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Purpose: There are few studies about sarcopenia before and after surgery for oral cancer.
Therefore, we examined body composition during hospitalization and factors affecting
weight loss, skeletal muscle mass index (SMI) reduction, and swallowing function at
discharge in this patient group.

Patients and Methods: A prospective survey was conducted at Tokyo Medical and Dental
University Dental Hospital for patients who underwent primary surgery for oral cancer and
reconstruction using free flaps. We compared body weight, SMI, grip strength, and walking
speed at admission and discharge. We also examined factors affecting weight loss and SMI
reduction and the functional oral intake scale (FOIS) score at discharge.

Results: There were 26 patients that we could survey during the period. As a result of
Wilcoxon’s signed-rank test, body weight, SMI, and grip strength were significantly reduced
during hospitalization, but no reduction was noted for sarcopenia. As a result of multiple
regression analysis, postoperative chemoradiotherapy was a risk factor for weight loss,
reduced SMI, and low FOIS score at discharge.

Conclusion: Postoperative chemoradiotherapy is a risk factor for weight loss, muscle mass
loss, and dysphagia at discharge, and chemoradiotherapy may affect rather than an invasion
of surgery. After surgery, besides follow-ups for cancer, oral cancer patients should be
followed up to assess dysphagia, undernutrition, and sarcopenia.
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Introduction

Although sarcopenia has recently attracted attention in fields such as gerontology and
perioperative care, few studies have examined changes in body composition of head
and neck cancer patients. Sarcopenia is defined as an age-related loss of skeletal muscle
mass and strength."? The increased use of the Enhanced Recovery After Surgery
protocol in gastroenterology has led to the development of postoperative recovery
programs that enforce early postoperative resumption of oral intake and seek to shorten
postoperative hospital stays.*** Numerous studies have found that sarcopenia prior to
surgery for gastrointestinal cancer is a risk factor for postoperative complications,
while other studies have described the importance of preoperative nutritional
intervention.””” In contrast, sarcopenia is not routinely assessed in head and neck
cancer patients.® Despite studies showing that preoperative sarcopenia is a risk factor
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for postoperative complications,”'® no study has examined changes in body composi-

tion among patients hospitalized for head and neck cancer surgery.
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Another problem with head and neck cancer is the diffi-
culty patients experience in resuming early postoperative oral
intake because of treatment affecting their swallowing
organs.'' While the length of hospital stay following surgery
for other gastrointestinal cancers is roughly 12 days,'>"? the
hospital stay following surgery for oral cancer can extend to
about 23 days.'* Despite the wide variety of methods
employed in postoperative rehabilitation for dysphagia,
some patients may still require tube feeding whereas other
patients may be restricted to only puree at discharge.
Furthermore, some patients experience a reduction in body
weight even during hospitalization. Sarcopenia is a systemic
process that also affects the muscles dedicated to
swallowing.'>'® Although chemoradiotherapy affects post-
operative weight reduction and swallowing function,'” it is
unknown whether pre- and post-surgical changes in muscle
mass affect swallowing function.

In the present study, we examined the changes in body
composition and sarcopenia before and after surgery in
oral cancer patients, factors that affected reduction in
body weight and muscle mass, and factors that affected
swallowing function at discharge.

Materials and Methods

This prospective survey was conducted at the Tokyo
Medical and Dental University Dental Hospital. Patients
who underwent primary tumor resection for oral cancer
and reconstruction using free flaps for oral defects between
January and September 2016 were eligible for this study.
Because we intended to examine how hospitalization for
surgery affects body composition, we excluded patients
who had previously undergone chemoradiotherapy and
patients with cancer in other organs.

We examined body weight, body mass index (BMI),
skeletal muscle mass index (SMI), grip strength, and gait
speed at admission and discharge. We measured appendi-
cular muscle mass by bioimpedance analysis using In Body
S10 (In Body Japan Inc., Tokyo, Japan). During measure-
ments, subjects were instructed to rest in a supine position.
The acquired appendicular muscle mass was divided by the
square of the subject’s height and used as SMI. Grip
strength was measured with a digital dynamometer (TTM,
Inc., Tokyo, Japan); we calculated the mean of 3 measure-
ments taken with the patient’s dominant hand or the hand on
the opposite side of where the free flap was used. Gait speed
was measured over the middle 4 meters of an 8-meter walk;
we calculated the mean value for a round trip. Sarcopenia
was diagnosed in accordance with the Asian Working

Group for Sarcopenia (AWGS) algorithm.” The gait speed
cutoff value was 0.8m/s, the handgrip strength cutoff values
were 26kg for men and 18kg for women, and the SMI cutoff
values were 7.0 kg/m? for men and 5.7 kg/m? for women,
according to the values suggested by AWGS.

We also evaluated preoperative serum albumin (Alb)
levels, tumor site, and tumor stage and assessed whether the
patients received radiotherapy, chemotherapy, or both.
Furthermore, we investigated the postoperative length of hos-
pital stay and the functional oral intake scale (FOIS) score at
discharge. FOIS was recorded by reviewing the patient’s chart.

Body weight, SMI, grip strength, and gait speed at
admission and discharge were compared using the
Wilcoxon signed-rank test. A multiple regression analysis
was performed using forced-entry method to examine fac-
tors affecting body weight and SMI reduction during hos-
pitalization and the FOIS score at discharge. Body weight
and SMI reduction were set as dependent variables, whereas
age, sex, preoperative BMI, and postoperative chemora-
diotherapy were set as independent variables. The FOIS
score was set as the dependent variable, whereas age, sex,
SMI reduction, and post-operative chemoradiotherapy were
set as the independent variables.

For our analysis, postoperative chemoradiotherapy was
defined as radiotherapy alone, chemotherapy alone, or the
combination of both. A correlation coefficient matrix table
was prepared in advance, and the analysis was performed
using Spearman’s rank correlation coefficient. Statistical
analysis was performed using SPSS version 22.0 (IBM,
IL, USA), while the statistical power was analyzed using
G*Power 3.1 software (Kiel University, Kiel, Germany).

This study was approved by the Ethics Committee of
the School of Dentistry of Tokyo Medical and Dental
University (1272). The participants’ consent was written
informed consent. The study was conducted according to
the tenets of the Declaration of Helsinki.

Results

Subjects

A total of 47 patients with oral cancer underwent recon-
struction using free flaps during the study period. Of these,
we excluded 9 patients who had previously undergone
chemoradiotherapy, 3 with malignancies in other organs,
8 from whom we could not obtain consent, and 1 who
could not be examined prior to surgery. Table 1 shows the
characteristics of the 26 subjects ultimately included in the
present study.
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Table | Subjects’ Characteristics (n=26)

Characteristics

Men (%)

Age (years), median (IQR)
Weight (kg), median (IQR)
BMI (kg/m?), median (IQR)
Alb (g/dl), median (IQR)

n=15 (58)

66.5 (45-81)
59.3 (42.7-87.4)
232 (17.7-32.5)
44 (3.9-49)

Tumor
Mandible or mandibular gingiva 14
Tongue

Oral floor

Buccal mucosa |

T stage
TI 2

T2 I
T3
T4 9

Postoperative chemoradiotherapy
Radiotherapy |
Chemotherapy |
Chemoradiotherapy 3

Length of hospital stay after surgery (days),
median (IQR)

32 (22-131)

FOIS at discharge

Level |

o U1 A W N
N — — U1 O ©O —

7

Abbreviations: IQR, interquartile range; BMI, body mass index; Alb, albumin;
FOIS, functional oral intake scale.

Measurement Results

Body weight, SMI, and grip strength all significantly
decreased at discharge (P < 0.001*a=0.05), while no sig-
nificant change was observed in gait speed (P = 0.889,
a=0.05) (Table 2). The mean reduction in body weight
was 4.0 kg, and the mean percentage of body weight at
discharge compared with body weight at admission was
93.5%. The mean reduction in SMI was 0.5 kg/m®, and
the mean percentage of SMI at discharge compared with
SMI at admission was 93.5%. The mean reduction in grip
strength was 3.5 kg, and the mean percentage of grip
strength at discharge compared with grip strength at admis-
sion was 89.4%. According to the post-facto analysis, the
statistical power of comparisons of body weight, SMI, and

grip strength at admission and discharge was 0.99, 0.95, and

Table 2 Comparisons of Body Weight, SMI, Grip Strength, and
Gait Speed at Admission and Discharge

Characteristics | Admission Discharge P- value
(Median) (Median)
Body weight, kg | 59.3 54.7 <0.001*
ES =—0.87
SMI, kg/m? 7.77 741 <0.001*
ES =—0.76
Grip strength, kg | 33.3 29.2 <0.001*
ES =—0.78
Gait speed, m/s .17 1.25 0.889
ES =-0.03

Note: *P<0.001.
Abbreviations: SMI, skeletal muscle mass index; ES, effect size.

0.95, respectively (Table 3). Sarcopenia was present in 1
patient at admission and in 2 patients at discharge. The
patient with sarcopenia at admission also had sarcopenia
at discharge; thus, only 1 hospitalized patient was newly
diagnosed with sarcopenia.

The correlation between the variables were confirmed in
Table 4, and a high correlation coefficient was noted only
between body weight reduction and SMI reduction
(r=0.898). The other correlation coefficients were r <0.8.
The results of the multiple regression analysis are shown in
Table 5. Preoperative BMI and postoperative chemora-
diotherapy were factors associated with body weight reduc-
tion during hospitalization. The adjusted coefficient of
determination (R?) was 0.398. The standardized regression
coefficients for preoperative BMI and postoperative chemor-
adiotherapy were —0.466 (P < 0.001) and 0.515 (P < 0.001),
respectively. Sex, preoperative BMI, and postoperative che-
moradiotherapy were factors associated with SMI reduction
during hospitalization. The R® was 0.577. The standardized
regression coefficients for sex, preoperative BMI, and post-
operative chemoradiotherapy were 0.351 (P < 0.05), 0.543
(P < 0.001), and —0.358 (P < 0.001), respectively.
Postoperative chemoradiotherapy was associated with the

Table 3 Wilcoxon Signed-Rank Test Analysis of the Variables

Clinical Interventions in Aging 2020:15

Variables ES Total Sample Power
Size (1-p)
Body weight 0.87 26 0.99
SMI decline —0.76 | 26 0.95
Grip strength decline | —0.78 | 25 0.95
Gait speed —0.03 | 26 0.05
Abbreviations: SMI, skeletal muscle mass index; ES, effect size.
submit your manuscript 3
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Table 4 Correlation Matrix Table of Parameters

Parameters Correlation Age | Sex Preoperative | Postoperative Weight | SMI FOIS at
Coefficient/ BMI Chemoradiotherapy | Loss Loss Discharge
P-values
Age r 1.000 | —0.005 | 0.239 0.163 —0.110 0.059 0.004
P 0.980 0.240 0.427 0.593 0.776 0.984
Sex r 1.000 0.358 —0.023 —0.301 0.555%* —0.178
P 0.072 0912 0.135 0.003 0.384
Preoperative BMI r 1.000 0.124 —0.492* | 0.589*% | 0.216
P 0.547 0.011 0.002 0.289
Postoperative r 1.000 0.345 —0.228 0.608**
chemoradiotherapy | P 0.084 0.263 0.001
Weight loss r 1.000 —0.898* | 0.375
P 0.000 0.059
SMI loss r 1.000 -0.229
P 0.260
FOIS at discharge r 1.000
P
Note: *P<0.05; *P<0.01.
Abbreviations: BMI, body mass index; SMI, skeletal muscle mass index; FOIS, functional oral intake scale.
Table 5 Multiple Regression Analysis Values
Dependent Independent Variable Standardized P-value | 95% CI R R? Adjusted | f
Variable Partial Regression R?
Coefficient
Weight loss Age —0.179 0.268 —0.114 | 0.033 0.703 | 0.494 | 0.398 0.977
Sex —0.104 0.534 —1.850 | 0.987
Perioperative BMI —0.466 0.010 —0.473 | —0.072
Postoperative 0515 0.004 0.968 4.391
chemoradiotherapy
SMI loss Age 0.087 0518 —0.059 | 0.113 0.803 | 0.645 | 0.577 1.815
Sex 0.351 0.019 0.375 3.677
Perioperative BMI 0.543 0.001 0.207 0.674
Postoperative —0.358 0.013 —4.579 | —0.595
chemoradiotherapy
FOIS at discharge | Age —0.047 0.789 —0.048 | 0.037 0.629 | 0.395 | 0.280 0.654
Sex —0.270 0.202 —1.496 | 0.335
SMI loss 0.301 0.179 —0.056 | 0.280
Postoperative 0.666 0.002 0.759 2.833
chemoradiotherapy

Abbreviations: Cl, confidence interval; BMI, body mass index; SMI, skeletal muscle mass index; FOIS, functional oral intake scale.

FOIS score at discharge. The R* was 0.280. The standardized
regression coefficient for postoperative chemoradiotherapy
was 0.666 (P < 0.05). According to the post-facto analysis,
the statistical power of tests for body weight reduction, SMI
reduction, and FOIS score at discharge, as the dependent
variables, were 0.97, 1.00, and 0.85, respectively (Table 6).

Discussion

Our results revealed two notable findings. First, there were
significant reductions in body weight, muscle mass, and grip
strength during hospitalization. However, these reductions
were not severe enough to lead to sarcopenia. Second, post-

chemoradiotherapy was associated with reduced body
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Table 6 Statistical Power Analysis of Discharge Variables

Variables ES (f*) | Total Sample Size | Power (I-p)
Weight loss 0.98 26 0.97
SMI loss 1.82 26 1.00
FOIS at discharge | 0.65 26 0.85

Abbreviations: ES, effect size; SMI, skeletal muscle mass index; FOIS, functional
oral intake scale.

weight and SMI during hospitalization and with the FOIS
score at discharge.

Body weight, SMI, and grip strength all significantly
decreased during hospitalization. A previous study found
that among patients who underwent reconstruction for
tongue cancer, body weight at discharge was 93.5% of
the body weight at admission,'® which is consistent with
the findings of the present study.

Conceivable reasons for reductions in body weight,
SMI, and grip strength include surgical invasiveness,
reduced dietary intake, and reduced activity during hospi-
talization. For 1 week after surgery, an increase in cyto-
kines enhances catabolism, leading to a sudden reduction
in lean mass. Body weight is still reduced at least 1 month
after surgery due to a reduction in fat mass, which is
attributed to reduced dietary intake.'®*° In oral cancer,
surgery and chemoradiotherapy can easily result in
dysphagia;?' the consequent reduction in dietary intake
conceivably also affects reductions in body weight and
SMI. Another conceivable factor for reduced body weight
and SMI is reduced activity during hospitalization.”**
Decreases in total protein®* and BMI?® have also been
reported to lead to reduced grip strength. In the present
study, we obtained similar results, which suggests that
sufficient activity during hospitalization is important for
patients at risk of reduced body weight and SMI after
surgery.

High BMI and postoperative chemoradiotherapy were
found to affect reductions in body weight and SMI
Elevated preoperative BMI and postoperative chemora-
diotherapy are risk factors for reduced body weight at 6
months after cancer diagnosis.’® Another study also
reported that postoperative radiotherapy is a risk factor for
reduced body weight 1 year after surgery and that high
preoperative BMI tends to be associated with body weight
reduction.'® Male sex was also a risk factor for reduced
SMI. Peng et al reported that men were more susceptible to

24,27

reductions in muscle mass than women, which we

observed in the present study.

In our study, only 1 patient had sarcopenia at admission,
and 1 patient-developed sarcopenia during hospitalization;
thus, we experienced very few cases of sarcopenia through-
out the hospital stays. Awad et al have reported that in
esophageal cancer, patients may lose lean mass and develop
sarcopenia during preoperative chemotherapy, while
patients who already have sarcopenia prior to preoperative
chemotherapy experience major reduction in lean mass
during chemotherapy.”® Other studies of head and neck
cancer have reported high percentages of preoperative sar-
copenia; however, these studies included patients with other
cancers (oropharyngeal cancer, laryngeal cancer, etc.) and
patients who had undergone chemoradiotherapy prior to
surgery.”'® The present study only included the oral cavity
as the surgical site and excluded patients who had under-
gone chemoradiotherapy prior to surgery. This might
explain the findings of minimal systemic effects and low
prevalence of sarcopenia at admission. Preoperative BMI in
the present study was 23.2 (17.7-32.5) kg/m?, which was
higher than the preoperative BMI 0f 22.0 (13.9-34.8) kg/m?
in a previous study on gastrointestinal cancer.*” In the pre-
sent study, sarcopenia was present at admission in 1 patient
and the nutritional status of the other patients was relatively
favorable. Therefore, it is possible that the reductions in
body weight, SMI, and grip strength were not severe
enough to lead to sarcopenia during hospitalization. These
results suggest that patients with oral cancer who have
a high BMI are susceptible to reductions in body weight
and SMI, but not to the extent that leads to sarcopenia, and
that sarcopenia does not develop during hospitalization in
patients with oral cancer who do not require preoperative
chemoradiotherapy.

In the present study, postoperative chemoradiotherapy
was a risk factor for a low FOIS score at discharge,
conceivably due to mucositis and dysphagia caused by
chemoradiotherapy. Two patients developed mucositis dur-
ing chemoradiotherapy, making it difficult for them to
masticate food, so we changed their food to puree-like
consistencies for a period.

Mekhail et al reported that acute reactions to chemor-
adiotherapy at 1 month included mucositis in 80% of
patients and dysphagia in 90% of patients.>® Furthermore,
dysphagia is more likely to occur after postoperative che-
moradiotherapy than after only surgery.’' Based on the
FOIS score, which is associated with the severity of

32 the present study yielded similar results.

dysphagia,
Mucositis and nausea associated with postoperative che-

motherapy make oral intake difficult, and patients consume
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lower levels of a dysphagia diet or are tube-fed.
Consequently, the FOIS score is reduced. Nutritional inter-
vention has been reported to improve mucositis and is
effective during postoperative treatment.**

In contrast, the reduced SMI was not a risk factor for
a low FOIS score, possibly due to the low prevalence of
sarcopenia during hospitalization in the present study.
However, prolonged dysphagia after discharge sometimes
results in reduced body weight and flap atrophy and would
further exacerbate dysphagia.’® Therefore, in the future, it
may be necessary to investigate post-discharge swallowing
function and changes in body weight in patients with low
FOIS scores at discharge and in patients who have under-
gone chemoradiotherapy prior to surgery.

In contrast to the large number of studies on preventing
sarcopenia prior to surgery for gastrointestinal cancer,”’
there are few studies on preventing sarcopenia prior to
surgery for oral cancer. Consequently, the need for preopera-
tive intervention is unknown. Motor rehabilitation prior to
surgery for gastric cancer and lung cancer maintains and
improves muscle mass.>>~® In the present study, because of
the small number of patients with sarcopenia, we could not
determine the need for preoperative nutritional intervention.
We wish to conduct an additional study that includes patients
who have undergone chemoradiotherapy prior to surgery to
examine whether preoperative nutritional intervention is
necessary for patients with oral cancer.

Limitations of the present study include the small sample
size and single-center nature because of which we could not
assess differences associated with surgical procedures.
Because we excluded patients who had undergone chemora-
diotherapy prior to surgery, we could not observe the effects of
preoperative chemoradiotherapy. We also did not observe diet-
ary intake or long-term postoperative progress. Furthermore,
body composition was analyzed using a bioelectrical impe-
dance analyzer, which cannot directly measure muscle mass.
On the other hand, findings have shown computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) to be accu-
rate for measuring human body composition.**” Therefore,
continued research is necessary to address these limitations.

Conclusion

Patients who were hospitalized for resection and recon-
struction for oral cancer and those who did not have prior
chemoradiotherapy had significant reductions in body
weight, muscle mass, and grip strength during hospitaliza-
tion. However, none of these reductions were severe enough
to lead to sarcopenia. Postoperative chemoradiotherapy was

not only a risk factor for reduced body weight, reduced
muscle mass, and dysphagia at discharge but also possibly
a greater risk factor than surgical invasiveness. We believe
that after surgery, in addition to follow-up for cancer,
patients should also be followed up for assessing dysphagia,
undernutrition, and sarcopenia.
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