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Introduction: Specific body composition markers derived from L3 axial 
computed tomography (CT) images predict clinical cancer outcomes, including 
chemotherapy toxicity and survival. However, this method is only applicable to 
those undergoing lumbar (L3) CT scanning, which is not universally conducted 
in early breast cancer cases. This study aimed to evaluate CT analysis at T4 as a 
feasible alternative marker of body composition in breast cancer.

Method: All patients participated in the Investigating Outcomes from Breast 
Cancer: Correlating Genetic, Immunological, and Nutritional (BeGIN) Predictors 
observational cohort study (REC reference number: 14/EE/1297). Staging chest-
abdomen-pelvic CT scan images from 24 women diagnosed with early breast 
cancer at University Hospital Southampton were analysed. Adipose tissue, 
skeletal muscle, and muscle attenuation were measured from the transverse 
CT slices’ cross-sectional area (CSA) at T4 and L3. Adipose tissue and skeletal 
muscle area measurements were adjusted for height. Spearman’s rank 
correlation coefficient analysis was used to determine concordance between 
body composition measurements using CT analysis at L3 and T4 regions.

Results: Derived estimates for total adipose tissue, subcutaneous adipose 
tissue, and intramuscular adipose tissue mass following adjustment for height 
were highly concordant when determined from CSAs of CT slices at T4 and 
L3 (Rs  =  0.821, p  <  0.001; Rs  =  0.816, p  <  0.001; and Rs  =  0.830, p  <  0.001). In this 
cohort, visceral adipose tissue (VAT) and skeletal muscle estimates following 
height adjustment were less concordant when measured by CT at T4 and L3 
(Rs  =  0.477, p  =  0.039 and Rs  =  0.578, p  =  0.003). The assessment of muscle 
attenuation was also highly concordant when measured by CT at T4 and L3 
(Rs  =  0.840, p  <  0.001).

Discussion: These results suggest that the CT analysis at T4 and L3 provides 
highly concordant markers for total adipose, subcutaneous adipose, and 
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intramuscular adipose estimation, but not VAT, in this breast cancer population. 
High concordance between T4 and L3 was also found when assessing skeletal 
muscle attenuation. Lower concordance was observed for the estimates of 
skeletal muscle area, potentially explained by differences in the quantity and 
proportions of axial and appendicular muscle between the thorax and abdomen. 
Future studies will determine the value of T4 metrics as predictive tools for 
clinical outcomes in breast cancer.

KEYWORDS

body composition, breast cancer, computed tomography, skeletal muscle, muscle 
attenuation, adiposity

1 Introduction

Obesity at the time of breast cancer diagnosis is associated with 
poorer outcomes, including shorter disease-free survival and overall 
survival. This aspect may be associated with increased rates of local or 
distant recurrence (1–4). Furthermore, obese patients with breast 
cancer are more likely to experience surgical and radiotherapy 
complications, chemotoxicity, and poorer treatment efficacy (1, 5, 6). 
Studies have also investigated the effects of physical exercise and other 
interventions related to body composition in breast cancer 
rehabilitation and survivorship (7). The mechanisms underlying the 
relationship between obesity and poorer outcomes are likely 
multifactorial. Proposed mechanisms include later diagnosis, more 
aggressive tumour types, and suboptimal chemotherapy treatment 
(8–11). Patients with cancer are at risk of developing sarcopenia and 
cancer cachexia, which is associated with a poorer prognosis in terms 
of recurrence, survival, and treatment toxicity (12). The processes 
underlying these changes in body composition are not fully 
understood but result from both cancer and treatment effects (13). A 
limitation of many studies that report cancer outcomes and body 
composition is that they only use body mass index (BMI), which is 
simply a ratio of weight over height squared and does not describe the 
individual components of body composition and so cannot account 
for variations in the proportions of fat, muscle, and bone (14). A small 
number of studies have, however, provided more detailed assessments 
of body composition by analysing cross-sectional areas (CSAs) of fat 
and muscle in the abdomen using computed tomography (CT), 
primarily at the third lumbar vertebrae (L3) level (15). Caan et al. (16) 
found that higher total adipose tissue and lower skeletal muscle 
quantities measured at L3 were associated with higher overall 
mortality rates in women with non-metastatic breast cancer. Similarly, 
Deluche et al. (17) reported that higher inter-muscular adipose tissue 

and lower skeletal muscle quantity measured by CT at L3 were 
associated with poorer disease-free survival in non-metastatic breast 
cancer. BMI was not associated with prognosis in these cohorts, 
emphasising the need for a more detailed body composition analysis 
(16, 17).

Although body composition/tissue analysis using CT at L3 
may predict overall survival in patients with abdominal cancers 
who will routinely undergo abdominal imaging, UK guidelines 
and practice are that CT scans [which include the abdominal 
region (staging CT scans)] are only conducted in patients with 
breast cancer if there is a significant risk of metastasis (18–23). 
Consequently, there is a need for alternative methods of assessing 
body composition, as few patients with breast cancer routinely 
undergo CT scans of the abdominal (L3) region. CT analysis at the 
fourth thoracic vertebrae (T4) may provide an alternative method 
of assessing body composition in patients with breast cancer, as 
approximately 60% of patients with breast cancer undergo CT of 
the thoracic (T4) region for breast/chest wall radiotherapy 
planning purposes (24). The assessment of body composition 
parameters at T4 has been conducted in other cancers and was 
associated with clinical outcomes, including post-operative 
outcomes, respiratory function, and performance status (25, 26). 
The measurement of the pectoralis muscle area at T4 using CT was 
observed to be  associated with worse disease-free and overall 
survival after adjustment for height in one cohort of patients with 
varied stages of breast cancer (27). Measurement of body 
composition parameters from a transverse slice at T4 is limited in 
breast cancer cohorts. We  know only one prior published 
comparison between CT analysis of adiposity at T4 and L3 outside 
of breast cancer (26).

This study aimed to establish the feasibility of measuring body 
composition metrics from CT slices at T4 and assess whether body 
composition metrics measured at T4 are concordant with those 
measured at L3 in a population of women with early breast cancer.

2 Materials and methods

2.1 Study design and participants

The study participants were a subgroup of women diagnosed with 
early breast cancer who were recruited to a single-centre prospective 
observational cohort study at University Hospitals Southampton, 

Abbreviations: BeGIN, investigating outcomes from breast cancer: correlating 

genetic, immunological, and nutritional predictors; BMI, body mass index; BRCA, 

breast cancer gene; CAP, chest abdomen pelvis; CSA, cross-sectional area; CT, 

computed tomography; ER, oestrogen receptor; FEC-T, fluorouracil, epirubicin, 

cyclophosphamide, and docetaxel; HER, human epidermal growth factor receptor; 

HU, hounsfield units; IMAT, intramuscular adipose tissue; L3, third lumbar vertebrae; 

NCI, national cancer institute; REC, research ethics committee; SAT, subcutaneous 

adipose tissue; TAT, total adipose tissue; T4, fourth thoracic vertebrae; VAT, visceral 

adipose tissue.
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“Investigating outcomes from breast cancer: Correlating genetic, 
immunological and nutritional predictors (BeGIN).” All participants 
gave written informed consent to use their anonymised data in this 
study. The research ethics committee approved the study (REC 
reference number: 14/EE/1297). Women were eligible for the BeGIN 
study if they were aged >18 years and diagnosed with invasive breast 
cancer or ductal carcinoma in situ after May 2015. Moreover, women 
were excluded if they underwent neoadjuvant chemotherapy or were 
aged <18 years. The participants included in this study were those 
patients from the BeGIN study cohort who had undergone routine 
diagnostic ‘staging’ CT chest-abdominal-pelvis whose CT images were 
suitable for analysis (see Figure 1 consort diagram). T4 or L3 CT 
images were deemed unsuitable for analysis if adipose tissue and 
skeletal muscle exceeded the image frame bilaterally. Linked 
anonymised patient information, including gender, age, smoking 
history, family history, tumour characteristics and histology, surgical 
management, chemotherapy, radiotherapy, biological, hormonal 
therapy, and chemotherapy toxicity as graded by the National Cancer 
Institute (NCI) Common Terminology Criteria for Adverse Events 

version 4.0, was extracted from the hospital electronic record 
system (28).

2.2 Body composition analysis using CT 
images

Routine CT scans were conducted pre- or post-operatively, 
depending on the patient’s clinical presentation and clinical indication. 
Two independent trained researchers conducted a body composition 
analysis. Anonymised CT slice images were selected by reference to 
body landmarks using Radiant™ DICOM Viewer software (29). The 
methodology for the body composition analysis at L3 was based on 
the Alberta protocol, and the most superior transverse CT slice at L3, 
where both transverse processes could be visualised, was selected (30). 
No protocols for the CT analysis of body composition at T4 had been 
published before the start of this study. Therefore, a novel methodology 
was developed with radiology specialist inputs. Based on radiology 
specialist advice, transverse CT slices at T4 were identified using bony 
landmarks (nine vertebrae superior from L1 and three vertebrae 
inferiorly from T1), then selecting the most superior image with a 
complete circular vertebral foramen present. T4 identification using 
these bony landmarks as reference points was more reliable than other 
landmarks, such as the aortic arch or carina location, which varied 
about the T4 vertebrae in our cohort when a pilot analysis 
was conducted.

Researchers manually selected segment regions of adipose and 
muscle from the T4 and L3 slice images using Sliceomatic™ software 
(v5.0) to calculate CSAs and attenuations based on the Alberta 
protocol (30). Visceral adipose tissue (VAT), subcutaneous adipose 
tissue (SAT), intramuscular adipose tissue (IMAT), total adipose 
tissue (TAT = VAT + SAT + IMAT), and skeletal muscle were identified 
(see Figure 2). All muscle tissues visible at T4 were included. Where 
skeletal muscle or SAT were unilaterally incomplete in T4 images, the 
suitable image half was analysed, and the results per area were doubled 
accordingly. Complete protocols for image identification and analysis 
are shown in Supplementary material.

2.3 Statistical analysis

Statistical analysis was conducted using SPSS™ Statistics v26.0. 
Means were calculated for each data point from both researcher’s 
measurements, and the mean data were used in the final analysis. 
Index values were calculated for skeletal muscle and adipose tissues 
from the CSA measurements by dividing by height squared to adjust 
height (see Supplementary material). Values were normalised for 
height as previous research has demonstrated that whole-body skeletal 
muscle mass scales to a height approximately to the power of 2 (31). 
Adipose tissue scales less well to height with powers of approximately 
2, but the same methodology was used for skeletal muscle and adipose 
tissues to allow comparison (32).

Paired T-tests were used where stated. Spearman’s rank correlation 
coefficients (Rs) and regression coefficients (R2) were calculated to 
assess the degree of concordance between ranking variables at T4 and 
L3. Data are presented with x/y scatter plots with regression analysis 
and Bland–Altman plots to allow inter-researcher and inter-measure 

FIGURE 1

CONSORT diagram demonstrates the process of selecting 
participants for inclusion in study analysis. 218 patients were 
recruited to the BeGIN study; one patient was subsequently 
excluded because that patient underwent neo-adjuvant 
chemotherapy as per BeGIN study exclusion criteria. Among 217 
patients who met the BeGIN study inclusion and exclusion criteria, 
29 patients underwent a CT chest–abdomen–pelvis (CAP) as part of 
their routine breast cancer care. Of the 29 patients who underwent a 
CT CAP scan, 24 had CT scans suitable for the analysis of skeletal 
muscle at both T4 and L3, and 19 of those 24 patients had CT scans 
suitable for the analysis of adipose tissue at both T4 and L3.
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agreement comparison. Statistical significance was determined by 
p-values of <0.05.

3 Results

3.1 Patient characteristics and CT scan 
timing

Patient and tumour characteristics and breast cancer treatment 
received by the study cohort of 24 women reported are detailed in 

Tables 1–3. Study participants had a mean age of 61.3 years, ranging 
from 41 to 82 years. The majority (75%) of participants were 
classified as either ‘pre-obese’ (also often referred to as “overweight”; 
BMI 25–29.9 kg/m2) or ‘obese’ (BMI >30 kg/m2) as per World 
Health Organization criteria (33). All participants underwent 
surgical resection of their cancer, with more women undergoing a 
mastectomy (58.3%) compared to wide local excision (41.7%). Of 
women who also received chemotherapy (70.8%), a large proportion 
(64.7%) experienced at least one NCI grade 3 or higher 
chemotoxicity. As part of their routine treatment plans, participants 
also received radiotherapy (83.3%), endocrine (91.6%), and 

FIGURE 2

Body composition analysis process using CT images at T4 and L3. Image (A) shows an image of an L3 CT slice and (B) depicts the same slice following 
segmentation using Sliceomatic™ software, where red  =  skeletal muscle, pink  =  subcutaneous adipose tissue, blue  =  visceral adipose tissue, 
green  =  intramuscular adipose tissue, and orange  =  air. Image (C) is an annotated CT image slice at L3 to demonstrate the critical muscle groups and 
bony landmarks typically visible in this region. Image (D) shows an image of a T4 CT slice, and (E) depicts the same slice following segmentation using 
Sliceomatic™ software, where red  =  skeletal muscle, pink  =  subcutaneous adipose tissue, blue  =  visceral adipose tissue, green  =  intramuscular adipose 
tissue, and orange  =  air. Image (F) is an annotated CT image slice at T4 to demonstrate the key muscle groups and bony landmarks typically visible in 
this region.
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trastuzumab therapy (8.3%). CT scans were performed 
pre-operatively and post-operatively in 18 patients (75%) and 6 
patients (25%), respectively. The timing of the scan ranged from 
50 days pre-operatively to 122 days post-operatively, depending on 
the clinical indication.

3.2 Inter-researcher agreement

Bland–Altman plots of the inter-researcher agreement for skeletal 
muscle and adipose tissue measurements at T4 and L3 are shown in 
Figures 3, 4, respectively. Generally, small differences were observed 
between researchers’ measurements, and no overt measurement biases 
were identified. The mean difference in skeletal muscle CSA between 
researchers was 1.6 cm2 at T4 and 0.4 cm2 at L3. A mean difference of 
0.15HU was observed between research measurements of skeletal 
muscle attenuation at T4 and a difference of 0.07HU at L3. When 
researchers measured SAT, a 0.5cm2 mean difference was observed at 
T4 and 0.9cm2 at L3. A mean difference of 0.9cm2 was observed at T4 
and 0.5cm2 at L3  in intramuscular adiposity measured between 
researchers. Mean differences of 0.3cm2 and 2.0cm2 were observed 
between researchers when VAT was measured at T4 and L3, 
respectively.

3.3 Adiposity assessment by CT at T4 and 
L3

The concordance between TAT as CSAs measured by CT at T4 
and L3 is shown in Figure 5A. A strong positive correlation between 
TAT following normalisation and height by CT CSA at T4 and L3 
suggested that CT analysis at T4 and L3 ranked patients similarly 
by adiposity (Rs = 0.821, p < 0.001). When averages for TAT indexes 
were plotted against the differences between measurements at T4 
and L3 in a Bland–Altman plot (see Figure 5B), a bias effect was 
observed whereby adiposity was greater at L3 than at T4. On 
average, total adiposity was 47.0cm2m−2 greater at L3 compared to 
T4, reflecting increased adiposity in the abdominal vs. the thoracic 
region. In addition, a more significant difference was observed 
between adiposity measured at L3 and T4 in individuals with higher 
mean adiposity. As shown in Figure  5C, similarly, strong 
concordance was observed between the SAT index measured at T4 
and L3 (Rs = 0.816, p < 0.001). On average, SAT was 4.5cm2m−2 
greater at L3 compared to T4. The correlation between the IMAT 
index measured at T4 and L3 (see Figure 5E) was similarly high to 
that observed with total and SAT (Rs = 0.830, p < 0.001). The Bland–
Altman analysis reflected minor differences between IMAT when 
measured at T4 and L3  in most participants (see Figure  5F). 

TABLE 1 Demographic characteristics of the study cohort.

Demographic 
characteristics

Number of 
participants (n) 

(%)

Age (yrs)

18–39 0 (0.0%)

40–49 5 (20.8%)

50–59 6 (25.0%)

60–69 8 (33.3%)

70–79 4 (16.7%)

>80 1 (4.2%)

BMI (mg/m2)

18.5–24.9 6 (25.0%)

25.0–29.9 8 (33.3%)

≥30 10 (41.7%)

Family history

Yes 5 (20.8%)

Identified 

BRCA1/2 

mutation

0 (0.0%)

Family history 

(first- or 

second-degree 

relative)

5 (20.8%)

None reported 18 (75.0%)

Unknown 1 (4.2%)

Total 24

This table describes the patient characteristics of the study cohort. BRCA = breast cancer 
gene.

TABLE 2 Tumour characteristics of the study cohort.

Tumour characteristics Number of 
participants (n) 

(%)

Histological type

Invasive ductal 19 (79.2%)

Lobular 2 (8.3%)

Mixed 2 (8.3%)

Papillary 1 (4.2%)

Grade

1 0 (0.0%)

2 14 (58.3%)

3 10 (41.7%)

Total tumour diameter

Mean (mm) 32.1

Range (mm) 14.00–70.00

Axillary nodal involvement

Yes 17 (70.8%)

No 7 (29.2%)

ER status

Positive 20 (83.3%)

Negative 4 (16.7%)

HER2 status

Positive 4 (16.7%)

Negative 20 (83.3%)

Total 24

This table describes the tumour characteristics of the study cohort. ER = oestrogen receptor, 
HER = human epidermal growth factor receptor.
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Measurements at T4 were 0.2cm2m−2 lower on average than at L3. 
Spearman’s rank correlation coefficient demonstrated a weakly 
positive correlation between the visceral adiposity index estimated 

from T4 and L3 (Rs = 0.477, p = 0.039), suggesting that the CT 
analysis at T4 and L3 ranks patients less similarly than the other 
adipose tissue types measured (Figure 5G). On average, visceral 
adiposity was 42.3 cm2m−2 higher at L3 than at T4. The Bland–
Altman analysis demonstrates a bias whereby, as mean visceral 
adiposity increases, a greater difference is observed between VAT 
measured at T4 and L3 (see Figure 5H).

3.4 Skeletal muscle assessment by CT at T4 
and L3

The concordance between skeletal muscle indexes (skeletal muscle 
per CSA adjusted by height) measured by CT at T4 and L3 is shown 
in Figure 6A. Spearman’s rank correlation coefficient demonstrates a 
weakly positive correlation between skeletal muscle index measured 
from CSAs at T4 and L3 (Rs = 0.578, p = 0.003), suggesting that CT 
analysis at T4 and L3 ranks patients by skeletal muscle quantity less 
similarly than by TAT. The Bland–Altman analysis demonstrates that 
skeletal muscle index was 23.6 cm2m−2 higher using T4 compared to 
using L3 (see Figure 6B), indicating that increased muscle quantity 
was observed in the thoracic compared to the abdominal region. The 
concordance between muscle attenuation measured by CT at T4 and 
L3 is shown in Figure 6C. A strong positive correlation was shown 
between muscle attenuation measured by CT at T4 and L3 by 
Spearman’s rank correlation coefficient analysis (Rs = 0.840, p < 0.001), 
suggesting that muscle attenuation is similar between CT slices at T4 
and L3. The Bland–Altman analysis (see Figure 6D) demonstrates 
that, on average, muscle attenuation is slightly lower, by 3.14 HU, in 
abdominal skeletal muscle at L3 compared to thoracic skeletal 
muscle at T4.

3.5 Summary of body composition 
parameters measured from the T4 and L3 
cross-sectional areas

The comparison of the markers of body composition parameters 
by slice in this cohort is summarised in Table 4. Analysis using paired 
difference T-tests demonstrated significant differences between CSA 
measures at T4 and L3 as the TAT index (p < 0.001), VAT index 
(p < 0.001), skeletal muscle index (p < 0.001), and skeletal muscle 
attenuation (p = 0.017) from CT-derived transverse image CSAs. No 
statistical differences were observed between measures at T4 and L3 
as subcutaneous and IMAT indexes.

4 Discussion

This study is the first to compare body composition from CT slices 
at T4 and L3 in a breast cancer cohort, and our data demonstrate that 
transverse CT slices at T4 and L3 are highly concordant measures of 
TAT quantity.

In this cohort of patients with early breast cancer, total and VAT 
per CSA was significantly higher when measured at L3 than T4, 
reflecting increased visceral adipose deposition in the abdominal 
region compared to the thorax. High concordance was found between 
total, intramuscular, and SAT per CSA measured in the thorax (T4) 

TABLE 3 Treatment received by study cohort.

Treatment 
characteristics

Number of 
participants 

(n) (%)

Surgical

Breast

Yes 24 (100%)

Wide local 

excision
10 (41.7%)

Mastectomy 14 (58.3%)

None 0 (0.0%)

Axilla

Yes 22 (91.6%)

Sentinel node 

biopsy
7 (29.2%)

Axillary 

clearance
5 (20.8%)

Both 10 (41.7%)

No 2 (8.3%)

Chemotherapy

Yes 17 (70.8%)

Paclitaxel only 1 (4.2%)

FEC-T 16 (66.7%)

No 7 (29.2%)

Chemotoxicity

Not applicable 7 (29.2%)

Applicable 17 (70.8%)

Either no OR grade < 3 adverse event 6 (35.3%)

Grade ≥ 3 adverse event 11 (64.7%)

Radiotherapy

Yes 20 (83.3%)

Breast 10 (41.7%)

Chest wall 10 (41.7%)

None 4 (16.7%)

Endocrine therapy

Yes 22 (91.6%)

Tamoxifen 7 (29.2%)

Aromatase inhibitors 14 (58.3%)

Consecutive 1 (4.2%)

None 2 (8.3%)

Trastuzumab therapy

Yes 2 (8.3%)

No 22 (91.7%)

Total 24

This table describes the treatment received by the study cohort and chemotherapy toxicity. 
FEC-T = fluorouracil, epirubicin, cyclophosphamide, and docetaxel.
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and the abdomen (L3), while lower concordance was observed with 
visceral adiposity. This aspect suggests that these thoracic and 
abdominal CT slices are more comparable when ranking total, 
intramuscular, and subcutaneous than visceral adiposity. This may 
be  partially explained by the observation that visceral adiposity 
increased; a greater difference was observed between visceral adiposity 
at T4 and L3, suggesting underlying differences in visceral adipose 
deposition patterns in the thorax and the abdomen. Although TAT is 
a cumulative measure of intramuscular, subcutaneous, and visceral 
adiposity, the concordance between total adiposity and visceral 
adiposity was high, despite the lower concordance observed in visceral 
adiposity between T4 and L3  in this cohort. In women with 
haematological malignancies who underwent allogeneic haemopoietic 
stem cell transplants, Mishra et al. (26) found a weaker correlation 
between total and SAT measured at T4 and L3 (r2 = 0.79, p < 0.001 and 
r2 = 0.69, p < 0.001, respectively). However, Mishra et  al. excluded 
intramuscular and VAT at T4 or IMAT at L3 in their calculation of 
“total adipose tissue”, thereby limiting comparison between findings.

Following the adjustment for height, more skeletal muscles were 
observed at T4 than at L3. This aspect reflects well-established 
differences in muscular anatomy in the thorax compared to the 
abdominal region. As shown in Figure 2, the abdominal slice (L3) 
consists primarily of postural axial paraspinal and structural 
abdominal wall skeletal muscle groups with smaller CSAs, compared 

to the larger appendicular shoulder girdle muscles, and chest wall and 
paraspinal muscles comprising the thoracic slice (T4). Higher 
muscularity at T4 than at L3 was similarly observed by Mishra et al. 
and also found in a mixed-gender cohort of patients undergoing liver 
metastasis resection for colorectal cancer and in women with 
advanced small cell lung cancer (25, 26, 34). A poor degree of 
concordance was observed in this cohort between skeletal muscle 
following adjustment for height when measured in the thorax (T4) 
and the abdomen (L3). The anatomical differences in musculature 
between the thorax and the abdomen may contribute to the poorer 
concordance between the ranking of patients’ skeletal muscles using 
T4 and L3 slices. Mishra et al. observed a lower correlation for skeletal 
muscle quantity in women with haematological malignancies 
(r2 = 0.33, p < 0.001), while Grøberg et al. reported that the skeletal 
muscle index at T4 was only weakly predictive of skeletal muscle index 
at L3 in women with advanced non-small cell lung cancer (r2 = 0.28) 
(26, 34). However, direct comparison with the studies by Mishra et al. 
was constrained as skeletal muscle quantity was not adjusted by 
height, and Spearman’s rank correlation analysis was not conducted.

Conversely, Van der Kroft et  al. found a higher correlation 
(r = 0.78, p < 0.001) between skeletal muscle index measured at T4 and 
L3; however, in the study by Van der Kroft et al. (25), Spearman’s rank 
correlation analysis was not conducted, and the study cohort consisted 
of a mixed population of men and women with colorectal cancer 

FIGURE 3

Concordance between researchers: Skeletal muscle was measured by CT. Graph (A) depicts a Bland–Altman plot of the average skeletal muscle cross-
sectional areas (cm2) measured at T4 by the two researchers against the differences between these measurements (researcher 1 minus researcher 2). 
The mean difference  ±  standard deviation  =  −1.6  ±  4.3  cm2, where n  =  24. Graph (B) depicts a Bland–Altman plot of the average skeletal muscle cross-
sectional areas (cm2) measured at L3 by the two researchers against the differences between these measurements (researcher 1 minus researcher 2). 
The mean difference  ±  standard deviation  =  −0.4  ±  1.7  cm2, where n  =  24. Graph (C) depicts a Bland–Altman plot of the average skeletal muscle 
attenuation (HU) measured at T4 by the two researchers against the differences between these measurements (researcher 1 minus researcher 2). The 
mean difference  ±  standard deviation  =  0.15  ±  0.88 HU, where n  =  24. Graph (D) depicts a Bland–Altman plot of the average skeletal muscle attenuation 
(HU) measured at L3 by the two researchers against the differences between these measurements (researcher 1 minus researcher 2). The mean 
difference  ±  standard deviation  =  0.07  ±  0.84 HU, where n  =  24. No difference (blue interrupted line), mean difference (red line), and 95% upper and 
lower limits of agreement (mean difference  ±  1.96*standard deviation, green lines) are indicated. Arrows indicate two overlapping data points.
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undergoing elective liver metastasis resection. On average, muscle 
attenuation was slightly lower at L3, but reasonably strong 
concordance was observed in our cohort between skeletal muscle 
attenuation at T4 and L3, suggesting that muscle attenuation is 
comparable between muscles in the thorax and abdomen. This fact 
may indicate that factors determining muscle attenuation, including 
intramuscular fat infiltration, affect muscle groups similarly 

throughout the body. The same studies by Van der Kroft et al. and 
Mishra et  al. found a weaker correlation between skeletal muscle 
attenuation at T4 and L3 (r = 0.43, p < 0.001 and r2 = 0.58, p < 0.001 
respectively), while Grøberg et al. found muscle attenuation at T4 
weakly predicted muscle attenuation at L3 (r2 = 0.58) (25, 26, 34). All 
three studies support the result from this study, with average muscle 
attenuation being higher at T4 compared to L3. These findings suggest 

FIGURE 4

Concordance between researchers: adiposity measured by CT. Graph (A) depicts a Bland–Altman plot of the average subcutaneous adipose tissue 
cross-sectional areas (cm2) measured at T4 by the two researchers against the differences between these measurements (researcher 1 minus 
researcher 2). The mean difference  ±  standard deviation  =  −0.5  ±  3.8  cm2, where n  =  19. Graph (B) depicts a Bland–Altman plot of the average 
subcutaneous adipose tissue cross-sectional areas (cm2) measured at L3 by the two researchers against the differences between these measurements 
(researcher 1 minus researcher 2). The mean difference  ±  standard deviation  =  −0.9  ±  2.2  cm2, where n  =  19. Graph (C) depicts a Bland–Altman plot of 
the average intramuscular adipose tissue cross-sectional areas (cm2) measured at T4 by the two researchers against the differences between these 
measurements (researcher 1 minus researcher 2). The mean difference  ±  standard deviation  =  0.9  ±  2.3  cm2, where n  =  19. Graph (D) depicts a Bland–
Altman plot of the average intramuscular adipose tissue cross-sectional areas (cm2) measured at L3 by the two researchers against the differences 
between these measurements (researcher 1 minus researcher 2). The mean difference  ±  standard deviation  =  −0.5  ±  2.7  cm2, where n  =  19. Graph 
(E) depicts a Bland–Altman plot of the average visceral adipose tissue cross-sectional areas (cm2) measured at T4 by the two researchers against the 
differences between these measurements (researcher 1 minus researcher 2). The mean difference  ±  standard deviation  =  −0.3  ±  0.6  cm2, where n  =  19. 
Graph (F) depicts a Bland–Altman plot of the average visceral adipose tissue cross-sectional areas (cm2) measured at L3 by the two researchers against 
the differences between these measurements (researcher 1 minus researcher 2). The mean difference  ±  standard deviation  =  −2.0  ±  2.6  cm2, where 
n  =  19. No difference (blue interrupted line), mean difference (red line), and 95% upper and lower limits of agreement (mean difference  ±  1.96*standard 
deviation, green lines) are indicated. Arrows indicate two overlapping data points.
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FIGURE 5

Concordance between T4 and L3: adipose tissue measured by CT. Concordance between CT at T4 and L3 of total adipose tissue cross-sectional areas 
(cm2) (A), subcutaneous adipose tissue cross-sectional areas (cm2) (C), intramuscular adipose tissue cross-sectional areas (cm2) (E), and visceral 
adipose tissue cross-sectional areas (cm2) (G) are depicted by x-y scatter plots. Lines of best fit are shown, based on regression equation analysis, 
where R2  =  0.823 (A), R2  =  0.798 (C), R2  =  0.230 (E), and R2  =  0.321 (G). Graph (B) depicts a Bland–Altman plot of the averages between total adipose 
tissue cross-sectional areas (cm2) measured by CT at T4 and L3 against the differences between these measures (L3 minus T4). Mean 
difference  ±  standard deviation  =  129.6  ±  91.2  cm2. Graph (D) depicts a Bland–Altman plot of the averages between subcutaneous adipose tissue cross-
sectional areas (cm2) measured by CT at T4 and L3 against the differences between these measures (L3 minus T4). Mean difference  ±  standard 
deviation  =  13.3  ±  48.3  cm2. Graph (F) depicts a Bland–Altman plot of the averages between intramuscular adipose tissue cross-sectional areas (cm2) 
measured by CT at T4 and L3 against the differences between these measures (L3 minus T4). Mean difference  ±  standard deviation  =  0.8  ±  12.1  cm2. 
Graph (H) depicts a Bland–Altman plot of the averages between visceral adipose tissue cross-sectional areas (cm2) measured by CT at T4 and L3 
against the differences between these measures (L3 minus T4). Mean difference  ±  standard deviation  =  115.6  ±  68.5  cm2. In graphs (B,D,F,H), no 
difference (blue interrupted line), mean difference (red line), and 95% upper and lower limits of agreement (mean difference  ±  1.96*standard deviation, 
green lines) are indicated. For all graphs n  =  19, arrows indicate two overlapping data points.
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that attenuation in muscle groups in the thorax may vary in muscle 
groups in the abdomen, but further research is needed to compare 
individual muscle groups.

The patient demographics of this cohort of women are comparable. 
In terms of age for the national breast cancer population in the 
United Kingdom, majority of breast cancer diagnoses in 2017 were in 
women aged over 50 years, with a median age of 62 years at diagnosis 
(35). In this cohort, 41.7% of women underwent breast-conserving 
surgery, compared to 57% of women who underwent surgery nationally 
(35). The tumour characteristics of this cohort were highly representative 
in terms of ER and HER2 status, with national UK breast population 
figures of women who undergo surgical treatment at 84 and 15%, 
respectively (35). However, this cohort had more higher grade tumours 
and higher rates of lymph node involvement compared to national 
figures of women who underwent surgical treatment, suggesting that this 
cohort has the more advanced local regional disease (35). Manual 
analysis of CT images conducted by researchers who have received 
training in anatomy facilitates the identification and exclusion of small 
tissue structures such as lymphatics within musculature or fat from 
radiological images for deriving the estimates of body composition 
measurements. However, this methodology remains susceptible to 
misidentification and human error. We  attempted to minimise the 
impact of human error and researcher variability by having two 
independent researchers and agreeing on protocols. The variability 

between some measurements, as demonstrated in Figures 3, 4, highlights 
this importance. Recent studies in body composition have aimed to 
automate CT analysis using computer algorithms, which may be more 
time and resource-efficient and eliminate inter-researcher variability but 
may incorrectly include these smaller structures, leading to measurement 
inaccuracies (36–42). A limitation of this study is that patients were only 
included if they underwent routine chest–abdomen–pelvis CT scans, 
which is not recommended according to UK guidelines unless metastatic 
disease is suspected (21, 22). This resulted in a limited sample size of 24 
patients. As only patients who were considered at higher risk of having 
metastatic disease receive CT scans, there is likely a bias whereby the 
study cohort consists of patients with more advanced local, regional 
disease compared to the general breast cancer population, which is 
consistent with the patterns of tumour grade and lymph node 
involvement observed.

This study is a single-centre study, so it is not possible to generalise 
the results to other specific populations. A further area for improvement 
of this study is that some CT images at T4 were unilaterally incomplete 
where tissue exceeded the field of view, necessitating that only the 
complete, contralateral half image was analysed, and results were 
doubled accordingly. Though this methodology has been utilised in 
other published studies, there needs to be more published evidence that 
muscle and adipose tissue are symmetrically distributed in the trunk. 
Therefore, this method may lead to inaccuracies (34, 43, 44).

FIGURE 6

Concordance between T4 and L3: skeletal muscle area and attenuation measured by CT. Graph (A) is an x–y scatter plot of the concordance between 
skeletal muscle cross-sectional area measured by CT at T4 and L3 as height indexes (cm2m−2), where n  =  24. The line of best fit is based on regression 
equation analysis, where R2  =  0.323. Graph (B) depicts a Bland–Altman plot and analysis of the averages between skeletal muscle cross-sectional area 
measured by CT at T4 and L3 as indexes of height (cm2m−2) against the differences between these measures (L3 minus T4), where n  =  24. Mean 
difference  ±  standard deviation  =  −23.7  ±  5.2 cm2m−2. Graph (C) is an x–y scatter plot of the concordance between mean skeletal muscle attenuation 
(HU) measured by CT at T4 and L3, where n  =  24. The line of best fit is shown, based on regression equation analysis, where R2  =  0.698. Graph 
(D) depicts a Bland–Altman plot and analysis of the averages between mean skeletal muscle attenuation (HU) measured by CT at T4 and L3 against the 
differences between these measures (L3 minus T4), where n  =  24. Mean difference  ±  standard deviation  =  −3.14  ±  5.97 HU. In graphs (B,D), no 
difference (blue interrupted line), mean difference (red line), and 95% upper and lower limits of agreement (mean difference  ±  1.96*standard deviation, 
green lines) are indicated. Arrows indicate two overlapping data points.
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5 Conclusion

These results demonstrate that in our cohort of patients with early 
breast cancer, CT analysis at T4 and L3 ranks patients with breast 
cancer similarly by TAT quantity and muscle attenuation per CSA but 

is less concordant for visceral adiposity and skeletal muscle quantity. 
Body composition markers measured from transverse CT slices at T4 
are potentially of greater availability in patients with breast cancer, as 
routine thoracic CT scans are performed more frequently in this 
patient group for radiotherapy planning. However, further research is 

TABLE 4 Body composition parameters of the cohort.

Body composition 
variable

Number of 
participants (n)

Mean  ±  standard 
deviation

Range Paired difference 
T-test

Body mass index (kg/m2) 24 28.9 ± 5.4 19.5–41.8

Total adipose tissue CSA at T4 

(cm2) 19 248.0 ± 105.9 70.6–481.4

Mean difference = 129.6 

(p < 0.001)

Total adipose tissue CSA at L3 

(cm2) 19 377.6 ± 175.0 96.1–749.7

Total adipose tissue index at T4 

(cm2m−2) 19 90.1 ± 34.7 25.8–164.1 Mean difference = 47.0 

(p < 0.001)Total adipose tissue index at L3 

(cm2m−2) 19 137.2 ± 58.8 35.1–248.0

Subcutaneous adipose tissue CSA 

at T4 (cm2) 19 225.5 ± 97.0 61.6–436.0 Mean difference = 13.3 

(p = 0.247)Subcutaneous adipose tissue CSA 

at L3 (cm2) 19 238.7 ± 107.2 60.6–469.0

Subcutaneous adipose tissue 

index at T4 (cm2m−2) 19 81.9 ± 32.0 22.5–148.6 Mean difference = 4.5 

(p = 0.276)Subcutaneous adipose tissue 

index at L3 (cm2m−2) 19 86.4 ± 35.6 22.1–155.1

Intramuscular adipose tissue 

CSA at T4 (cm2) 19 17.6 ± 8.3 6.2–39.1 Mean difference = 0.8 

(p = 0.789)Intramuscular adipose tissue 

CSA at L3 (cm2) 19 18.4 ± 13.7 4.7–66.6

Intramuscular adipose tissue 

index at T4 (cm2m−2) 19 6.5 ± 3.0 2.3–13.3 Mean difference = 0.2 

(p = 0.824)Intramuscular adipose tissue 

index at L3 (cm2m−2) 19 6.7 ± 4.8 1.7–23.6

Visceral adipose tissue CSA at T4 

(cm2) 19 4.9 ± 2.3 2.2–9.9 Mean difference = 115.6 

(p < 0.001)Visceral adipose tissue CSA at L3 

(cm2) 19 120.5 ± 69.7 17.6–255.8

Visceral adipose tissue index at 

T4 (cm2m−2) 19 1.8 ± 0.8 0.8–3.5

Mean difference = 42.3 

(p < 0.001)

Visceral adipose tissue index at 

L3 (cm2m−2) 19 44.0 ± 24.3 6.1–87.2

Skeletal muscle CSA at T4 (cm2) 24 169.6 ± 18.3 143.3–215.0 Mean difference = 63.7 

(p < 0.001)Skeletal muscle CSA at L3 (cm2) 24 105.9 ± 13.3 87.9–133.5

Skeletal muscle index at T4 (cm2/

m2) 24 62.8 ± 6.4 50.8–76.3

Mean difference = 23.7 

(p < 0.001)

Skeletal muscle index at L3 (cm2/

m2) 24 39.1 ± 3.9 32.8–46.8

Mean skeletal muscle attenuation 

at T4 (HU) 24 39.07 ± 7.92 22.43–53.44

Mean difference = 3.14 

(p = 0.017)

Mean skeletal muscle attenuation 

at L3 (HU) 24 35.93 ± 10.70 20.70–53.93

This table summarises the body composition parameters of the study cohort by BMI and CT analysis at T4 and L3.
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needed to determine whether body composition metrics analysed 
from transverse CT images at T4 are similarly predictive for clinical 
outcomes in patients with breast cancer before clinical translation.
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