L))

Check for
updat

Original Article

Skeletal muscle and related protein expression as prognostic
factors in thymic squamous cell carcinoma
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Background: Sarcopenia and its marker, the psoas muscle index (PMI), have attracted attention as
prognostic factors for various types of cancers. The fragile X-related 1 (FXRI) gene is highly expressed
in myocytes, and FXR1 overexpression is a candidate biomarker for poor survival in several types of
cancers. Thymic squamous cell carcinoma (TSQCC) is rare, and no studies assessing its prognostic factors,
particularly in terms of skeletal muscle mass and FXR1 expression, are available.

Methods: We retrospectively investigated the prognostic significance of PMI in 34 patients who underwent
TSQCC resection, considering the status of FXR1 and tumor programmed death-ligand 1 (PD-L1). PMI
was calculated from the bilateral psoas muscle using preoperative computed tomography (CT). Patients were
divided into two groups: low PMI (<58.2%, n=17) and normal PMI (>58.2%, n=17). Immunohistochemical
analysis was performed to determine the FXR1 and PD-L1 expression levels.

Results: Low PMI was significantly associated with worse overall survival (OS) (5-year survival rate; 86%
vs. 100%; P=0.026) and marginally associated with worse disease-free survival (DFS) (5-year survival rate;
39% wvs. 66%; P=0.090) compared with normal PMI. The immunohistochemical analysis revealed that the
FXRI intensity score (0—1+: 6% vs. 0%; 2+-3+: 94% vs. 100%; P=0.31), median FXRI distribution (95% vs.
90%; P=0.63), and PD-L1 status (high: 47% vs. 59%; P=0.49) were not significantly different between the
two groups.

Conclusions: Our findings suggest that PMI might be considered as a potential prognostic factor in
TSQCC and that FXR1 is widely expressed regardless of the PMI status. Skeletal muscle mass may play a
role in the prognosis of TSQCC.
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Introduction just over 10% of such tumors (1). TCs have a 5-year

. o S
Thymic epithelial tumors are rare malignancies that survival rate of 51%, which is significantly lower than that

originate in the thymus. Among them, thymic carcinomas of thymoma, which is 94% (2). Thymic squamous cell

(T'Cs) are the most aggressive subtype and constitute carcinoma (TSQCC) is a major subtype of TC, which
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includes 14 subtypes (3). Surgical resection is the only
curative treatment for patients with TCs, and complete
resection is the most important predictor of survival (4).
Multimodal treatment, which includes chemotherapy,
surgery, and radiotherapy, is considered for patients with
advanced disease. TCs also show a high expression of
programmed death-ligand 1 (PD-L1) (5), which has been
correlated with a clinical response to programmed death-1
(PD-1) antibodies, as suggested in a phase II study (6).
Several studies have assessed the predictors of favorable
survival among patients with TCs, such as complete
resection, pathological stage (4), and PD-L1 expression (7).
However, the clinicopathological characteristics and
prognostic factors of patients with TSQCC have not been
elucidated well owing to the rarity of this disease.
Sarcopenia and its surrogate marker, the psoas muscle
index (PMI), have recently received considerable attention
in the field of oncology as a prognostic factor for various
types of cancers, including gastric, esophageal, ovarian,
and lung cancer (8,9). We previously reported that PMI is
significantly associated with the survival of patients with
lung squamous cell carcinoma (10). To date, however, no
study has assessed the relationship between TSQCC and
PML. In our study, we also focused on the RNA-binding
protein, fragile X-related 1 (FXR1). FXR1 has been found
to play an essential role in normal myogenesis by editing
transcription profiles as part of an RNA-induced silencing
complex (11), and FXRI is highly expressed in myocytes.
Mutations or altered expressions of RNA-binding
proteins can cause dysfunction in multiple biological
and pathological processes, leading to diseases such as
cancer (12). FXR1 overexpression in cancer is a candidate
biomarker for poor survival in various types of cancers,
including lung cancer, breast cancer, and oral squamous
cell carcinoma (13-15). Therefore, we hypothesized that
FXRI expression was a prognostic factor in patients with
TSQCC. However, the significance of FXR1 expression
and its prognostic value in TSQCC are as yet unknown.
Thus, the role of skeletal muscle mass in TSQCC
progression and the relationship between FXR1 expression
and the clinicopathological features of TSQCC are unclear.
We therefore investigated the prognostic significance of
PMI in patients with TSQCC, considering the status of
FXR1 and PD-L1 using immunohistochemical analysis of
TSQCC clinical samples obtained during surgical resection.
We present the following article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-385/rc).
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Methods
Patients and samples

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Review Board of Nagoya
University Hospital (approval No. 2021-0236). Individual
consent for this retrospective analysis was waived. In
total, 215 patients underwent surgery for primary thymic
epithelial tumors, including T'Cs and thymomas, at Nagoya
University Hospital between January 2006 and December
2018. Of these, 34 patients (15.8%) whose resected
specimens were histologically reviewed and confirmed to be
TSQCC by a pathologist (H.T) were enrolled in the present
study. We retrospectively analyzed these 34 patients to
assess the relationship between PMI and clinicopathological
characteristics, including FXR1 and PD-L1 expression,
and the prognosis. Institutional databases and each patient’s
medical records were retrospectively reviewed to determine
the clinicopathological characteristics including age, sex,
body mass index (BMI), serum albumin and cytokeratin
fragment (CYFRA) levels, forced expiratory volume in one
second (FEV, ), diffusing capacity of the lungs for carbon
monoxide (DLco), curability, prognosis, and pathological
tumor-node-metastasis staging based on the Masaoka-Koga
classification (16) and the TNM classification (17).

PMI measurement

All preoperative computed tomography (CT) images were
evaluated 1-2 months before surgery. The PMI evaluation
was performed as previously described (10). In brief, the cross-
sectional area of the bilateral psoas muscle at the umbilical
level during preoperative C'T was measured by manual tracing
using a picture archive and communication system. Previously,
Hamaguchi er 4/. examined the sex distribution of PMI in
541 patients who underwent living-donor liver transplantation
and found that the mean PMI was significantly higher in
males than in females (8.85 vs. 5.77) (18). These mean PMI
values were used to adjust the total psoas area for individual
height using the following equation:

PMI (%) = cross-sectional area of the bilateral psoas
muscle (cm?)/[height (m)’ x8.85 (for males) or 5.77 (for
females)].

Histopathology and immunobistochemistry

For the histopathological evaluation, we employed histology
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Figure 1 Representative hematoxylin and eosin staining of TSQCC according to differentiation and lymphoid infiltration. TSQCC, thymic

squamous cell carcinoma.

glass slides stained with hematoxylin and eosin. The
histological type and differentiation were determined
according to the World Health Organization classification (3).
Differentiation was classified into the following three
subgroups based on the presence or absence of keratinization,
the degree of nuclear pleomorphism, and the extent of
squamous cell maturation: well differentiated, moderately
differentiated, and poorly differentiated. The representative
slides are shown in Figure 1. For immunohistochemical
analysis, unstained glass slides from preserved formalin-fixed
paraffin-embedded blocks were available for each case. Each
section was cut to a 4-pm thickness. Immunohistochemical
staining for FXR1 (13) and PD-L1 evaluations (19) was
performed as described in previous reports. The primary
antibody used for FXRI in the present study was rabbit
polyclonal antihuman antibody (clone HPA018246; Sigma-
Aldrich, Saint Louis, MO, USA). Cytoplasmic staining
of FXR1 was scored using the Allred system with slight
modifications, as previously reported (13). In brief, the
staining index was considered to be the sum of the intensity
score (0, no staining; 1+, weak; 2+, moderate; 3+, strong)
(Figure 2A) and the distribution score (0, no staining; 0.1,
1-9% of cells stained; 0.5, 10-49% of cells stained; and
1 if >50% cells stained). The H score was determined by
multiplying the intensity and the distribution scores, with a
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minimum score of 0 and a maximum score of 3. The median
value of all H scores was set as the cutoff point to distinguish
FXR1-high tumors from FXR1-low tumors in the present
study. For PD-L1 staining, rabbit immunoglobulin G
monoclonal antibody (clone SP142; Spring Bioscience,
Pleasanton, CA) was used as a primary antibody. PD-L1
positivity was evaluated based on the intensity (Figure 2B) and
distribution score as with FXRI. In the present study, a PD-
L1 distribution rate of 50% or greater was defined as high,
and all other cases were defined as low.

Statistical design and data analysis

The Mann-Whitney U test and Fisher’s exact test were
used to compare the continuous and categorical variables
between the groups, respectively. Overall survival (OS) and
disease-free survival (DFS) were analyzed with the Kaplan—
Meyer method, and the log-rank test was used to compare
the survival curves. OS was defined as the time from surgery
to death due to any cause. DFS was defined as the time
from surgery to either the first disease relapse or death due
to any cause. A univariate analysis of clinicopathological
factors influencing OS and DFS using the log-rank test
was performed. For all analyses, P value <0.05 were
considered statistically significant. All statistical analyses
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Figure 2 Representative immunohistochemical staining by FXR1 and PD-L1. (A) According to FXR1 intensity score; (B) PD-L1 intensity

score. The primary antibody used for FXR1 was rabbit polyclonal antihuman antibody (clone HPA018246; Sigma-Aldrich, Saint Louis,

MO, USA). The staining index of FXR1 was calculated from the intensity score (0, no staining; 1+, weak; 2+, moderate; 3+, strong) and the
distribution score (0, no staining; 0.1, 1-9% of cells stained; 0.5, 10-49% of cells stained; and 1 if >50% cells stained). For PD-L1 staining,

rabbit immunoglobulin G monoclonal antibody (clone SP142; Spring Bioscience, Pleasanton, CA, USA) was used as a primary antibody.

PD-L1 positivity was evaluated based on the intensity and distribution score as with FXR1. FXR1, fragile X-related 1; PD-L1, programmed

death-ligand 1.

were performed using the SPSS Statistics 25 software (IBM
Corporation, Armonk, NY, USA).

Results

The clinical characteristics are summarized in 7able 1. The
patients included 25 males and 9 females, with a median age
of 63 years (range, 38-79 years). The median PMI obtained
using the preoperative CT images was 58.2% (interquartile
range, 48.8-72.1%). The patients were divided into two
groups: low PMI (<58.2%, n=17) and normal PMI (>58.2%,
n=17). The patients in the low PMI group were older than
the patients in the normal PMI group (median age, 67 vs.
57 years; P=0.002). There were no significant differences in
sex, BMI, serum albumin and CYFRA levels, FEV,,, DL,
and the pathological stage between the two groups. RO
resection was performed in 29 patients (75%), whereas R1
resection was performed in 5 patients (15%). Postoperative
radiotherapy was administered to 11 patients (32%). No
patient in the present study had autoimmune disorders,
such as myasthenia gravis.

Histopathological features and IHC findings of TSQCC
are summarized in 7able 2. The TSQCC was classified as
well differentiated in 7 patients, moderately differentiated in
23 patients, and poorly differentiated in 4 patients. Although

© Journal of Thoracic Disease. All rights reserved.

fibrotic tissue was found around the tumor in many patients,
abundant lymphoid infiltration around the tumor was
observed in 8 patients (Figure 1). FXR1 was diffusely stained
in the tumor cells’ cytoplasm. The FXRI intensity score was
high (2+-3+) in all but one patient. The distribution was
also broad, with a median of 95% (range, 5-100%) (Table 2).
The median H score for FXR1 was 3 (range, 0.1-3). Using
this cutoff value, FXR1 expression was classified as high
in 24 patients (71%) and low in 10 patients (29%). PD-L1
was diffusely stained in the tumor cells’ membrane, either
partially or completely. The PD-L1 intensity score was
also high (0-1+, 6%; 2+-3+, 94%) in many patients, and
no staining was observed in two patients. The median PD-
L1 distribution was 50% (range, 0-95%) (Table 2). PD-
L1 expression was classified as high in 18 patients (53%)
and low in 16 patients (47%). There were no significant
differences regarding differentiation, lymphoid infiltration,
and FXR1 and PD-L1 expression between the low and
normal PMI groups (Figure 3).

The median follow-up period for all cohorts was
60 months (range, 1-133 months). During the follow-up,
tumor recurrence and death occurred in 13 patients (38%)
and 6 patients (18%), respectively. Five patients died of the
disease, and one patient died of other diseases. OS and DFS
curves for all 34 patients are presented in Figure 4. The 5-year
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Table 1 Demographic data of patients classified by PMI
Characteristics Total (n=34) Low PMI (n=17) Normal PMI (n=17) P value
PMI, %, median (range) 58.2 (31.0-109.4) 48.9 (31.0-58.1) 71.6 (58.2-109.4) <0.001
Age, years, median (range) 63 (38-79) 67 (54-79) 57 (38-69) 0.002
Sex 0.50
Male 25 (74%) 13 (76%) 12 (71%)
Female 9 (26%) 4 (24%) 5 (29%)
BMI, kg/m?, median (range) 22.7 (16.7-32.5) 23.1 (18.9-26.2) 22.0 (16.7-32.5) 0.92
Serum albumin, g/dL, median (range) 4.4 (3.6-4.9) 4.3 (3.7-4.9) 4.4 (3.6-4.9) 0.38
CYFRA, median (range) 2.7 (0.9-11.2) 2.5(1.1-9.3) 2.9 (0.9-11.2) 0.82
FEV,,, % of predicted, median (range) 93.7 (44.0-128.4) 91.5 (44.0-128.4) 97.9 (57.7-124.0) 0.39
DLco, % of predicted, median (range) 106.4 (53.1-161.0) 106.6 (53.1-161.0) 103.0 (68.7-118.0) 0.21
p-stage (Masaoka-Koga) 0.47
I, 11 (32%) 4 (24%) 7 (41%)
1, v 23 (68%) 13 (76%) 10 (59%)
p-stage (TNM 8th) 1
I, 15 (44%) 7 (41%) 8 (47%)
I, v 19 (56%) 10 (59%) 9 (53%)
Curability, R1 5 (15%) 3 (18%) 2 (12%) 0.50
Postoperative radiotherapy, yes 11 (32%) 4 (24%) 7 (41%) 0.27

PMI, psoas muscle index; BMI, body mass index; CYFRA, cytokeratin fragment; FEV, forced expiratory volume; DL, diffusing capacity of

the lung carbon monoxide; TNM, tumor-node-metastasis.

OS and 5-year DFS rates were 93% and 54%, respectively
(Figure 44,4B). PMI was associated with 5-year OS (low
PMI vs. normal PMI: 86% vs. 100%; P=0.026) and was
marginally associated with 5-year DFS (low PMI vs. normal
PMI: 39% vs. 66%; P=0.09) (Figure 4C,4D). Table 3 shows
the results of the univariate analysis with the log-rank test of
the prognostic factors influencing OS and DFS. Although
high PD-L1 expression represented a significantly better
prognosis for OS, high PD-L1 expression was not statistically
associated with DFS. In contrast, the male sex and earlier
p-stage were significantly associated with better prognoses
for DFS; however, these factors were not associated with OS.
Other factors including CYFRA, differentiation, lymphoid
infiltration, and FXR1 expression were not associated with
OS or DFS. In a subgroup analysis stratified by p-stage
(Masaoka-Koga), PMI status was a prognostic factor for
S-year OS in advanced TSQCC (low PMI vs. normal PMI:
82% wvs. 100%; P=0.013), while PMI status was not associated
with the prognosis for 5-year OS in early stage TSQCC (low

© Journal of Thoracic Disease. All rights reserved.

PMI vs. normal PMI: 100% vs. 100%; P=0.81).

Discussion

In the present study, our findings suggest that PMI
should be considered a potential prognostic factor in
patients with TSQCC. Furthermore, FXR1 expression
was widely observed regardless of PMI status. To the best
of our knowledge, this study is the first to investigate the
relationship between skeletal muscle mass and prognosis in
patients with TSQCC. We also examined FXR1 expression
in TSQCC using immunohistochemistry for the first time.
The number of studies on the prognosis for TCs
has recently increased and includes large population-
based studies (4). However, most current studies have
included various subtypes in addition to TSQCC, such as
basaloid carcinoma and mucoepidermoid carcinoma. Each
histologic subtype has a special morphologic and oncologic
behavior, which leads to discrepancies in the prognosis.
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Table 2 Histopathological evaluation and immunohistochemical expression of FXR1 and PD-L1

Characteristics Total (n=34) Low PMI (n=17) Normal PMI (n=17) P value
Differentiation 0.33
Well 7 5 2
Moderate 23 11 12
Poor 4 1 3
Lymphoid infiltration 1
Yes 8 4 4
No 26 13 13
FXR1 intensity 0.66
0 0 0 0
1+ 1 1 0
2+ 5 3 2
3+ 28 13 15
FXR1 distribution (%), median (range) 95 (5-100) 95 (5-100) 90 (20-100) 0.63
FXR1 H score, median (range) 3(0.1-3) 3(0.1-3) 3 (1.5-3) 0.54
FXR1 0.45
High 24 (71%) 11 (65%) 13 (77%)
Low 10 (29%) 6 (35%) 4 (24%)
PD-L1 intensity 0.18
0 2 2 0
1+ 0 0 0
2+ 12 4 8
3+ 20 11 9
PD-L1 distribution (%), median (range) 50 (0-95) 40 (0-90) 50 (10-95) 0.47
PD-L1 0.49
High 18 (53%) 8 (47%) 10 (59%)
Low 16 (47%) 9 (53%) 7 (41%)

FXR1, fragile X-related 1; PD-L1, programmed cell death ligand 1; PMI, psoas muscle index.

Only a small number of studies on TSQCC have been
published due to its low incidence, despite the fact that
TSQCC is the most frequent subtype (20-23). Although

sarcopenia and its surrogate marker, the PMI, have recently

we hypothesized that similar results would be obtained in
patients with TSQCC (10). As expected, the present study
demonstrated that PMI could be a prognostic factor for
OS, although the results in terms of DFS were marginal.
received considerable attention in the field of oncology We have also shown that PMI is a strong prognostic factor,
especially for patients with advanced TSQCC. Studies

have investigated the relationship between inflammation/

as a prognostic factor for various types of cancers, there
have been no studies till date assessing the relationship
between TSQCC and PMI. We previously reported on

the prognostic impact of skeletal muscle mass in lung

hypoalbuminemia and prognosis in T'Cs (24,25), and these
factors might interact with PMI. However, we believe

squamous cell carcinoma but not lung adenocarcinoma, and that skeletal muscle mass in patients with squamous cell
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Figure 3 FXR1 and PD-L1 distribution in the low and normal PMI groups. (A) According to FXR1; (B) PD-L1. FXRI, fragile X-related 1;

PD-L1, programmed death-ligand 1; PMI, psoas muscle index.
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carcinoma in the thymus as well as in the lung could reflect
the tumor’s biological nature. However, the mechanism
and interaction in the tumor microenvironment are as

yet unknown. We therefore focused on the RNA-binding

© Journal of Thoracic Disease. All rights reserved.

protein, FXR1, which is expressed in myocytes and plays an
important role in myogenesis (11,13). In recent years, FXR1
expression has attracted attention as a prognostic factor in
various malignant diseases including lung cancer; however,
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Table 3 Results of univariate analysis of prognostic factors influencing overall and disease-free survival with log-rank test

Overall survival

Disease-free survival

Characteristics

5-year survival (%) P value 5-year survival (%) P value

Age (y), <65 vs. >65 94.7 vs. 90.9 0.32 47.9vs. 63.5 0.89
Sex, male vs. female 95.5vs. 88.9 0.70 70.0vs. 16.7 0.011
CYFRA, <2.5vs. >2.5 92.3 vs. 93.3 0.17 36.4 vs. 65.3 0.20
PMI, low vs. normal 85.7 vs. 100.0 0.026 22.3 vs. 66.2 0.09
Tumor size (mm), <50 vs. >50 100.0 vs. 88.2 0.43 64.5vs. 44.7 0.10
Lymph node metastasis, yes or no 87.5vs. 95.5 0.90 12.5vs. 71.0 0.007
Pathological stage (Masaoka-Koga), |-l vs. =IlI 100.0 vs. 90.2 0.80 90.0 vs. 32.0 0.024
Pathological stage (TNM 8th), I-Il vs. >lI 100.0 vs. 88.9 0.69 80.8 vs. 34.8 0.017
Curability, RO vs. R1 92.1 vs. 100.0 0.19 64.4 vs. 20.0 0.18
Postoperative radiotherapy, yes vs. no 90.9vs. 95.0 0.79 30.7 vs. 67.7 0.11

Differentiation, well vs. moderate/poor 100.0 vs. 91.8 0.29 50.0 vs. 55.8 0.79
Lymphoid infiltration, yes vs. no 100.0vs. 91.5 0.12 71.4 vs. 46.5 0.19
FXR1, high vs. low 95.0 vs. 90.0 0.94 56.3 vs. 50.0 0.45
PD-L1, high vs. low 100.0 vs. 85.1 0.018 58.4 vs. 40.4 0.43

CYFRA, cytokeratin fragment; PMI, psoas muscle index; FXR1, fragile X-related 1; PD-L1, programmed cell death ligand 1.

FXR1 expression in TSQCC has not been investigated. As
observed in a previous report examining the significance
of FXR1 in non-small cell lung cancer (13), we used
immunohistochemistry in this study to evaluate the intensity
and distribution of FXR1 expression. Consequently, the
results showed strong intensity and a wide distribution
regardless of PMI status in most cases. Although not
directly indicating FXR1 as a prognostic factor in patients
with TSQCC, this finding highlights the possibility of
a relationship between the skeletal muscle mass and the
microenvironment of TSQCC. Further evaluation of FXR1
might reveal this protein to be an interesting candidate
target for cell-specific therapy.

The results of the present study have implications for
the design of future clinical studies regarding TSQCC.
It is expected that simply improving skeletal muscle mass
could prolong long-term survival. It is important to
accurately assess the quantity of skeletal muscle because it
can be targeted for treatment before and after surgery with
interventions including nutritional recommendations and
rehabilitation (26,27). Exercise is generally known to be
a non-pharmacological intervention that reduces fatigue
and improves quality of life, lung function, muscle mass,
physical performance, and the psychological status of

© Journal of Thoracic Disease. All rights reserved.

patients with lung cancer (28,29). Furthermore, nutritional
supplements, including branched-chain amino acids,
vitamin D, whey protein, and hydroxymethylbutyrate-
enriched milk, play an important role in preventing and
improving sarcopenia (30). These interventions could
therefore result in improved postoperative outcomes
for patients with low PMI and TSQCC. Whether
improvement in sarcopenia following these interventions
can enhance the postoperative prognosis remains unclear
due to the luck of the randomized control trial. Therefore,
further studies are required to explore this possibility.
Our finding that FXR1 is widely expressed in TSQCC
makes it a potential new biomarker for molecular target
therapy in the future. The role of skeletal muscle in the
cancer microenvironment has not been well clarified, and
further studies will help progress our understanding of the
interaction between tumor cells and monocytes.

Our study has several limitations, the first of which is its
small sample size. Our analysis might therefore have been
too underpowered to identify differences in several values.
In addition, we could not perform multivariate analyses due
to the small number of patients and events. However, TC
is a rare type of cancer, and studies limited to TSQCC in
particular can be difficult to integrate in a single institution.
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Second, our retrospective study was performed at a single
center with patients having a similar ethnic background.
Data on FXRI and PD-L1 were obtained from limited
number of patients. Therefore, care should be taken in
generalizing the interpretation of the results.

Conclusions

This study suggested that PMI was a potential prognostic
factor in patients with TSQCC. In addition, FXRI1
expression was widely observed regardless of PMI status
in the patients with TSQCC. Skeletal muscle mass might
play a role in the prognosis of TSQCC. Further studies on
patients with TSQCC and an evaluation of FXR1 might
reveal this protein to be an interesting candidate target for
cell-specific therapy in the future.
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