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Purpose

This study efforts to explore the association between sarcopenia, an age-related decline in muscle mass and physical function, and clinical outcomes in women with triple-negative breast cancer (TNBC).





Methods and materials

This retrospective study included women diagnosed with TNBC who received breast surgery from December 2012 to December 2018. Skeletal muscle mass index (SMI) is utilized to evaluate sarcopenia, which was quantified by the cross-sectional area of muscle at the twelfth thoracic vertebra (T12). Disease-free survival (DFS) and overall survival (OS) are the endpoints. The association of sarcopenia with DFS and OS was statistically analyzed.





Results

The study included 130 women in all, with a median age of 55 years (median follow-up, 53 months). Among them, 78 (58.5%) women had sarcopenia (SMI <28.01). 38 patients (29.2%) died and 49 patients (37.7%) experienced a recurrence of breast cancer throughout the follow-up period. Sarcopenia was demonstrated to be a significant predictive factor for both OS (HR,2.885; 95% CI, 1.349–6.169; p = 0.006) and DFS (HR,3.121; 95% CI, 1.578–6.175; p = 0.001) in the multivariate Cox proportional hazard model. There was no significant correlation seen between body mass index and either DFS (p = 0.156) or OS (P = 0.264). Logistic regression model further revealed that sarcopenia was a prognostic factor that was independently associated with both DFS (p = 0.001) and OS (p = 0.006).





Conclusions

Among women with TNBC, sarcopenia is associated with worse clinical outcomes. These patients with high risk might be candidates for individual programmed exercise and diet interventions to optimize survival outcomes.
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Introduction

Breast cancer (BC) is the most frequent type cancer in women, in 2022, there were around 2.8 million new cases worldwide, accounting for about 25% of all female cancers, while it surpassed lung cancer cases of 2.3 million, making breast cancer the number one cancer worldwide (1). The prognosis for breast cancer has significantly improved due to advancements in diagnosis and treatment. For all stages combined, the five-year survival rate is close to 90%. About 15 to 20 percent of breast tumors are triple-negative breast cancers (TNBC), which are defined by the absence of the progesterone receptor (PR), estrogen receptor (ER) and human epidermal growth factor receptor 2(HER2). Compared with other subtypes, it has the worst prognosis. After diagnosis, almost 50% of patients experience relapses during the first 3 to 5 years (2). At the same time, TNBC is highly aggressive and has the highest probability of distant metastasis (~46%) (3, 4). Additionally, there was only a 13.3-month median survival following distant metastases (4).

Consequently, in order to customize treatment for TNBC patients, it is vital to make more accurate prognostic predictions. Numerous prognostic factors have been found and are classified as follows: tumor characteristics including size, stage, grade, and involvement of lymph nodes (5); host characteristics such as sarcopenia, age, race, and financial condition (6) and treatment characteristics such as type of chemotherapy (7). Among host characteristics, sarcopenia is becoming more widely recognized as a factor that predicts the patients’ death from breast cancer (8).

Sarcopenia, which is associated with reduced skeletal muscle mass, strength, and function in cancer patients, is significantly linked to physical impairment, quality of life and mortality (9). In 2018, the European Working Group on Sarcopenia in Older People (EWGSOP) updated the original definition. They focused on low muscle strength as a key characteristic of sarcopenia, used detection of low muscle quantity and quality to confirm the sarcopenia diagnosis, and identified poor physical performance as indicative of severe sarcopenia. A wide range of tests and tools are now available to characterize sarcopenia in practice and research, including measurement of muscle strength using grip strength and chair-stand tests, and measurement of muscle mass using Dual-energy X-ray absorptiometry (DXA), bioelectrical impedance analysis (BIA), Magnetic resonance imaging (MRI), computed tomography (CT) and so on. In addition, MRI and CT are considered the gold standards for non-invasive muscle quantity/mass assessment, which are more readily available in the hospital setting than other methods (10). It is known that CT-based regional analysis of muscle and fat tissue in the area of the third lumbar vertebra level (L3) is tied to whole-body fat and muscle mass. But for breast cancer, thoracic CT slices have been used for body composition analysis as their CT imaging may not include slices from the lumbar region (11). Some studies have explored the findings that skeletal muscle measurements at the T12 level could be used as an alternative method to objectively define sarcopenia in patients without abdominal CT imaging (12–14).

Since the measurements of body composition in sarcopenia can act as indicators of general health, they may consequently be crucial in the prediction of disease processes. Sarcopenia breast cancer patients had a lower overall survival than non-sarcopenic patients, according to recent studies (HR = 2.86; 95% CI, 1.67–4.89) (15). To the best of our knowledge, nevertheless, there is no evidence to assess sarcopenia’s prognostic significance in TNBC.

The objective of this retrospective study was to evaluate the impact of sarcopenia in Chinese patients with triple-negative breast cancer, in order to provide timely intervention for better clinical outcomes.





Materials and methods




Participants

This retrospective study was performed at the First Affiliated Hospital of Wenzhou Medical University on patients treated from December 2012 to December 2018. They were chosen from the institution’s computerized database based on the specified inclusion criteria: (1) at diagnosis, female patients were over 18 years old, (2) they were diagnosed with TNBC through biopsy pathology and immunohistochemistry, (3) patients had comprehensive clinical and follow-up information, and (4) CT scan imaging was conducted in the hospital prior to the operation and stored in the institution’s radiology database. The exclusion criteria contained the following: (1) patients with metastatic disease, (2) inadequate clinical data, chest CT images, and lack of follow-up.

Data on survival were acquired via phone conversations and/or outpatient medical records. From the medical and imaging records of each individual patient, information regarding recurrence and metastasis was acquired. The period from the date of operation to the date of metastasis, recurrence, and/or last follow-up was used to compute DFS. OS was defined as the interval between the date of operation and the patient’s death or the last follow-up.

The study was approved by the Institutional Ethics Review Board of the First Affiliated Hospital of Wenzhou Medical University. Informed consent was also signed by patients for the use of clinical data and biological sample data.





Data collection

The following initial patient details were gathered: medical history, time of operation, menstruation status, tumor size, metastasis to lymph nodes, histological type, proliferation index (Ki67) expression, and hematological tests. Specialized breast cancer nurses measured patients’ body composition primarily when they were in the hospital. By dividing weight (kg) by height squared (m2), one can obtain BMI (kg/m2). The prognostic nutritional index (PNI), which is a comprehensive index to evaluate the nutritional status of patients (16), was calculated as follows: serum albumin concentration (g/dL) +5× peripheral lymphocyte count (number/mm2).





CT-based skeletal muscle mass measures

Eligible chest CT images were assessed. Analyses were conducted with the guidance of a faculty Radiologist. The transverse section at the level of T12 was extracted for analysis.

At the twelfth thoracic vertebra (T12), the cross-sectional area of muscle and intermuscular adipose tissue was measured in centimeters squared using SliceOmatic Software version 5.0 (v.4.3 Tomovision, Montreal, Canada), using a priori information about the T12 muscle shape to provide a highly accurate estimation of muscle and discriminating components by tissue-specific Hounsfield units (HU) ranges (17) (Figure 1). Previous research indicates that the HU thresholds for skeletal muscles were set between -29 and +150, and for fat tissues, between -150 and -50 (18, 19). From this software, the skeletal muscle area (SMA) was calculated.




Figure 1 | The image depicts the transverse section at the level of T12 on chest CT images. Sarcopenia was measured using the combined area of multiple skeletal muscles at T12, including the rectus abdominis, external oblique, internal oblique, latissimus dorsi, intercostal, and erector spinae muscles (blue). The intramuscular adipose tissue (IMAT) was showed as green area.



Muscle area at T12 in cm2 divided by height in meters squared yields the skeletal muscle index (SMI). The average radiation attenuation of tissue in HU is used to calculate skeletal muscle radiodensity (SMD), a measure of muscle quality. Intramuscular adipose tissue (IMAT) was quantified separately (Figure 1). In order to express the measured total cross-section (cm2) in values of cm2/m2, it was normalized for meters squared (m2).

Due to the lack of agreement, we used the previously reported definition of cut-offs: sarcopenia is defined as T12 skeletal muscle index < 28.01 cm2/m2 (13).





Statistical analysis

The follow-up period started on the day of the surgery and lasted until January 1, 2023, the last contact, or death. Qualitative outcomes were presented as percentages, while quantitative results were presented as median ± SD. For continuous data, the t test was used to assess group differences; for categorical variables, chi-square or Fisher’s exact test was employed. To obtain survival curves, the Kapla-Meier technique was employed. Cox proportional hazards regression was used to assess factors (p ≤ 0.1) from the univariate analysis in a multivariate model. Meanwhile, hazard ratios (HRs) and 95% confidence intervals (CIs) were computed. The following were the primary factors of interest: age, menopausal status, lump size, number of positive lymph nodes, Ki67 status, SMI, IMAT and PNI. Moreover, the logistic regression model was used to identify the independent affecting elements.

With SPSS version 26.0 software (SPSS Inc., Chicago, IL, USA), all statistical tests were performed. For statistical significance, a two-tailed P value of less than 0.05 was set.






Results




Characteristics of the patients

This study comprised 130 patients who met the inclusion and exclusion criteria between December 2012 and December 2018. A median follow-up time of 53 months (range, 1 to 93 months) was observed for the patients till January 1, 2023. 12 cases were lost to follow-up, yielding a 90.7% follow-up rate. The absence of an outpatient follow-up record and failure to contact were the primary causes of loss to follow-up. 38 patients (29.2%) passed away and 49 patients (37.7%) experienced a recurrence of breast cancer during the follow-up period.

The median age for all patients was 55 years (range, 28–88) and the average SMI of all patients was 26.7 cm2/m2. 76 patients (58.5%) had sarcopenia (SMI <28.01). Between patients with and without sarcopenia, there were notable variations in IMAT and BMI. Patients with sarcopenia had significantly decreased BMI (p < 0.001) and IMAT (p < 0.05) in comparison to those without the condition. Table 1 contains a collection of more specific details.


Table 1 | Baseline characteristics of TNBC patients stratified by SMI.







Relationship between sarcopenia and DFS

There were 49 DFS occurrences and 38 reported deaths overall. Of the 49 DFS occurrences, 37 patients experienced distant metastases, while 12 patients experienced locoregional recurrence. Sarcopenia patients (SMI <28.01 cm2/m2) had a considerably shorter DFS than non-sarcopenic patients, according to Kaplan-Meier curves (log-rank p=0.001) (Figure 2A). In the univariate analysis, sarcopenia, SMD, age, menopausal state, lump size, numbers of positive lymph nodes, Ki67 status and PNI were discovered as significant factors. There was no discernible correlation between BMI and DFS (p = 0.224). The aforementioned variables were integrated into a multivariate Cox proportional hazard model. PNI was not substantially correlated with DFS (p = 0.361), and sarcopenia was strongly linked to worse DFS (HR, 3.121; 95% CI, 1.578-6.175; p = 0.001) (Table 2). Logistic regression model was founded, which revealed that sarcopenia remained independent prognostic factors associated with DFS (HR, 5.472; 95% CI, 2.019-14.831; p = 0.001) (Table 3).




Figure 2 | Kaplan-Meier curves show progression and survival rates for patients with sarcopenia. (A) sarcopenia and disease-free survival. log-rank p = 0.001 (B) sarcopenia and overall survival. log-rank p = 0.008.




Table 2 | Univariate and multivariate analysis of factors associated with DFS and OS using Cox proportional hazards regression.




Table 3 | Analysis of factors associated with DFS and OS using Logistic regression.







Relationship between sarcopenia and OS

By the time the follow-up period ended, 38 deaths had been reported. Sarcopenic patients exhibited a significantly lower overall survival than non-sarcopenic patients, according to the Kaplan-Meier analysis (log-rank p=0.008, Figure 2B). Sarcopenia, SMD, age, menopausal status, lump size, number of positive lymph nodes, Ki67 status, and PNI were found to be predictive variables for OS in TNBC patients by the univariate Cox proportional hazard model analysis. Sarcopenic patients were found to have a significantly greater risk of death (HR, 2.885; 95% CI, 1.349–6.169; p = 0.006) in the multivariate analysis when compared to non-sarcopenic patients (Table 2). According to a logistic regression model, sarcopenia was found to be an independent prognostic factor linked with OS (HR, 4.315; 95% CI, 1.526-12.203; p = 0.006) (Table 3).






Discussion

As far as we are aware, no other research has explicitly examined the relationship between sarcopenia and clinical outcomes in Chinese women with TNBC. Among patients diagnosed with TNBC, we discovered that sarcopenia was linked to a higher risk of recurrence as well as mortality.

There have been many previous studies on the prognosis and survival of breast cancer with sarcopenia (8, 20–23), but there have been few studies on the molecular subtypes of breast cancer. TNBC is more aggressive and malignant than other subtypes, has shorter recurrence-free survival and lacks effective therapeutic targets. Consequently, we had a strong desire to investigate the predictive significance of sarcopenia in patients with TNBC, since this can aid in the identification of high-risk populations and direct interventions to optimize survival outcomes.

Sarcopenia is usually diagnosed by the SMI at the L3 level from a CT scan, and there is no uniform threshold for sarcopenia. For individuals with breast cancer, abdomen CT is not an essential preoperative assessment, prompting our selection of chest CT instead. Numerous studies (12–14) indicate that skeletal muscle assessments at the T12 level can facilitate the diagnose of sarcopenia. Additionally, alterations in muscle area at L3 during a 48-month period were often correlated with alterations at T12.

Sarcopenia was an independent prognostic factor in worse DFS (p = 0.001) and OS (p = 0.006), according to our findings. The association between sarcopenia and the prognosis of early-stage and non-metastatic breast cancer has been extensively researched in the past. Sarcopenia was identified by Xinyi Liu et al. (23) as an independent predictive factor for both OS (HR, 2.13; 95% CI, 1.00–4.51; p = 0.049) and DFS (HR,1.44; 95% CI, 1.02–2.03; p = 0.038) among 2,948 Chinese female patients with breast cancer. Analyzing 3,241 patients with non-metastatic breast cancer, Caan and colleagues (8) concluded that sarcopenia was also related to overall mortality (HR, 1.41; 95% CI, 1.18–1.69). As a result of studying the total skeletal muscle and fat tissue areas in two adjacent axial slices obtained at the L3 vertebra by CT in 119 female breast cancer patients, Elise Deluche et al. (22) discovered that sarcopenia is a risk factor for death among these women who were diagnosed with early breast cancer. On the other hand, Rier et al. (24) revealed that poor muscle radiodensity (HR, 1.72; 95%CI, 1.14-2.62) among patients with metastatic illness was significantly linked to an elevated risk of overall death, independent of sarcopenia. Therefore, we explored the impact of sarcopenia on the prognosis of patients with TNBC. By collecting 130 patients with TNBC, we discovered that the patients with sarcopenia had shorter DFS and OS compared to non-sarcopenia patients, indicating poorer prognosis and survival.

A number of theories have been put forth to explain the possible negative impact of sarcopenia on the prognosis of breast cancer. Loss of muscle mass and function is a hallmark of sarcopenia, which raises the risk of frailty, metabolic dysfunction, and comorbidities (20, 25). An imbalance in the metabolism of proteins results in a surge in apoptosis and a decrease in muscle cell renewal (26, 27). Numerous critical physiological functions, including insulin sensitivity, respiratory integrity, cardiac output, and glucose homeostasis, are influenced by muscle tissues (28). In skeletal muscle, insulin typically has a substantial anabolic effect by phosphorylating insulin receptor substrates through tyrosine kinase receptors and activating the PI3K/AKT pathway (29). Sarcopenia may worsen insulin resistance due to the loss of skeletal muscle, which could further raise the likelihood of negative outcomes for patients (30). Moreover, investigations have demonstrated that sarcopenia is highly associated to immunological and inflammatory pathways (31). Low muscle mass is substantially connected with a high neutrophil-to-lymphocyte ratio (NLR), signs of systemic inflammation, and poor survival, according to a cohort of patients with nonmetastatic colorectal cancer (32). Bian AL et al. (33) found that Sarcopenia is positively correlated with pro-inflammatory markers such as TNF-α, IL-6, fbrinogen, C-reactive protein, and fbrinogen, which may accelerate the development of breast cancer. Additionally, the existence of crown-like structures in the adipose tissue next to the tumor, a histological indication of local inflammation, is linked to tumor progression in breast cancer, providing more proof of the significance of the tumor microenvironment (34). Furthermore, sarcopenia is accelerated by age-related inflammation, creating a vicious cycle (35). What’s more, patients with sarcopenia experience a higher risk of severe chemotherapy toxicities, which may further raise the likelihood of poor prognosis and survival (36). In conclusion, the relationship between sarcopenia and the higher death rate among patients with breast cancer is nuanced, and further study is required to clarify the underlying mechanisms.

How can an effective intervention be carried out for TNBC patients with sarcopenia? Exercise is a non-invasive intervention that has been demonstrated to be the most effective means of maintaining optimal body composition. A substantial body of previous research has confirmed that exercise has a beneficial impact on body composition and also exerts a favorable influence on biological changes that may prevent cancer progression. Exercise raised blood levels of norepinephrine and adrenaline, which triggered the tumor-suppressive Hippo signaling pathway, according to a preclinical study (37). Exercise also has an anti-tumor effect because, according to this study, it phosphorylates and retains the oncoprotein YAP in the cytoplasm while also reducing the expression of downstream target genes. Furthermore, exercise intervention was found to enhance levels of metabolic biomarkers, such as adiponectin, leptin and insulin, as well as a variety of body composition assessments in randomized clinical trials (38–40).

The primary recommendation is for an aerobic exercise training (AET) and resistance exercise training (RET) intervention over a 16-week period, which has been demonstrated that they can improve systemic inflammation by reducing M1/M2 macrophage ratios and decreasing IL-6 and TNF-α secretion (41). With 9 workouts each set of eight to twelve repetitions, RET significantly reversed sarcopenia in a prospective randomized experiment with 200 breast cancer patients (42). Given that every patient with breast cancer has distinct conditions according to their age, physical health, body composition, and ongoing treatment, it is necessary to develop a thorough exercise plan tailored to individual needs to get the most benefit (43).

To maintain or improve body composition, nutritional support is just as important as exercise. Various solutions for dietary supplementation have been recommended to enhance body composition during this time. For example, it’s highly recommended to supplement with protein (44), branched-chain amino acids (45) and vitamin D (46). A well-designed clinical trial is necessary to obtain robust evidence on the impact of nutritional assistance on patients with breast cancer, as there is currently insufficient data supporting their significance in TNBC.





Conclusion

Sarcopenia measurements from clinically obtained CT scans of TNBC patients offer important prognostic data that will direct therapies to optimize survival outcomes.
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