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Abstract

flap reconstruction for defects after oral cancer resection.

with free-flap reconstruction.

Background Sarcopenia is characterized by a progressive and generalized loss of skeletal muscle mass and strength.
The aim of this retrospective study was to investigate the impact of skeletal muscle mass on adverse events in free-

Results Of 120 patients, recipient-site adverse events occurred in 56 patients (46.7%), and recipient-site surgical
site infections occurred in 45 patients (37.5%). Skeletal muscle index was significantly associated with recipient-site
adverse events in univariate analysis (P<0.05). Lower body mass index and skeletal muscle index were significantly
associated with recipient-site surgical site infection in univariate analysis (P < 0.05). In the multiple logistic regression
model, a lower skeletal muscle index was a significant risk factor for recipient-site adverse events and surgical site
infections (adverse events odds ratio; 3.17/P=0.04; surgical site infection odds ratio; 3.76/P=0.02).

Conclusions The SMI at level Th12 was an independent factor for postoperative AEs, especially SSI, in OSCC patients

Keywords Skeletal muscle mass, Postoperative adverse events, Oral cancer, Sarcopenia, Surgical site infection

Background

This study was performed to investigate the association
between skeletal muscle mass and predictors of postop-
erative adverse events (AEs) in patients with oral squa-
mous cell carcinoma (OSCC) who underwent free-flap
reconstruction. Sarcopenia is a disease characterized by
a progressive and generalized loss of skeletal muscle mass
and strength, and a low skeletal muscle index (SMI) is a
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clinical assessment method of the disorder [1-3]. Previ-
ous studies have shown that a low SMI in patients with
a variety of malignancies such as liver, lung, bladder,
colorectal, and breast cancer, as well as head and neck
cancer (HNC), results in more postoperative complica-
tions, more severe chemotherapy toxicity, and a lower
survival rate than in those without a low SMI [3-12]. The
incidence of AEs in patients undergoing free-flap recon-
struction for HNC is higher and making early prevention
and treatment important [13]. Moreover, prioritizing
the early prevention and treatment of AEs is crucial as
they influence the timing of initiating postoperative
therapy. Predictors of AEs include age, sex, body mass
index (BMI), performance status (PS), comorbidities, and
recurrence; however, there is no standardized list.
Skeletal muscle measurement using computed tomog-
raphy (CT) images at the L3 vertebral level has been
widely used to evaluate low SMI in patients undergoing
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routine abdominal CT [14], but for patients with oral
squamous cell carcinoma (OSCC), a limitation was posed
in the applicability of assessing low SMI by evaluation
at the L3 level. Swartz et al. found a strong correlation
between the cross-sectional area (CSA) of muscles at the
L3 and third cervical vertebra (C3) levels and reported
that the assessment of skeletal muscle mass on head and
neck CT is feasible [15]. Matsuyama et al. suggested that
the assessment of the skeletal muscle area of the C3 level
on CT in patients with HNC may be impaired by tumor
invasion or lymphadenopathies and found a strong cor-
relation between muscle CSA at L3 and that at the 12th
thoracic spine (Th12) level [16]. No studies have evalu-
ated the impact of muscle mass on patients with AEs
using thoracic spine level images in OSCC. This study
therefore aims to investigate such association by assess-
ing the correlation between AEs and muscle mass
assessed at the Th12 level in patients affected by OSCC.

Methods

Study setting and participants

This retrospective single-center cohort study was
approved by the Ethical Review Committee of Tokyo
Dental College Ichikawa General Hospital (approval ID:
I 20-51). Clinical records were retrieved concerning 131
patients diagnosed with stages II-IV primary OSCC
(according to the 7th edition of the American Joint Com-
mittee on Cancer [AJCC] staging manual) who under-
went reconstructive surgery with a free flap (forearm flap,
rectus abdominis muscle flap, anterolateral thigh flap,
and fibular flap) at the Oral Cancer Center, Tokyo Dental
College, between April 2014 and March 2019. Of these,
those concerning two patients were excluded because
their Th12 could not be measured, and data concern-
ing further three patients were excluded because they
did not undergo neck dissection. Therefore, clinical data
assessed for this retrospective cohort study concerned
120 patients (85 men and 35 women).

Data collection

Data collected from clinical records were age, sex, height,
weight, BMI, tumor localization, TNM classification,
SMI, American Society of Anesthesiologists physical sta-
tus (ASA-PS) classification, smoking history, drinking
status, the presence of diabetes mellitus, and preopera-
tive laboratory data (hemoglobin, albumin, leukocytes,
platelets, and C-reactive protein). Intraoperative factors,
including the site of free flap harvest (anterolateral thigh,
fibula, forearm, and others), operation time, blood loss,
neck dissection method, and reconstruction method,

CSA at L3 level (cm?) = 14.1434+0.779x CSA at Th12 (cmz)—0.212><age (y)+0.502 x weight (kg)+13.763 xsex (women : 1, men : 2)
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were also recorded. Surgery-related complications were
defined as those occurring within 30 days after the pro-
cedure, and all postoperative AEs were scored according
to the Clavien—Dindo classification of surgical complica-
tions [17]. For each cut-off value, poor PS was defined as
ASA-PS>2 [18]. A BMI of<18.5 kg/m? was defined as
underweight based on the definition of the Japan Society
for the Study of Obesity (JASSO) [19].

Image analysis

Axial CT images at the Th12 level of a cervicothoracic
CT scan performed prior to the treatment for malignancy
were used to measure the muscle CSA. The CSA measure-
ment method used was that described by Matsuyama et al.
[16]. CT images were scrolled from caudal to cephalic,
and the Th12 CT slice with the clearest view of the cos-
tal process was selected [16]. Contrast agents (barium and
iodine) commonly administered during normal CT scans
have been reported to not interfere with the evaluation of
skeletal muscle and abdominal adipose tissue [20]; thus,
they were used to obtain contrast-enhanced CT images.
The CSA of the muscles at Th12 was measured using the
Vincent software (version 6, FUJIFILM Corp., Tokyo,
Japan). One trained researcher (A. F.) performed all of the
image analyses. CSA was measured semiautomatically
and independently, and the values obtained from the two
measurements were averaged and used in this study. For
the measurement of skeletal muscle area, the magnifica-
tion of the images, CT value threshold adjustment, and
calculation of measurements were performed automati-
cally by the software. The skeletal muscles were examined
visually for anatomical features and manually traced. Skel-
etal muscles were identified using the standard Hounsfield
unit in the range of —29 to+150 [16, 21]. The CSA of the
delineated area was automatically calculated as the sum of
the delineated pixels and was quantitatively evaluated. At
the Th12 level slice, all muscles of the trunk wall, in addi-
tion to the erector muscles of the spine, were included
(Fig. 1a, b). Subsequently, the skeletal muscle CSA at level
L3 was estimated using the prediction rule described by
Matsuyama et al. (Eq. (1)) [17]: the estimated skeletal mus-
cle CSA at L3 was normalized for height by dividing it by
the squared height: lumbar skeletal muscle index (L3SML:
lumbar 3 SMI, cm?/m?) (Eq. (2)). The optimal cut-off value
for L3SMI was reported by Ohashi et al. [22] (men: 45.471
cm?/m?, women: 35.170 cm?/m?). This cut-off value corre-
lated with the value from DXA, which is used to diagnose
low skeletal muscle mass as defined by the Asian Working
Group for Sarcopenia (AWGS) [23].

Equation 1 is as follows:

(1)
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Fig. 1 aThe original CT image at Th12 transferred in the DICOM format. b The tissue HU threshold was set from —29 to+ 150 HU for skeletal muscle.
The skeletal muscle was calculated by excluding the abdominal viscera and Th12

Equation 2 is as follows:

L3SMI = L3CSA x 1/(height[m?]). 2)

Statistical analysis

Data were summarized by means of descriptive statistics,
that is by calculating the mean +standard deviation (SD)
or median (range) for continuous variables and reporting
frequencies or calculating percentages (%) for categorical
ones. As normality of continuous variables was rejected
when they were assessed using the Kolmogorov—Smirnov
test, differences in their distribution were investigated
respectively by means of the Mann—Whitney test. Those of
categorical ones were assessed using the y test. To investi-
gate the correlation between AEs and SMI, and to identify
other independent risk factors associated with the occur-
rence of AEs in OSCC patients, data were assessed by
means of univariate and multivariate analyses. The covari-
ates used in the multivariate analysis were selected based
on previous reports, so this study did not investigate the
association between tumor stage and AEs. Multivariate
analysis was performed using logistic regression analysis.
All tests were two sided, and a P-value<0.05 was consid-
ered statistically significant. All statistical analyses were
performed using EZR software (64 bit) [24].

Results

The characteristics of these 120 patients are presented
in Table 1. The patients were aged 20—86 years, with a
median age (interquartile range of 60 years; 85 were men,
and 35 were women). According to the Union for Inter-
national Cancer Control, the clinical stages were stage II
in 15 cases, stage Il in 15 cases, and stage IV in 90 cases.
The primary tumor site was the tongue in 69 patients
(57.5%), followed by the mandible in 26 (21.7%), floor of
the mouth in 15 (12.5%), and buccal mucosa in 10 (8.3%).

Table 1 Patient characteristics

Characteristic Number
of patients
(%)
Age (years), mean (range) 60 (20-86)
Sex
Male 85 (70.8%)
Female 35(29.2%)
BMI (kg/m?), mean +SD 224+40
Low BMI
<185 17 (14.2%)
2185 103 (85.8%)
Stage
I, 11l 30 (25.0%)
\% 90 (75.0%)
Location
Tongue 69 (57.5%)
Mandible 26 (21.7%)
Oral floor 15 (12.5%)
Buccal mucosa 10 (8.30%)
Low SMI 20 (16.7%)
Neck dissection
Unilateral 100 (83.3%)
Bilateral 20 (16.7%)

BMI body mass index, SMI skeletal muscle index

The mean values tstandard deviation of SMIs were
47.1+8.1 (range: 28.0-69.1) cm?/m? in all patients,
50.7+6.4 cm?/m® (range: 36.3-69.1) in men, and
38.9+5.1 cm?/m? (range: 28.0-57.3) in women.

AEs occurred in 57 (47.5%) patients. In univariate
analysis, AEs were significantly associated with a lower
SMI (Table 2). Multivariate analysis was conducted for
factors considered to be associated with AEs, and lower
SMI (odds ratio [OR]=3.17, P=0.04) and sex differences
(OR=2.45, P=0.04) emerged as independent significant
factors (Table 3). SSIs at the recipient site were observed
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Table 2 Preoperative variables of patients who underwent oral cancer resection with flap reconstruction and did and did not have

recipient-site surgical site infection (SSI)

Variable Without AEs (n=64) With AEs (n=56) p-value
Age (years), median (range) 64 (30-86) 63 (26-80) 0.634a
Sex
Male 50 (78.1%) 35 (62.5%) 0.072b
Female 14 (21.9%) 21 (37.5%)
Low SMI 6 (9.4%) 14 (25.0%) 0.028b
BMI (kg/m?), mean+SD 229441 218+37 0.136a
Low BMI<18.5 9 (14.1%) 8 (14.3%) 1.000b
Stage
11,1 15 (23.4%) 15 (26.8%) 0.679b
[\ 49 (76.6%) 41 (73.2%)
Alcohol 35 (54.7%) 23 (41.1%) 0.707b
Smoking 33 (51.6%) 27 (48.2%) 0.855b
Location
Tongue 40 (62.5%) 29 (51.8%) 0.150b
Mandible 9 (14.1%) 17 (30.4%)
Buccal mucosa 5(7.81%) 5(8.93%)
Floor of mouth 10 (15.6%) 5(8.93%)
Neck dissection
Unilateral 53 (82.8%) 47 (83.9%) 1.00b
Bilateral 11 (17.2%) 9 (16.1%)
ASA-PS score>?2 27 (42.1%) 21 (37.5%) 0.709b
ACE-27
0-1 26 (40.6%) 17 (30.4%) 0.259b
2-3 38 (59.4%) 39 (69.6%)
Preoperative laboratory data, median (IQR)
Leukocyte count (x10%/1) 6.1 (5.2-8.0) 6.2 (5.0-7.5) 0.582a
Platelet count (x 10%/1) 235 (202-275) 240 (193-285) 0.807a
Hemoglobin (g/dl) 14.5(14.1-14.8) 144 (14.0-14.7) 0.356a
Albumin (g/dl) 44 (4.1-4.6) 4.4 (4.1-5.3) 0.513a
C-reactive protein 0.09 (0.05-0.28) 0.075 (0.05-0.26) 0475a
Prognostic nutritional index 51.3 (48.4-55.3) 52.6 (48.9-55.9) 0.566a
Operation time (min), median (IQR) 783 (688-873) 812 (668-857) 0.816a
Blood loss (ml), median (IQR) 670 (420-1027) 670 (450-950) 0.924a

AE adverse event, ASA-PS American Society of Anesthesiologists physical status, BV body mass index, IQR interquartile range, SMI skeletal muscle index

Table 3 Significant risk factors for adverse events identified in
multiple logistic regression analysis

Variable OR 95%Cl p-value
Lower Upper
Low SMI 3.17 1.08 9.31 0.04
Age 0.99 0.96 1.02 046
Sex 245 1.02 5.89 0.04
ACE-27 1.84 0.77 4.38 0.17
PNI 1.01 094 1.09 0.76
Blood loss (ml) 1.00 1.00 1.00 0.90

Cl confidence interval, OR odds ratio, PN/ prognostic nutritional index, SM/
skeletal muscle index

in 45 patients (37.5%). In the univariate analysis, recipi-
ent-site SSI was significantly associated with lower BMI
and SMI (Table 4). Multivariate analysis was performed
for factors considered to be associated with SSI, and
lower SMI (OR=3.76, P=0.02), sex difference (OR=3.22,
P=0.01), and ACE27 (OR=2.80, P=0.03) emerged as
independent significant factors (Table 5).

Discussion

There are currently no reports examining muscle mass
using thoracic spine level images in patients with OSCC,
and, to our knowledge, this is the first study to demon-
strate the association of AEs and SSIs with Th12 SMIL
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Table 4 Perioperative variables of patients who underwent oral cancer resection with flap reconstruction and did and did not have

recipient-site surgical site infection

Variable Non-SSI (n=75) SSI (n=45) p-value
Age (years), median (range) 63 (23-86) 64 (20-80) 0.39a
Sex
Male 58 (77.3%) 27 (60.0%) 0.06b
Female 17 (22.3%) 18 (40.0%)
SMI (cm?/m?), mean+SD 488+74 442+86 0.002a
Low SMI 7 (9.3%) 13 (28.9%) 0.001b
BMI (kg/mz), mean+SD 23.0+4.1 213+36 0.020a
Low BMI<18.5 10 (13.3%) 7 (15.5%) 0.793b
Stage
I, 1l 25 (33.3%) 10 (22.2%) 0.667b
I\ 55 (73.3%) 35 (77.8%)
Alcohol 30 (40%) 28 (62.2%) 0.855b
Smoking 36 (48%) 24 (44.4%) 0.855b
Location
Tongue 47 (62.7%) 22 (48.9%) 0.328b
Mandible 13(17.3%) 13 (28.9%)
Buccal mucosa 5(6.7%) 5(11.1%)
Floor of mouth 10 (13.3%) 5(11.1%)
Neck dissection
Unilateral 64 (85.3%) 36 (80.0%) 0459
Bilateral 11 (14.7%) 9 (20.0%)
ASA-PS score 2 2 27 (45.8%) 23 (35.4%) 0.274b
ACE-27
0-1 30 (40.0%) 13 (28.9%) 0.244b
2-3 45 (60.0%) 32 (71.1%)
Preoperative laboratory data, median (IQR)
Leukocyte count (x 10%/1) 6.2 (5.3-8.2) 6.2 (4.9-6.8) 0.205a
Platelet count (x 10%/) 23.3(20.1-27.6) 24.2 (20.6-28.2) 0.591a
Hemoglobin (g/dl) 14.5 (14.1-14.8) 143 (13.9-14.7) 0.100a
Albumin (g/dl) 44 (4.1-4.7) 44 (4.1-53) 0.746a
Prognostic nutritional index 52.1 (49.0-55.8) 52.0 (48.4-54.5) 0.408a
Operation time (min), median (IQR) 783 (688-873) 812 (668-857) 0.816a
Blood loss (ml), median (IQR) 670 (420-1027) 670 (450-950) 0.924a

ASA-PS American Society of Anesthesiologists physical status, BMI body mass index, QR interquartile range, SMI skeletal muscle index

Table 5 Significant risk factors for recipient-site surgical site
infection identified using multiple logistic regression analysis

Variable OR 95% Cl p-value
Lower Upper

Low SMI 3.76 127 11.10 0.02

Age 1.00 097 1.04 087

Sex 3.22 127 8.17 0.01

ACE-27 2.80 1.10 7.10 0.03

PNI 0.96 0.89 1.04 0.36

Cl confidence interval, OR odds ratio, PN/ prognostic nutritional index, SM/

skeletal muscle index

Although the evaluation of skeletal muscle area at the
C3 level on CT in patients with OSCC is common, in
our study, there were many inter-rater errors, and more
patients were excluded than in the Th12 measurement
group owing to the influence of the imaging axis.

SSI is defined by the Centers for Disease Control and
Prevention as a wound infection that occurs within 30
days of an operative procedure. The incidence of post-
operative AE, especially SSI, is high after oral cancer sur-
gery because patients probably have poor nutrition prior
to surgery, a dead space is likely to form anatomically,
and the wound is exposed to saliva and fluid retained in
the oral cavity [18, 25-32]. Therefore, it is important to
control the risk of AEs before surgery.
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To date, hypoalbuminemia, long surgical time, and
high ASA scores have been reported as risk factors for
SSI after oral cancer surgery [15, 25-32]. In this study,
a decrease in muscle mass, which is closely related to a
low SMI, was shown to be a risk factor for SSI after oral
cancer surgery. However, no significant associations were
observed for hypoalbuminemia and long surgical time.
The reason for this is that the The European Society of
Parenteral and Enteral Nutrition guidelines recommend
postponing surgery if the serum albumin level is less than
3.0 g/dl [33]. In the present study, there was only one
patient with a serum albumin level of less than 3.0 g/dl,
which was presumably insufficient for a statistical study.
In addition, the surgical time suggested to be associated
with AEs (especially flap complications) is>10 h [34]. In
this study, flap necrosis occurred in 16 patients, and the
mean operative time was 12 h 31 min. The mean opera-
tive time for patients without necrosis was 16 h 22 min.
In a study on lung cancer, PS> 2 was associated with poor
overall survival [35, 36]. Similarly, in our study, PS was a
predictor of prognosis, which is a reasonable finding.

The results of this study suggest that the female sex
could be a risk factor for SSI. Recently, skeletal muscle
was identified as an organ that secretes myokines that
may influence the growth of cancer cells [37]. Hojman
et al. reported that myokines, which are released from
muscles during exercise, inhibit the growth of breast
cancer cells and induce apoptosis of these cells [38].
Therefore, as muscle mass decreases, myokine levels and
responses may also decrease, making it easier for cancer
to progress.

In our study, univariate analysis results demonstrated
that BMI was not statistically significantly different from
postoperative AEs. Notably, conventional nutritional
assessments do not reliably detect skeletal muscle loss
[39]. BMI alone makes it difficult to distinguish between
fat and fat-free mass [40], presumably because weight
loss cannot differentiate between adipose tissue and mus-
cle loss.

This study has some limitations. As it was conducted
at a single center, the presence of an unmeasured bias
cannot be ruled out. According to the Asian Working
Group for Sarcopenia (AWGS) guidelines, the diag-
nosis of low SMI requires low muscle strength or low
physical performance in addition to low muscle mass.
The present study did not consider muscle strength,
as its measurements were not available in the clinical
records being assessed. A further limitation is opera-
tive in nature: as the the AWGS has not proposed
clear SMI cut-off values for Th12, the one used in the
present study is not standardized, as in previous stud-
ies concerning SMI. However, such skeletal muscle
mass measurement might still be an additional useful
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predictor of postoperative AEs, especially when used in
conjunction with those already assessed in the clinical
setting. Other limitations of the present study include
the selection of covariates — not including, for exam-
ple, the tumor stage, as well as those stemming from
it being retrospective. To address these limitations, it
is suggested that future studies employ more compre-
hensive analyses that include more covariates and a
prospective study design. In addition, larger validation
studies and clinical trials with different patient popula-
tions should be conducted to confirm preliminary find-
ings. This would further solidify the results of this study
and confirm the utility of the proposed predictors.

Conclusions

The SMI at the Th12 level was an independent factor for
postoperative AEs, especially SSI, in OSCC patients with
free-flap reconstruction, suggesting this might be a use-
ful predictive factor for AEs in the clinical setting. Such
results though are preliminary, and prospective studies
on a greater number of subjects should be warranted to
further investigate such clinically relevant matter.
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