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Abstract: Few prospective cohort trials have evaluated the difference in treatment-interval total
body composition (TBC) changes assessed by dual-energy X-ray absorptiometry (DXA) between
two patient subgroups with locally advanced head and neck squamous cell carcinoma (LAHNSCC)
receiving concurrent chemoradiotherapy (CCRT): oral cavity cancer with adjuvant CCRT (OCC)
and non-oral cavity with primary CCRT (NOCC). This study prospectively recruited patients with
LAHNSCC. Clinicopathological variables, blood nutritional/inflammatory markers, CCRT-related
factors, and TBC data assessed by DXA before and after treatment were collected. Multivariate
linear regression analysis identified the factors associated with treatment-interval changes in body
composition parameters, including lean body mass (LBM), total fat mass (TFM), and bone mineral
content (BMC). A total of 127 patients (OCC (n = 69) and NOCC (n = 58)) were eligible. Body
composition parameters were progressively lost during CCRT in both subgroups. Extremities lost
more muscle mass than the trunk for LBM, whereas the trunk lost more fat mass than the extremities
for TFM. BMC loss preferentially occurred in the trunk region. Different factors were independently
correlated with the interval changes of each body composition parameter for both OCC and NOCC
subgroups, particularly mean daily calorie intake for LBM and TFM loss, and total lymphocyte count
for BMC loss. In conclusion, treatment-interval TBC changes and related contributing factors differ
between the OCC and NOCC subgroups.

Keywords: head and neck cancer; concurrent chemoradiotherapy; lean body mass; total fat mass;
bone mineral content; DXA

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) arising from the upper aerodiges-
tive tract is a heterogeneous disease with varied pathological and therapeutic attributes
that may modify the clinical presentation and outcomes [1]. Most patients with HNSCC
present with locally advanced disease, many of whom need to be treated with concurrent
chemoradiotherapy (CCRT). Patients with locally advanced head and neck squamous
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cell carcinoma (LAHNSCC) could receive CCRT as either surgery followed by adjuvant
therapy for patients with oral cavity cancer (OCC) or as primary therapy with curative
intent for non-oral cavity cancer (NOCC, oropharynx, hypopharynx, nasopharynx, and
larynx). Owing to the tumor characteristics (location, size, and regional lymph node inva-
sion), lifestyle habits, metabolic derangement, inflammatory factors induced by tumor and
microenvironment, as well as significant in-field and systemic toxicity from CCRT, these
patients often experience nutritional alterations and body weight loss before and during
treatment [1–5].

Nutritional alterations and body weight loss in patients with LAHNSCC receiving
CCRT is more specifically a change in the total body composition (TBC), commonly seen
among cancer patients in response to varied situations such as aging, illness, metabolic
strain, physiological change, and treatment [6,7]. Hence, monitoring the TBC change may
offer an accurate assessment of nutritional/inflammatory alterations during CCRT [8–10].
Dual-energy X-ray absorptiometry (DXA), one of the gold standards for the evaluation
of lean mass, fat mass, and bone mineral density of the total body, exactly measures each
parameter with low radiation and costs [8,11,12].

Growing evidence has reported that DXA effectively assesses the TBC of LAHNSCC
patients undergoing CCRT [3,13–16]. At the time of diagnosis, patients expressed lower
values of lean body mass (LBM) and total fat mass (TFM) than healthy adults [15]. Through-
out the CCRT course, DXA revealed incessant decreases in body weight (BW), LBM, TFM,
and bone mineral content (BMC) [7,13–15]. Nevertheless, these results should be cautiously
interpreted based on the following concerns: first, most studies have analyzed OCC and
NOCC together. Since OCC and NOCC have different clinicopathologic characteristics
and treatment modality sequences, the TBC change over the CCRT course may not be
identical between the two subgroups. Second, because the OCC and NOCC subgroups
have different intent CCRTs with varied irradiation fields, these reports did not assess the
differential effects between adjuvant CCRT and primary CCRT on TBC change over the
treatment course. Finally, certain pre-treated nutritional/inflammatory markers (NIMs)
and treatment-related toxicities that are correlated with the malnourished status of pa-
tients with LAHNSCC undergoing CCRT [17,18] were not included in the analysis in the
previous studies.

To address these concerns regarding the TBC changes of both LAHNSCC subgroups
with different intent CCRTs, we carried out a prospective observational cohort study and
enrolled patients with stage III, IVA, or IVB LAHNSCC who received standard CCRT. The
patients received a supportive care program comprising biweekly dietitian appointments,
sufficient daily calorie supplements, and adequate symptom control at a single institution.
We stratified the participants into the OCC with adjuvant CCRT and NOCC with primary
CCRT groups and analyzed the changes in TBC and different body regions between the
two subgroups. Relevant information, which included clinicopathological variables, blood
NIMs, and treatment-related toxicity profiles, was analyzed to identify potential factors
contributing to the TBC change in both OCC and NOCC patients over the CCRT course.

2. Materials and Methods
2.1. Enrollment

We carried out this prospective cohort study between February 2015 and July 2019.
The eligible patients had histologically proven LAHNSCC of the oral cavity, oropharynx,
nasopharynx, hypopharynx, and larynx, which was classified into stages III (T1-2, N1 or
T3, N0-1), IVA (T4a, N0-1 or T1-4a, N2), and IVB (any T, N3 or T4b, any N) according to
the 7th edition of the American Joint Committee on Cancer (AJCC) staging system. Other
eligibility criteria included age ≤75 years, negative for human papillomavirus test, Eastern
Cooperative Oncology Group (ECOG) performance status score of less than 3, adequate
hematopoietic or organ function, and could undergo CCRT. Patients were excluded if they
had a positive expression of p16 in tumor specimens, or one of the following comorbid
conditions: heart failure with New York Heart Association Classification IV, decompensated
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liver cirrhosis, end-stage renal disease, major gastrointestinal disorders, uncontrolled
diabetes mellitus, autoimmune disorders, and active infections. Patients were also excluded
if they were receiving regular medications that could significantly affect metabolism or
body composition change, such as steroids or megestrol acetate. This study was approved
by the Institutional Review Board of the Chang Gung Memorial Hospital, Taiwan (approval
numbers: 103-3365A3 and 201700158B0) and was performed according to the Good Clinical
Practice guidelines and the Declaration of Helsinki. All patients completed the written
informed consent to participate.

2.2. Treatment Schedule

Patients with OCC received postoperative adjuvant CCRT after surgery if they had
(1) one of the two major risk factors for extranodal extension or a positive surgical margin or
(2) at least three of the following minor risk factors: pT4, pN1, close margin ≤4 mm, depth
≥10 mm, poor histologic grade differentiation, and vascular, lymph node, or perineural
invasion. Patients with unresectable NOCC for organ preservation received primary CCRT
alone. During CCRT, each patient received radiotherapy (RT) at a dose of 64–72 Gy in
32–36 fractions over 6–8 weeks, concurrently with chemotherapy administration using
weekly cisplatin (40 mg/m2).

All patients had antiemetic medications for symptom control. They were referred to
a nutrition support program comprising biweekly dietitian appointments, feeding tube
placement if the BW loss was more than 5% during the CCRT course, suitable caloric
supplementation, and blood transfusion as needed [19].

Following the European Society of Parenteral and Enteral Nutrition guideline [19,20],
we offered 25–30 Kcal/kg/day wit% energy from carbohydrates:lipid = 60:40, and pro-
tein 1.0–1.5 g/kg/day for each patient during the CCRT course. We also provided oral
nutritional supplements to patients who could not reach the required daily calorie intake
via food. Hence, each patient could maintain the requirements of calculated energy and
protein during the treatment course.

2.3. Clinicopathological Data and Blood NIMs

We collected clinicopathological data, including age, sex, body height and weight,
ECOG performance status, comorbid illness, tumor sites, AJCC 7th edition of tumor
node metastasis (TNM) stage, history of consumptions to smoking, alcohol and betel nut,
treatment regimen, and toxicity profiles. The head and neck Charlson Comorbidity Index
(HN-CCI) to assess the presence of comorbidities such as heart failure, pulmonary disease,
cerebrovascular disease, peptic ulcers, liver disease, and diabetes was applied to score the
severity of comorbid diseases [21]. Participants who currently smoked cigarettes or used to
smoke in the past were considered smokers. Participants who reported consuming alcohol
greater than 3 times per week were considered alcohol drinkers. Participants who reported
consuming betel nut during the previous year were considered betel nut users. Body mass
index (BMI) was defined as the weight in kilograms divided by height in square meters
(kg/m2). The scores of patients generated subjective global assessment (PG-SGA) ranged
from 0 to 35, with scores of 0–3 indicating well-nourished, 4–8 indicating moderately
malnourished, and ≥9 indicating severely malnourished [22]. During the CCRT course, we
defined the RT dose as the total radiation dose received by patients, the RT duration as the
number of days the patients took to complete RT and the cisplatin dose as the cumulative
dose of cisplatin administered.

We collected blood NIMs, including hemoglobin (Hb, g/dL), white blood cell count
(WBC, 103/mm3), platelet count (103/mm3), total lymphocyte count (TLC) (103/mm3),
albumin (g/dL), and C-reactive protein (CRP) (mg/dL) before CCRT. TLC was calculated
as WBC count (/mm3) × the percentage of lymphocytes in the blood.
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2.4. Body Composition Assessment

Dual-energy fan-beam X-ray absorptiometry (Lunar iDXA, GE Medical System, Madi-
son, WI, USA) was used to assess the TBC. The scanner software, according to body size
and BMI, automatically selected the appropriate scan mode (standard, thin, or thick). Scans
were analyzed using enCORE Software, version 15 (GE Lunar). Each participant was prop-
erly positioned set by the International Society for Clinical Densitometry guidelines [23].
The following parameters were acquired: LBM, TFM, appendicular skeletal mass (ASM,
arm, and leg), and BMC. All three parameters were analyzed. ∆ indicates the interval
changes in the above parameters before and after the treatment course.

All blood NIMs were completed within 1 week before CCRT. DXA-derived parameters
were obtained 1 week before CCRT initiation and within 1 week after CCRT completion.

2.5. Statistical Analysis

We used SPSS (version 22.0; SPSS Inc., Chicago, IL, USA) to perform all statistical
analyses. Based on a power of 80%, α error of 0.05, and the incidence rate of head and
neck cancer in Taiwan, we calculated the minimum sample size to be 125. Patients with
LAHNSCC might not complete the treatment course or data collection due to treatment
intolerance, low compliance to medical advice, and inadequate family assistance. We then
assumed that the attrition rate was 30%; therefore, the total number of patients that needed
to be recruited was 169. All variables, both continuous and categorical, were examined
and assessed for normality before analysis. Independent t-tests or Mann–Whitney tests
for continuous variables and chi-square tests for categorical variables were used when
appropriate. Paired t-test was used to detect the difference in BW and BMI, and Wilcoxon
signed-rank test was used for body composition parameters between before and after
CCRT. Analysis of variance using Bonferroni adjustments was used to detect the differences
in treatment-interval changes in various body regions of body composition parameters
(LBM, TFM, and BMC). Simple linear regression was used to relate age or BMI to the
∆LBM variable.

The associations between different clinicopathological variables, treatment-related
factors, blood NIMs, and changes in DXA-derived body composition parameters (∆LBM,
∆TFM, and ∆BMC) were first analyzed by correlation analysis, independent t-tests, and
analysis of variance (ANOVA) for continuous variables, and chi-square tests for categorical
variables. All independent variables significantly associated with ∆LBM, ∆TFM, or ∆BMC
(p ≤ 0.05) in the univariate analysis were included in the multivariable linear regression
model analysis with forward stepwise selection. Variance inflation factors were used as
variables to test for collinearity.

3. Results
3.1. Patient Characteristics

We recruited a total of 170 patients with LAHNSCC. At the end of the study, 127 pa-
tients were eligible for analysis. The enrollment, allocation, treatment modality, and data
collection details are displayed in the CONSORT diagram (Figure 1). The baseline and
treatment characteristics of patients are shown in Table 1.

Male patients (96.9%) were predominant, and the mean age was 53.9 years. For OCC,
the most common tumor subsite was tongue, followed by buccal mucosa and gingiva; for
NOCC, it was hypopharynx, followed by tonsil and larynx. A high percentage of patients
had exposure experience to smoking (90.6%), alcohol (74.8%), and betel nut (64.6%). The
majority of tumors were non-metastatic TNM stage IV (92.1%), advanced tumor size
(T3 + T4: 76.3%), and regional lymph invasion (N2 + N3: 66.1%). Among 127 patients, 77
(60.7%) had at least one comorbid illness, 56 (44.1%) underwent tracheostomy, and 108
(85%) had PG-SGA-defined malnourished status. The most common grade 3 or higher
non-hematologic adverse effects were mucositis (25.2%) and infection (21.2%), while the
hematologic counterpart was neutropenia (35.2%).
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Figure 1. The CONSORT diagram. Incomplete CCRT was defined as patients who dropped out during the CCRT course or
could not complete at least four cycles of weekly cisplatin (40 mg/m2) commitants with planned radiotherapy (64–72 Gy).
Patients with incomplete data indicated that they failed to complete the required DXA examinations or scheduled blood
tests; CCRT, concurrent chemoradiotherapy; DXA, dual-energy X-ray absorptiometry; LAHNC, locally advanced head and
neck cancer.

Table 1. Baseline and treatment characteristics of 127 LAHNSCC patients treated by CCRT.

Variables Total Oral Cavity with
Adjuvant CCRT

Non-Oral Cavity with
Primary CCRT

Variables Expressed as Numbers (%) or Mean ± SD p Value *

Included patient number 127 (100) 69 (54.3) 58 (45.7)

Age (years) 53.9 ± 8.8 53.2 ± 8.4 54.6 ± 9.2 0.374

Sex (male:female) 123 (96.9):4 (3.1) 68 (98.6):1 (1.4) 55 (94.8):3 (5.2) 0.231

Tumor subsites

Buccal mucosa 20 (15.7) 20 (29.0)

Tongue 28 (22.0) 28 (40.6)

Gingiva 13 (10.2) 13 (18.9)

Mouth floor 3 (2.4) 3 (4.3)

Retromolar 2 (1.6) 2 (2.9)

Lip 2 (1.6) 2 (2.9)

Hard palate 1 (0.8) 1 (1.4)

Tonsil 13 (10.2) 13 (22.4)

Tongue base 6 (4.7) 6 (10.3)

Soft palate 3 (2.4) 3 (5.2)

Hypopharynx 24 (18.9) 24 (41.4)

Larynx 8 (6.3) 8 (13.8)

Nasopharynx 4 (3.2) 4 (6.9)
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Table 1. Cont.

Variables Total Oral Cavity with
Adjuvant CCRT

Non-Oral Cavity with
Primary CCRT

Variables Expressed as Numbers (%) or Mean ± SD p Value *

TNM Stage (III:IVA:IVB) 10 (7.9):87 (68.5):30
(23.6)

4 (5.8):50 (72.5):15
(21.7)

6 (10.3):37 (63.8):15
(25.9) 0.497

Tumor size
0.004 *

T0 2 (1.6) 0 (0.0) 2 (3.4)

T1 7 (5.5) 2 (2.9) 5 (8.6)

T2 21 (16.5) 6 (8.7) 15 (25.9)

T3 21 (16.5) 11 (15.9) 10 (17.2)

T4a 64 (50.4) 45 (65.2) 19 (32.8)

T4b 12 (9.4) 5 (7.3) 7 (12.1)

LN involvement 0.035 *

N0 25 (19.7) 21 (30.4) 4 (6.9)

N1 18 (14.2) 9 (13.1) 9 (15.5)

N2 64 (50.4) 29 (42.0) 35 (60.4)

N3 20 (15.7) 10 (14.5) 10 (17.2)

Histological grade (1:2:3) 11 (8.7):86 (67.7):30
(23.6)

8 (11.6):51 (73.9):10
(14.5) 3 (5.2):35 (60.3):20 (34.5) 0.021 *

Smoking (no:yes) 12 (9.4):115 (90.6) 6 (8.7):63 (91.3) 6 (10.3):52 (89.7) 0.752

Alcohol (no:yes) 32 (25.2):95 (74.8) 18 (26.1):51 (73.9) 14 (24.1):44 (75.9) 0.801

Betel nut (no:yes) 45 (35.4):82 (64.6) 16 (23.2):53 (76.8) 29 (50.0):29 (50.0) 0.002 *

HN-CCI (0:1:2: ≥3) 0.408

0 50 (39.4) 29 (42.1) 21 (36.2)

1 31 (24.4) 15 (21.7) 16 (27.6)

2 14 (11.0) 6 (8.7) 8 (13.8)

≥3 31 (25.2) 19 (27.5) 13 (22.4)

ECOG performance status (0:1:2) 10 (7.9):110 (86.6):7
(5.5) 2 (2.9):61 (86.4):6 (8.6) 8 (13.8):49 (84.5):1 (1.7) 0.046 *

Tracheostomy (no:yes) 71 (55.9):56 (44.1) 23 (33.3):46 (66.7) 48 (82.8):10 (17.2) <0.001 *

PG-SGA (well:moderate:severe) 19 (15.0):73 (57.4):35
(27.6)

13 (18.8):38 (55.1):18
(26.1)

6 (10.4):35 (60.3):17
(29.3) 0.408

Anthropometric and biochemical data
before CCRT

BW (kg) 63.0 ± 12.1 63.6 ± 12.6 62.4 ± 11.7 0.583

BMI (kg/m2) 22.7 ± 4.0 22.7 ± 4.3 22.8 ± 3.9 0.961

Hb (g/dL) 11.9 ± 1.6 11.7 ± 1.5 12.1 ± 1.8 0.157

WBC (×103 cells/mm3) 7.2 ± 2.7 7.3 ± 2.5 7.1 ± 2.9 0.811

Platelet count (×103 /mm3) 30.1.8 ± 127.9 341.1 ± 148.4 254.9 ± 76.2 <0.001 *

TLC (×103 cells/mm3) 1.7 ± 0.6 1.6 ± 0.6 1.8 ± 0.7 0.134
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Table 1. Cont.

Variables Total Oral Cavity with
Adjuvant CCRT

Non-Oral Cavity with
Primary CCRT

Variables Expressed as Numbers (%) or Mean ± SD p Value *

Albumin (g/dL) 3.8 ± 0.5 3.8 ± 0.6 3.8 ± 0.5 0.578

CRP (mg/dL) 14.2 ± 11.6 11.2 ± 1.8 11.9 ± 6.1 0.260

ALT (U/L) 23.0 ± 13.2 24.3 ± 1.6 21.4 ± 1.7 0.223

Creatinine (mg/dL) 0.95 ± 1.28 0.81 ± 0.03 1.12 ± 0.24 0.184

eGFR (mL/min/1.73 m2) 108.8 ± 35.8 113.9 ± 4.3 102.7 ± 4.6 0.079

DXA-related measurements before CCRT

LBM (kg) 43.7 ± 5.9 43.8 ± 5.1 43.6 ± 6.7 0.868

TFM (kg) 16.6 ± 7.6 17.0 ± 8.8 16.1 ± 5.9 0.516

ASM (kg) 18.6 ± 5.4 18.4 ± 3.0 18.7 ± 3.7 0.582

BMC (kg) 2.55 ± 0.38 1.35 ± 0.44 1.36 ± 0.55 0.023 *

Mean daily calorie intake during CCRT
(kcal/kg/day) 27.2 ± 8.1 28.6 ± 8.6 25.7 ± 7.2 0.035 *

CCRT regimen

Radiotherapy

Dose (Gy) 66.8 ± 4.4 64.3 ± 3.8 69.9 ± 3.0 <0.001 *

Fractions 32.6 ± 1.7 32.0 ± 1.5 33.4 ± 1.4 <0.001 *

Duration (days) 49.7 ± 6.6 48.0 ± 4.8 51.6 ± 7.8 0.003 *

Cisplatin dose (mg/m2) 227.8 ± 47.1 238.5 ± 45.5 215.0 ± 64.0 0.01 *

Toxicity during CCRT

Non-hematologic (any Grade:Grade 3/4)

Dermatitis 121 (89.8):6 (4.7) 66 (89.8):3 (4.3) 55 (89.8):3 (5.2) 0.827

Pharyngitis 52 (40.9):14 (11.1) 24 (34.8):4 (5.7) 28 (48.3):10 (17.2) 0.082

Infection 31 (24.4):27 (21.2) 13 (18.8):10 (14.4) 18 (31.4):17 (29.3) 0.042 *

Mucositis 46 (36.2):32 (25.2) 27 (39.1):18 (26.0) 19 (32.8):14 (24.1) 0.653

Emesis 61 (48.0):10 (7.5) 33 (47.8):6 (8.7) 28 (48.3):4 (6.9) 0.708

Hematologic (any Grade:Grade 3/4)

Anemia 123 (96.9):12 (9.5) 66 (95.8):5 (7.2) 57 (98.3):7 (12.0) 0.355

Neutropenia 102 (80.3):45 (35.5) 57 (82.6):23 (33.3) 45 (77.6):22 (38.0) 0.589

Thrombocytopenia 85 (66.9):12 (9.5) 42 (60.9):4 (5.7) 43 (74.1):8 (13.8) 0.125

* Compare the value difference between the oral cavity and non-oral cavity for each variable. p < 0.05 represents statistical significance.
Abbreviations: LAHNSCC, locally advanced head and neck squamous cell carcinoma; CCRT, concurrent chemoradiotherapy; SD, standard
deviation; LN, lymph node; HN-CCI, Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group; PG-SGA, patient-
generated subjective global assessment; BW, body weight; BMI, body mass index; Hb, hemoglobin; WBC, white blood cell; TLC, total
lymphocyte count; CRP, C-reactive protein; ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate; DXA, dual-energy
X-ray absorptiometry; LBM, lean body mass; TFM, total fat mass; ASM, appendicular skeletal mass; BMC, bone mineral content.

Certain baseline characteristics of patients with OCC receiving adjuvant CCRT were
different from those of patients with NOCC receiving primary CCRT (Table 1). The OCC
group had a higher platelet count and a higher proportion of patients with advanced
tumor size status (≥T3 status), betel nut exposure, ECOG performance status of 2, and
tracheostomy. In contrast, the NOCC subgroup had higher BMC, received more intense
radiation treatment course (higher dose, more fractions, longer duration), and presented a
higher percentage of patients with advanced regional lymph node invasion (≥N2 status)
and grade 3/4 infection toxicity. Even though each patient had the average daily calorie
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intake at 27.2 kcal/kg/day throughout the CCRT course, the OCC subgroup received more
daily calorie intake over the treatment course than the NOCC subgroup (28.6 ± 8.6 vs.
25.7 ± 7.2 kcal/kg/day, p = 0.035).

3.2. Decreases in Body Weight, BMI, and DXA-Derived Parameters following CCRT Completion

Before treatment, the entire group had a mean BMI of 22.7 ± 4.9 kg/m2 and mean BW
of 63.1 ± 12.1 kg. At the end of CCRT, the mean BMI was 21.6 ± 3.6 kg/m2 (mean 4.6%
decline from the pretreatment, p < 0.001) and mean BW was 59.8 ± 10.6 kg (mean 4.7% de-
cline from the pretreatment, p < 0.001). All body composition parameters were significantly
decreased after completion of CCRT (LBM, 43.7 ± 5.8 vs. 41.0 ± 5.3 kg/m2, p < 0.001; TFM,
16.6 ± 7.7 vs. 15.6 ± 7.1 kg/m2, p < 0.001; BMC, 2.6 ± 0.4 vs. 2.5 ± 0.4 kg/m2, p < 0.001).
On average, patients lost 5.8% of their LBM, 4.2% of TFM, and 2.8% of BMC over the course
of CCRT. Despite the loss in all parameters at the end of treatment, the TBC ratio (the
relative ratio between LBM, TFM, and BMC) remained unaffected over the CCRT course.
The mean TBC was 68.2% LBM, 25.8% TFM, and 6.0% BMC at the start of CCRT. At the end
of treatment, the TBC was almost identical, with 67.9% LBM, 25.9% TFM, and 6.2% BMC.

To further investigate the difference in TBC change throughout the CCRT course
between the OCC and NOCC subgroups, we found that in accordance with the entire
group, both subgroups showed similar and significant proportions of loss in BMI, BW,
LBM, TFM, ASM, and BMC; the TBC ratios were unchanged: for the OCC subgroup, the
mean TBC was 69.1% LBM, 26.8% TFM, and 4.1% BMC at the start of CCRT, with 68.7%
LBM, 27.1% TFM, and 4.2% BMC at the end of CCRT; for the NOCC subgroup, the mean
TBC was 70.1% LBM, 25.9% TFM, and 4.0% BMC at the start of CCRT, with 70.3% LBM,
25.6% TFM, and 4.21% BMC at the end of CCRT. LBM and TFM were lost in almost all
the body regions. BMC was preferentially lost in the trunk area (Table 2 and Figure 2).
Additionally, there was more muscle mass loss in the peripheral extremities (leg or arm)
than in the central region (trunk) for LBM; in contrast, there was more fat mass loss in the
central region than in the peripheral extremities for TFM. Interestingly, there was more
TFM loss in the NOCC than in the OCC group (−6.1% vs. −2.6%, p = 0.042), particularly in
the trunk (−9.8% vs. −5.4%, p = 0.046) and waist (−11.3% vs. −6.7%, p = 0.039). (Table 2
and Figure 3).

Figure 2. Box plots show the values of BMI, BW, and body composition parameters (LBM, TFM, BMC, ASM) at CCRT
start (open box) and CCRT end (close box) in oral cavity cancer and non-oral cavity cancer. * denotes p < 0.05, considered
significance between start and end. BMI, body mass index; BW, body weight; LBM, lean body mass; TFM, total fat mass;
BMC, bone mineral content; ASM, appendicular skeletal mass; CCRT, concurrent chemoradiotherapy.
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Figure 3. Percentage of treatment-interval changes in different body compartments of LBM, TFM, and BMC for both
oral cavity cancer and non-oral cavity cancer. The percentage of change at each body compartment is determined by
(posttreatment value−pretreatment value)/(pretreatment value) × 100%. * denotes p < 0.05, considered significant. LBM,
lean body mass; TFM, total fat mass; BMC, bone mineral content; CCRT, concurrent chemoradiotherapy.

Table 2. Treatment-interval changes in different body regions of DXA-derived body composition parameters in 127 LAHN-
SCC patients stratified by tumor locations and CCRT settings.

Oral Cavity with Adjuvant CCRT Non-Oral Cavity with Primary CCRT

Variables
Expressed as

Mean ± SD, kg

CCRT
Starts

CCRT
Ends

%
Change p Value *

CCRT
Starts

CCRT
Ends

%
Change p Value *

BW 63.6 ± 12.6 60.7 ± 11.2 −4.1 <0.001 62.4 ± 11.7 58.7 ± 9.9 −3.7 <0.001

BMI 22.7 ± 4.3 21.8 ± 3.9 −3.8 <0.001 22.8 ± 3.9 21.4 ± 3.3 −5.5 <0.001

LBM 43.8 ± 5.1 41.1 ± 5.0 −6.1 <0.001 43.6 ± 6.7 41.0 ± 5.8 −5.6 <0.01
Arm 5.2 ± 0.8 4.6 ± 0.8 −9.8 <0.001 5.2 ± 1.1 4.7 ± 0.9 −8.4 <0.001
Leg 13.2 ± 2.4 12.2 ± 2.2 −6.8 <0.001 13.4 ± 2.7 12.4 ± 2.4 −7.5 <0.001
Trunk 21.9 ± 2.2 21.1 ± 2.0 −0.7 <0.001 21.4 ± 3.0 20.2 ± 2.7 −1.1 <0.001
Waist 3.2 ± 0.4 3.1 ± 0.3 −3.8 <0.001 3.2 ± 0.5 2.9 ± 0.4 −5.7 <0.001
Hip 6.2 ± 0.9 5.8 ± 0.8 −6.0 <0.001 6.3 ± 1.2 5.7 ± 1.1 −8.0 <0.001

TFM 17.0 ± 8.8 16.2 ± 8.1 −2.6 0.012 16.1 ± 5.9 14.9 ± 5.6 −6.1 0.01
Arm 6.2 ± 0.9 5.8 ± 0.8 −2.5 <0.001 6.3 ± 1.2 5.7 ± 1.1 −2.6 <0.001
Leg 4.6 ± 2.4 4.4 ± 2.2 −2.5 0.018 4.2 ± 1.5 4.0 ± 1.4 −2.5 0.052
Trunk 9.7 ± 5.7 8.8 ± 5.2 −5.4 <0.001 9.3 ± 3.9 8.1 ± 3.6 −9.8 <0.001
Waist 1.6 ± 1.1 1.4 ± 0.9 −6.7 <0.001 1.5 ± 0.7 1.2 ± 0.6 −11.3 <0.001
Hip 2.3 ± 1.2 2.2 ± 1.2 −2.1 0.084 2.2 ± 0.8 2.1 ± 0.8 −4.4 0.019

BMC 2.6 ± 0.3 2.5 ± 0.3 −1.3 <0.001 2.5 ± 0.4 2.4 ± 0.4 −0.7 <0.001
Arm 0.39 ± 0.05 0.39 ± 0.07 −1.6 0.233 0.37 ± 0.07 0.37 ± 0.07 −0.3 0.291
Leg 0.94 ± 0.12 0.94 ± 0.13 −0.1 0.689 0.88 ± 0.14 0.88 ± 0.13 +0.2 0.081
Trunk 0.75 ± 0.14 0.72 ± 0.14 −3.4 <0.001 0.68 ± 0.17 0.65 ± 0.17 −4.1 <0.001
Waist 0.05 ± 0.01 0.05 ± 0.02 −0.9 0.339 0.04 ± 0.01 0.04 ± 0.02 +1.0 0.463
Hip 0.24 ± 0.04 0.24 ± 0.03 −0.2 0.416 0.22 ± 0.04 0.22 ± 0.03 −0.1 0.963

* Compare the value difference between CCRT starts and CCRT ends for each variable; p < 0.05 represents statistical significance.
Abbreviations: DXA, dual-energy X-ray absorptiometry; LAHNSCC, locally advanced head and neck squamous cell carcinoma; CCRT,
concurrent chemoradiotherapy; SD, standard deviation; BW, body weight; BMI, body mass index; LBM, lean body mass; TFM, total fat
mass; BMC, bone mineral content.
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3.3. Factors Associated with Treatment-Interval Changes in LBM, TFM, and BMC Following
CCRT Completion

We simultaneously investigated the interactive effect among clinicopathologic vari-
ables, NIMs, and treatment-related factors on the interval changes of the body composition
parameters over the CCRT course.

For the OCC subgroup, the following variables were significant in the univariate
analysis: age, mean daily calorie intake, and the pretreatment values of BMI, BW, and Hb
for the interval LBM change (∆LBM); mean daily calorie intake, pretreatment values of
BMI and BW, and grade 3/4 toxicities of anemia, neutropenia, and thrombocytopenia for
the interval TFM change (∆TFM); pretreatment values of BW and TLC for the interval
BMC change (∆BMC). On multivariate analysis, the following variables were independent
factors for the interval change of each body composition parameter: age and mean daily
calorie intake for ∆LBM; mean daily calorie intake and grade 3/4 toxicities of anemia and
neutropenia for ∆TFM (Figure 4); pretreatment TLC alone for ∆BMC (Table 3).

For the NOCC subgroup, the following variables were significant in the univariate
analysis: mean daily calorie intake, pretreatment values of BMI, BW, and albumin, and
grade 3/4 mucositis toxicity for ∆LBM; T status, pretreatment values of BMI and BW, mean
daily calorie intake, and grade 3/4 anemia toxicity for ∆TFM; pretreatment TLC and grade
3/4 infection toxicity for ∆BMC. On multivariate analysis, the following variables were
independent factors for the interval change of each body composition parameter: mean
daily calorie intake, BMI, and grade 3/4 mucositis toxicity for ∆LBM (Figure 4); mean daily
calorie intake for ∆TFM; pretreatment TLC alone for ∆BMC (Table 4).

Figure 4. Oral cavity cancer patients with grade 3/4 toxicity of anemia or neutropenia developed more TFM loss (A,B).
Non-oral cavity cancer patients with grade 3/4 mucositis toxicity developed more LBM loss (C). The association of age
with ∆LBM in oral cavity cancer patients or BMI with ∆LBM in non-oral cavity cancer patients (D,E). ∆ indicates a value
obtained by subtracting the pre-CCRT value from the post-CCRT value. LBM, lean body mass; TFM, total fat mass; CCRT,
concurrent chemoradiotherapy; BMI, body mass index.
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Table 3. Univariate and multivariate associations of clinicopathologic variables, treatment-related factors, nutritional and inflammatory markers with changes of body composition
parameters over the CCRT course in 69 patients with oral cavity cancer undergoing adjuvant CCRT.

Variables ∆LBM ∆TFM ∆BMC

Univariate Multivariate Univariate Multivariate Univariate Multivariate

p-Value * Coefficient
(95% CI) p-Value * p-Value * Coefficient

(95% CI) p-Value * p-Value * Coefficient
(95% CI) p-Value *

Clinicopathologic factor

Age 0.001 * 0.090
(0.028~0.152) 0.005 * 0.237 0.596

Sex 0.411 0.594 0.382
TNM stage (III vs. IVA vs. IVB) 0.594 0.804 0.436

T status (T1-2 vs. T3-4) 0.630 0.647 0.968
N status (N0-1 vs. N2-3) 0.486 0.899 0.492

Histologic grade (1 vs. 2 vs. 3) 0.906 0.850 0.552
Smoking (no vs. yes) 0.703 0.666 0.455
Alcohol (no vs. yes) 0.419 0.516 0.062
Betel nut (no vs. yes) 0.803 0.374 0.483
ECOG performance status (0:1:2) 0.480 0.433 0.310
HN-CCI (0 vs. 1 vs. 2 vs. ≥3) 0.556 0.707 0.552
Tracheostomy (no vs. yes) 0.395 0.509 0.609

Mean daily calorie intake during CCRT 0.001 * 0.102
(0.043~0.162) 0.001 * <0.001 * 0.133

(0.073~0.193) <0.001 * 0.141

Treatment-associated factors
CCRT Regimen
RT dose 0.958 0.658 0.192
RT fractions 0.587 0.368 0.237
RT duration (days) 0.474 0.670 0.855
Cisplatin dose 0.717 0.731 0.815
Grade 3/4 toxicity
Dermatitis (ref: yes) 0.255 0.889 0.097
Pharyngitis (ref: yes) 0.713 0.786 0.055
Infection (ref: yes) 0.283 0.958 0.313
Mucositis (ref: yes) 0.611 0.378 0.601
Emesis (ref: yes) 0.351 0.160 0.569
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Table 3. Cont.

Variables ∆LBM ∆TFM ∆BMC

Univariate Multivariate Univariate Multivariate Univariate Multivariate

p-Value * Coefficient
(95% CI) p-Value * p-Value * Coefficient

(95% CI) p-Value * p-Value * Coefficient
(95% CI) p-Value *

Anemia (ref: yes) 0.988 0.037 * 2.550
(0.553~0.538) 0.014 * 0.456

Neutropenia (ref: yes) 0.535 0.004 * 1.675
(0.450~2.899) 0.009 * 0.931

Thrombocytopenia (ref: yes) 0.271 0.048 * 0.944

NIMs before CCRT
PG-SGA (well: moderate: severe) 0.728 0.473 0.706

BMI 0.038 * <0.001 * 0.061
BW 0.023 * <0.001 * 0.030 *
Hb 0.027 * 0.469 0.848
WBC 0.990 0.252 0.145
Platelet 0.071 0.353 0.199

TLC 0.188 0.701 0.005 * −0.021
(−0.080~−0.01) 0.031 *

Albumin 0.350 0.330 0.983
CRP 0.195 0.870 0.254

* represents a significant p-value. Abbreviations: CCRT, concurrent chemoradiotherapy; HN-CCI, Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group; PG-SGA, patient generated
subjective global assessment; RT, radiotherapy; NIMs, nutritional/inflammatory markers; BW, body weight; BMI, body mass index; Hb, hemoglobin; WBC, white blood cell; TLC, total lymphocyte count; CRP,
C-reactive protein; LBM, lean body mass; TFM, total fat mass; BMC, bone mineral content. ∆ indicates a value obtained by subtracting the pre-CCRT value from the post-CCRT value; CI, confidence interval.
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Table 4. Univariate and multivariate associations of clinicopathologic variables, treatment-related factors, nutritional and inflammatory markers with changes of body composition
parameters over the CCRT course in 58 patients with non-oral cavity cancer undergoing primary CCRT.

Variables ∆LBM ∆TFM ∆BMC

Univariate Multivariate Univariate Multivariate Univariate Multivariate

p-Value * Coefficient
(95% CI) p-Value * p-Value * Coefficient

(95% CI) p-Value * p-Value * Coefficient
(95% CI) p-Value *

Clinicopathologic factors
Age 0.489 0.195 0.168
Sex 0.154 0.772 0.627
TNM stage (III vs. IVA vs. IVB) 0.565 0.443 0.538

T status (T1-2 vs. T3-4) 0.389 0.017 * 0.563
N status (N0-1 vs. N2-3) 0.523 0.836 0.693

Histologic grade (1 vs. 2 vs. 3) 0.658 0.265 0.590
Smoking (no vs. yes) 0.626 0.203 0.758
Alcohol (no vs. yes) 0.234 0.071 0.919
Betel nut (no vs. yes) 0.661 0.249 0.435
ECOG performance status (0:1:2) 0.336 0.627 0.496
HN-CCI (0 vs. 1 vs. 2 vs. ≥3) 0.802 0.574 0.098
Tracheostomy (no vs. yes) 0.187 0.080 0.271

Mean daily calorie intake during CCRT 0.005 0.167
(0.016~0.257) 0.001 <0.001 * 0.148

(0.044~0.250) 0.006 * 0.914

Treatment-associated factors
CCRT Regimen

RT dose 0.874 0.792 0.862
RT fractions 0.567 0.533 0.806
RT duration (days) 0.474 0.670 0.855
Cisplatin dose 0.534 0.173 0.658

Grade 3/4 toxicity
Dermatitis (ref: yes) 0.262 0.111 0.985
Pharyngitis (ref: yes) 0.706 0.950 0.247
Infection (ref: yes) 0.959 0.752 0.038 *

Mucositis (ref: yes) 0.017 * 2.538
(1.038~4.038) 0.001 0.796 0.628

Emesis (ref: yes) 0.706 0.354 0.495
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Table 4. Cont.

Variables ∆LBM ∆TFM ∆BMC

Univariate Multivariate Univariate Multivariate Univariate Multivariate

p-Value * Coefficient
(95% CI) p-Value * p-Value * Coefficient

(95% CI) p-Value * p-Value * Coefficient
(95% CI) p-Value *

Anemia (ref: yes) 0.759 0.040 * 0.158
Neutropenia (ref: yes) 0.958 0.251 0.178
Thrombocytopenia (ref: yes) 0.565 0.186 0.976

NIMs before CCRT
PG-SGA (well: moderate: severe) 0.133 0.473 0.706

BMI <0.001 * −0.367
(−0.556~−0.177) 0.001 0.030 * 0.914

BW <0.001 * 0.017 * 0544
Hb 0.740 0.304 0.958
WBC 0.150 0.689 0.229
Platelet 0.098 0.469 0.171

TLC 0.290 0.897 0.040 * −0.025
(−0.040~−0.009) 0.029 *

Albumin 0.022 * 0.464 0.380
CRP 0.101 0.624 0.907

* represents a significant p-value. Abbreviations: CCRT, concurrent chemoradiotherapy; HN-CCI, Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group; PG-SGA, patient-generated
subjective global assessment; RT, radiotherapy; NIMs, nutritional/inflammatory markers; BW, body weight; BMI, body mass index; Hb, hemoglobin; WBC, white blood cell; TLC, total lymphocyte count; CRP,
C-reactive protein; LBM, lean body mass; TFM, total fat mass; BMC, bone mineral content. ∆ indicates a value obtained by subtracting the pre-CCRT value from the post-CCRT value.
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4. Discussion

The current study stratified patients with LAHNSCC into two subgroups according to
tumor location and CCRT setting based on different patient characteristics and therapeutic
intent: OCC with postoperative adjuvant CCRT and NOCC with primary curative intent
CCRT. Postoperative adjuvant CCRT is aimed at theoretically tumor-free OCC patients,
whose TBC changes result from treatment alone; in contrast, primary curative-intent CCRT
is administered to NOCC patients, whose TBC change is the summative effect of both cancer
and treatment. Under adequate supportive care, including dietary calorie monitoring and
nutrition counseling, we found that, in line with previous reports [7,13,14,24], BW, BMI,
and body composition parameters (LBM, TFM, and BMC) were progressively lost over
the treatment course for both subgroups as well as the entire group. Furthermore, almost
all body regions of LBM and TFM presented loss in different proportions, particularly for
more muscle mass loss in the peripheral extremities than in the trunk for LBM, but more fat
mass loss in the trunk than in the peripheral extremities for TFM. There was more TFM loss
in the NOCC than in the OCC subgroup, and BMC loss preferentially occurred in the trunk
region. After adjusting for covariates, including clinicopathological variables, pretreatment
blood NIMs, and treatment-related factors, we showed that different independent factors
correlated with the interval changes of each body composition parameter over the CCRT
course in both OCC and NOCC subgroups. To our knowledge, this prospective study is the
first to use DXA to assess the difference in TBC change between patients with OCC who
received postoperative adjuvant CCRT and those with NOCC who received primary CCRT.

The TBC changes included alterations in the LBM, TFM, and BMC. More than 70% of
the body weight loss following CCRT is associated with LBM loss [7]. Such a lean muscle
loss has clinical relevance and has a negative impact on survival and locoregional control
in patients with HNSCC [14,15,25]. The LBM loss in patients with LAHNSCC undergoing
CCRT is mediated by elevated levels of reactive oxygen species and pro-inflammatory
cytokines, activation of proteolysis machinery including ubiquitin-dependent, calcium-
dependent, and autophage/lysosome systems, decreased mitochondrial biogenesis and
mass, and alteration of lipid metabolism [26,27]. The above mechanisms are integrated into
two essential clinical factors participating in LBM loss during CCRT: patient characteristics
such as age [28], tumor features [29], comorbidity [30], performance status [31], lifestyle
habits [32–34], pretreatment nutritional status [35]; treatment-related attributes including
RT treatment (dose, fraction, and duration), chemotherapy regimen [26,36,37], daily calorie
delivered over the treatment course [9,37], and CCRT-associated toxicities [38,39]. The
multivariate analysis in the present study showed different factors contributing to LBM
loss for the OCC and NOCC subgroups: age and mean daily calorie intake for the OCC;
mean daily calorie intake, BMI, and grade 3/4 mucositis toxicity for the NOCC. Our data
suggest that treatment-interval LBM loss should be considered as a multifactorial muscle
wasting status for patients with LAHNSCC receiving CCRT.

TFM loss is frequently accompanied by LBM loss during CCRT in patients with
LAHNSCC [7,13–15,40]. Willemsen et al. showed that early fat loss (TFM loss over 1% in
the first 3 weeks of therapy) had no significant effect on the overall survival of patients
with HNSCC undergoing CCRT [40]. Prowrozek et al. reported that the 13041A/G
polymorphism of the PLNI1 gene encoding perilipin, a regulatory protein for the balance
between fat storage and decomposition, has a higher predictive value for the development
of severe TFM loss in LAHNSCC treated by CCRT [41]. Furthermore, the serum level
of miRNA21, a key microRNA gene involved in fat metabolism, could be modulated by
CCRT in patients with LAHNSCC [42,43]. A growing body of research has explored the
clinical relevance of TFM loss during CCRT, but its implication in prognostic outcomes and
interplay with other body composition parameters in patients with LAHNSCC remains
to be examined. Similar to LBM loss, our data support the notion that TFM loss during
CCRT could be affected by multiple factors, such as daily calorie intake and treatment-
related toxicities.
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TFM loss from the adipose tissue of patients with LAHNSCC over the CCRT course
could be considered as an additive or synergetic result of decreased lipogenesis, increased
lipolysis, and insufficient calorie intake [37]. Garcia et al. found that cisplatin-treated
healthy male mice fed ad lib showed increased lipolysis in adipose tissue, elevated β-
oxidation in liver and adipose tissue, and suppressed lipogenesis in the liver, adipose tissue,
and muscle; however, mice with reduced food intake in pair-fed experiments expressed
lower activities of enzymes involved in lipolysis and lipogenesis in adipose tissue, liver,
and muscle. Garcia’s findings suggested that modification of food intake may interfere
with cisplatin-mediated fat metabolism [37]. Jager-Wittenaar et al. also reported that
patients with HNSCC could maintain total body fat mass by providing nutritional support
with sufficient energy (35 kcal/kg/day) and protein intake (1.5 g/kg/day) throughout the
treatment course [14]. TFM loss may precede LBM loss in patients with cancer during the
cachectic process [44]. Hence, sufficient calorie intake during the treatment may reduce
adipose tissue loss, likely resulting from reduced treatment-induced anorexia effect and
lipid catabolism, the result of which may help patients improve loss of body muscle mass.
Our data demonstrated that mean daily calorie intake significantly correlated with both
LBM and TFM loss, and less energy intake accompanied with more TFM loss was noted
in the NOCC group than in the OCC group. These findings lend further support to the
intimate correlation between daily calorie intake and the maintenance of body muscle and
fat mass during CCRT.

In addition to daily calorie intake during CCRT, certain treatment-associated grade
3/4 toxicities may intensify LBM or TFM loss [45]. Our data showed that patients in the
OCC subgroup who developed grade 3/4 toxicity with either anemia or neutropenia lost
more fat mass, and those in the NOCC with grade 3/4 mucositis lost more muscle mass
(Tables 3 and 4; Figure 4). These toxicities may reduce food intake, enhance inflamma-
tory response, or increase lipid and protein catabolism, which consequently worsens the
nutritional status and induces muscle or fat mass loss [38,39,46]. Thus, it is reasonable
that appropriate control of treatment toxicity could prevent LBM and TFM loss during
anti-cancer therapy [38].

Although LBM loss accounts for over 70% BW loss in patients with LAHNSCC during
CCRT, most studies have explored the predictive effects of both age and BMI on BW
loss rather than on LBM loss; however, the results regarding BW loss prediction have
been conflicting [17,45,47–49]. From our own perspective, these inconsistent observations
could be ascribed to retrospective design, enrollment heterogeneity (variations in tumor
stage, mixed head and neck cancer entities, and treatment modalities), the preference for
tube feeding from patients and healthcare professionals, the classification of aging and
BMI by different ranges, and lack of comprehensive risk factor analysis. We considered
the confounding effects of the above-mentioned variables and a better survival outcome
prediction of treatment-interval LBM loss as compared to BW loss [1], and then designed
the current prospective study recruiting patients with homogenous backgrounds that were
stratified into the OCC and NOCC subgroups. Our data demonstrated that after adjustment
for all possible covariates, age presented a positive correlation for the OCC subgroup, and
BMI had a negative correlation with treatment-interval LBM loss (Tables 3 and 4; Figure 4).
We further investigated the correlation between age or BMI and all clinicopathological
variables, treatment factors, and NIMs before treatment, and found that age was negatively
correlated with resting metabolic rate calculated using the Harris–Benedict equation [50]
in the OCC subgroup, and BMI was positively correlated with resting metabolic rate
(Table S1). de Carvalho et al. also reported that a higher BMI in patients with LAHNSCC
receiving CCRT experienced higher resting energy expenditure, as determined by indirect
calorimetry [51]. We also observed that in the NOCC group, BMI was positively correlated
with albumin level and negatively correlated with daily calorie intake (Table S1). Hence,
patients with high BMI had better nutritional status and might have less aggressiveness in
the daily calorie intake demand than those with low BMI; consequently, less daily calorie
intake may lead to greater muscle mass loss during CCRT. Taken together, we speculate
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that resting metabolic rate and energy intake might be the key factors in determining the
effects of age and BMI on LBM loss during CCRT.

We also showed significant BMC loss during CCRT, particularly in the trunk area, and
pretreatment TLC in the peripheral blood was the only contributing factor and presented a
negative association with this loss. TLC successfully predicts outcomes among patients
with aging, chronic illness, and cancers and is closely associated with bone health [52–55].
It is likely that the process of BMC loss during CCRT resembles the development of osteo-
porosis, which is closely related to inflammatory diseases such as autoimmune disorders,
inflammatory bowel disease, and chronic obstructive pulmonary disease. On the one hand,
inflammation is mainly mediated by inflammatory cytokines, including tumor necrosis
factor-α, interleukin (IL)-1, IL-6, and IL-17 produced from peripheral blood lymphocytes
and subsequently induces the generation of the primary disease. On the other hand,
it could disrupt the balance of skeletal metabolism through the RANK/RANKL/OPG
signaling pathway, leading to osteoclast activation and bone resorption [55]. As such,
pretreatment TLC may represent an indicator of inflammation severity before CCRT, which
may deteriorate bone loss in patients with LAHNSCC during the treatment course.

In this study, patients developed more muscle mass loss in the peripheral extremities
than in the trunk for LBM, but more fat mass loss in the trunk than in the peripheral ex-
tremities for TFM. Our results were comparable to those reported by Fouladium et al., who
applied DXA to assess the TBC change in 311 patients with metastatic cancers, predomi-
nantly gastrointestinal and hepatobiliary tract tumors, who received no active anti-cancer
treatment during the study period [9]. Based on Fouladium’s results and our results,
certain hypothetical mechanisms whereby cancer or treatment mediates such a prefer-
ential loss of LBM and TFM in different body compartments are proposed. First, under
stress, catecholamine released from the activated sympathetic nervous system modulates
lipolysis. Catecholamine could subsequently trigger downstream β-adrenergic receptors
to perform lipolysis or bind to α2- adrenergic receptors to counteract lipolysis [56]. The
α2- adrenergic receptor is expressed more in subcutaneous adipose tissue than in visceral
adipose tissue [56]. When subjected to BW reduction, obese individuals have more loss
in visceral adipose tissue than subcutaneous adipose tissue [56]. Preferential TFM loss in
the central area could be the result of lipolysis regulated by catecholamine binding to α2-
adrenergic receptor and β-adrenergic receptors among various fat tissue compartments.
Second, inflammatory cytokines such as IL-1β, tumor necrosis factor-α, and IL-6, all of
which actively participate in the process of lipogenesis and lipolysis, are expressed more
in visceral adipose tissue than in subcutaneous adipose tissue in obese people [57]. High
serum IL-6 levels are associated with arm and leg muscle loss in aging people [58]. Insulin
resistance and serum leptin levels were also associated with appendicular skeletal muscle
loss in elderly and hemodialysis patients [59,60]. The serum levels of cytokines, insulin,
ghrelin, leptin, adiponectin, cortisol, and thyroid hormones were altered during cancer
progression and the CCRT course [9,51]. Accordingly, it is possible that protein and lipid
metabolism in different body regions may be diverse and influenced by these cytokines
and metabolic hormones. Lastly, regional metabolic differences were noted among varied
muscular compartments, particularly in the protein synthesis of the appendicular skeletal
muscle area [61]. Altogether, the possible mechanisms pertaining to the preferential loss of
LBM and TFM in different body compartments of patients with LAHNSCC undergoing
CCRT are complex and multifactorial.

The major limitation of the current study is that patients were male dominant and
recruited from the Taiwanese population. Our results should be cautiously extrapolated to
the female gender, non-Taiwanese patients, different treatment schedules, and nutrition
support programs. Fluctuating fluid status during treatment may raise the question as to
whether LBM loss detected by DXA may just be a reflection of volume status. Going et al.
analyzed body composition changes in 17 cancer patients by DXA during a dehydration-
rehydration protocol and found that BW change due to small fluid loss and gain was
correlated with LBM, but not with TFM and BMC, which were not affected by the changes in
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hydration [62]. We also arranged serial computed tomography (CT) scans of the abdomen
to assess the fluid status and body composition during CCRT. The results showed no
abnormal fluid accumulation over the treatment course and a significant correlation in
the LBM index by DXA and skeletal muscle index by CT (Figure S1). We were confident
in the overall accuracy of the body composition parameters investigated by DXA in the
current study.

5. Conclusions

The current prospective observational study demonstrates the difference in treatment-
interval change in TBC between OCC patients with postoperative adjuvant CCRT and
NOCC with primary CCRT. Different factors are independently associated with the interval
changes in each body composition parameter over the course of CCRT. Enrollment with
homogeneous tumor entities and CCRT settings is essential in nutrition-oriented clinical
trials of patients with head and neck cancer.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13092969/s1, Figure S1: Significant correlation between LBM index assessed by DXA
and skeletal muscle index assessed by CT scan of abdomen, Table S1: The associations between age,
BMI, clinicopathologic variables, treatment-related factors, and nutritional/inflammatory markers in
127 LAHNSCC patients before CCRT.
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