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Abstract
Objectives To evaluate the correlation between psoas muscle area (TPA) on CT images and pectoralis muscle area (PMA) on
MRI in breast cancer patients.
Methods This retrospective study was institutional review board approved and women involved gave written informed consent.
Twenty six patients with both body CT and breast MRI available were evaluated. Two radiologists calculated TPA on 1.25-mm
and 5-mm body CT images. Two radiologists measured PMA on axial T1-weighted images. Statistical analysis included inter-
and intra-reader agreement and correlation between TPA on CT and PMA on MRI.
Results The Pearson r correlation coefficient was 0.70 (95% CI 0.41–0.81) and the coefficient of determination was 0.49. The
inter-reader agreement was k = 0.85 and k = 0.79 for axial 1.25-mm and 5-mm CT images, respectively. The intra-reader
agreement of reader 1 was k = 0.98 and k = 0.94 for 1.25-mm and 5-mm CT images, respectively. The intra-reader agreement
of reader 2 was k = 0.95 and k = 0.94 for 1.25-mm and 5-mm CT images, respectively. On axial T1-weighted images, the inter-
reader agreement for radiologists evaluating the PMAwas k = 0.61. Intra-observer agreement of reader 1 and reader 2 for PMA
estimation was good (0.62 and 0.64), respectively.
Conclusion The correlation between TPA on CT images and PMA onMRI was very good. Pectoralis muscle area on breast MRI
could be useful to estimate muscle mass in women with breast cancer.
Key Points
• Pectoralis muscle area can be estimated on breast MRI
• Total psoas area on CT and pectoralis muscle area on MRI are strongly correlated
• Pectoralis muscle area on breast MRI could estimate the skeletal muscle mass
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Abbreviations
ACS American Cancer Society
CT Computer tomography
EUSOBI European Society of Breast Imaging
MRI Magnetic resonance imaging
NCCN National Comprehensive Cancer Network

PMA Pectoralis muscle area
TPA Total psoas area

Introduction

The estimated first-time definition of Bsarcopenia^ was given
by Baumgartner et al, who used this term to describe the age-
related loss of skeletal muscle mass [1]. Sarcopenia is corre-
lated with negative outcomes, such as psychophysical disabil-
ity, poor quality of life and death [2].

Cancer is probably the most important pathological con-
dition that leads to loss of muscle mass. With over 1.5
million new cases per year, breast cancer is the most com-
mon cancer and leading cause of cancer mortality in
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women worldwide [3, 4]. Sarcopenia has been described as
a powerful independent predictor of poor survival for
breast cancer patients [5–9]. Indeed, sarcopenia is associ-
ated with impaired functional status, decreased ability to
tolerate chemotherapy, surgery and radiotherapy with
many complications. Many studies demonstrated that
breast cancer patients have an excess of toxicity from on-
cological therapies and a lower response to chemotherapy;
for example, in breast cancer patients the response to cap-
ecitabine may be poor. In addition, Prado et al showed that
sarcopenia is associated with a shorter time to tumour pro-
gression relative to survival in women with metastatic
breast cancer [6]. Computer tomography (CT) is consid-
ered the gold standard to measure muscle area and density
in Hounsfield units. Indeed, total psoas area (TPA) is
strongly correlated with total body muscle mass and it
can be easily measured on a single cross-sectional CT im-
age [10, 11].

In women with breast cancer, CT scan for patients with
clinically positive axillary nodes, large tumours, aggres-
sive biology or clinical signs, symptoms or laboratory
values suggesting the presence of metastases can be used
[12]. Indeed, in early breast cancer, routine staging evalu-
ations with different techniques (mammography, ultra-
sound, tomosynthesis and magnetic resonance imaging,
MRI) are directed at locoregional disease.

MRI is widely adopted in breast cancer evaluation and
potentially enhanced by recently introduced abbreviated
MRI protocols [13].

Recent studies revealed a high correlation between the
psoas muscle area and pectoralis muscle area (PMA) using
CT [14, 15]. PMA could also be evaluated on routine MRI
examinations. Therefore, the aim of our study is to evaluate
if there is a correlation between PMA on MRI and psoas
muscle area on CT scan in breast cancer patients to assess
women’s muscular status directly on breast MRI.

Material and methods

Patients

This is a sub-study of different IRB (institutional review
board)-approved studies for which women involved gave
written informed consent. We retrospectively reviewed all
consecutive breast cancer patients who were examined in
our university hospital between January 2016 and January
2018.

Inclusion criteria were as follows:

& For each patient, both total-body CTscans and breast MRI
available.

& The period between the two examinations not longer than
4 months. (This period was selected to have adequate
follow-up time.)

& High-quality imaging examinations.

Exclusion criteria were as follows: MRI or CT images not
retrievable, time between the two examinations longer than 4
months, inaccurate images due to artefacts (e.g. motion arte-
facts; beam hardening CT artefacts, MRI artefacts for breast
tissue expanders, surgical clips with considerable distortion).
Women with breast sub-muscular implants or with sub-
glandular prosthesis were also excluded.

A total of 26 women (mean age 51.1 ± 12.6 years, range
30–76 years) were included in the study. Clinical data and
information on the primary tumour were also collected.
Follow-up data were not considered relevant for the purpose
of the study.

Images analysis: CT

All CTscans were acquiredwith different GE (GEHealthcare)
CT scanners. Both 1.25-mm and 5-mm slice thickness with
Bstandard body^ kernel were available. All CT scans were
performed with the patient in the supine position, head first
on the scanner table and with the arms raised and placed
behind the patient’s head, out of the scan plane. The whole
body was scanned from the lung apex to the pubic
symphysis.

To assess measurement reproducibility, a strict method was
used as follows. Reconstructed axial images with both a 1.25-
mm and a 5-mm slice thickness were analysed using the soft-
ware installed on the workstations of our radiology depart-
ment (Suite-Estensa 1.9-Ebit-Esaote Group Company.
2015). The third lumbar vertebra (L3), at the level in which
both transverse processes are clearly visible, was used as a
bony landmark to properly identify the psoas muscle.
Vertebrae were counted down from the cervical spine using
scout images of the whole body or multiplanar reformatted
(MPR) images from source thin-section axial images using
the software on our workstations. In this study scout images
were available for each patient. If there is no scout image of
the whole spine or reformatted images, it is possible to
identify the first lumbar vertebrae (L1) that is the first ver-
tebra without a rib attachment. Once L1 has been found, the
transverse processes can be used to count downward to L3.
The psoas muscle was manually contoured bilaterally and
the muscle mass was calculated as the cross-sectional area
(square millimetres) (Fig. 1). The bilateral masses of the
psoas were measured separately and the two values were
averaged.

After patient selection was done, two board-certified radi-
ologists (A.T., the main observer, with more than 10 years of
experience specialised in oncological imaging and in breast
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imaging and E.B. with 5 years of experience in oncological
imaging) independently performed psoas muscle measure-
ment using reconstructed axial images with 1.25-mm and 5-
mm slice thickness for all patients to assess inter-reader vari-
ability. To assess intra-reader agreement, 4 weeks after the first
evaluation, all measurements were calculated again by the
same two radiologists.

Images analysis: MRI

All patients were examined by using a 1.5-Tesla equipment
(Magnetom Avanto, Siemens Healthcare). Dedicated double
breast coil was used. Following the guidelines from the
European Society of Breast Imaging, the standard MRI proto-
col was used for all patients: axial T2-weighted fast spin echo
and axial T1-weighted 2D spoiled gradient echo dynamic
contrast-enhanced acquisition with fat saturation, first per-
formed before contrast administration and repeated multiple
times after contrast administration. A bolus injection of
gadolinium-based contrast agent (from 0.05 to 0.2 mmol/kg
body weight) followed by a saline flush of 20 ml was given.
The calculation of subtraction images from the pre- and post-
contrast series was performed. All images were analysed
using the software installed on the workstations of our radiol-
ogy department as done for CT images. The pectoralis muscle
was identified at the level of the sternal angle of Louis
(manubriosternal joint that lies at the level of the second costal
cartilage) used as bony landmark. Pectoralis muscle was man-
ually contoured bilaterally and the cross-sectional area (square
millimetres) on axial pre-contrast T1-weighted gradient echo
fat-saturated images was calculated (Fig. 2). In all patients,

PMA on the left and right side was determined separately
and the two values were averaged.

Similarly, for psoas muscle area measurements, PMAwas
calculated by two observers (A.T., more than 10 years of ex-
perience in oncological imaging and in breast imaging and
F.R., 5 years of experience in musculoskeletal imaging) on
MRI images. To guarantee that all data were organised prop-
erly, a database was created by a professional data manager
(F.V.), who did not perform the measurements. Intra- and
inter-observer agreement for PMAwas assessed as well.

Statistical analysis

Statistical analysis was performed using statistical software
[SPSS, version 12.0.1 (SPSS, Inc.); Excel 2007 (Microsoft
Corp.]; and MedCalc, version 11.4 (MedCalc Software)].
Descriptive statistics were used. The aim was to calculate
inter- and intra-reader agreement in assessing the psoas
cross-sectional area (square millimetres) on CT axial images
with 1.25-mm and 5-mm slice thickness and then the PMA in
square millimetres on MRI axial pre-contrast T1-weighted
gradient echo fat-saturated images. Inter-reader agreement
was evaluated using Cohen’s kappa test. Reliability coeffi-
cients were interpreted, respectively, as poor if less than
0.21, fair if between 0.21 and 0.4, moderate if between 0.41
and 0.6, good if between 0.61 and 0.8, and almost perfect
agreement if 0.81–1 [16–19]. A p value of 0.05 was consid-
ered statistically significant. To evaluate the correlation be-
tween the PMA on MRI and the psoas muscle area on CT,

Fig. 2 An example of measurement of pectoralis muscle area on axial
pre-contrast T1-weighted gradient echo MR images. On the basis of the
scout view (not illustrated), the pectoralis muscle was identified at the
level of the sternal angle of Louis (manubriosternal joint that lies at the
level of the second costal cartilage) used as bony landmark. The pectoralis
muscle area was countered bilaterally (red area)

Fig. 1 An example of measurement of psoas muscle total areas on axial
CT image. The third lumbar vertebra (L3), at the level in which both
transverse processes are clearly visible, was used as bony landmark to
identify the psoas muscle area, contoured bilaterally (light blue area).
Vertebrae were counted down from the cervical spine using scout
images of the whole body or multiplanar reformatted (MPR) images from
source thin-section axial images using the software on our workstations
(not illustrated)
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the two-tailed Pearson’s test was performed using both 1.25-
mm slice thickness and 5-mm slice thickness. The Pearson r
correlation coefficient with 95% confidence intervals (CI) and
the coefficient of determination (R2) were calculated. A p val-
ue of 0.05 was considered statistically significant. To have a
significant correlation of an r = 0.06 with a type I error of 0.05
a total sample size of 19 was calculated as sufficient.

Results

According to the study protocol, 2/28 (7.1%)womenwere exclud-
ed for missing data. Indeed, MRI/CT exams were not retrievable
(one patient) or image quality was not deemed acceptable (one
patient with orthopaedic spinal devices). Therefore, a total of 26
breast cancer patients were evaluated bilaterally (mean age 51.1 ±
12.6 years, range 30–76 years; mean cancer size ± standard devi-
ation 21 ± 11 mm). Standard clinical data and cancer characteris-
tics (cancer size and type, histological grade, lymph node status,
oestrogen and progesterone receptors, human epidermal growth
factor receptor 2) were retrievable for 24/26 (92.31%). Mean
values and standard deviation for measurement data were also
reported (Table 1). No T4 cancers were included in this study
and there were no cancers infiltrating the pectoralis muscle.

Inter- and intra-reader agreement

On axial 1.25-mm-slice-thickness CT images, measurements
of psoas muscle area (square millimetres) were performed by
two radiologists and according to Cohen’s kappa test, the
inter-reader agreement was considered almost perfect (0.81–
1). The inter-reader agreement was k = 0.85, p < 0.05. On axial
5-mm-slice-thickness CT images, measurements of psoas
cross-sectional area (square millimetres) the inter-reader
agreement was considered good (0.61–0.8). The inter-reader
agreement was k = 0.79, p < 0.05. Intra-reader agreement of
reader 1 was 0.98 and 0.94 for 1.25-mm and 5-mm, respec-
tively. Intra-reader agreement of reader 2 was 0.95 and 0.94
for 1.25-mm and 5-mm, respectively.

On axial pre-contrast T1-weighted gradient echo fat-
saturated MR images, measurements of PMA (square
millimetres) were performed by two radiologists and accord-
ing to Cohen’s kappa test, the inter-reader agreement was
considered good (0.61–0.8). The inter-reader agreement was
k = 0.61, p < 0.05.

Intra-observer agreement of reader 1 and reader 2 for PMA
estimation were good (0.62 and 0.64), respectively.

Correlation

Comparing axial 5-mm-slice-thickness body CT images and
T1-weighted breast fat-saturated MR images, the Pearson r
correlation coefficient (– 1 < r < + 1) was 0.52 (95% CI

0.20–0.78). Comparing axial 1.25-mm slice thickness body
CT images and T1-weighted breast MR images, the Pearson
r (– 1 < r < + 1) correlation coefficient was 0.70 (95% CI
0.41–0.81) and the coefficient of determination (R2, 0 < R2 <
1) was 0.49, p < 0.05 (Fig. 3).

Discussion

The aim of this study was to evaluate if there was a correlation
between the psoas muscle area on CT images and the PMA on
MRI in breast cancer patients. We thus hypothesise that PMA,
like the psoas area, may serve as a surrogate marker of patient
survival and outcome that can easily be measured on standard
breast MRI in patients affected by breast cancer. To the best of
our knowledge, no previous studies with this purpose were
conducted. Kinsey et al [14] hypothesised that PMAmeasured
on chest CT scan can be associated with overall survival in
non-small cell lung cancer; Go et al [15] compared, with no
significant differences, the pectoralis versus lumbar skeletal

Table 1. Clinical data and cancer characteristics

Clinical data and cancer
characteristics

Number and
percentage

ER status Positive 16/24 (66.67%)

Negative 8/24 (33.33%)

PR status Positive 16/24 (66.67%)

Negative 8/24 (33.33%)

HER2/neu status Positive 10/24 (41.67%)

Negative 14/24 (58.33%)

Histological grade I 0

II 11/24 (45.83%)

III 13/24 (54.17%)

Cancer type IDC 20/24 (83.33%)

ILC 4/24 (16.67%)

Lymph node status Positive 9/24 (37.50%)

Negative 15/24 (62.50%)

Total psoas area
(1.25-mm slice thickness CT)

Mean value 466.02 mm2

Standard
deviation

206.38 mm2

Total psoas area
(5-mm slice thickness CT)

Mean value 509.96 mm2

Standard
deviation

226.82 mm2

Pectoralis muscle area
(axial T1-weighted fat saturated
images)

Mean value 793.30 mm2

Standard
deviation

455.84 mm2

Cancer type, histological grade, lymph node status, oestrogen and pro-
gesterone receptors, human epidermal growth factor receptor 2 were re-
trievable for 24/26 (92%). Mean values and standard deviation for mea-
surement data were also reported

ER oestrogen receptor, PR progesterone receptor, HER2 human epider-
mal growth factor receptor 2, IDC invasive ductal carcinoma, ILC inva-
sive lobular carcinoma, CT computer tomography
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muscle for defining sarcopenia in diffuse large B cell lympho-
ma. However, these studies were performed using CT images.
Furtner et al [20] evaluated the prognostic relevance of tem-
poral muscle thickness on MRI in brain metastasis in patients
with breast and lung cancer staging with CT scans.

The pectoral muscle was chosen as the muscle of interest
for our study because it is one of the few easily measurable
thoracic muscles, which is assessed on routinely obtained
breast MR images. Pectoralis muscle area is readily available
and does not require specific research protocols.

The results of our study suggest that the inter-reader
agreement between radiologists evaluating the psoas mus-
cle area on 1.25-mm-slice-thickness CT images was almost
perfect, better than on 5-mm images. The psoas muscle
area measurements are stable and not dependent on the
radiologist. The technique for measurement of PMA has
also been shown to be highly reproducible between differ-
ent readers. Indeed, the inter-reader agreement was good.
Interestingly, inter-observer agreement was lower for PMA
compared to TPA. Indeed, PMA estimation on breast MRI
is not a standard evaluation made by radiologists and pre-
cise Lewis angle identification could be difficult, especial-
ly for breast radiologists. We believe that a short period of
training will guarantee better results even among less ex-
perienced radiologists. On the contrary, TPA estimation at
L3 level is a simple evaluation with very god reproducibil-
ity data in our study and in medical literature [21].

Comparing axial 1.25-mm-slice-thickness body CT images
and T1-weighted breast MR images, the Pearson r correlation
coefficient was 0.70 (95%CI 0.41–0.81) and the coefficient of
determination was 0.49. To the best of our knowledge, no
previous studies correlated muscle cross-sectional area
assessed with two different imaging techniques. The results
suggest that PMA assessed on breast MR images was strongly
correlated with psoas muscle area on body CT images and it
could be used to assess women’s muscular status directly on
breast MRI even without body CT. The strong correlation
suggests that both imaging techniques could be used to esti-
mate muscle mass in cancer patients. Body CT could be less

available in breast cancer patients [12] compared to breast
MRI which is strongly recommended in preoperative staging
of newly diagnosed breast cancer [22]. Indeed, according to
recommendations, CT scans are not systematically used to
assess extension in breast cancer [7].

Moreover, the American Cancer Society (ACS) and National
Comprehensive Cancer Network (NCCN) guidelines suggest
annual breast MRI screening in women with a familial increased
risk for breast cancer and in women BRCA1+ or BRCA2+
[23–27]. Women who underwent radiation therapy of the chest
wall or mediastinum before age 30 also belong to the high-risk
group. Their risk starts about 10 years after radiation therapy.
AbbreviatedMRI protocols were recently introducedwith equiv-
alent performance compared to standard MRI protocols, making
this a breast imaging modality that could be considered as an
excellent screening tool even in non-high-risk populations [13].
Deluche et al stated that sarcopenia is an independent prognostic
factor in early breast cancer; therefore, assessing body composi-
tion could be a simple and useful approach to integrate into
patient management [7].

Even if evaluation of muscle mass could be achieved using
sophisticated methods such as 3D sampling or muscle volume
calculation, a strength of our study is to provide a quick and
easymethod to estimate muscle mass in breast cancer patients.

Some limitations of our study need to be acknowledged. A
known limitation is the retrospective nature of our study with a
suboptimal timing between CT and MRI. However, this data
introduces a bias that could reduce the magnitude of the cor-
relation; therefore, the positive correlation that we found could
be even stronger in a prospective study with less time distance
between CTandMRI. In addition, there were no T4 cancers or
cancers invading the pectoralis muscle. It is possible that in
patients with clear infiltration or disruption of the pectoralis
muscle, the accuracy of PMA on breast MRI could be
reduced.

Our data provide some evidence of potential clinical utility
of PMA assessment. Further prospective studies are warranted
to confirm these data on larger data sets regarding standard
clinical endpoints.

A limitation of our study is that muscle quality was not
evaluated. Indeed, muscle size, fibre type, architecture, aero-
bic capacity and intermuscular adipose tissue could contribute
to muscle quality and to cross-sectional muscle area. Further
studies could assess muscle quality with CT and MRI.

To increase measurement accuracy, precise evaluation and
strict adherence to the predefined anatomical landmarks for
PMAmeasurements are crucial. Therefore, a basic knowledge
of musculoskeletal anatomy could be necessary even for
breast radiologists. Another limitation is the relative small
sample size that limits the possibility to detect differences in
the subgroups of patients. We did not have the statistical pow-
er to further assess potential differences by histology in a
stratified analysis. The assessment of muscle mass is an area

Fig. 3 Correlation between total psoas area (TPA) and pectoralis muscle
area (PMA)
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of growing importance given its associations with adverse
outcomes and the routine use of advanced imaging with many
cancers.

Boutin et al showed that on body CTcontrast enhancement
of commonly measured muscles should be considered when
using CT attenuation values as biomarkers of sarcopenia [28].
In addition, muscular CT enhancement may be significantly
influenced by age, sex and unenhanced tissue attenuation [28].
Further studies are also warranted to evaluate the CT attenua-
tion value of psoas muscle and pectoralis muscle in breast
cancer patients. Patients with early stage breast cancer may
not have CT imaging available and the possibility of using
PMA instead when available could be useful.

In conclusion, our data show that PMA assessment could
be used as a potential indicator of muscular status in women
undergoing breast MRI. This data could be particularly useful
in women with no standard body CT available (high-risk
women or early breast cancer). PMAmay help to better define
muscular status in breast cancer patients and may optimise
patient selection for therapeutic intervention or clinical trials.
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