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ABSTRACT

Objective: Differences in individual muscle/fat volumes may change the effectiveness of chemotherapy. In this study, the relationship between trunkal
muscle and fat volume and body mass index (BMI) obtained before receiving neoadjuvant chemotherapy (NCT) in patients with breast cancer and complete
pathological response (pCR) was investigated.

Materials and Methods: The volumes of psoas, abdominal and paraspinal muscles, and trunkal subcutaneous and visceral fat were calculated using
CoreSlicer Al 2.0 opensource program from the F-18 fluorodeoxyglucose positron emission tomography/computed tomography (CT) and CT images
before NCT and postoperative pCR rates to NCT were recorded. Muscle/fat volumes and BMI prior to NCT were compared in terms of pathological pCR
rates. Patients were followed up regularly for recurrence and survival.

Results: Ninety-three patients were included with median (range) values for age, BMI, and body weights of 48 (28-72) years, 27 (16.8-51.6) kg/m?, and
71.94 (43-137) kg, respectively. The median follow-up time was 18.6 (6.7-59.6) months. No significant correlation was found between total muscle or fat
volumes of patients with and without pCR. BMI [26.2 (16.8-51.6) kg/m? vs. 24.6 (20.3-34.3) kg/m?, p = 0.03] and pCR rates in patients with low right-
psoas muscle volume [11.74 (7.03-18.51) vs. 10.2 (6.71-13.36), p = 0.025] were significantly greater. A significant relationship was found between right
psoas muscle volume and disease-free survival (DFS) (11.74 cm® (7.03-18.51) vs. 10.2 cm?® (6.71-13.36), p = 0.025). However, no significant relationship
was detected between total muscle-fat volume, BMI and overall survival and DES (p>0.05).

Conclusion: This is the first published study investigating the relationship between the pCR ratio and body muscle and fat volume measured by CoreSlicer
AT 2.0 in patients with breast cancer who received NCT. No correlation was found between the pCR ratio and total muscle plus fat volume. However, these
results need to be validated with larger patient series.
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Key Points

e This is the first published study in the to analyze the trunkal muscle/fat volumes from a single section obtained at a single level in computed

tomography and to investigate the relationship between measurements and neoadjuvant chemotherapy (NCT).

*  Muscle-Fat volume was measured by CoreSlicer AI 2.0 in patients with breast cancer who received NCT. In patients with pathological response (pCR),

mean body mass index (BMI) and right psoas muscle volume was significantly less.

e Mean BMI and right psoas muscle volume were found to be significantly lower in patients with pCR. Total muscle volumes were higher in patients

with pCR, but the difference was not statistically significant.

e Local/systemic recurrence occurred in 18 patients during the follow-up period, and no correlation was found between body muscle/fat volume and

pCR in these patients.

Introduction

It is known that excess adipose tissue is a risk factor for the
development of breast cancer (BC) by inducing insulin resistance,
chronic inflammation, and hormonal changes (1). Obesity increases
the risk of BC and decreases the effectiveness of neoadjuvant
chemotherapy (NCT) (2, 3). Complete pathological response (pCR)
and disease-free survival (DFS) rates after NCT are generally lower in
obese patients (2, 4). Body mass index (BMI) is the most common
measure for classifying weight and has been extensively studied to
explore the relationship between obesity and survival in BC (5). A
study that examined the effects of high visceral adipose tissue (VAT)
on the survival of patients with BC showed that high VAT shortened
DEFS due to increased insulin levels, and increased insulin resistance
(6). There is evidence that visceral fat plays a more significant role in
the homeostasis of cancer cells than other adipose tissues. In addition,
it has been reported that high visceral fat levels significantly affect
chemosensitivity (7).

Sarcopenia and adiposity measurements obtained from abdominal
computed tomography (CT) images in nonmetastatic BC patients
provide more prognostic information than BMI and help to predict
survival outcomes (5, 8). However, a low BMI can mask excessive fat
while a high BMI can mask low muscle mass. It has also been shown
that low muscle radiodensity increases the risk of mortality (5).

There is increasing interest in using body composition analysis to
treat patients with BC (9, 10). CoreSlicer is the first open-source,
web-based, medical image analysis software specifically designed and
optimized for analytical morphometry, measuring specific biomarkers
of body composition from CT images (11). The present study
investigated the relationship between muscle/fat volume, BMI, and
pCR using the CoreSlicer Al 2.0 program in patients who received
NCT after diagnosis with BC.

Materials and Methods

Patients withadiagnosis of stage 2-3 BCin Istanbul Florence Nightingale
Breast Health Center who received NCT (4 cycles of adriamycin/
epirubicin + cyclophosphamide (AC/EC) + 4 cycles of taxane +
anti-Her-2 therapies) and whose data and follow-up were complete
were included. The patient’s demographic, clinical, pathological, and
follow-up results were retrospectively evaluated (Graphic 1, Table 1).
Patients younger than 18 years, receiving adjuvant chemotherapy, and
metastatic patients with missing follow-up were excluded from the
study. The pCR is defined as the absence of residual invasive cancer
on hematoxylin and eosin evaluation of the complete resected breast
specimen and all sampled regional lymph nodes following completion
of neoadjuvant systemic therapy. The patients’ body muscle and
fat volumes were measured by a radiologist (K.Y.) with more than

10 years experience in abdomen imaging before NCT treatment
using the CoreSlicer AI 2.0 (Figure 1) opensource software program
(11). The volumes of the left and right psoas muscles, bilateral
abdominal and paraspinal muscles, and subcutaneous and visceral fat
were measured from the L3 v reference point.

Before the diagnosis, body weight and height measurements were made
using SECA" (Medizinische Messsysteme und Waagen, Hamburg,
Deutschland), BMI was calculated, and the results were evaluated
according to the World Health Organization classification (12).

Statistical Analysis

SPSS for Windows, version 20.0 was used for statistical analysis (IBM
Inc., Armonk, NY, USA). The Kolmogorov-Smirnov test was used
to determine the distribution of variables, the Mann-Whitney U test
for the comparison of non-normally distributed parameters (non-
parametric), the chi-square test for the comparison of qualitative data,
and two-way Pearson correlation test for determining the relationship
between quantitative variables. The level of significance was set as
<0.05 in all analyses.

Results

The median age, follow-up time, BMI, and weight values of all patients
were 48 (28-72), 18.6 months (6.7-59.6), 27 kg/m? (16.8-51.6), and
71.94 kg (43—-137), respectively (Graphic 1).

Of nineteen patients acheiving pCR, 2 (7.7%) were Luminal A, 7
(17.9%) were Luminal B, 6 (50%) were human epidermal growth
factor receptor type 2 (HER2), and 4 (25%) were triple-negative
breast cancer. The pCR rates were significantly lower in the luminal
A and B groups (p = 0.039) (Table 1). Local/systemic recurrence was
observed in 18 patients during follow-up and no correlation was found
between body muscle-fat volume and pCR in these patients (p>0.05).

In patients with pCR, median BMI and right psoas muscle volume
were significantly lower than in patients not acheiving pCR (Table
1). Furthermore, total muscle [114.47 (43.54-155.82) vs. 106.65
(80.56-139.24), p = 0.08], and total fat [334.98 (21.77-878.58) wvs.
309.22(111.32-595.51), p = 0.36] volumes tended to be lower in
patients with pCR but were not sigificantly different.

Considering the effect of muscle-fat volumes on overall survival (OS)
and DFS, a significant correlation was found between right psoas
volume and DFS [11.74 cm?® (7.03-18.51) vs. 10.2 cm?® (6.71-13.36),
2 = 0.025]. It was calculated that each unit increase in right psoas
volume increases the risk of recurrence or death by 1.2 times. No
significant correlation was found between total muscle-fat volume,

BMI, OS, and DFS (»>0.05).
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No significant difference was found when BMI and psoas, abdominal
and paraspinal muscles, and subcutaneous and visceral fat volumes
were examined in pre-and post-menopausal patients (p>0.05). In
addition, no significant relationship was found between menopausal

status and DFS vs. pCR (p>0.05).

Discussion and Conclusion

This is the first published study to calculate body muscle/fat volume by
examining fluorodeoxyglucose- positron emission tomography (PET)
CT images with CoreSlicer AI 2.0 open-source software web tool kit in
patients with BC who received NCT and investigate the relationship

Table 1. The correlation between age, BMI, muscle and fat

volumes, molecular subtypes, and pCR

PCR (-) PCR (+) P
Median Median
(min-max) (min-max)
Age (years) 48 44 027
e (years .27°
gev (29-72) (28-67)
26.2 24.6
BMI (kg/m?) 0.03°
(16.8-51.6) (20.3-34.3)
Left-psoas 11.69 11.53 e
volume (cm?) (7.09-19.78) (8.66-13.68) ’
Right-psoas 11.74 10.2
g 0.025°
volume (cm?) (7.03-18.51) (6.71-13.36)
Subcutaneous 244.48 195.94
0.152
fat volume (cm®  (10.88-703.55) (91.11-382.61)
Visceral fat 84.38 81.5
s 0.74°
volume (cm?) (8.27-357.11) (20.21-302.2)
AZEtTE] 48.58 45.68
muscle volume 0.162
(cm?) (10.88-75.24) (35.18-65.6)
Paraspinal 43.04 37.62
muscle volume 0.122
(cm?) (10.88-56.75) (27.18-53.36)
334.98 309.22
TFV (cm?3) 0.36°
(21.77-878.58)  (111.32-595.51)
114.47 106.65
TMV (cm?3) 0.082
(43.54-155.82)  (80.56-139.24)
Total Fat/total 3.07 2.8
muscle volume 0.65°
(cm?3) (0.5-7.1) (1.1-4.8)
Molecular Subtypes
S 24 (92.3%) 2 (7.7%)
= 26)
Luminal B (n 32 (82.1%) 7 (17.9%) 0.039%

=39)
HER2 (n = 12)
TNBC (n=17)

6 (50%)
12 (75%)

6 (50%)
4 (25%)

2: Mann-Whitney U, ®: Chi-square; pCR: Complete pathological response;
BMI: Body mass index; TFV: Total fat volume; TMV: Total muscle volume;
HER2: human epidermal growth Ffactor receptor type 2; TNBC: Triple
negative breast cancer

with pCR. CoreSlicer is the first open-source web-based medical
imaging analysis designed and optimized for analytical morphometric
assessment, designed to include artificial intelligence (11). Previous
studies evaluated body compositions only as area, tissue, or mass (5,
13, 14). BMI, a more commonly used method, only measures the ratio
between height and weight, and does not distinguish between muscle
and adipose tissue, and cannot account for body fat distribution and
type differences when used alone (5, 7). Thus, body composition-
specific biomarkers obtained from CT images may be used instead of
BMI in clinical evaluations (10, 15).

The relationships between BC and obesity, BMI, and body composition
have been extensively studied (5, 6, 7, 9, 10, 16, 17-20). However,
different results were obtained in studies investigating the relationship
between muscle/fat tissue data obtained from CT images of these
patients and BMI and survival (5, 13). Some studies have shown that
body composition data obtained by BMI and CT are not associated
with DES (7, 10, 17). However, in a study by Iwase et al. (18) in
248 patients receiving NCT, decrease DFS was associated negatively
with molecular subtypes, tumor stage, and high BMI. Some studies
have shown muscle/fat volume measurements are more effective than
BMI in determining survival. DFS is associated with visceral adiposity,
insulin level, and insulin resistance (5, 6, 7, 9, 19, 20). In the present
study, however, a significant relationship was found only between

right psoas muscle volume and DEFES, such that each unit increase in
ght p

Figure 1. Al volume measurement image with coreslicer

Red: Total muscle, Yellow: Visceral fat, Purple: Subcutaneous fat, Green: Right
psoas muscle, Turquoise: Left psoas muscle, Al: Artificial intelligence
Breast Cancer Woman Comparable
* Stage 2-398 * Overall survival
patients

* Disease free survival
* Received NCT ‘ )

* Pathologic complete

* Follow-up time: 18.6 s ; JESBONSE
month =1 \
i 1z
* Median BMI: 27 i | = ‘n/pCR-nght psoas
kg/m? uy | muscle volume
* Median Weight: | (p=0.025)
7194 kg ¥'pCR-BMI (p=0,03)
There was no ically signifi lationship between pCR and total muscle-fat volume.

Graphic 1. The relationship of pathological response and visceral
muscle and fat volume in women with breast cancer who received
neoadjuvan chemotherapy
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right psoas muscle volume increased the risk of recurrence or death
by 1.2 times. However, no relationship was found between BMI and
OS/DFS, which may be due to the low number of patients and low
recurrence rate.

In patients with BC, body composition determines the dose,
toxicity, and efficacy of NCT and is a determinant in improving
the prognosis (7, 9, 20). A lower pCR rate and shorter progression-
free survival times have been demonstrated in overweight patients
treated with NCT (13). In another study, while no relationship
could be found between pCR and BMI, it was found that high
visceral fat volume and fatty liver were negative factors for
acheiving pCR (7). A study by Trestini et al. (21) showed that
body composition parameters did not affect pCR. Still, an increase
of 210 % of VAT during NCT was associated with shorter DFS.
In a study comparing body composition parameters measured
using PET CT before NCT and response to NCT, no significant
relationship was found between them. Still, a very weak correlation
was found between superficial adipose tissue and pCR (22). In
the present study, no significant relationship between muscle/fat
volume and pCR was identified, but BMI was significantly lower
in pCR-positive patients (p = 0.03).

There are significant changes in body fat distribution in the
postmenopausal period (21). A study conducted with postmenopausal
women with BC showed that these patients were more overweight
and had a higher visceral fat area (VFA) and more fatty liver than
premenopausal patients (7). In the present study, no significant
relationship was found when postmenopausal status and BMI and

CoreSlicer images were compared.

In a study examining menopausal status in patients with BC in detail,
no relationship could be shown between body composition parameters
and pCR. At the same time, distant DFS was found to be lower in the
high VFA group (p<0.05) (20). In the present study, when BMI and
CoreSlicer images were compared in pre-and postmenopausal patients,
no significant difference was found between them. In addition, no
significant relationship was found between menopausal status and

DES vs. pCR.

The fact that changes in body composition affect treatment outcomes
differently in BCs with different molecular types is another matter for
debate (23). In postmenopausal HER2+ and luminal BC patients,
obesity increases mortality and morbidity (24). In addition, patients
with Luminal type and BC with axillary lymph node metastases have
been shown to have higher BMI and VAT levels (24). In the present
study, pCR rates were significantly lower in patients in Luminal A
and B groups, as expected. However, no significant correlation was
observed between total muscle volume (TMV) and total fat volume
and molecular subtypes.

Higher rates of pCR were obtained in patients in the present study
with low total muscle volume, and this difference was close to
significant (p = 0.08). Thus, it is possible that calculating TMV only
using these volumetric techniques, independent of height and weight
characteristics, may not be an objective criterion. Therefore, muscle
volume distributions were calculated in proportion to the body surface
area and BMIs of the patients and re-analyzed to examine whether
there was a relationship between these ratios and the treatment
response. Although the relationship between TMV/BMI and pCR was
insignificant, it was found that there was a tendency close to numerical
significance (p = 0.065). These results suggested that standardized

muscle volume analyses need to be further evaluated in studies with
larger sample sizes.

Study Limitations

The strengths of the present study include being the first study in
which body composition was calculated by a single radiologist with
artificial intelligence-based volumetrically accurate and standardized
measurements. The limitations include the small number of patients,
the retrospective nature and the single-center design.

In conclusion, this is the first study to analyze the body muscle/fat
volume from a single imaging section obtained at a single level in
CT and to investigate the relationship between measurements and
outcomes of NCT. There was no significant relationship between pCR
and total muscle/fat volume. However, these results must be validated
by prospective studies with more extensive patient series.
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