
Abstract. Background/Aim: To identify prognostic imaging
biomarkers from staging chest computed tomography (CT) in
patients with sarcomas. Patients and Methods:  CT scans for
baseline staging, and surveillance 1-year CT scans in patients
newly diagnosed with sarcoma were evaluated. Pectoralis
muscle area (PMA), pectoralis muscle index (PMI) and
pectoralis CT attenuation density (PMT) were measured. Cox
proportional-hazard models were used to determine the
association with progression-free survival (PFS) and overall
survival (OS). Results: There were 147 patients (53.1% male)
who were followed for a median 1,414 days (range=219-4851
days). Approximately 47.6% (70/147) of patients progressed
and 29.9% (44/147) died. Multivariable Cox-proportional
hazards models adjusting for gender, tumor grade and
chemotherapy treatment showed that a higher baseline PMT
and baseline PMI were associated with increased OS.
Conclusion: Higher baseline PMI and PMT are associated
with increased overall survival in patients with sarcoma.

Sarcomas are rare tumors of mesenchymal origin, and there are
approximately 15,000 new cases of bone or soft tissue sarcoma
diagnosed annually in the United States (1-3). Sarcomas have
a propensity to primarily metastasize to the lungs (3-7).
Patients with localized disease have a 5-year life expectancy
of approximately 81%, however, patients with metastatic
disease have a 5-year life expectancy that is closer to 16% (3-

7). Sarcopenia is the loss of muscle mass, quality and strength
(8). Patients with cancer often experience muscle loss, which
is a key component of cancer cachexia (8). Recent reports have
shown that measurements from computed tomography (CT)
studies of the abdomen and pelvis can be utilized to evaluate
muscle loss (9-15). The L3 skeletal muscle index (SMI) (areal
lumbar muscle area at the third lumbar vertebra adjusted for
height in meters squared) is commonly used as a proxy for
sarcopenia (9-15). Low SMI at L3 has been associated with
poor outcomes – decreased overall survival in patients with
multiple cancers, including melanoma, breast, uterine, colon
and esophageal cancer (9-15). 
The accepted treatment for local control of sarcomas is

radiation therapy and wide local surgical excision or
amputation. Because over 70% of sarcomas occur in the
legs/thigh (1-4), patients with sarcomas often undergo
surgery/amputations of the extremities, in particular the
lower extremity. These patients experience asymmetric
muscle mass loss in the ipsilateral psoas – the predominant
hip flexor after amputation/surgical reconstruction of the
lower extremity (Figure 1). Because the SMI at L3 includes
the psoas, the SMI at L3 is often an inappropriate marker for
sarcopenia in most patients with sarcoma. 
Patients with other cancers (including melanoma, breast,

uterine, colon and esophageal cancer) undergo surveillance
CT studies of the abdomen/pelvis as part of routine clinical
care (11-15). However, patients with sarcomas usually
undergo surveillance chest CT studies because the lung is the
most common site of sarcoma metastasis (6, 7). The National
Comprehensive Cancer Network (NCCN) guidelines
recommend considering CT studies of the abdomen and
pelvis only for surveillance in patients with retroperitoneal
liposarcoma, myxoid/round cell liposarcoma, epithelioid
sarcoma, angiosarcoma, and leiomyosarcoma. Because of
this, most patients with sarcomas do not routinely undergo
CT scans of the abdomen/pelvis for surveillance, and
therefore, the SMI at L3 cannot be calculated for all sarcoma
patients (11-15). 
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We hypothesized that imaging biomarkers that are
predictive of prognosis in patients with sarcoma, could be
obtained opportunistically from these surveillance chest CT
studies. The aim of this paper was to assess if there exists a
relationship between CT bone and muscle parameters, and
progression-free survival (PFS) and overall survival (OS) in
patients with sarcoma. 

Patients and Methods 

This retrospective study was Health Insurance Portability and
Accountability Act of 1996 (HIPAA) compliant and the study
protocol was reviewed and approved by the local institutional
review board (IRB). The requirement for signed informed consent
from each patient was waived by the IRB.

Patients. This study evaluated patients with newly diagnosed
histologically confirmed bone or soft tissue sarcoma, who were
treated at a single tertiary academic center between 01/01/2006 and
06/01/2018. Patients’ age, sex, height and weight at the time of
diagnosis were extracted from the medical record. The maximum
size of the primary tumor in centimeters at diagnosis, tumor grade,
and sarcoma tumor subtype were recorded. Patients were excluded
if they had sarcoma involving the T12 vertebral body, thoracic
muscles at T12, or the pectoralis muscles. 

Progression-free survival. The length of time in days from the date
of histological diagnosis to the development of local recurrence or
the development of pulmonary metastases was defined as the
progression-free survival (PFS). The time to the development of
pulmonary metastases in days was calculated as the time from the
date of histological diagnosis (the date the diagnosis was confirmed
histologically) until the time pulmonary nodules appeared on the
first surveillance chest CT study. If the pulmonary nodules were

indeterminate on that chest CT study, then the subsequent
surveillance chest CT was reviewed. If the pulmonary nodules were
growing in size or if they decreased in size after systemic
chemotherapy on the subsequent surveillance chest CT and if the
oncologist decided they were clinically consistent with metastases,
then the date of the surveillance chest CT where the nodules were
first identified was used to define the date of development of
pulmonary nodules. If the pulmonary nodules were biopsied and
histologically confirmed as metastases, then this date (the date the
nodule was first identified on CT) was used as the date of
development of pulmonary nodules. The time in days, from
diagnosis to histologically confirmed local recurrence was
calculated. The minimum time (time to the development of
pulmonary metastases compared to the time to local recurrence) was
used for the progression-free survival if both conditions occurred.
If the patient was lost to follow-up, then the patient was considered
censored at the last documented clinic visit/correspondence.

Overall survival. OS was calculated from the date the sarcoma
diagnosis was first confirmed histologically until the date the
patient was deceased. If the patient was lost to follow-up, then the
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Figure 1. Unenhanced computed tomography (CT) of the abdomen and
pelvis demonstrating asymmetric atrophy of the right psoas muscle
(white arrow) relative to the left at L3, in a 36-year-old male with an
undifferentiated pleomorphic sarcoma of the right thigh after
amputation of the right lower extremity 5 years prior. The patient has
no evidence of disease.  

Figure 2. Measurement of muscle cross-sectional area. A) Unenhanced
computed tomography (CT) of the chest demonstrating measurement of
the pectoralis cross-sectional area (PMA). Green shaded area
represents muscle area measured. B) Unenhanced CT of the chest
demonstrating measurement of the skeletal muscle cross-sectional area
(TMA) at T12. Yellow shaded area represents muscle area measured.



patient was considered censored at the last documented clinic
visit/correspondence. 

Chest CT parameters. Unenhanced chest CTs were performed using
a Siemens Somatom AS definition 128 slice CT scanner (Siemens
Healthineers, Erlagen, Germany). The following parameters were
used: 120 kVp, and slice thickness 1.25 mm. The tube current
automatically varied depending on body part imaged and patient
habitus to limit the radiation dose to the patient. Images were
evaluated using the soft tissue kernel. Patients were imaged in the

supine position with the arms placed above the head. Scanners were
calibrated (tolerance±4.0 HU) per the American College of
Radiology (ACR) guidelines using phantoms. All scans were
obtained in the supine position. 

Skeletal muscle measurements. The Digital Imaging and
Communications in Medicine (DICOM) files from the CT studies
were transferred into a database. CT images were processed using
3D Slicer software, and a previously published semi-automated
image analysis method was used to calculate the muscle cross-
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Table I. Demographic and clinical characteristics of study cohort.

                                                                                                                                      Gender                                                                                        

Variable                                                                    All (n=147)                             Male (n=78)                         Female (n=69)                            p-Value

Age in years (SD)                                                    47.5 (16.2)                               47.2 (17.3)                             47.7 (14.9)                                 0.853
Height in m (SD)                                                      1.72 (0.1)                                1.75 (0.10)                             1.67 (0.09)                               <0.001
Weight in kg (SD)                                                    80.7 (22.7)                               84.1 (23.9)                             76.8 (20.8)                                 0.052
Location                                                                                                                                                                                                                        0.007
  Abdomen/Pelvis                                                     28 (19.0%)                                9 (11.5%)                              19 (27.5%)
  Chest                                                                       13 (8.8%)                                11 (14.1%)                               2 (2.9%)
  Head & Neck                                                           3 (2.0%)                                   3 (3.8%)                                 0 (0.0%)
  Lower extremity                                                    79 (55.8%)                               40 (51.3%)                             39 (56.5%)
  Retroperitoneal                                                        2 (1.4%)                                   2 (2.6%)                                 0 (0.0%)
  Upper extremity                                                     22 (15.0%)                               13 (16.7%)                              9 (13.0%)
Maximum tumor size in cm (SD)                            10.5 (6.3)                                 10.5 (6.1)                               10.5 (6.5)                                  0.976
Tumor grade, n (%)                                                                                                                                                                                                     0.918
  Low                                                                         10 (6.8%)                                  6 (7.7%)                                 4 (6.0%)
  Intermediate                                                            10 (6.8%)                                  6 (7.7%)                                 4 (6.0%)
  High                                                                       115 (78.2%)                              60 (76.9%)                             55 (79.7%)
  Ungraded                                                                 12 (8.2%)                                  6 (7.7%)                                 6 (8.7%)
Chemotherapy, n (%)                                              105 (71.4%)                              58 (74.4%)                             47 (68.1%)                                 0.468
Radiation, n (%)                                                       75 (51.0%)                               39 (50.0%)                             36 (52.2%)                                 0.869
Surgery, n (%)                                                         124 (84.4%)                              65 (83.3%)                             59 (85.5%)                                 0.821
PMA in cm2 (SD)                                                   41.68 (19.8)                              47.5 (20.6)                             34.8 (16.3)                               <0.001
PMI in cm2/m2 (SD)                                                 14.2 (6.7)                                 15.2 (6.5)                               13.2 (6.9)                                  0.091
PMT in HU (SD)                                                      40.3 (10.1)                                41.5 (7.9)                              38.9 (12.1)                                 0.136
TMA in cm2 (SD)                                                    85.5 (27.2)                               95.9 (25.3)                             73.3 (24.2)                               <0.001
TMI in cm2/m2 (SD)                                                 28.9 (9.0)                                 30.0 (7.8)                              27.6 (10.1)                                 0.122
TMT HU (SD)                                                           37.8 (9.0)                                 38.8 (8.5)                               36.5 (9.4)                                  0.133
T12 HU (SD)                                                           201.0 (53.6)                             202.8 (51.6)                           198.9 (51.5)                                0.662
Delta PMA in cm2 (SD)                                         –4.32 (10.1)                             –5.05 (10.2)                           –3.46 (10.0)                                0.347
Delta PMI in cm2/m2 (SD)                                      –1.49 (3.6)                               –1.72 (3.3)                             –1.23 (4.0)                                 0.443
Delta PMT in HU (SD)                                             –1.3 (8.8)                                –2.29 (7.8)                              –0.1 (9.9)                                  0.147
Delta TMA in cm2 (SD)                                         –3.65 (11.7)                             –4.94 (13.8)                            –2.14 (8.3)                                 0.135
Delta TMI in cm2/m2 (SD)                                     –1.26 (4.0)                              –1.70 (4.54)                            –0.75 (3.2)                                 0.156
Delta TMT in HU (SD)                                             2.4 (6.5)                                  3.14 (6.8)                               1.57 (6.1)                                  0.148
Delta T12 (HU)                                                        –18.1(36.8)                              –19.2 (34.0)                           –16.8 (40.0)                                0.700

Values presented are means (standard deviation) or numbers (percentages %). HU: Hounsfield Units; y: years; PMA: pectoralis muscle cross-sectional
area at the time of diagnosis; PMI: pectoralis muscle index at the time of diagnosis; PMT: pectoralis muscle CT attenuation at the time of diagnosis;
TMA: muscle cross-sectional area at T12 at the time of diagnosis; TMI: muscle index at T12 at the time of diagnosis; TMT: mean CT attenuation of
the muscles at T12 at the time of diagnosis; T12 HU: T12 vertebral body CT attenuation in HU at the time of diagnosis; Delta PMA:  Pectoralis muscle
cross-sectional area at 1-year, minus pectoralis muscle cross-sectional area at the time of diagnosis; Delta PMI: Pectoralis muscle index at 1-year, minus
pectoralis muscle index at the time of diagnosis; Delta PMT: Pectoralis muscle CT attenuation at 1-year, minus pectoralis muscle CT attenuation at the
time of diagnosis; Delta TMA: Muscle cross-sectional area at T12 at 1-year, minus muscle cross-sectional area at T12 at the time of diagnosis; Delta
TMI: Muscle index at T12 at 1-year, minus muscle index at T12 at the time of diagnosis; Delta TMT: Mean CT attenuation of the muscles at T12 at 1-
year minus mean CT attenuation of the muscles at T12 at diagnosis; Delta T12: T12 vertebral body CT attenuation in HU at 1-year minus the T12
vertebral body CT attenuation in HU at the time of diagnosis. p-Values in bold represent statistically significant values.



sectional areas (16-26). The thoracic skeletal muscle area (TMA)
was first calculated. The vertebral body, ribs, outer and inner
thoracic fascia were identified at the T12 vertebral level to create
an enclosed region of interest. The TMA was the total cross-
sectional area of pixels within −29 to +150 Hounsfield Units (HU).
TMA was then normalized by the patient’s height in meters,
squared, to obtain the T12 skeletal muscle index (TMI). The mean
CT attenuation of the T12 skeletal muscle (TMT) was also
calculated (Figure 2A and B). The pectoralis muscle skeletal muscle
area (PMA) at the level of the sternomanubrial joint and pectoralis
muscle index (PMI) were calculated similarly. The mean CT
attenuation of the pectoralis muscles (PMT) were also utilized as
predictors in the analysis. The pectoralis muscle was chosen because
it is a large muscle that is clearly visible on all chest CT studies.
The 1-year change in the TMI (delta TMI), TMT (delta TMT), PMI
(delta PMI) and PMT (delta TMT) were calculated by subtracting
the initial values from the initial surveillance chest CT study from
values from the corresponding 1-year surveillance chest CT study.

Bone measurements. The CT attenuation of a vertebral body is
associated with the bone mineral density (BMD) (27, 28), and has
been associated with poor outcomes in patients with prostate cancer
(27, 28). A large region of interest (ROI) measuring approximately
1 cm in diameter was placed over the vertebral body, taking care to
avoid the cortex or hemangiomas. The CT attenuation of T12 at the
initial surveillance CT study (T12 HU) and the 1-year change in the
T12 HU were used as predictors in the analysis.

Statistical analyses. Summary statistics for all variables were
calculated. Clinical and demographic variables were compared
between genders using t-tests with unequal variances for
quantitative variables, and Fisher’s exact tests for qualitative
variables. Pearson’s correlations were used to assess the correlations
between TMI, TMT, PMI, PMT, and T12 HU. Univariate Cox
proportional hazards models were used to evaluate the association
between the demographic/clinical variables and OS and PFS,
analyzing males and females separately. After adjusting for the
variables, which were significant in the univariate analysis (grade,
chemotherapy), age and gender were used to assess whether the CT
muscle and bone measurements remained predictors of PFS and OS
in patients with sarcoma. Statistical analysis was performed using
R statistical software v3.4 (Vienna, Austria). All statistical tests were

two-sided. The Bonferroni correction was utilized to preserve the
Type I error rate, and a p-value<0.005 was considered statistically
significant for the multivariable Cox proportional hazards models.

Results

There were 147 patients retrospectively identified and
followed for an average 1,708 days (range=219-4,851 days).
Undifferentiated pleomorphic sarcoma (UPS)/Malignant
fibrous histiocytoma (MFH) was the most common subtype
(27/147=18.4%), followed by Ewing sarcoma
(19/147=12.9%), leiomyosarcoma (18/147=12.2%), synovial
sarcoma (15/147=10.2%) and myxofibrosarcoma
(14/147=9.5%). Approximately 4.1% (6/147), 16.3%
(24/147), 70/147 (47.6%), 29.9% (44/147) and 2.0% (3/147)
of patients were American Joint Committee on Cancer
(AJCC) stage I, II, III, IV and unknown, respectively. The
mean (standard deviation) age of the patients was 47.5 (16.2)
years. Approximately 53.1% (78/147) of the cohort were
male. As expected, men were on average taller (p<0.001)
than women. All baseline areal muscle measurements were
on average larger in men than women. The average PMA
(p<0.001) and TMA (p<0.001) were significantly larger in
men than women (Table I). Approximately 47.6% (70/147) of
patients progressed and 29.9% (44/147) died of their disease.
Older age was negatively associated with lower PMT (r=–
0.27, p=0.001), lower TMT (r=–0.51, p<0.001), and lower
T12 HU (r=–0.60, p<0.001). 
Among males, PMI was positively correlated with TMI

(r=0.74, p<0.001). PMT and TMT were also correlated
(r=0.83, p<0.001). Among males, T12HU was strongly
correlated with PMT (r=0.25, p=0.027) and TMT (r=0.43,
p<0.001) (Table II). Among females, PMI was also positively
correlated with TMI (r=0.86, p<0.001). T12 HU was also
strongly correlated with PMT (r=0.29, p=0.017) and TMT
(r=0.50, p<0.001). We also found that PMT and TMT were
positively correlated within females (r=0.75, p<0.001).
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Table II. Correlations between bone and muscle CT measurements at the time of diagnosis.

                                                                                                                                            Males                                                                                 

                                                             TMI                               TMT                                 PMI                                  PMT                                 T12HU

Females        TMI                                    -                           –0.05 (0.694)                   0.74 (<0.001)                     0.15 (0.202)                       0.01 (0.903)
                     TMT                         0.15 (0.256)                            -                               0.07 (0.553)                     0.83 (<0.001)                     0.41 (<0.001)
                     PMI                         0.86 (<0.001)                  0.25 (0.044)                               -                               0.27 (0.023)                       0.23 (0.049)
                     PMT                         0.09 (0.484)                  0.75 (<0.001)                    0.29 (0.023)                               -                                0.25 (0.027))
                     T12HU                     0.20 (0.116)                  0.50 (<0.001)                    0.30 (0.017)                      0.29 (0.017)                                 -

Male correlations are in the upper triangle. Female correlations are in the lower triangle. Numbers in parenthesis represent p-values. PMI: Pectoralis
muscle index at the time of diagnosis; PMT: pectoralis muscle CT attenuation at the time of diagnosis; TMI: muscle index at T12 at the time of
diagnosis; TMT: mean CT attenuation of the muscles at T12 at the time of diagnosis; T12 HU: T12 vertebral body CT attenuation in HU at the
time of diagnosis. p-Values in bold are statistically significant.



Univariate Cox proportional hazards analyses results for
PFS and OS are shown in Table III. Kaplan–Meier curves
evaluating sarcoma survival are shown for PMT (Figure 3A
and B) and PMI (Figure 4A and B). Multivariable Cox-
proportional hazards models adjusting for age, gender, tumor
grade and chemotherapy treatment showed that higher
baseline PMT (HR=0.97, 95%CI=0.95-0.99) and higher
baseline PMI (HR=0.99, 95%CI=0.9987-0.9996) were
associated with increased OS (Table IV).

Discussion

The results of this study show that sarcoma patients with
higher baseline PMT and PMI had increased OS. This
suggests that the amount of baseline cross sectional area and
fatty infiltration of the pectoralis musculature were
associated with increased OS independent of tumor grade
and chemotherapy. The data also show that the CT
attenuation of the T12 vertebral body was positively
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Figure 4. Association between pectoralis muscle index and overall survival. A) Kaplan–Meier Curves for sarcoma survival by pectoralis muscle
index (PMI) for men. p-Value was obtained using the Log-rank test. B) Kaplan–Meier Curves for sarcoma survival by PMI for women. p-Value was
obtained using the Log-rank test.

Figure 3. Association between pectoralis muscle computed tomography attenuation and overall survival. A) Kaplan–Meier Curves for sarcoma
survival by pectoralis muscle computed tomography attenuation (PMT) for men. p-Value was obtained using the Log-rank test. B) Kaplan–Meier
Curves for sarcoma survival by PMT for women. p-Value was obtained using the Log-rank test.



correlated with PMI, TMT and PMT in both males and
females.  
Muscle loss is known to be an independent predictor of

survival in patients with hepatocellular carcinoma after
hepatectomy (12), stage III melanoma (15), pancreatic
adenocarcinoma after resection (13, 14), lung adenocarcinoma

(9-11), prostate cancer (29), ovarian cancer (30), breast cancer
(22, 31), esophageal cancer (20, 21), and colorectal cancer (16).
Therefore, other studies support our findings, and suggest that
surveillance CT studies may have imaging biomarkers that can
be used to predict patient prognosis, and show that muscle loss
is associated with poor prognosis and decreased overall survival. 
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Table III. Univariate Cox-proportional hazards analysis predicting progression free survival (PFS) and overall survival (OS) by gender.

Gender       Variable                                             PFS Hazard ratio      PFS 95%CI       PFS p-Value     OS Hazard ratio       OS 95%CI      OS p-Value

Males         Age at diagnosis (y)                                   1.01                 (0.99, 1.03)             0.261                     1.02                 (1.00, 1.03)           0.088
                   Height (m)                                                   5.24                 (0.15-189.4)             0.365                     3.75                (0.18,78.06)          0.394
                   Weight (kg)                                                 1.00                 (0.99, 1.02)             0.629                     1.01                 (1.00, 1.02)           0.034
                   Maximum tumor size in cm                        0.99                  (0.99,1.00)              0.352                     0.99                 (0.99,1.00)           0.708
                   Tumor grade II                                            0.11                  (0.02,0.67)              0.016                     0.14                 (0.04,0.52)           0.003
                   Tumor grade III                                          0.35                  (0.11,1.07)              0.066                     0.20                 (0.08,0.52)           0.001
                   Chemotherapy                                             0.72                  (0.34,1.57)              0.413                     0.43                 (0.24,0.78)           0.006
                   Radiation                                                     1.01                  (0.99,1.97)              0.973                     1.16                 (0.68, 1.99)           0.579
                   Surgery                                                        0.69                  (0.26,1.84)              0.455                     0.76                 (0.37,1.57)           0.462
                   PMI (cm2/m2)                                             1.00                 (1.00, 1.00)             0.087                     0.99                 (0.99, 0.99)           0.004
                   PMT (HU)                                                   0.98                 (0.94, 1.02)             0.415                     0.97                 (0.94, 1.01)           0.060
                   TMI (cm2/m2)                                             1.00                 (1.00, 1.00)             0.960                     0.99                 (0.99, 0.99)           0.420
                   TMT (HU)                                                   0.98                 (0.94, 1.02)             0.421                     0.97                 (0.94, 1.01)           0.061
                   T12 HU (HU)                                              0.99                 (0.99, 1.00)             0.050                     0.99                 (0.99, 1.00)           0.137
                   Delta PMI (cm2/m2)                                   1.01                 (1.00, 1.01)             0.059                     1.01                 (1.00,1.01)           0.002
                   Delta PMT (HU)                                         0.96                 (0.91, 1.02)             0.157                     0.97                 (0.92, 1.02)           0.186
                   Delta TMI (cm2/m2)                                   1.00                 (1.00, 1.01)             0.752                     1.00                 (0.99, 1.00)           0.228
                   Delta TMT (HU)                                         1.00                 (0.99, 1.13)             0.091                     1.04                 (0.98, 1.10)           0.235
                   Delta T12 (HU)                                           1.00                 (0.99, 1.01)             0.488                     1.00                 (1.00, 1.01)           0.315
Females      Age (y)                                                        1.00                 (0.98, 1.03)             0.665                     1.01                 (0.99, 1.03)           0.274
                   Height (m)                                                   0.35                (0.01, 36.02)            0.654                     1.61                (0.03, 83.46)          0.812
                   Weight (kg)                                                 1.01                 (0.99, 1.02)             0.507                     1.01                 (0.99, 1.02)           0.159
                   Maximum tumor size in cm                       0.99                  (0.99,1.00)              0.841                     0.99                 (0.99,1.00)           0.700
                   Tumor grade II (Grade I reference)            0.88                  (0.08,9.77)              0.917                     0.70                 (0.14,3.48)           0.661
                   Tumor grade III (Grade I reference)            0.82                  (0.11,6.11)              0.844                     0.45                 (0.13,1.51)           0.196
                   Chemotherapy                                             0.61                  (0.29,1.29)              0.195                     0.40                 (0.21,0.77)           0.006
                   Radiation                                                     0.66                  (0.35,1.25)              0.203                     0.64                 (0.36,1.15)           0.133
                   Surgery                                                        0.47                  (0.20,1.08)              0.073                     0.87                 (0.31,2.45)           0.785
                   PMI (cm2/m2)                                             1.00                 (1.00, 1.01)             0.789                     0.99                 (0.99, 1.00)           0.534
                   PMT (HU)                                                   0.97                 (0.94, 1.00)             0.029                     0.97                 (0.94, 0.99)           0.012
                   TMI (cm2/m2)                                             1.00                 (1.00, 1.01)             0.452                     1.00                 (0.99, 1.00)           0.388
                   TMT (HU)                                                   0.96                 (0.92, 0.99)             0.026                     0.96                 (0.92, 0.99)           0.019
                   T12 HU (HU)                                              0.99                 (0.99, 1.00)             0.076                     1.00                 (0.99, 1.00)           0.153
                   Delta PMI (cm2)                                         1.00                 (1.00, 1.01)             0.110                     1.00                 (1.00, 1.01)           0.022
                   Delta PMT (HU)                                         1.00                 (0.98, 1.03)             0.853                     1.00                 (0.98, 1.03)           0.616
                   Delta TMI (cm2/m2)                                   1.00                 (1.00, 1.01)             0.837                     1.00                 (0.99, 1.00)           0.278
                   Delta TMT (HU)                                         0.97                 (0.93, 1.02)             0.248                     0.99                 (0.94, 1.03)           0.607
                   Delta T12 (HU)                                           1.01                 (1.00, 1.02)             0.037                     1.01                 (0.99, 1.01)           0.180

HU: Hounsfield Units; y: years; PMA: pectoralis muscle cross-sectional area at the time of diagnosis; PMI: pectoralis muscle index at the time of
diagnosis; PMT: pectoralis muscle CT attenuation at the time of diagnosis; TMA: muscle cross-sectional area at T12 at the time of diagnosis; TMI:
muscle index at T12 at the time of diagnosis; TMT: mean CT attenuation of the muscles at T12 at the time of diagnosis; T12 HU: T12 vertebral
body CT attenuation in HU at the time of diagnosis; Delta PMA: Pectoralis muscle cross-sectional area at 1-year, minus pectoralis muscle cross-
sectional area at the time of diagnosis; Delta PMI: Pectoralis muscle index at 1-year, minus pectoralis muscle index at the time of diagnosis; Delta
PMT: Pectoralis muscle CT attenuation at 1-year, minus pectoralis muscle CT attenuation at the time of diagnosis; Delta TMA: Muscle cross-
sectional area at T12 at 1-year, minus muscle cross-sectional area at T12 at the time of diagnosis; Delta TMI: Muscle index at T12 at 1-year, minus
muscle index at T12 at the time of diagnosis; Delta TMT: Mean CT attenuation of the muscles at T12 at 1-year minus mean CT attenuation of the
muscles at T12 at diagnosis; Delta T12: T12 vertebral body CT attenuation in HU at 1-year minus the T12 vertebral body CT attenuation in HU at
the time of diagnosis. Bold p-values are statistically significant.



One prior study investigating muscle loss in patients with
sarcoma found no association between muscle loss assessed
by evaluating the height-adjusted psoas CSA at L3 and
overall survival (16). However, there are key differences
between our study and this prior study. We adjusted for
gender, height, and grade rather than just height. We were not
interested in estimating sarcopenia – instead we were
interested in identifying a CT imaging biomarker that could
be used for sarcoma prognosis. Patients with both bone and
soft tissue sarcomas were included in our study, whereas in
the prior study, only patients with soft tissue sarcoma were
evaluated. In addition, we analyzed CT measures of muscle
and bone density as continuous variables rather than binary
variables – which gives our study more power to detect an
association (32). 
Muscle loss is a key component of cancer cachexia, and

thought to be multifactorial. Environmental causes of muscle
loss may include decrease in physical activity and decrease
in nutritional intake (33). Patients with progressing sarcoma,
like other cancers, may be less active due to fatigue and pain
and may suffer from anorexia (33). Muscle loss may be
related to decreases in hormones that are important for
preservation of muscle mass such as testosterone, dehydro-
epiandrosterone sulfate (DHEAS), insulin-like growth factor
-1 and estrogen (33-38). It is unclear whether decreases in
these hormones contribute to muscle loss in patients with
sarcoma. Future research is required to assess how all of these
factors contribute to muscle loss in patients with sarcoma.

Another interesting finding was that PMI was strongly
correlated with the CT measure of bone mineral density in
both men and women. One possible explanation for this
finding is that individuals that are more active have larger
PMI and develop increased BMD, and suggests that bone
density and muscle mass are correlated.
This study has a few limitations. This study is based on

patients treated at a single tertiary care academic center.
The retrospective nature of the study makes it susceptible
to ascertainment biases due to referral patterns. Sarcomas
are a heterogeneous group of tumors of mesenchymal
origin and the optimal treatment depends on the tumor
histology. Some tumor types such as osteosarcomas, Ewing
sarcoma and myxoid round cell tumors, and metastatic
disease are treated with chemotherapy and corticosteroids.
Patients with these sarcoma subtypes and metastatic disease
may be more susceptible to increased muscle loss because
of their treatment, however our analysis adjusted for
chemotherapy treatment, which should have mitigated this
problem. In conclusion, increased baseline PMI and PMT
are associated with better OS after adjusting for patient age,
height, tumor grade and chemotherapy in patients with
sarcoma.
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Table IV. Multivariable Cox-proportional hazards analyses predicting progression-free survival (PFS) and overall survival (OS) after adjusting for
age, gender, grade and history of prior chemotherapy.

Variable                                    PFS Hazard ratio           PFS 95%CI             PFS p-Value          OS Hazard ratio              OS 95%CI             OS p-Value

PMI (cm2/m2)                                    0.99                     (0.99, 0.99)                  0.004                         0.99                        (0.99, 0.99)                 <0.001
PMT (HU)                                          0.97                     (0.95, 0.99)                  0.019                         0.97                        (0.95, 0.99)                   0.005
TMI (cm2)                                          0.99                     (0.99, 1.00)                  0.090                         1.00                        (0.99, 1.00)                   0.179
TMT (HU)                                         0.95                     (0.92, 0.99)                  0.012                         0.96                        (0.94, 0.99)                   0.016
T12 HU (HU)                                    0.99                     (0.98, 0.99)                  0.034                         0.99                        (0.99, 1.00)                   0.570
Delta PMI (cm2/m2)                          1.00                     (0.99, 1.00)                  0.157                         1.00                        (1.00, 1.01)                   0.014
Delta PMT (HU)                                0.99                     (0.97, 1.01)                  0.523                         0.99                        (0.97, 1.01)                   0.421
Delta TMI (cm2/m2)                          1.00                     (0.99, 1.00)                  0.984                         1.00                        (0.99, 1.00)                   0.222
Delta TMT (HU)                                0.99                     (0.95, 1.04)                  0.736                         0.97                        (0.93, 1.01)                   0.165
Delta T12 (HU)                                 1.00                     (0.99, 1.01)                  0.056                         1.00                        (0.99, 1.01)                   0.282

HU: Hounsfield Units; y: years; PMA: pectoralis muscle cross-sectional area at the time of diagnosis; PMI: pectoralis muscle index at the time of
diagnosis; PMT: pectoralis muscle CT attenuation at the time of diagnosis; TMA: muscle cross-sectional area at T12 at the time of diagnosis; TMI:
muscle index at T12 at the time of diagnosis; TMT: mean CT attenuation of the muscles at T12 at the time of diagnosis; T12 HU: T12 vertebral
body CT attenuation in HU at the time of diagnosis; Delta PMA: Pectoralis muscle cross-sectional area at 1-year, minus pectoralis muscle cross-
sectional area at the time of diagnosis; Delta PMI: Pectoralis muscle index at 1-year, minus pectoralis muscle index at the time of diagnosis; Delta
PMT: Pectoralis muscle CT attenuation at 1-year, minus pectoralis muscle CT attenuation at the time of diagnosis; Delta TMA: Muscle cross-
sectional area at T12 at 1-year, minus muscle cross-sectional area at T12 at the time of diagnosis; Delta TMI: Muscle index at T12 at 1-year, minus
muscle index at T12 at the time of diagnosis; Delta TMT: Mean CT attenuation of the muscles at T12 at 1-year minus mean CT attenuation of the
muscles at T12 at diagnosis; Delta T12: T12 vertebral body CT attenuation in HU at 1-year minus the T12 vertebral body CT attenuation in HU at
the time of diagnosis. Bold p-values are statistically significant.
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