites with over-
lapping of recurrent sites in some patients. Five-year
DFS and OS rates were 66.8% (63.7—69.9%) and
66.2% (63.1—69.3%)), respectively.

3.2. Changes in body composition and circulating
biomarkers before and after treatment

All values of body composition, BMI, SMI, visceral fat
area, LBM and FM, significantly decreased after treat-
ment (all P < 0.001) (Table 2). Regarding circulating
biomarkers, the levels of haemoglobin, total protein,
albumin and white blood cells significantly decreased,

while the levels of lymphocyte count, neutrophil-to-
lymphocyte ratio and CRP significantly increased (all
P > 0.05). Pretreatment sarcopenia and visceral obesity
were found in 17 (6.6%) and 13 (5.0%) patients,
respectively. Post-treatment sarcopenia and visceral
obesity were found in 32 (12.4%) and 4 (1.6%) patients,
respectively. Anaemia, hypoalbuminaemia and leuco-
cytosis were found in 22 (8.5%), 25 (9.7%) and 18 (7.0%)
patients, respectively, before treatment, and 61 (23.6%),
87 (33.7%) and 24 (9.3%), respectively, after treatment.

3.3. Variables for survival

Univariable analyses showed that age (>65 years),
Karnofsky performance scale (<80), Charlson comor-
bidity index (>2), second cancer, tumour site, tumour
differentiation, pl6 positivity and T classification were
significantly associated with DFS and OS outcomes (all
P < 0.05) (Table 3). Regarding body composition, BMI
(<18.5 kg/m?) and sarcopenia were significantly associ-
ated with DFS and OS outcomes (all P < 0.05). How-
ever, visceral obesity was not a predictive factor for
survival. Among circulating biomarkers, the pretreat-
ment levels of haemoglobin, albumin, white blood cells,
absolute neutrophil count, neutrophil-to-lymphocyte
ratio and CRP were significantly associated with DFS
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Table 2

Changes in body composition and circulating biomarkers before and after treatment.

Variables Before treatment (N = 258) After treatment (N = 258) P!
Body mass index 23.2 (3.6) 22.2 (3.6) <0.001
Skeletal muscle index (cm?/m?) 61.7 (8.4) 57.9 (4.7) <0.001
Visceral fat area (cm?) 50.1 (41.0) 42.2 (33.9) <0.001
Lean body mass (kg) 56.9 (8.5) 53.7 (7.6) <0.001
Fat mass (kg) 17.9 (3.4) 17.1 (3.1) <0.001
Haemoglobin, g/dL 13.7 (1.8) 12.3 (2.2) <0.001
Total protein, g/dL 6.9 (0.5) 6.7 (0.7) 0.009
Albumin, g/dL 4.0 (0.4) 3.6 (0.6) <0.001
WBC, x 10°/L 6642 (2259) 6068 (3354) 0.027
CNC, x 10%L 4008 (1982) 4188 (3069) 0.088
CLC, x 10%L 1942 (712) 1274 (1407) 0.023
NLR 2.59 (3.18) 4.61 (5.52) <0.001
CRP, mg/L 1.7 (2.6) 3.2(2.5) 0.001

The values indicate the mean (standard deviation).
CLC, circulating lymphocyte count; CNC, circulating neutrophil count; CRP, C-reactive protein; NLR, neutrophil-lymphocyte ratio; PV, pre-

vertebral; SCM, sternocleidomastoid; WBC, white blood cell.

% Compared between the values before and after treatment using paired #-test with Bonferroni correction. P < 0.05.

Table 3

Univariable analyses of body composition and circulating biomarkers in association with disease-free and overall survival.

Variables

Disease-free survival

HR (95% CI)

Overall survival

Before treatment

BMI, <18.5 kg/m*
Sarcopenia

Visceral obesity
Haemoglobin, <11 g/dL
Total protein, <6.0 g/dL
Albumin, <3.5 g/dL
WBC, >10 x 10°/L
CNC, >7.5 x 10°/L
CLC, <1.0 x 10°/L
NLR, >2.5

CRP, >2 mg/L

After treatment

BMI, <18.5 kg/m?
Sarcopenia

Visceral obesity
Haemoglobin, <11 g/dL
Total protein, <6.0 g/dL
Albumin, <3.5 g/dL
WBC, >10 x 10°/L
CNC, >7.5 x °/L

CLC, <1.0 x 10°/L
NLR, >2.5

CRP, >2 mg/L

2.67 (1.47—4.85)
2.34 (1.17-4.69)
0.57 (0.18—1.81)
2.13 (1.13—4.03)
2.65 (1.07—6.56)
3.87 (2.23—6.71)
3.23 (1.66—6.27)
3.66 (1.83—7.34)
1.12 (0.49—2.56)
1.65 (1.07—2.57)
3.41 (1.54—7.56)

2.79 (1.70—4.57)
242 (1.42-4.13)
0.59 (0.08—4.27)
1.03 (0.61—1.73)
1.02 (0.54—1.93)
1.63 (1.05-2.52)
2.40 (1.30—4.44)
1.43 (0.74—2.77)
1.26 (0.81—1.95)
1.34 (0.84—2.14)
1.47 (0.93—2.33)

P! HR (95% CD)* P!
0.001 1.54 (0.77—-3.08) 0.223
0.016 3.24 (1.79-5.87) <0.001
0.339 0.35 (0.09—1.43) 0.143
0.020 2.58 (1.43—4.58) 0.001
0.035 1.28 (0.41—4.06) 0.673
<0.001 3.48 (2.03—5.94) <0.001
0.001 3.21 (1.70—6.05) <0.001
<0.001 3.24 (1.62—6.48) 0.001
0.794 1.11 (0.49-2.55) 0.800
0.025 1.67 (1.08—2.58) 0.021
0.003 2.40 (1.06—5.45) 0.036
<0.001 1.95 (1.16—3.30) 0.012
0.001 3.15 (1.94-5.13) <0.001
0.605 0.48 (0.08—4.54) 0.386
0.922 1.45 (0.91-2.31) 0.119
0.943 1.22 (0.67—-2.19) 0.519
0.030 1.94 (1.26—2.97) 0.002
0.005 2.50 (1.38—4.53) 0.002
0.290 1.91 (1.05—3.45) 0.033
0.301 1.15 (0.75—1.76) 0.511
0.213 1.48 (0.93—-2.35) 0.103
0.100 1.65 (1.04—2.61) 0.034

BMI, body mass index (kg/m?); C3, third cervical vertebra; CLC, circulating lymphocyte count; CNC, circulating neutrophil count; CRP, C-
reactive protein; L3, third lumbar vertebra; NLR, neutrophil-lymphocyte ratio; SMI, skeletal muscle index; WBC, white blood cell; HR, hazard

ratio; CI, confidence interval.
# Univariate Cox proportional hazard regression models, P < 0.05.

and OS outcomes (all P < 0.05). The post-treatment
albumin level was also significantly associated with
DFS and OS outcomes (all P < 0.05). Multivariable
analyses showed that age, Charlson comorbidity index,
pretreatment and post-treatment sarcopenia, pretreat-
ment hypoalbuminaemia, pl6 status and tumour site
remained the independent variables predictive of DFS

and OS outcomes (all P < 0.05) (Table 4). Patients with
sarcopenia before or after treatment had about a
threefold increased risk of overall recurrence or death.
Five-year DFS rates of patients without and with pre-
treatment sarcopenia were 68.4% (65.2—71.6%) and
45.4% (33.9—57.9%), respectively (P = 0.013). The five-
year OS rates of patients without and with pretreatment
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Table 4

Multivariable analyses of variables in association with disease-free and overall survival.

Disease-free survival

Overall survival

Variables HR (95% CI) P! HR (95% CI)* P*
Age, >65 years 1.64 (1.02—2.62) 0.040 1.97 (1.21-3.21) 0.006
CCI, >2 2.12 (1.15-3.91) 0.016 2.63 (1.49—4.64) 0.001
Pretreatment sarcopenia 3.06 (1.25—7.54) 0.015 3.93 (2.36—6.56) <0.001
Post-treatment sarcopenia 3.34 (1.70—6.55) <0.001 2.92 (1.68—5.07) <0.001
Pretreatment albumin, <3.5 g/dL 3.29 (1.81-6.00) <0.001 2.64 (1.49—4.69) 0.001
Pretreatment WBC, >10 x 10°/L - 2.85 (1.45—5.58) 0.002
pl6, negative 2.39 (1.27-9.29) 0.001 2.38 (1.28—7.94) 0.001
Tumour site

Oropharynx Reference Reference

Oral cavity 2.53 (1.32—4.86) 0.005 2.34 (1.21-4.52) 0.011

Larynx 1.74 (0.85—3.54) 0.127 1.62 (0.75—3.52) 0.219

Hypopharynx 2.78 (1.46—5.29) 0.002 2.51 (1.26—5.00) 0.009

CCI, Charlson comorbidity index; KPS, Karnofsky performance status; WBC, white blood cell; HR, hazard ratio; CI, confidence interval.
% The multivariate models were performed using a backward stepwise selection procedure with all clinically relevant variables from the uni-

variate analysis (P < 0.05) (Table 3 and Supplementary Table S1).

sarcopenia were 69.4% (66.3—72.5%) and 23.5%
(13.2—33.8%), respectively (P < 0.001). The same find-
ings were observed with the absence and presence of
post-treatment sarcopenia. Fig. 1 represents the
Kaplan—Meier estimates for absence and presence of
sarcopenia in patients with advanced-stage HNSCC.

4. Discussion

The present study showed the prognostic values of sar-
copenia on recurrence and survival in 258 patients with
advanced HNSCC. Pretreatment and post-treatment
sarcopenia were found in 6.6% and 12.4% of patients,
respectively, when determined for SMM from CT im-
ages at L3. Most body composition parameters
including SMI, LBM, FM and BMI significantly
decreased in most patients after treatment. Pretreatment
sarcopenia was the independent risk factor for DFS and
OS after definitive treatment, showing about threefold
increased risk of overall recurrence or death. Therefore,
this study might first suggest the use of sarcopenia for
risk stratification as predicting recurrence and death
after definitive treatment in patients with advanced-
stage HNSCC.

The incidence of sarcopenia ranges from 11% to
74% in adult patients with solid tumours when defined
with its cut point from 36.2 to 55.4 cm*m?’ for men
and from 29.6 to 554 cm*m? for women [30]. A
retrospective study reported the incidence of sarcopenia
as 35.3% (67 of 190 patients with HNSCC) before
definitive radiotherapy [17]. SM depletion was signifi-
cantly increased up to 65.8% (125 of 170) after radio-
therapy. The incidence of sarcopenia did not differ by
tumour stage, radiation or chemotherapy dose, treat-
ment modality and provision of the feeding tube. Low
SMM less than 43.2 cm*/m? was found in 54.4% of 112
patients with locally advanced HNSCC when the SMM
was estimated using the prediction rule of CSA

measured at the third cervical vertebral (C3) level [31].
A recent study showed that the prevalence of pre-
treatment sarcopenia was 15.9% and differed between
oesophageal cancer patients with (43.0%) and without
(6.3%) visceral obesity [32]. Among surgical patients,
the prevalence of sarcopenia was 6.9% at baseline,
21.1% after neoadjuvant therapy and 34.7% at one year
[32]. The prevalence of sarcopenia increased to 25.5%
among all patients and 44.0% among viscerally obese
patients at the time of resection after neoadjuvant
chemotherapy. Sarcopenia might be associated with
lower body weight and BMI (P < 0.001) but can pre-
sent in normal weight (25.3%) and overweight (10.8%)
patients [32]. Therefore, a recent review article indi-
cated the prognostic awareness of sarcopenic obesity in
obese patients with severe muscle depletion [33]. The
prevalence of sarcopenia appeared to be low compared
to that previously reported [17,30—32], which might
result from the different SMI cut-off points, cancer
types and ethnic groups.

Most body composition parameters can decrease
during or after chemotherapy, radiotherapy, surgery or
combination therapy. The LBM and BMI significantly
decreased during platinum-based neoadjuvant chemo-
radiotherapy for oesophageal cancer [32]. Post-
neoadjuvant sarcopenia affected performance status and
disease progression, and preoperative sarcopenia
increased the comprehensive complication index and
major complications including postoperative pneumonia
and prolonged intubation (all P < 0.05) [32]. A recent
study also suggested that pretreatment sarcopenia
caused more frequent chemotherapy dose-limiting
toxicity (CDLT) from platinum-based concurrent che-
moradiotherapy when the CDLT was defined as any
toxicity resulting in >50% reduction in chemotherapy
dose from neutropenia, nephrotoxicity, bone marrow
suppression or early termination after one- or two-cycle
chemotherapy [31].
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Fig. 1. Kaplan—Meier curves estimating survival according to absence and presence of sarcopenia in patients with advanced-stage
HNSCC. (A—B) Disease-free survival (DFS) and overall survival (OS) according to pretreatment sarcopenia. (C—D) DFS and OS ac-
cording to post-treatment sarcopenia. The log-rank test, P < 0.05. HNSCC, head and neck squamous cell carcinoma.

Another study involving 215 patients with HNSCC
showed the significant decrease of LBM after curative
radiotherapy, from mean 55.2 kg before therapy to
49.27 kg after therapy [11]. In the present study, most
body composition indicators, such as LBM, VFA, FM
and BMI, significantly decreased at 3—6 months after
definitive treatment. Changes in body composition pa-
rameters might be accompanied by those of circulating
biomarkers measured from the peripheral blood [24].
Pretreatment and post-treatment sarcopenia was not
associated with low values of most circulating bio-
markers, including haemoglobin, albumin, total protein
and other cell counts (P > 0.05).

This study also showed that pretreatment and post-
treatment sarcopenia and some circulating biomarkers
were associated with increased disease recurrence and
mortality after definitive treatment for advanced-stage
HNSCC. A recent meta-analysis involving 7843 patients
with solid tumours showed a strong association between
sarcopenia and poorer OS as well as DFS: the pooled HR
for OS, 1.44 (95% CI, 1.32—1.56, P < 0.001); that for
DFS, 1.16 (95% CI, 1.00—1.30, P = 0.014) [30]. This
suggests the wide use of CT scanning to detect SM

depletion in patients with cancer, predict treatment out-
comes and thereby improve the outcomes of future
intervention. A recent study examined the prognostic
value of sarcopenia in 190 HNSCC patients with defini-
tive radiotherapy [17]. This study showed the association
between OS outcomes and sarcopenia before radio-
therapy (HR = 1.92;95% CI, 1.19—=3.11; P = 0.007) and
after radiotherapy (HR = 2.03; 95% CI, 1.02—4.24;
P = 0.04). Post-treatment weight loss without sarcopenia
did not affect survival outcomes. The present study also
showed a strong association between DFS or OS out-
comes and diminished SMM, particularly after definitive
treatment. However, the BMI at diagnosis and after
treatment was not associated with survival outcomes,
different from recent observations [17], which might
result from different treatment modalities and ethnic
groups. Changes in body composition might occur with
circulating biomarkers that indicate their prognostic role
in systematic inflammatory response and nutritional sta-
tus, such as leucocytosis and hypoalbuminaemia [24]. The
prognostic significance of pl6 and tumour site has been
already well established [34]. Therefore, these risk factors
will not be described further.
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Our current investigation is the largest prospective
study to evaluate the prognostic values of body
composition and their changes measured from the CT
images of "*F-FDG PET/CT scanning in patients with
HNSCC undergoing definitive treatment. In terms of
limitations, however, this study included different
tumour sites and treatment modalities that varied from
surgery, radiotherapy, chemoradiotherapy to combina-
tion therapy. However, all study patients had completed
definitive treatments determined by the consensus of our
multidisciplinary tumour board teams. Our results may
be confirmed by further multi-institutional studies
involving a large cohort of HNSCC and CT-based im-
aging ensuring the measurement of LBM and FM.

In conclusion, the present study suggests the prog-
nostic values of sarcopenia at baseline and after treat-
ment on recurrence and survival in patients with
advanced-stage HNSCC. Sarcopenia is the indepen-
dent risk factor for poorer DFS and OS outcomes after
definitive treatments, showing about threefold increased
risk of overall recurrence or death. Post-treatment
depletion of SM is more associated with unfavourable
survival outcomes. Therefore, our study might indicate
the routine use of pretreatment and post-treatment CT
image—based measurement of LBM to identify at-risk
HNSCC patients associated with high recurrence and
mortality.
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