Supportive Care in Cancer (2019) 27:1207-1213
https://doi.org/10.1007/500520-018-4465-x

ORIGINAL ARTICLE

@ CrossMark

Prognostic value of paravertebral muscle density in patients with spinal
metastases from gastrointestinal cancer

Sho Dohzono' (® - Ryuichi Sasaoka' - Kiyohito Takamatsu' - Masatoshi Hoshino? - Hiroaki Nakamura?

Received: 20 June 2018 / Accepted: 10 September 2018 /Published online: 15 September 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Purpose Morphometric analyses have shown that trunk muscle mass and density are associated with mortality in cancer patients.
Because of the low incidence of spinal metastasis from gastrointestinal cancer and the limited life expectancy of these patients,
few studies have been reported in this population. We evaluated the prognostic value of trunk muscle area and density in
predicting overall survival.

Methods The data from 78 patients with spinal metastases from gastrointestinal cancer, collected from February 2009 to
July 2016, were evaluated. Psoas muscle and paravertebral muscle area and density were measured at the L3 level on CT scans
taken at the time nearest to the diagnosis of spinal metastasis. Cox proportional hazards analysis was performed to evaluate the
factors independently associated with overall survival.

Results The mean patient age was 68.3 years (range, 42—88 years). The overall median survival time was 4.8 months: 2.2 months
in the extremely rapid growth group (stomach, biliary tract, and pancreas) and 7.6 months in the rapid growth group (esophagus,
liver, and colorectum). Multivariate analyses showed that lower paravertebral muscle density (HR 2.23 [95% CI 1.24-3.99], p =
0.007), extremely rapid growth group, presence of abnormal laboratory data, poor performance status, and chemotherapy after
spinal metastasis were independent prognostic factors.

Conclusions Median overall survival was poor among patients with spinal metastases from gastrointestinal carcinoma, especially
among those with gastric, biliary tract, or pancreatic cancer. Lower paravertebral muscle density was an independent poor
prognostic factor in patients with spinal metastases from gastrointestinal cancer.
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Introduction

Sarcopenia, which is defined as the presence of both low mus-
cle mass and low muscle function, can be caused by age, low
physical activity, disease (inflammatory or malignant), and
reduced food intake [6]. Recent morphometric analyses of
the psoas muscle have indicated associations between muscle
status and surgical outcomes [10, 16, 20] and mortality [2, 3,

>< Sho Dohzono
s.dohzono @med.osaka-cu.ac.jp

Department of Orthopaedic Surgery, Yodogawa Christian Hospital,
1-7-50 Kunijima Higasiyodogawa-ku, Osaka, Osaka 533-0024,
Japan

Department of Orthopaedic Surgery, Osaka City University Graduate
School of Medicine, 1-4-3 Asahimachi, Abeno-ku,
Osaka, Osaka 545-8585, Japan

19, 32] in patients with colorectal cancer. Sarcopenic obesity,
characterized by low muscle mass in combination with high
body mass index (BMI), is a prognostic factor in patients with
gastrointestinal cancer [21, 28].

Spinal metastases are found in 30 to 70% of cancer patients
in autopsy studies [13]. However, the proportion of spinal
metastases resulting from gastrointestinal cancer is low, with
ranges between 2.4 and 14% [5, 11, 12,27, 29]. The histology
of the primary tumor is the single strongest predictor of post-
operative survival in patients with spinal metastases; gastroin-
testinal cancers have been associated with the shortest life
expectancy [29, 30]. Because of the low incidence of spinal
metastases from gastrointestinal cancer and the limited life
expectancy of these patients, few clinical studies have been
conducted in this population.

Evaluation of prognosis in patients with spinal metastases
is important in the decision to pursue surgical treatment.
Several recent studies have used univariate analysis to
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investigate the association between psoas muscle area and
survival in patients with spinal metastases [8, 33]. However,
many factors, such as histology, systemic status, extent of
metastatic disease, and extent of previous treatment, affect
survival in patients with spinal metastases. The aim of this
study was to investigate overall survival in patients with spinal
metastases from gastrointestinal cancer, and to use multivari-
ate analysis to evaluate the prognostic value of trunk muscle
area and density in predicting overall survival in these
patients.

Materials and methods
Study population

The data from 85 patients who were diagnosed with spinal
metastases from gastrointestinal cancer at Yodogawa
Christian Hospital from February 2009 to July 2016 were
retrospectively reviewed. Spinal metastases were diagnosed
radiologically with computed tomography (CT), magnetic res-
onance imaging, or positron emission tomography. We ex-
cluded seven patients because of incomplete clinical or radio-
logical data. Gastrointestinal cancer included cancer of the
esophagus, stomach, liver, biliary system, pancreas, and
colorectum. This study was approved by the Institutional
Review Board of Yodogawa Christian Hospital.

Measurements

Trunk muscle area and density were measured on CT images.
The bilateral psoas major muscles and paravertebral muscles
(PVM) (multifidus and erector muscles) were measured by
aggregating the cross-sectional area (mm?) at the L3 level on
CT images taken at the time closest to the diagnosis of spinal
metastasis (Fig. 1). The L3 level was used as a standard land-
mark, because this correlates best with whole-body muscle
mass [18, 25]. Muscle density was measured according to
the muscle radiation attenuation rate in Hounsfield units
(HU). Adipose tissue and skeletal tissue areas were defined
according to standard HU ranges (— 190 to —30 HU for adi-
pose tissue and —29 to 150 HU for skeletal muscle) [17].
Muscle area was normalized for patient height (m?) to calcu-
late the muscle index for the psoas major muscle and PVM in
mm?/m?. Because measurements of the psoas muscle and
PVM were dependent on sex, muscle area, and density were
evaluated for male and female cohorts separately with differ-
ent median cutoff points.

Prognostic factors

The following variables were analyzed as covariates, and each
variable was categorized into two groups: sex, age (=70 or <

@ Springer

Fig. 1 Axial CT at L3 level showing measurement of the cross-sectional
area of the psoas major and paravertebral muscles

70 years), BMI (>20 or < 20 kg/m?), primary site (extremely
rapid growth or rapid growth), presence/absence of abnormal
laboratory data, presence/absence of visceral or cerebral me-
tastasis, Eastern Cooperative Oncology Group performance
status (0—2 or 3—4), history of previous chemotherapy,
presence/absence of multiple skeletal metastases, and chemo-
therapy after spinal metastasis. Abnormal laboratory data were
defined as C-reactive protein > 0.4 mg/dL, lactate dehydroge-
nase >250 IU/L, serum albumin < 3.7 g/dL, platelet count <
100,000/uL, serum calcium > 10.3 mg/dL, or total bilirubin >
1.4 mg/dL [14].

Statistical analysis

We used a ¢ test to compare the average muscle area and
density between men and women. Survival was estimated
with the Kaplan—Meier method; survival estimates were com-
pared with the log-rank test. Any variable with p <0.10 was
selected as a candidate for Cox proportional hazards analyses
to evaluate the factors independently associated with overall
survival after spinal metastasis. Data were censored on
July 30, 2017. Patients who were lost to follow-up were cen-
sored at the date of last contact/follow-up. Patients who were
alive on July 30, 2017 were censored for overall survival
analysis. Overall survival was calculated from the date of spi-
nal metastasis diagnosis to the date of death. IBM SPSS
Statistics, version 19 (IBM Corp.) was used for all statistical
analyses; p <0.05 was considered statistically significant.

Results

A total of 78 patients were included in this study. Patients’
demographic and clinical data are shown in Table 1. The mean
patient age was 68.3 years (range, 42—88 years); 56% of pa-
tients were male. The primary site was the esophagus in six
patients (8%), stomach in 19 (24%), liver in 14 (18%), biliary
tract in five (6%), pancreas in seven (9%), colorectum in 25
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Table 1  Demographic and clinical data Table 2  Baseline prognostic factors
n (%) n (%)
Sex BMI
Male 44 (56) >20 kg/m® 48 (62)
Female 34 (44) 20 kg/m® 30 (38)
Age Primary site
>70 years 38 (49) Extremely rapid growth* 31 (41)
<70 years 40 (51) Rapid growth** 45 (59)
Primary site Abnormal laboratory data***
Esophageal cancer 6 (8) Yes 70 (90)
Gastric cancer 19 (24) No 8 (10)
Hepatocellular carcinoma 14 (18) Visceral or cerebral metastasis
Biliary tract cancer 5(6) Yes 53 (68)
Pancreatic cancer 709) No 25 (32)
Colorectal cancer 25 (32) ECOG performance status
Others 2(3) 0-2 40 (51)
Location of metastasis* 34 38 (49)
Cervical spine 33 (42) Previous chemotherapy
Thoracic spine 63 (81) Yes 38 (49)
Lumbar spine 40 (51) No 40 (51)
Bone lesion Multiple skeletal metastases
Lytic 49 (63) Yes 68 (87)
Blastic 22 (28) No 10 (13)
Intertrabecular 7(9) Chemotherapy after spinal metastasis
SINS Yes 48 (62)
>13 13 (17) No 30 (38)
7-12 48 (62)
<6 17 22) BMI, body mass index; ECOG, Eastern Cooperative Oncology Group
Surgery for spinal metastasis 10 (13) *Stomach, biliary tract, pancreas
Use of antiresorptive agent** 46 (59) **Esophagus, liver, colorectum
Radiation therapy for spinal metastasis 39 (50) ##*C-reactive protein >0.4 mg/dL, lactate dehydrogenase >250 IU/L,

SINS, Spinal Instability Neoplastic Score
*Including multiple lesions

**Zoledronic acid or denosumab

(32%), and others in two (3%). The most frequent site of
metastasis was the thoracic spine (63 patients, 81%), followed
by the lumbar spine in 40 (51%), and the cervical spine in 33
(42%). Ten patients (13%) underwent surgery for spinal me-
tastasis. Ten patients (13%) had a solitary site of spinal metas-
tasis; 68 patients (87%) had multiple sites. Table 2 shows
baseline characteristics and the distribution of prognostic
factors.

Muscle area and density

Both the area and the density of the trunk muscles were sig-
nificantly or tended to be greater in men than in women
(Table 3). Univariate analysis showed that overall survival in
patients with high PVM density was significantly longer than

serum albumin < 3.7 g/dL, platelet count < 100,000/pL, serum calcium >
10.3 mg/dL, or total bilirubin > 1.4

in those with low muscle density. However, the area of the
psoas major and PVM were not significant prognostic factors
(Table 4).

Survival

The overall median survival time for all patients was
4.8 months (range, 0.6-52.3 months). Median survival was
5.3 months (range, 4.8—18.9 months) for esophageal cancer,
2.2 months (range, 0.7-25.2 months) for gastric cancer,
7.1 months (range, 1.6—4.3 months) for hepatocellular carci-
noma, 2.4 months (range, 1.1-2.7 months) for gall bladder
cancer, 3.3 months (range, 1.1-10.0 months) for pancreatic
cancer, and 7.6 months (range, 0.6—52.3 months) for colorec-
tal cancer. We divided the primary site into two groups ac-
cording to overall median survival time: the extremely rapid
growth group (stomach, biliary tract, and pancreas) and the
rapid growth group (esophagus, liver, and colorectum).
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Table 3 Muscle area and density

according to sex Psoas major PVM

Mean p value Mean p value
(SD) (SD)

Muscle area, mm>/m?>

Male 482.8 (118.3) <0.001 1506.6 (279.9) 0.052

Female 326.3 (93.2) 1380.7 (258.2)

Muscle density, HU

Male 40.3 (5.7) 0.016 33.0 (11.0) <0.001

Female 37.1(7.3) 18.2 (22.2)

PVM, paravertebral muscles; SD, standard deviation; /U, Hounsfield units

Table 4 shows the univariate and multivariate analyses of
overall survival period. Multivariate analyses showed that
lower PVM density (HR 2.23 [95% CI 1.24-3.99], p=
0.007), extremely rapid growth group (HR 3.23 [95% CI
1.84-5.65], p <0.001), presence of abnormal laboratory data
(HR 4.84 [95% CI 1.63-14.4], p=0.005), Eastern
Cooperative Oncology Group performance status 3 or 4 (HR
3.12[95% CI 1.5-56.31], p=0.001), and treatment with che-
motherapy after spinal metastasis (HR 0.43 [95% CI 0.21—
0.91], p =0.027) were independent prognostic factors.

Discussion

This study investigated the overall survival in patients with
spinal metastases from gastrointestinal cancer and the prog-
nostic value of psoas major and PVM area and density.
Muscle area and density were categorized with sex-specific
median cutoff points. The results showed that median overall
survival was poor, especially in patients with gastric, biliary
tract, or pancreatic cancer. Low PVM density was an indepen-
dent prognostic risk factor.

A previous prospective study revealed that low trunk mus-
cle density was predictive for poor overall survival in patients
with metastatic colorectal cancer [2]. Similarly, our study
showed an association between low PVM density and poor
overall survival. However, in contrast with several studies in
patients with gastrointestinal cancer [15, 21, 24, 26, 32], our
study showed that the muscle area of the psoas and PVM was
not associated with overall survival. Possible explanation for
this include the following: (1) low muscle density (poor qual-
ity due to fatty infiltration) is a stronger factor of poor survival
than reduced muscle mass, (2) we could not validate
sarcopenia as a prognostic factor due to a small number of
patients.

Previous studies have described an association between
psoas muscle area and survival among patients with metastatic
spinal tumors, according to univariate analysis [8, 33]. Many
prognostic factors have been reported in patients with spinal
metastasis: histology, systemic status, extent of metastatic
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disease, and extent of previous treatment. Therefore, several
prognosis-evaluation systems have been developed [1, 14,22,
29-31]. Our sex-adjusted multivariate analysis showed that
low PVM density was associated with poor overall survival,
independent of other prognostic factors. Lower muscle densi-
ty indicates a higher amount of fatty infiltration in the muscle.
This raises the question of whether interventions aimed at
preserving muscle affect outcomes. A retrospective study of
patients with metastatic spinal cord compression showed that
rehabilitation improved functional outcomes and that those
who achieved high functional gains after rehabilitation had
longer survival [28]. In contrast, a randomized controlled trial
revealed that PVM training did not improve overall survival in
patients with spinal metastases who received radiation therapy
[23].

The histology of the primary tumor is the single strongest
predictor of postoperative survival in patients undergoing sur-
gery for spinal metastases; gastrointestinal cancers are associ-
ated with the poorest life expectancy [29, 30]. The median
overall survival in the present study was 4.8 months for all
patients and 2.2 months for those with extremely rapid-growth
cancers (gastric, biliary tract, and pancreatic cancer). Previous
studies have reported median survival times of 2.8 months for
gastric cancer [29], 1.5 to 5.5 months for pancreatic cancer [4,
29], and 1.5 to 4.0 months for biliary tract cancer [7, 9]. When
deciding on treatment for spinal metastases, general condition
and life expectancy should be considered. Our study revealed
that the presence of abnormal laboratory data and poor perfor-
mance status were associated with poor overall survival, as
previously reported [14, 29, 30]. Furthermore, we also found
that low PVM density was associated with poor overall sur-
vival, independent of prognostic covariates, in patients with
spinal metastasis from gastrointestinal cancer. This informa-
tion can help surgical decision-making in conjunction with
other classification criteria or prognostic scoring systems.

There are several limitations to the present study. First, its
retrospective nature is a limitation; the treatment of spinal
metastases and the systemic treatments for primary cancer
were not uniform. Multivariate analysis can reduce bias in
prognostic estimates, but the analyses remain subject to biases
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Table 4  Univariate and multivariate analyses of overall survival periods

Univariate analysis Multivariate analysis
Mean (median) survival, months p value HR (95% CI) p value
Sex
Male 8.8 (5.3) 0.838 Reference 0.309
Female 10.4 (4.5) 1.35 (0.76-2.42)
Age
>70 years 8.54.1) 0418 Reference 0137
<70 years 9.3 (4.8) 0.65 (0.37-1.15)
Muscle area
Psoas major
Greater than median 8.4 (4.8) 0.797
Less than median 10.3 4.1)
PVM
Greater than median 10.9 (4.8) 0.738
Less than median 8.0 (6.1)
Muscle density
Psoas major
Greater than median 11.9 (6.1) 0.166
Less than median 7.0 (3.6)
PVM
Greater than median 12.7 (7.3) 0.024 Reference 0.007
Less than median 6.2 (2.7) 2.23 (1.24-3.99)
BMI
>20 kg/m? 8.2 (5.3) 0.764
<20 kg/m? 10.4 (4.8)
Primary site
Extremely rapid growth* 4922 0.002 3.23 (1.84-5.65) <0.001
Rapid growth** 12.6 (7.6) Reference
Abnormal laboratory data***
Yes 8.3 (4.1) 0.022 4.84 (1.63-14.4) 0.005
No 18.1 (10.7) Reference
Visceral or cerebral metastasis
Yes 8.5(3.8) 0.176
No 10.9 (7.6)
ECOG performance status
0-2 13.8 (8.7) <0.001 Reference 0.001
34 44222 3.12 (1.55-6.31)
Previous chemotherapy
Yes 7.8 (3.8) 0.423
No 10.5 (6.2)
Multiple skeletal metastases
Yes 7.8 (4.8) 0.137
No 18.4 (3.3)
Chemotherapy after spinal metastasis
Yes 16.4 (10.9) <0.001 043 (0.21-0.91) 0.027
No 5.1 (2.4) Reference

HR, hazard ratio; PVM, paravertebral muscles; BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group performance status
*Stomach, biliary tract, pancreas
**Esophagus, liver, colorectum

##*C-reactive protein >0.4 mg/dL, lactate dehydrogenase >250 IU/L, serum albumin <3.7 g/dL, platelet count < 100,000/uL, serum calcium >
10.3 mg/dL, or total bilirubin > 1.4
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resulting from unobserved confounding factors. Second, this
is a relatively small study in which a small number of patients
(13%) underwent surgery. Further studies with a larger sample
size should be performed to confirm the present results.

In conclusion, median overall survival was poor among
patients with spinal metastases from gastrointestinal carcino-
ma, especially among those with gastric, biliary tract, or pan-
creatic cancer. Lower PVM density was independently asso-
ciated with poorer overall survival. These findings in conjunc-
tion with other prognostic scoring systems should be useful in
determining appropriate treatments.
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