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BACKGROUND: Predicting survival of patients with spinal metastases would help stratify
treatments from aggressive to palliation.
OBJECTIVE: To evaluatewhether sarcopenia predicts survival in patientswith lung, breast,
prostate, or multiple myeloma spinal metastases.
METHODS: Psoas muscle measurements in patients with spinal metastasis were taken
from computed tomography scans at 2 time points: at first episode of stereotactic
body radiation therapy (SBRT) and from the most recent scan available. Overall survival
and hazard ratios were calculated with multivariate cox proportional hazards regression
analyses.
RESULTS: In 417 patients with spinal metastases, 40% had lung cancer, 27% breast, 21%
prostate, and 11% myeloma. Overall survival was not associated with age, sex, ethnicity,
levels treated, or SBRT volume. Multivariate analysis showed patients in the lowest psoas
tertile had shorter survival (222 d, 95% CI = 185-323 d) as compared to the largest tertile
(579 d, 95% CI = 405-815 d), (HR1.54, P = .005). Median psoas size as a cutoff value was
also strongly predictive for survival (HR1.48, P = .002). Survival was independent of tumor
histology. The psoas/vertebral body ratio was also successful in predicting overall survival
independent of tumor histology and gender (HR1.52, P< .01). Kaplan–Meier survival curves
visually represent survival (P = .0005).
CONCLUSION: In patients with spine metastases, psoas muscle size as a hallmark of
frailty/sarcopenia is an objective, simple, and effective way to identify patients who are
at risk for shorter survival, regardless of tumor histology. This information can be used to
helpwith surgical decisionmaking in patientswith advanced cancer, as patientswith small
psoas sizes are at higher risk of death.
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C reating valid, accurate, and reliable
markers of overall survival in the field
of oncology would optimize treatment

allocation (whether chemotherapy, radiation,
surgery, or palliation) for vulnerable cancer
patients. This concept is especially relevant to
patients who have spinal metastases, as according
to the TNMClassification ofMalignant Tumors,
most of these patients will have stage IV disease

ABBREVIATIONS: CT, computed tomography; HR,
hazard ratios; mFI, modified frailty index; SBRT,
stereotactic body radiation therapy

and, by definition, will have the lowest rate
of survival. However, select patients often
routinely undergo resource-intensive surgery for
their metastatic spinal disease, as it has been
shown that combined surgical resection and
radiation is superior to radiotherapy alone
in terms of overall survival, neurological
outcome, and pain control.1-7 Unfortunately,
these procedures are not only expensive and
potentially morbid (with the development
of a complication removing any survival
benefit),8-13 they ultimately delay the definitive
oncologic treatments of chemotherapy and
radiotherapy.14
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In a cost-conscious environment with limited resources, both
patients and society will gain when aggressive and expensive
cancer treatment, whether it be surgery, radiation, chemotherapy,
or a combination, is reserved only for those patients most likely
to benefit.15 Outcome models may offer providers, families, and
patients with objective end-of-life data to help guide treatment
decision making, but current models for patients with spine
metastasis are insufficient and focus on single histologies.16-19
In choosing whether surgery is appropriate for spinal metastasis,
scoring systems have been developed to guide surgical decision
making,14,20-23 but validity studies have identified inaccuracies
in predicting postoperative morbidity and overall survival.7,24-26
New objective measurements to provide realistic and accurate
expectations for overall survival and fitness for treatments in
patients with spine metastases would prove beneficial in strati-
fying and selecting therapeutic options.
One of the hallmarks of human senescence is that of frailty,

which has been defined as a decreased reserve to physiologic
stressors.27,28 Identifying a frail patient carries clinical impor-
tance, as this population is at an increased risk for postoper-
ative morbidity and mortality.29,30 The direct measurement of
frailty is impractical,31,32 and so sarcopenia (lack of muscle mass)
has been used successfully as a surrogate to predict postoperative
outcomes,33-37 including after lumbar spine surgery.38 During
oncologic surgery, sarcopenia has been used to identify patients
at risk for postoperative morbidity and shorter progression-free
survival,39-42 and it has been revealed that the association of
increased muscle mass and longer overall survival is independent
of a surgical procedure.43-49

We have previously shown that sarcopenic patients with lung
cancer spinal metastases have decreased overall survival.50 In
this study, we expanded our previous approach to use the
frailty/sarcopenia paradigm to predict overall survival in patients
with lung, breast, prostate, or myeloma spinal metastases. Our
hypothesis is that sarcopenia can be used as a unique predictor of
overall mortality in patients with spine metastasis.

METHODS

Study Design, Setting, and Participants
This study was conducted after approval from our Institutional

Review Board (IRB no. 4370), and no patient consent was required
because of the retrospective nature of this study. From an index of
patients having undergone stereotactic body radiation therapy (SBRT)
for metastatic spine cancer at our institution from 2002 to 2012, we
retrospectively identified those with lung, breast, prostate, or multiple
myeloma. In patients with both lung and breast or prostate cancer, the
lung cancer diagnosis was used for analysis. Although external beam
radiation therapy is typically used for myeloma spinal metastases, the
patients in this cohort were carefully selected to receive SBRT. Recom-
mendations were made by consensus opinion at a multidisciplinary spine
tumor board attended by radiation oncologists, neurosurgeons, neurora-
diologists, and medical oncologists.

Data Sources, Variables, Bias, and Study Size
The primary data source was the electronic medical record. Morpho-

metric analysis of the psoas muscle at the L4 vertebral level was
performed using previously described methodology.50-53 Briefly, the area
(in centimeters squared) of each patient’s psoas muscle was measured
and recorded. In addition, the L4 vertebral body area was measured
and recorded in the same fashion. This methodology was applied to
computed tomography (CT) scans at two time points, the closest (within
200 d) to the first SBRT (SBRT-CT), as well as to the most recent
CT available (recent CT). Although only a small percentage of patients
received spine surgery (15%), most procedures (∼70%) occurred within
200 d of the first SBRT as well. The primary outcome was overall
survival from imaging. Other demographic variables such as age, gender,
ethnicity, number of spinal levels treated, type of cancer, spine surgery,
medication use (bisphosphonates and antiangiogenesis), post-SBRT
chemotherapy, and SBRT target volume were also considered. A 5
factor modified frailty index (mFI) at the time of first SBRT was also
included.54 The mFI has been shown to be a powerful indicator of a
patient’s overall health status, predicting survival and morbidity after
surgical procedures.55,56 Given the retrospective nature of this study, we
are unable to account for unintended bias as well as for study size.

Quantitative Variables and Statistical Methods
Psoas muscle sizes were divided into tertiles according to average psoas

area. To account for gender-specific differences, male and female psoas
sizes were divided into separate groups and stratified accordingly, except
where otherwise stated. In addition, the ratio of the average psoas area
to the L4 vertebral body area (P: VBA ratio) was also measured; this
was done to account for patients of smaller stature, who are not neces-
sarily frailer. The rationale is that both vertebral body size and psoas size
are dependent on stature under normal physiologic conditions; however,
whereas psoas size can decrease with frailty/sarcopenia, vertebral body
size should not, and so, the ratio may correct for stature-related psoas
size differences. The use of this ratio had been described previously.50 In
addition to stratifying our cohort into tertiles, analysis of those above and
below the median psoas size was also performed. The primary outcome
was overall survival, which was calculated from the date of the patient’s
CT scan to date of death or last follow-up. The median survival time
(in days) along with the corresponding 95% confidence interval were
computed using Kaplan–Meier estimates for all patients, as well as for
the variables of interest. Cox proportional hazards regression analyses
were done to estimate the hazard ratios (HR) and test for differences
in the variables of interest. This was used for both the univariate and
multivariate analyses. The testing level was set at 0.05. All analyses
were performed using SAS version 9.4 (SAS Institute Inc, Cary, North
Carolina).

RESULTS

Participants and Descriptive Data
There were 417 patients with spinal metastases from lung

cancer, breast cancer, prostate cancer, or multiple myeloma that
had recent imaging available and 369 patients with imaging
available at SBRT. Seven patients had both lung and breast or
prostate cancer. The SBRT-CT cohort had an average age of
65.3 yr, with about equal split of males and females, and 53%
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of patients Caucasian, 39% African American, and 5% other
(Table 1). Of these patients, 40% received single-level SBRT and
15% underwent a spinal surgical procedure. The demographics
for the recent CT cohort patients are similar (Table 1).

Outcome Data andMain Results
The median survival of SBRT-CT patients was 356 d (95%

CI = 298-445 d) and for recent CT patients it was 173 d (95%
CI = 140-204 d). Table 2 illustrates the univariate relationship
of median overall survival with patient demographic and medical
information, with HR and P values for specific variables of
interest. Patient age, gender, ethnicity, number of levels treated
with SBRT, andmFI did not affect overall survival. The SBRT-CT
cohort survival was affected by spine surgery, bisphosphonate use,
antiangiogenesis medication use, post-SBRT chemotherapy, and
SBRT target volume. Overall survival was associated with primary
tumor histology and with myeloma patients having significantly
longer survival compared to the other three groups (P < .001).
Table 3 illustrates the relationship of median overall survival

with morphometric measurements (sarcopenia), with HR with
P values for the variables of interest. Average psoas size signifi-
cantly predicted overall survival. In the SBRT cohort and after
multivariate analysis, patients in the 1st tertile (smallest muscle
area) for average psoas size had significantly shorter survival than
those in the 3rd tertile (largest muscle area): 222 d vs 579, HR
1.54 (95% CI = 1.14-2.09), P = .005. Median psoas size also
predicted survival in this population of patients, with patients
above median having a longer lifespan (HR 1.48, P = .002).
The ratio of average psoas size to vertebral body area (P: VBA
ratio) showed similar results; 1st tertile had significantly shorter
survival than the 3rd tertile (HR 1.45, P = .019). Patients above
the median for P: VBA ratio had significantly longer survival (HR
1.32, P = .024).
The recent CT cohort also had statistically significant findings

after multivariate analysis. Not only did the 1st and 3rd tertiles
have significant differences in survival (HR 2.02, P < .001), but
differences were also observed when comparing the 1st and 2nd
tertiles (HR 1.36, P = .024) and the 2nd and 3rd tertiles (HR
1.48, P = .005). Median psoas size was strongly predictive of
survival in this cohort (HR 1.73, P< .001), and the P: VBA ratio
showed significance when comparing the medians (HR 1.52,
P < .001), 1st vs 3rd tertiles (HR 1.87, P < .001), and 2nd
vs 3rd tertiles (HR 1.65, P < .001), but not 1st vs 2nd tertiles.
Kaplan–Meier survival curves of the SBRT cohort illustrate the
differences in survival between different tertiles (Figure 1, log-
rank test, P = .0005).
Because of gender-specific differences, our previous model

relied on splitting male and female psoas sizes into separate
groups. One of our hypotheses is that the P: VBA ratio should
account for gender-specific differences, and so repeat calculations
were performed without separating males and females (Table 4).
P: VBA ratio tertiles significantly predicted survival of the overall
population in both the SBRT-CT and the recent CT cohorts.

In the SBRT-CT cohort, patients in the 1st tertile had signif-
icantly shorter survival than those in the 3rd tertile, HR 1.52
(95% CI = 1.11-2.09), P = .009. Patients in the 2nd tertile
also had significantly longer survival than those in the 3rd tertile,
HR 1.54 (95% CI = 1.14-2.09), P = .005. Patients above the
median for P: VBA ratio also had significantly longer survival
as well, HR 1.37 (95% CI = 1.06-1.77), P = .014. Similar
results and trends were observed in the recent CT cohort. The
nongendered cutoffs in the SBRT-CT cohort (Table 4) consis-
tently produced stronger and more significant predictions than
the gendered cutoffs (Table 3). Kaplan–Meier survival curves of
the SBRT-CT cohort illustrate the ability of the P: VBA ratio to
differentiate survival (Figure 2), log-rank P = .0001.

DISCUSSION

Key Results
Our results highlight the utility of morphometric analysis of

psoas size as a surrogate for frailty/sarcopenia in predicting overall
survival in patients with a variety of cancers. This study illus-
trates that patients with spinal metastases (from lung, breast,
prostate, or multiple myeloma) and clinical signs of sarcopenia,
as measured by psoas size, have decreased overall survival. This
survival difference was irrespective of primary tumor histology, as
well as other demographic, oncologic, functional, and therapeutic
factors on multivariate analysis. The ability to predict overall
survival of patients with different types of cancer in different
stages of disease (stage IV for prostate, lung, and breast only)
using a single methodology (psoas size measurements) is novel
and implies that the frailty/sarcopenia technique can be broadly
applied to assist in oncologic decision making. These findings are
consistent with our previously published work,50 as well as with
the literature generally, which suggests that frailty/sarcopenia is
an accurate marker of a patient’s overall health and subsequently
their ability to survive malignancy.

Interpretation
As we show that the frailty/sarcopenia paradigm can predict

overall survival independent of tumor histology and stage of
disease, these results have broad implications within the field
of oncology. All of the patients with lung, breast, and prostate
cancer had stage IV disease by the nature of having distant
bony metastases; whereas multiple myeloma is staged indepen-
dently of osseous metastasis,57 the burden of bony disease has
been shown to independently decrease quality of life as well as
increase the risk of mortality.58-60 We were able to identify that
psoas size and P: VBA ratio can accurately predict overall survival
in patients with late stage disease, regardless of primary cancer
type. The P: VBA ratio also allows for gender-neutral cut-points,
with the potential of introducing a single numerical value that
can be applied clinically to predict survival. This process can
theoretically be applied to any patients with spine metastasis to
predict overall survival, irrespective of their primary tumor type.
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SARCOPENIA, SPINE METASTASES, AND OVERALL SURVIVAL

TABLE 2. The Effects of Patient Demographics on Survival

CTWithin 200 d of First SBRT Most recent CT

Variable
Median survival
in days (95% CI)

Unadjusted
Hazard Ratio

(95% CI) P value
Median survival
in days (95% CI)

Unadjusted
Hazard Ratio

(95% CI) P value

Age at CT (Increase of 10
years)

1.09 (0.98, 1.20) .107 (Increase
of 10 years)

1.04 (0.94, 1.14) .475

Gender Male 332 (261, 471) 1.06 (0.85, 1.3) .585 191 (138, 234) 0.88 (0.72, 1.09) .238
Female 391.5 (298, 502) Ref 157 (115, 201) Ref

Ethnicity Caucasian 340 (272, 434) Ref .184 179 (145, 222) Ref .381
African

American
433 (302, 600) 0.84 (0.66, 1.06) 162 (115, 230) 0.84 (0.68, 1.05)

Other 191 (40, NA) 0.71 (0.38, 1.36) 132 (40, NA) 0.75 (0.41, 1.38)
N/A 211.5 (48, 519) 1.42 (0.77, 2.61) 85 (33, 519) 1.09 (0.59, 2.00)

Number of treated levels Single 348 (222, 435) 1.00 (0.8, 1.25) .985 179 (124, 237) 0.86 (0.7, 1.07) .174
Multiple 391.5 (306, 525) Ref 173 (132, 211) Ref

Spine surgery Yes 513 (299, 965) 0.68 (0.46, 0.94) ∗.019 201 (115, 280) 0.82 (0.6, 1.11) .194
No 337 (272, 431) Ref 168 (133, 204) Ref

Bisphosphonates Yes 587 (497, 722) 0.55 (0.44, 0.69) ∗< .001 168 (129, 210) 0.99 (0.8, 1.22) .893
No 191 (153, 237) Ref 173 (133, 224) Ref

Anti-angiogenesis meds Yes 525 (356, 688) 0.78 (0.62, 0.98) ∗.034 210 (157, 257) 0.9 (0.72, 1.12) .327
No 291 (222, 387) Ref 156 (120, 191) Ref

Post-SBRT chemotherapy Yes 513 (405, 602) 0.46 (0.36, 0.58) ∗< .001 190 (157, 248) 0.72 (0.57, 0.91) ∗ .005
No 142.5 (87, 204) Ref 115 (79, 179) Ref

5-factor modified frailty
index

0 404 (282, 682) Ref .388 204 (132, 265) Ref .421

1 330 (253, 479) 1.21 (0.91,1.61) 179 (132, 226) 1.12 (0.86,1.46)
2 340 (218, 497) 1.32 (0.95, 1.82) 131 (100, 208) 1.28 (0.95, 1.74)
3+ 395 (180, 191) 1.19 (0.80, 1.76) 156 (95, 246) 1.21 (0.83, 1.37)

SBRT target volume (cc) (Increase
over 10 cc)

0.98 (0.96, 1.0) ∗.042 (Increase
over 10cc)

1.01 (0.99, 1.02) .491

SBRT target volume (cc) 0 to 30 237 (172, 379) Ref .169 185 (116, 237) Ref .802
>30 to 50 319 (222, 525) 0.81 (0.57, 1.15) 197 (139, 282) 0.9 (0.65, 1.27)
>50 to 100 337 (222, 481) 0.85 (0.61, 1.19) 167 (101, 280) 1.02 (0.75, 1.4)

>100 686 (483, 858) 0.68 (0.48, 0.967) 173 (126, 226) 1.06 (0.77, 1.47)
Primary cancer Lung 176.5 (140, 211) 7.04 (4.36, 11.36) ∗< .0011 185.5 (146, 228) 2.74 (1.82, 4.1) ∗< .0012

Breast 707 (551, 1012) 2.15 (1.31, 3.51) 105 (74, 157) 2.83 (1.85, 4.33)
Prostate 477 (302, 717) 2.86 (1.73, 4.73) 124 (98, 203) 2.85 (1.84, 4.4)
Myeloma 1734 (1071, 4517) Ref 989 (379, 2185) Ref

1P < .003 for all pairwise site comparisons, except for breast vs prostate with P = .09.
2P < .001 for comparison of Myeloma to each of the other sites; P > .77 for comparisons of all other sites.
∗Indicates statistical significance, P < .05.

The timing of imaging is crucial. We present the data from
2 different time points, at the first SBRT and from the most
recent scan available. The first SBRT is clinically relevant because
it is when a patient with advanced oncologic disease receives
their first radiation treatment for (usually newly diagnosed) spine
metastases. This is commonly when a spine surgeon becomes
involved in the patient’s care to provide surgical decision making
regarding the spine metastases. These patients are also at a similar
stage of their disease, not only because of spread to the spine
but also having sufficient functional status to be referred to
and receive radiation. We also selected the most recent CT

because it is conceptually similar to a patient with advanced
and disseminated cancer coming through the emergency room
and receiving imaging; spine surgeons in this context are again
asked to comment on whether any of the spine metastases require
surgical intervention, and so the most recent imaging is reviewed.
We observed noticeable differences in outcome between these

2 time points; SBRT-CT patients had survival affected by spine
surgery, bisphosphonate use, antiangiogenesis medication use,
post-SBRT chemotherapy, and SBRT target volume, whereas the
recent CT patients did not. This is likely that at the time of
SBRT, patients can still potentially be rescued (or at least provided
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SARCOPENIA, SPINE METASTASES, AND OVERALL SURVIVAL

FIGURE 1. Kaplan–Meier survival estimates of the SBRT-CT cohort using average and median psoas size. Multi-
variate analysis was employed to account for age, sex, ethnicity, number of levels (single vs multiple), surgery done,
bisphosphonates use, antiangiogenesis medication use, modified Frailty Index, post-SBRT chemotherapy, and primary
cancer site. Log-rank test shows statistically significant differences in overall survival.

increased longevity) from their cancer with treatments (surgery,
chemotherapy, and radiation). The timing of recent CT likely
represents the final hospital admission before demise, when treat-
ments have failed and few therapeutic options remain. This may

also explain why recent CTs had a greater number of statistically
significant results than SBRT-CT for average psoas size; patients
with frailty/sarcopenia may be less likely to survive a serious
hospital admission (timing of recent CT), whereas patients at the
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SARCOPENIA, SPINE METASTASES, AND OVERALL SURVIVAL

FIGURE 2. Kaplan–Meier survival curves of the SBRT-CT cohort for psoas: vertebral body ratio using nongendered
cutoffs. Kaplan–Meier survival estimates of the SBRT-CT cohort using the ratio of average psoas size to the vertebral
body size, which accounts for patient body habitus.Multivariate analysis was employed to account for age, sex, ethnicity,
number of levels (single vs multiple), surgery done, bisphosphonates use, antiangiogenesis medication use, modified
Frailty Index, post-SBRT chemotherapy, and primary cancer site. Log-rank test shows statistically significant differences
in overall survival.
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timing of SBRT have other more important factors dictating
survival (surgery, chemotherapy, and radiation). Interestingly,
the P: VBA ratio was equally successful in predicting survival
independent of timing of imaging, and the gender-neutral P: VBA
ratio at the time of SBRT (Table 4) was a stronger predictor than
gendered cutoffs at the same time-point (Table 3). More research
is required to assess the validity of this technique.
Ultimately, treatment decision-making in patients with spine

metastases is challenging. Most of these patients will have stage IV
disease and given the cost-conscious healthcare environment, the
decision to allocate and commit precious resources (ie, to perform
surgery, radiation, or chemotherapy) to potentially terminally
ill patients is difficult. Particularly with surgery, providers have
to weigh the proven benefits1-7 with inherent risks8-13 in sick
patients with a limited lifespan who are prone to postoperative
morbidity. Objective measures to assess fitness for treatments
or longevity would greatly assist in determining the patients
most likely to benefit from specific treatments. Morphometric
analysis of psoas size as a hallmark of frailty/sarcopenia provides
an objective, simple, and effective way to assess the overall
health and survival of patients independent of their type of
cancer.

Limitations
Limitations of this study include its retrospective design from

a single institution, and given the possibility of incomplete data
in the EMR, there may be hidden bias unaccounted for in our
analysis. We are limited by the agedness of our dataset; the
patient population is from 2002-2012; therefore, we were unable
to include newer and more novel chemotherapies, immunother-
apies, and tumor markers, which are relevant in certain subtypes
of cancer. We were also unable to include other indicators of
patient health that required detailed past medical history, such as
the Charlson Comorbidity Index. We were limited by the power
of our study; the recent CT cohort identified statistically signif-
icant associations that were not seen on SBRT-CT, which may
be due to the smaller sample size in this population. The study
population also only included patients that underwent SBRT
for their spinal metastatic disease, and thus does not include
patients in earlier stages of malignancy or those who chose not
to undergo radiation. However, given the usual practice at our
institution, our belief is this missing population only represents
a small percentage of the overall population. Prospective multi-
center studies are needed to validate our findings.

Generalizability
This study is likely generalizable to all patients with lung,

breast, prostate, or multiple myeloma spine metastases, as well
as perhaps to all patients with spine metastases regardless of their
primary cancer type. It is known that myeloma spine metastases
is a different disease than lung, breast, and prostate spread to the
spine, but performing additional analyses with myeloma patients
excluded did not drastically affect our results (not shown), perhaps
hinting at the broad utility of the frailty/sarcopenia paradigm in

this context. Future research is required to assess whethermorpho-
metrics can predict morbidity and mortality in those patients
referred to surgery, as only a small percentage of our patients
underwent a surgical procedure. More work is also required
to determine an appropriate cutoff psoas size, beneath which
patients would be considered at risk. The gender-neutral values
of P: VBA ratio has potential for introducing a single numerical
value that can be applied clinically to predict survival (Table 4).
As prior scoring systems designed to guide surgical decision
making for patients with spine metastases14,20-23 have shown
poor accuracy in predicting postoperative morbidity and overall
survival,7,24-26 further research is needed to determine whether
incorporating frailty/sarcopenia can improve the accuracy of these
scoring systems. More work is needed to see if morphometrics can
be used to predict survival in earlier stages of cancer. If validated,
frailty/sarcopenia assessment via morphometric analysis of psoas
size has the potential to tailor specific oncologic treatments.

CONCLUSION

Morphometric analysis of psoas size, as a hallmark of
frailty/sarcopenia, predicts overall survival in patients with lung
cancer, breast cancer, prostate cancer, and multiple myeloma
metastases to the spine, independent of tumor histology and after
multivariate analysis accounting for demographic, oncologic,
functional, and therapeutic factors. This technique provides an
objective, simple, and effective way to assess longevity. This infor-
mation can be used to help with surgical decision making in
patients with the same burden of disease, as patients with small
psoas sizes are at higher risk of death. It can potentially assist in
the appropriate stratification of patients who are candidates for
chemotherapy, radiation, or surgery.
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