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Abstract
Background: The skeletal muscle index (SMI), which is calculated as the ratio of skeletal muscle area at
the third lumbar vertebral level divided by height squared, has been considered a prognostic factor in
patients with breast cancer. However, the prognostic impact of changes in SMI during treatment remains
unclear. This study aimed to evaluate the in�uence of SMI changes in patients with breast cancer
undergoing neoadjuvant chemotherapy (NAC).

Methods: We reviewed patients with breast cancer who underwent NAC and subsequent surgery for
breast cancer between 2010 and 2017. The rate of SMI change during NAC was calculated, and the
association between SMI changes and prognosis was retrospectively analyzed.

Results: In total, 144 patients were evaluated. 48 (33.3%), 56 (38.9%), and 40 (27.8%) patients exhibited
increased (≥ 3%), maintained (−3% <, < 3%), and decreased (−3% ≥) SMI during NAC, respectively. The
decreased SMI group showed signi�cantly poorer disease-free survival than the maintained and
increased SMI groups (hazard ratio [HR] 8.82, p < 0.001 for the decreased vs. increased SMI groups; HR
3.72, p < 0.001 for the decreased vs. maintained SMI groups). Moreover, decreased SMI was an
independent risk factor for disease-free survival in multivariate analysis (HR 4.20, p < 0.01).

Conclusions: Skeletal muscle loss during NAC predicts poor prognosis. Our results underscore the
importance of monitoring and maintaining skeletal muscle mass during NAC.

Background
Neoadjuvant chemotherapy (NAC) has become a standard treatment option for patients with locally
advanced but operable breast cancer [1]. NAC can downstage a primary tumor and axillary lymph nodes,
which enables us to perform breast-conserving surgery in patients who might need a mastectomy at
initial diagnosis. Furthermore, different from adjuvant chemotherapy, NAC also offers important clinical
information, including response to chemotherapeutic agents and pathological complete response (pCR)
rate, which has been demonstrated to be a prognostic marker in human epidermal growth factor receptor
type 2 (HER2)-positive or triple-negative (TN) breast cancer [2]. In addition, NAC allows the evaluation of
dynamic changes in the systemic conditions of patients who have a primary tumor during treatment. We
previously demonstrated that a decrease in the prognostic nutritional index (PNI), which represents
systemic nutritional and immunological status, during NAC had a prognostic impact in patients with
breast cancer [3]. Hence, NAC may have the potential to provide other prognostic markers with respect to
changes in patients’ status during treatment.

The in�uence of body weight and composition on patient outcomes has been a focus in the �eld of
breast cancer studies. Previous studies have indicated that high body mass index (BMI) was associated
with poor prognosis in patients with breast cancer [4, 5]. Conversely, some studies have shown no
correlation between BMI and patient outcomes in breast cancer [3, 6]. This uncertainty underlying the
in�uence of BMI is possibly, at least in part, because of the fact that BMI cannot account for the
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difference between adipose tissue and muscles and thus cannot evaluate the exact body composition.
Certainly, the proportions of visceral fat, subcutaneous fat, and skeletal muscle vary signi�cantly between
individuals with the same BMI [7]. Thus, there is an unmet need for more accurate markers for estimating
body composition, and skeletal mass volume was established as one of the markers for this [8].

Sarcopenia, de�ned as a condition with loss of muscle mass in older adults [9], is correlated with poor
survival in various solid malignancies, including breast cancer [8, 10–16]. In addition to the importance of
sarcopenia at the beginning of cancer treatment, skeletal muscle loss during palliative chemotherapy has
recently been shown to be associated with reduced survival in patients with gastrointestinal cancer [17–
22]. However, there is currently limited knowledge of changes in muscle mass during NAC and their
impact on prognosis in patients with breast cancer. Generally, breast cancer is more likely to occur in
younger patients than other types of cancer, such as lung, gastric, and colorectal cancers [23].
Furthermore, unlike patients undergoing palliative chemotherapy for other types of cancer, those treated
with NAC for breast cancer have early stage cancer. Hence, patients with breast cancer undergoing NAC
are not likely to be sarcopenic at diagnosis [3]. Accordingly, it is possible that the effect of skeletal muscle
index (SMI) change in patients with breast cancer undergoing NAC is not equivalent to that in patients
with other types of cancer undergoing palliative chemotherapy.

This study aimed to investigate the prognostic impact of changes in skeletal muscle mass during NAC in
patients with breast cancer. To this end, we evaluated the changes in SMI during NAC in patients and
investigated their association with patient outcomes.

Methods
Patients and study design

This retrospective study assessed patients with breast cancer with a performance status (Eastern
Cooperative Oncology Group performance status [24]) of 0 who underwent NAC and subsequent surgery
at Shinshu University Hospital between February 2010 and December 2017. The inclusion criteria were as
follows: (1) patients who had pathologically con�rmed breast cancer by core needle biopsy and (2) those
who underwent computed tomography (CT) or 18F-�uorodeoxyglucose positron emission tomography/CT
(18F-FDG-PET/CT) within both 4 weeks of initiation of NAC and surgery following NAC. Patients who
could not complete NAC owing to chemotoxicity or disease progression during NAC were excluded. A
total of 144 patients were included in this study. This study conformed to the provisions of the
Declaration of Helsinki (64th WMA General Assembly, Fortaleza, Brazil, October 2013). The study was
approved by the local ethics committee on the clinical investigation of Shinshu University (no. 5037).
Because this was a retrospective study of anonymized data, the need for informed consent was waived.

Data collection

Clinical information, including age, height, body weight, sex, menopausal status, clinical stage at
diagnosis, histological type, estrogen receptor (ER) status, progesterone receptor (PgR) status, HER2
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status, lymph node metastasis, NAC regimens, surgical procedure, pathological responses to NAC, and
presence of recurrence, were collected from the patients’ medical records. ER, PgR, and HER2 statuses
were examined in samples collected by pretreatment core needle biopsy. Subtypes of breast cancer were
de�ned as follows: luminal (ER or PgR positive and HER2 negative), luminal HER2 (ER or PR positive and
HER2 positive), HER2-enriched (ER and PR negative, HER2 positive), and TN (ER, PR, and HER2 negative).
Lymph node metastasis was determined by �ne-needle aspiration cytology (FNA), but some patients were
considered positive for lymph node metastasis without FNA if abnormal swelling of lymph nodes in CT
�ndings or strong uptake of 18F-FDG on PET/CT �ndings was apparent. Disease-free survival (DFS) was
de�ned as the time from surgery to the date of detection of locoregional relapse or distant metastases,
whichever occurred �rst. Overall survival (OS) was assessed from the day of surgery to the date of death
from any causes.

Skeletal muscle area (SMA) was measured using CT or 18F-FDG-PET/CT images before NAC and surgery.
18F-FDG PET/CT scans were taken at the Ichinose Neurosurgical Hospital (Matsumoto, Nagano, Japan)
with a standard technique using a Discovery ST Elite Performance scanner (GE Healthcare Japan, Tokyo,
Japan). Attenuation-corrected images were reconstructed in the coronal plane. SMA was measured as the
cross-sectional area of the surrounding muscles (i.e., psoas, paraspinals, transversus abdominis, rectus
abdominis, and internal and external obliques) by semi-automatic tracing using images at the third
lumbar vertebral level (L3) visualized within a range of −29 to 150 Houns�eld units using the EV Insite R
(PSP Corporation, Tokyo, Japan) system and expressed in cm2. SMI was calculated as the ratio of SMA
divided by height squared (m2), whereas BMI was calculated as the patient’s body weight (kg) divided by
height squared (m2). The percent change in SMI and BMI was calculated as the percent change in each
parameter after NAC from that at pretreatment. The serum albumin (Alb) (g/dl) and neutrophil-to-
lymphocyte ratio (NLR), which was calculated as the total neutrophil count divided by the total
lymphocyte counts, were also obtained from pre- and post-NAC blood examination. The change of Alb
and NLR value during NAC were calculated as each value on post-NAC minus that on pre-NAC.

NAC regimens and surgical methods

Two different NAC regimens were mainly used: (1) triweekly administered anthracycline-based
�uorouracil-epirubicin-cyclophosphamide (FEC) (500 mg/m2 �uorouracil, 100 mg/m2 epirubicin, and 500
mg/m2 cyclophosphamide) regimen, except for one patient who had been treated with an EC (60 mg/m2

epirubicin and 600 mg/m2 cyclophosphamide) regimen in another hospital and was transferred to our
hospital for surgery, and (2) taxane regimens, including triweekly administered docetaxel (DTX) 75
mg/m2 or weekly administered paclitaxel (PTX) 80 mg/m2. Most patients who underwent four cycles of
EC/FEC were then administered further four cycles of DTX or PTX. In HER2-positive patients, 6 mg/kg
(triweekly) or 2 mg/kg (weekly) trastuzumab was administered simultaneously with a taxane regimen.
For the EC/FEC regimen, dexamethasone (12 mg) and granisetron hydrochloride (3 mg) or palonosetron
hydrochloride (0.75 mg) were infused intravenously before the administration of chemotherapeutic
agents. Together with these drugs, aprepitant (125 mg) was orally administered to avoid chemotherapy-
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induced nausea and vomiting since 2011. Concomitantly, dexamethasone (8 mg) was administered
orally one and two days after treatment. In addition, aprepitant (80 mg) or granisetron hydrochloride (2
mg) was orally administered from one day after treatment for two (aprepitant) or �ve (granisetron
hydrochloride) consecutive days. For PTX and DTX treatment, 8 mg of dexamethasone was administered
intravenously prior to treatment. In addition, for patients treated with DTX, 8 mg of dexamethasone was
administered one day before treatment and one day and two days after treatment (a total of 3 days)
orally. Surgery was performed within 4–7 weeks after NAC completion. All patients underwent axillary
lymph node dissection. The e�cacy of NAC was pathologically examined in surgical specimens, and pCR
was de�ned as no evidence of residual invasive carcinoma in the breast tissue, regardless of the axillary
lymph node status.

Adjuvant trastuzumab, endocrine, and radiation therapy after surgery

Following surgery, extensional adjuvant trastuzumab (initially 8 mg/kg, followed by 6 mg/kg) was
administered every 3 weeks for 12 months to patients with HER2-positive breast cancer. Whole breast
irradiation of 50–60 Gy was performed for patients who underwent breast-conserving surgery, whereas
chest wall and regional lymph node irradiation of 50–60 Gy was performed for patients with more than
three nodal metastases on postoperative pathological examinations or preoperative imaging
examinations, including ultrasonography, magnetic resonance imaging, or 18F-FDG-PET/CT. In addition,
postmenopausal patients with positive ER or PgR status were treated with aromatase inhibitors for more
than 5 years, whereas premenopausal patients were treated with tamoxifen or tamoxifen with luteinizing
hormone-releasing hormone agonist.

Statistical analyses

Categorical variables were analyzed using the chi-squared test, whereas continuous variables were
analyzed using two-sided t-tests or one-way analysis of variance with Tukey’s multiple comparisons.
Survival curves were estimated using the Kaplan–Meier method, and signi�cant differences in survival
were assessed using the log-rank test. Univariate and multivariate analyses with a Cox proportional
hazards model were performed to determine the signi�cant factors associated with OS. Multivariate
analysis was performed for parameters with p < 0.05 in the univariate analysis. All statistical analyses
were performed using StatFlex version 6 (Artech Co., Ltd., Osaka, Japan) and GraphPad Prism 8.0.2
(GraphPad Software, CA, USA), and p < 0.05 was considered statistically signi�cant.

Results
Baseline patient characteristics

The clinicopathological characteristics of the 144 patients enrolled in this study are shown in Table 1.
The mean age of patients (± standard deviation) was 52.4 ± 10.4 years, and all the patients were female.
Eighty (55.6%) patients were premenopausal, whereas 64 (44.4%) patients were postmenopausal. With
regard to the histological type of breast cancer, 129 (89.6%) patients had invasive ductal carcinoma, and
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15 (10.4%) patients had special types. Regarding the subtype of breast cancer, 76 (52.8%), 31 (21.4%), 16
(11.1%), and 21 (14.6%) patients had luminal, luminal HER2, HER2-enriched, and TN breast cancer,
respectively. Axillary lymph nodes were involved in 124 (86.1%) patients. Regarding the clinical stage at
diagnosis, 91 (63.2%) and 53 (36.8%) patients had stage II and III breast cancer, respectively. Two (1.4%)
patients were treated with EC/FEC without taxane; one (0.7%), weekly PTX and trastuzumab; 57 (39.6%),
EC/FEC followed by weekly PTX and/or trastuzumab; and 84 (58.3%), EC/FEC followed by triweekly DTX
and/or trastuzumab. After NAC, mastectomy was performed in 108 (75.0%) patients, whereas partial
resection of the breast was performed in 36 (25.0%) patients. pCR was obtained in 29 (20.1%) patients.
The mean SMI before NAC (pre-SMI) was 46.5 ± 7.5, whereas that after NAC (post-SMI) was 46.3 ± 7.9.
The mean BMI before NAC (pre-BMI) was 22.4 ± 3.7, and that after NAC (post-BMI) was 22.3 ± 3.7. The
percent changes in SMI and BMI were −27.7 to 19.6 and −22.9 to 34.2, respectively. Regarding Alb and
NLR, the mean values before NAC were 4.49 ± 0.30 and 2.54 ± 1.55, whereas those after NAC were 4.06 ±
0.65 and 3.06 ± 1.66, respectively. The changes in Alb and NLR were −1.1 to 0.6 and −5.20 to 6.00,
respectively. The percent change in SMI was shown to have a slight inverse correlation with changes in
both Alb and NLR values (Additional �le 1: Fig. S1a, b). The median follow-up period after surgery was 70
(range, 3–131) months, and 39 (24.7%) patients developed recurrence.

Association between skeletal muscle index (SMI) or body mass index (BMI) and recurrence

To analyze the in�uence of skeletal muscle mass and body weight on disease recurrence, we divided
patients into two groups according to the presence of recurrence and compared pre- and post-SMI and
BMI. There were no signi�cant differences in either pre-SMI or pre-BMI between patients with recurrence
and those without recurrence (p = 0.91 for pre-SMI, p = 0.74 for pre-BMI) (Additional �le 2: Fig. S2a, b). In
contrast, after NAC, patients who developed recurrence exhibited signi�cantly lower post-SMI (p = 0.018),
whereas post-BMI did not show a difference between the two groups (p = 0.90) (Additional �le 2: Fig. S2c,
d).

Association between changes in SMI during neoadjuvant chemotherapy (NAC) and patient outcomes

As we found a signi�cant difference in post-SMI between patients with and without recurrence after NAC,
we focused on the changes in SMI during NAC in individual patients and their correlation with DFS and
OS. To address this, we divided the patients into three groups (increased: ≥ 3% increase, maintained: −3%
<, < 3% change, decreased: −3% ≥ decrease in SMI during NAC) according to the percent change in SMI.
As shown in Fig. 1, 48 (33.3%), 56 (38.9%), and 40 (27.8%) patients exhibited increased, maintained, and
decreased SMI, respectively. The clinicopathological characteristics of the decreased, maintained, and
increased SMI groups are shown in Table 2. Menopausal status, histological type, subtype, lymph node
metastasis, clinical stage, NAC regimen, surgical procedure, and pathological response to NAC, pre-Alb,
post-Alb, and change in Alb during NAC were not signi�cantly different among the three groups, whereas
the increased SMI group had a signi�cantly lower mean age than the maintained and decreased SMI
groups (p = 0.02). Although there was no statistically signi�cant difference, pre-NLR and post-NLR values
were the highest in the decreased SMI group (pre: 2.77 ± 2.13, post: 3.40 ± 1.79), and gradually decreased
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toward the maintained (pre: 2.52 ± 1.41, post: 3.11 ± 1.72) and increased (pre: 2.38 ± 1.04, post: 2.72 ±
1.44) SMI groups. Furthermore, the change in NLR was the highest in the decreased SMI group (0.62 ±
1.99) and showed a decreasing trend toward the maintained (0.47 ± 0.88) and increased (0.20 ± 1.31)
SMI groups in this order. Recurrence was signi�cantly more prevalent in the decreased SMI group than in
the maintained and decreased SMI groups (p < 0.01).

The decreased SMI group had signi�cantly poorer DFS than the maintained and increased groups
(hazard ratio [HR] 8.82, 95% con�dence interval [CI] 3.92–19.8, p < 0.001 for the decreased vs. increased
SMI group; HR 3.72, 95% CI 1.79–7.74, p < 0.001 for the decreased vs. maintained SMI group) (Fig. 2). In
addition, a trend for poorer DFS was found in the maintained SMI group than in the increased SMI group,
although the difference was not statistically signi�cant (HR 2.36, 95% CI 0.83–6.72, p = 0.13) (Fig. 2). In
line with the DFS, the OS was signi�cantly shorter in the decreased SMI group than in the maintained and
increased SMI groups (HR 21.5, 95% CI 7.29–63.3, p < 0.001 for the decreased vs. increased SMI group;
HR 3.46, 95% CI 1.37–8.71, p = 0.007 for the decreased vs. maintained SMI group) (Fig. 2).

Association between SMI change during NAC and patient outcomes on various clinical factors

To investigate whether the effect of SMI change on prognosis is dependent on various clinical factors,
including menopausal status (premenopausal vs. postmenopausal), pretreatment clinical stage (stage II
vs. stage III), and subtype of breast cancer, we divided the patients according to these factors and
compared the DFS among the decreased, maintained, and increased SMI groups with each factor. We
found that the decreased SMI group showed poorer DFS than the maintained and increased SMI groups
regardless of menopausal status and clinical stage (Additional �le 3: Fig. S3; Additional �le 4: Table S1).
With regard to subtype, the decreased SMI group showed signi�cantly worse DFS than the increased SMI
group in patients with luminal (p < 0.001), HER2-enriched (p = 0.020), and TN (p < 0.001) breast cancer.
Of the 31 patients with luminal HER2 breast cancer, only two developed recurrence. Possibly due to the
lack of patients who had recurrence, we did not �nd statistical signi�cance in DFS between the decreased
and increased groups in this subtype. However, one patient who exhibited disease recurrence was in the
decreased group (Additional �le 5: Fig. S4, Additional �le 6: Table S2).

Univariate and multivariate analyses

To con�rm the signi�cance of changes in SMI on DFS, univariate and multivariate analyses were
performed. Univariate analysis revealed that a decrease in SMI was signi�cantly associated with poorer
DFS (HR 3.91, 95% CI 1.80–7.46, p < 0.01). The other factors that correlated with poorer DFS were pre-
NAC clinical stage III (HR 2.24, 95% CI 1.15–4.36, p = 0.02), luminal HER2 (HR 0.19, 95% CI 0.04–0.82, p =
0.02), and pCR (HR 0.22, 95% CI 0.05–0.91, p = 0.04). On multivariate analysis using the Cox hazards
model, SMI decrease was an independent predictive factor for poorer DFS (HR 4.20, 95% CI 1.75–10.7, p <
0.01) (Table 3).

Discussion
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The present study demonstrates that skeletal muscle loss during NAC is signi�cantly associated with
poor prognosis and is an independent predictor of DFS in patients with breast cancer. In addition, the
results of this study suggest that SMI decrease might be a prognostic marker of patient outcomes
irrespective of menopausal status, clinical stage, and subtype of breast cancer. To the best of our
knowledge, this is the �rst study to demonstrate that loss of skeletal muscle is a prognostic factor in
patients with breast cancer who underwent NAC.

Accumulating evidence suggests that patients with cancer who underwent palliative chemotherapy were
likely to lose skeletal muscle mass in various solid malignancies, including gastric, colorectal, and lung
cancers [17–19, 22, 25, 26]. Furthermore, recent studies in patients with esophageal cancer have shown
that not only palliative chemotherapy but also NAC comprising �uorouracil, cisplatin, and adriamycin or
�uorouracil, cisplatin, and DTX could decrease SMI [25, 27, 28]. However, as for breast cancer, there have
been no studies demonstrating the loss of SMI during NAC. In this regard, the results of this study
showed that 27.4% of all patients lost more than 3% of SMI during NAC, which provides a novel insight
that anthracycline and taxane-based NAC for breast cancer can induce skeletal muscle loss.

Skeletal muscle atrophy has been known to be caused by both reduction of protein synthesis and protein
degradation in various diseases and body conditions [29]. Three possible mechanisms underlying muscle
loss during chemotherapy have been considered: (1) decreased food intake due to gastrointestinal
adverse effects, (2) reduced physical activity secondary to general fatigue, and (3) direct effect of
chemotherapy on muscles [26]. Furthermore, as another mechanism, the indirect effect of chemotherapy
on muscle alteration via immune cells was suggested [30]. Wang et al. showed that T cells could
attenuate muscle mass loss during cancer progression [31]. In contrast, circulating neutrophils in patients
with cancer have been shown to induce skeletal muscle degeneration [30, 32]. Although the severity
varies in each patient, chemotherapy generally causes neutropenia and lymphopenia [33] and thus can
indirectly affect muscle alteration. In this regard, a decrease in NLR may prevent muscle loss during NAC.
This notion is consistent with our results, showing that percent change in SMI had a moderate negative
correlation with the change in NLR value, indicating that patients with decreased SMI tended to have
increased NLR during NAC. On the other hand, the results of the present study demonstrate that the
percent change in SMI did not have a positive correlation with change in serum Alb. This suggests that
NAC-induced malnutritional status might not be the main cause of muscle loss. Therefore, although
further investigations are needed, the present study indicates that the muscle loss during NAC for patients
with breast cancer may be due, at least in part, to the indirect effects of chemotherapy on muscles via
immune cells.

Although emerging evidence suggests that pretreatment SMI is a prognostic marker for patients with
breast cancer [8, 10, 13, 14, 34–37], the clinical signi�cance of changes in SMI during treatment in an
individual patient remains unknown. In this regard, our results provide a novel �nding that a decrease in
SMI during NAC might have a negative effect on prognosis in patients with breast cancer. Similar to this
study, we previously demonstrated that a decrease in PNI during NAC for patients with breast cancer was
associated with worse prognosis, but not pretreatment PNI [3]. Furthermore, other studies have shown
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that changes in NLR during NAC correlated with the e�cacy of NAC and patient survival [38–40]. These
reports, together with the results of the present study, highlight the importance of monitoring the dynamic
changes in systemic nutritional conditions and body composition throughout the treatment course.

The results of our study indicate that SMI loss would have high availability as a prognostic factor in
patients with breast cancer who underwent NAC. First, poorer outcomes in patients with decreased SMI
were observed regardless of the subtype. Generally, the skeletal muscle volume of patients with breast
cancer may be independent of tumor characteristics determined by ER and HER2 expression, especially in
the early stages [4]. The results of the present study are consistent with this notion and indicate that SMI
change can predict patient outcomes irrespective of tumor biology itself. Second, poorer outcomes in
patients with decreased SMI were observed irrespective of menopausal status and pretreatment clinical
stage. Thus, the usefulness of SMI loss as a prognostic factor was also indicated regardless of the
hormonal conditions of patients, patient age, and tumor burden at the beginning of NAC. Although further
large-scale studies are required to determine the importance of SMI change in patient outcomes, the
results of this study suggest that SMI loss during NAC can be a prognostic marker in any ages, stages,
and subtypes.

Our results highlight the importance of SMI maintenance during NAC. To date, phase III studies
(ROMANA1 and ROMANA 2) have demonstrated that pharmacotherapies with anamorelin (a ghrelin
receptor agonist) signi�cantly increased lean body mass in patients with non-small cell lung cancer who
underwent chemotherapy [41]. However, multimodal approaches are required to dissolve multifactorial
symptoms, such as SMI loss [42]. Indeed, a phase III trial (NCT02330926) is currently ongoing to test
whether a multimodal intervention, including exercise, nutritional support, and anti-in�ammatory
medication, plus standard care can improve the treatment outcome of patients with cancer, the results of
which are awaited.

This study has some limitations. First, it was a retrospective analysis with a relatively small study
population in a single institution. Second, the NAC regimens were not uniform among patients because
the study period spanned several years when the treatment regimens were changed. Thus, further
investigations are required to validate our results.

Conclusions
The �ndings of the present study indicate that skeletal muscle loss during NAC can be a prognostic
marker in patients with breast cancer. Our results highlight the importance of monitoring and maintaining
skeletal muscles during NAC.
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Alb, serum albumin level

BMI, body mass index
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HER2, human epidermal growth factor receptor type 2
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NLR, neutrophil-to-lymphocyte ratio

pCR, pathological complete response
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Figures

Figure 1
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Percent Change in SMI during NAC of individual patient. Increased was de�ned as more than 3% increase,
maintained as within -3% to 3% change, and decreased as more than 3% decrease, respectively. Circle
indicates the patient who developed recurrence. SMI: Skeletal muscle index, NAC: Neoadjuvant
chemotherapy

Figure 2

Kaplan–Meier curves for DFS (left) and OS (right) according to changes in SMI (increased, maintained,
and decreased). DFS, HR 8.82; 95%CI 3.92–19.8; p < 0.001 for decreased vs. increased, HR 3.72; 95%CI
1.79–7.74; p < 0.001 decreased vs. maintained, HR 2.36; 95%CI 0.82–6.72; p = 0.13 maintained vs.
increased. OS, HR 21.5; 95%CI 7.29–63.3; p < 0.001 for decreased vs. increased, HR 3.46; 95%CI 1.37–
8.71; p = 0.007 decreased vs. maintained, HR 5.64; 95%CI 1.28–24.8; p = 0.07, maintained vs. increased).
DFS: Disease-free survival, OS: Overall survival, SMI: Skeletal muscle index, NAC: Neoadjuvant
chemotherapy
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