
Abstract. Background: Nutritional status influences cancer
prognosis. Measurement of the area of the psoas muscle on
computed tomography is useful for evaluation of skeletal
muscle mass and prediction of prognosis. Patients and
Methods: The psoas muscle index (PMI) was determined in
42 patients undergoing surgery for stage 4 colorectal cancer.
Patients were classified into high and low PMI groups using
a cutoff of 5.5×10–4 cm2 m–2. Relationships of PMI with
prognosis, chemotherapy period, and postoperative
complications were examined. Results: The 3-year overall
survival rate was 24.0%. PMI was significantly associated
with 3-year OS in univariate (high vs. low PMI: 43.0% vs.
12.9%, p=0.0415) and multivariate (p=0.0146) analyses. A
low PMI was associated with a shorter period of
chemotherapy. A reduction in PMI was a predictor of a poor
prognosis. Conclusion: PMI status is related to the period of
chemotherapy and is an independent prognostic factor in
patients with stage 4 colorectal cancer.

Nutritional status influences the prognosis of advanced cancer
(1). Many studies have examined prediction of preoperative
nutritional status using data from blood tests (2). However,
these values are likely to be modified by preoperative
therapies such as antibiotics or replacement therapy. Skeletal
muscle volume may also be a useful index for predicting the
prognosis of patients with advanced cancer because many
such patients have involuntary loss of skeletal muscle (3).
The psoas muscle mass assessed by computed tomography
(CT) may also be a predictor of prognosis (4). A reduction of
this mass has recently been associated with treatment toxicity

and poor functional status in patients with cancer (5, 6), and
loss of muscle mass has been found to aggravate the
prognosis of pancreatic and hepatic cancer (4, 7).

In this study, we investigated the impact of the cross-
sectional area of the psoas muscle measured on CT on the
prognosis of patients with stage 4 colorectal cancer at our
hospital, and we compared this area with other nutritional
indices and clinicopathological factors.

Patients and Methods

Patient population and data collection. The participants were 42
patients with stage 4 colorectal cancer who underwent surgery at
our Department between April 2010 and March 2015. The patients
were followed-up until death or the final date of observation (March
31, 2016) by outpatient clinic consultation, and communication via
telephone or letter. The median and mean follow-up periods were
348 and 406 days (range=8-1,760 days), respectively. A study of
clinicopathological factors including preoperative nutritional
evaluation was performed retrospectively.

Nutritional indices. Three preoperative nutritional indices were
examined: (i) body mass index (BMI), calculated as body weight
(kg)/(body height (m))2; (ii) nutritional data from blood tests,
including (a) albumin level and lymphocyte number; (b) the
prognostic nutritional index (PNI), calculated as 10 × albumin (g/dl)
+ 0.005×lymphocyte number; and (c) the control of nutritional
status (CONUT) score, calculated from albumin, lymphocyte
number and total cholesterol (Table I) and grouped into grades for
nutritional disorder from normal to severe (8); and (iii) the psoas
muscle index (PMI), calculated as the sum of bilateral psoas muscle
cross-sectional areas (cm2)/[body height (m)]2.

Skeletal muscle volume was assessed using PMI before surgery,
with PMI ≥5.5×10–4 and <5.5×10–4 cm2 m–2 defined as high and
low, respectively. The factor of 10–4 is omitted in the PMI values
described below. Relationships between PMI status and other
clinicopathological factors were examined, and the prognostic
impact of PMI was evaluated in univariate and multivariate analysis.
The association of PMI with complications was examined by
comparing the incidences of complications and surgical site
infection (SSI) in the high and low PMI groups. Major
complications were defined as grade 1 or more in the Clavien-Dindo
classification (9). The relationship between PMI and chemotherapy
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period was also analyzed. The impact of changes in PMI on
prognosis was evaluated by classifying patients into groups with
cut-offs at 5-point intervals.

Image analysis. CT scans for planning of surgery were used for
measuring the cross-sectional area of the psoas muscles at the
inferior border of the third lumbar vertebra (L3) (Figure 1). Skeletal
muscle depletion is normally assessed by measuring the psoas
muscle at L3 because skeletal muscle and adipose tissue areas at L3
are significantly related to whole-body tissue mass in healthy adults
(10) and cancer patients (11). Muscle cross-sectional area was
computed by summing tissue pixels and multiplying by the pixel
surface area. Surface areas were normalized for stature (m2) and are
reported as the PMI (cm2 m–2) (10-12).

Statistical analysis. Statistical analysis and graphing were performed
with JMP 7.0.1 (SAS Institute Inc., Tokyo, Japan). Continuous data
are expressed as the median or mean, depending on the data
distributions. A Chi-square test and t-test (or Fisher test) were used
for univariate comparisons. Overall survival (OS) rates were
calculated by the Kaplan–Meier method, starting from the date of
surgery. Chemotherapy periods were also calculated by the Kaplan–
Meier method starting from the date of first chemotherapy.
Differences in OS were examined by log-rank test. Multivariate
analysis of prognostic factors related to OS was performed using a
Cox proportional hazard model with variables that were significant
prognostic factors in univariate analysis. In all analyses, a value of
p<0.05 was considered to indicate significance.

Results

The median OS was 11.6 months, and the 3- and 5-year OS
rates were 24.0% and 12.1%, respectively. Factors indicating
stage 4 cancer and their distribution are listed in Table II.
The PMI range was 2.47-10.46 and the mean was 5.55±1.89. 

Clinicopathological features of patients with high and low
PMI are listed in Table III. There were significant differences
in age, gender, albumin level, PNI, and CONUT score
between these groups, but not in BMI or other factors.

In univariate analysis, PMI was a significant factor
associated with 3-year OS (high vs. low: 43.0% vs. 12.9%,
p=0.0415). Furthermore there were significant differences in
3-year OS in regard to ascites, BMI, lymphocyte count,
CONUT score, pathological P status, resection of the primary
tumor, postoperative metastatic site, chemotherapy and
molecular targeted therapy. In multivariate analysis, PMI,
resection of the primary tumor and chemotherapy were
independent prognostic factors for 3-year OS (Table IV).

Resection of the primary tumor was performed in 32 out
of the 42 patients. There was no significant difference in
PMI status, incidence of complications using the Clavien-
Dindo classification, or incidence of SSI after resection of
the primary tumor (Figure 2).

Postoperative chemotherapy was performed in 27 patients
and intensive follow-up was conducted in 15 patients. The
mean chemotherapy period was 384 days (range=35-1706
days). Two of the patients underwent irradiation therapy for
an unresectable primary rectal tumor and lateral lymph
nodes. Our postoperative chemotherapy regimens consisted
of oxaliplatin/5-FU/leucovorin (FOLFOX) with/without
molecular targeted therapy (n=18), capecitabine/ oxaliplatin
(CapeOX)±molecular targeted therapy (n=4), TS-1(Tegafur/
Gimeracil/Oteracil)/ oxaliplatin (SOX) (n=1), irinotecan/TS-
1(Tegafur/Gimeracil/Oteracil) (IRIS) (n=1) amongst others.
No patients received neoadjuvant chemotherapy. The high
PMI group had a significantly longer chemotherapy period
compared to the low PMI group (Figure 3).

CT was performed twice or more in 25 patients. The
median rate of change in PMI was −4.14×10–2 month–1 in
these patients. Many patients with stage 4 cancer lose their
body muscle volume. Relationships of prognosis with PMI
below and above a series of cut-offs separated by 5 points
are shown in Figure 4. For negative cut-offs, there were
significant differences in prognosis for PMIs that were lower
and higher than each cut-off (p<0.0001 to p=0.0013).
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Table I. Control of nutritional status (CONUT) scores, calculated from the sum of scores for albumin, lymphocyte number and total cholesterol and
grouped into grades of nutritional status from normal to severe (11).

                                                                                                                                           CONUT

Albumin (g/dl)                                           ≥3.50                                     3.00-3.49                                    2.50-2.99                                    <2.50
Score (A)                                                        0                                               2                                                  4                                               6
Lymphocyte number                                 ≥1600                                   1200-1599                                   800-1199                                     <800
Score (B)                                                        0                                               1                                                  2                                               3
Total cholesterol (mg/dl)                            ≥180                                      140-179                                      100-139                                      <100
Score (C)                                                        0                                               1                                                  2                                               3

                                                                                                                                             Grade

(A)+(B)+(C)                                                 0-1                                            2-4                                              5-8                                            >8
Nutritional status                                      Normal                                Mild disorder                         Moderate disorder                     Severe disorder



Discussion
The cumulative 5-year OS for patients with stage 4 colon
cancer is 13.2% based on data from the Japanese Society for
Cancer of the Colon and Rectum (13), and this rate increases
to 30-60% in the subgroup who undergo curative surgery
(14,15). In the present study, primary tumor resection was
identified as an independent prognostic factor in stage 4
colon cancer. 

Advanced cancer produces metabolic abnormalities in
skeletal muscle and adipose tissue and patients expend a
large amount of energy (1). This persistent hypermetabolic
state accelerates decomposition of muscle and adipose tissue,
which results in loss of body weight. Bozzetti showed that
the lost body weight in patients with advanced cancer is
correlated with their base energy expenditure under resting
conditions (16). Wu et al. also found that patients with
esophageal cancer who were losing body weight had greater
energy expenditure under resting conditions compared to

healthy individuals (17). Thus, malnutrition in advanced
cancer results in loss of body weight. The process in which
the hypermetabolic state accelerates decomposition is
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Figure 1. Psoas muscle cross-sectional areas measured in computed
tomographic images at the inferior border of the third lumbar vertebra.
ROI 1; Right psoas muscle: ROI 2; left psoas muscle.

Table II. Factors defining stage 4 cancer.

Factor                                                             No. of patients

Liver metastasis                                                       29
Lung metastasis                                                          9
Peritoneum metastasis                                             16
Distant lymph node metastasis                                  9
Bone metastasis                                                          1

Multiple factors                                                        15

Table III. Clinicopathological features of patients with high and low
psoas muscle index (PMI). PMI ≥5.5×10–4 and <5.5×10–4 cm2 m–2
defined as high and low, respectively. 

                                                   High PMI        Low PMI        p-Value
                                                      (n=15)              (n=27)

Age (years)                                  56.6±3.0           71.9±2.3           0.0002
Gender
   Female                                            3                      17                0.0107
   Male                                              12                     10
Pre-CT ascites
   Present                                            7                      15                0.7488
   Absent                                            8                      12
Body mass index (kg/m2)         21.5±0.76         20.7±0.57          0.3839
Albumin (g/dl)                            3.9±0.16           3.1±0.12           0.0004
Lymphocyte number/μl             1483±135         1291±101          0.2599
PNI                                            46.42±1.84       37.90±1.37         0.0006
CONUT                                       1.8±0.85          4.10±0.64          0.0414
Tumor major size (mm)             46.0±6.8           59.5±4.9           0.1183
Tumor location
   Rectum                                           8                       7                 0.1002
   Other                                               7                      20
T
   T4b                                                 4                       8                 1.0000
   Other                                              11                     19
N
   N0-1                                             0-11                  0-15              0.3878
   N2-3                                            2-314                2-321
H
   Present                                           11                     18                0.7387
   Absent                                            4                       9
LM
   Present                                            3                       6                 1.0000
   Absent                                           12                     21
P
   Present                                            7                       9
   Absent                                            8                      18                0.5113
Distant LN metastasis
   Present                                            5                       4                 0.2417
   Absent                                           10                     23
Primary tumor
   Resected                                        13                     19                0.2860
   Residual                                          2                       8
Operative time (min)                   197±29             206±22            0.7929
Blood loss (g)                           238.2±87.6       223.3±65.3         0.8922
Histological type
   Well/mod.                                      12                     22                0.2802
   Poor                                                3                       1

Pre-CT ascites: Ascites on preoperative computed tomography; PNI:
prognostic nutritional index; CONUT: Control of nutritional status; T:
pathological T grade; N: pathological N grade; H: clinical/surgical H
grade; LM: clinical/surgical LM grade; P: pathological/surgical P grade;
Well: well-differentiated; mod.: moderately differentiated; Poor: poorly
differentiated. Data are the mean±SD or the number of patients.
Significantly different data are shown in bold.



referred to as cancerous cachexia syndrome, and is
characterized by changes in inflammation and other
mediators that cause weight loss (18).

Sarcopenia is defined as a malnutritional status in skeletal
muscle. Sarcopenia in cancer has been found to be a
prognostic factor (19) that influences performance status,
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Table IV. Prognostic impact of psoas muscle index (PMI) status evaluated by univariate and multivariate analyses. 

                                                                                                                                                       Univariate analysis                 Multivariate analysis

                                                        Subgroup                    No. pts                  3-YSR (%)                     p-Value                       p-Value                    RR*

Age                                                 ≥65 Years                        22                            15.9                           0.1903                                                            
                                                       <65 Years                        20                            32.7
Gender                                                Male                            22                            22.9                           0.9949                                                            
                                                          Female                          20                            25.5
Pre-CT ascites                                  Present                          20                            11.5                           0.0263                         0.2082                     3.38
                                                          Absent                          22                            41.6
Body mass index                           ≥20 kg/m2                       27                            35.1                           0.0208                         0.1644                     0.39
                                                       <20 kg/m2                       15                             6.1
Albumin                                          ≥3.0 g/dl                        31                            29.1                           0.1753                              
                                                        <3.0 g/dl                         11                             8.8                                  
Lymphocyte number                        ≥800/μl                         35                            27.5                           0.0101                          0.991                      0.98
                                                         <800/μl                          7                              1.2
PNI                                                      ≥45                             15                            48.9                           0.0161                         0.8939                     0.89
                                                            <45                             27                            11.0
CONUT                                                ≥5                               9                              4.5                            0.0387                         0.7965                     1.23
                                                             <5                              24                            34.5
PMI                                                ≥5.5×10–4                       15                            43.0                           0.0415                         0.0146                     0.10
                                                       <5.5×10–4                       27                            12.9
Tumor size                                       ≥50 mm                         23                             9.8                            0.6086
                                                         <50 mm                         18                            16.2                                                                     
Tumor location                                Rectum                         16                             8.8                            0.9387
                                                           Other                           27                            12.6                                                                     
T                                                          T4b                             12                             6.3                            0.2592
                                                           other                            30                            13.6                                                                     
N                                                         N0-1                             6                             20.7                           0.5298
                                                           N2-3                            35                            10.9                                                                     
H                                                       Present                          29                             8.4                            0.6213
                                                          Absent                          13                            17.8                                                                     
LM                                                    Present                           9                             11.4                           0.9605
                                                          Absent                          33                            11.3                                                                     
P                                                        Present                          16                             9.0                            0.0102                         0.2019                     2.64
                                                          Absent                          26                            37.4
Distant LN metastasis                      Present                           9                             18.6                           0.4000
                                                          Absent                          33                             9.4                                                                      
Primary tumor                                 Resected                        32                            19.5                           0.0002                         0.0192                     0.13
                                                        Residual                         10                            0.06
Operative time                                ≥150 min                        27                            35.2                           0.0501
                                                        <150 min                        15                             8.6                                                                      
Blood loss                                         ≥100 g                          18                            21.0                           0.2030
                                                          <100 g                          24                             5.4                                                                      
Histological type                           Well/mod.                       34                            12.6                           0.6405
                                                            Poor                             4                              7.4                                                                      
Postoperative metastasis site              0-1                             16                            31.9                           0.0073                         0.8948                     0.90
                                                             2-4                             26                             1.6
Chemotherapy                                  Present                          27                            18.4                          <0.0001                       0.0285                     0.02
                                                          Absent                          15                             0.0
Molecularly-targeted therapy          Present                          23                            17.6                           0.0325                         0.1889                     0.16
                                                          Absent                          18                             2.3

3-YSR: 3-Year overall survival rate; RR: relative risk; pre-CT ascites: ascites in preoperative computed tomography; PNI: prognostic nutritional
index; CONUT: Control of nutritional status; T: pathological T grade; N: pathological N grade; H: clinical/surgical H grade; LM: clinical/surgical
LM grade; P: pathological/surgical P grade; LN: lymph node; Significant data are shown in bold. *First subgroup vs. second.



quality of life and compliance with combined modality
therapy such as chemoradiotherapy (7, 20-22). Depletion of
muscle volume aggravates the prognosis of pancreatic and
hepatic cancer. Thus, Otsuji et al. showed that preoperative
sarcopenia increases morbidity, including liver failure, in
patients who underwent major hepatectomy with extrahepatic
bile duct resection (7), and Kataoka et al. found that patients
with recurrence after pancreaticoduodenectomy had a
significant loss of psoas muscle volume, reflecting their
malnutritional state (4).

The results of univariate analysis of prognosis in the
current study were consistent with these findings. The
albumin level and lymphocyte count in blood tests do not
necessarily correspond to the nutritional status of the patient,
and measurement of muscle volume in CT or MRI may be
superior in terms of objectivity and accuracy (2). Muscle
depletion is hidden from view by a mantle of adipose tissue
and there is a tendency to be unaware of the decline of
muscle mass without use of imaging. Therefore, we
investigated the impact of the psoas muscle cross-sectional
area measured on CT on prognosis, complications and
compliance with postoperative chemotherapy. In multivariate
analysis, the muscle volume had a greater influence on the
prognosis of stage 4 colorectal cancer compared to other
nutritional indices calculated using data from blood tests. CT
images are used for cancer staging and planning of surgery,
and thus are a convenient resource for detection of skeletal
muscle depletion. These images are routinely available in
clinical records, and thus no additional stress is placed on the
patient for assessment of nutritional status.

It is important to identify patients at greatest risk for
postoperative complications, and depletion of muscle mass

may indicate a high risk for these complications. Joglekar et
al. found that skeletal muscle depletion is a significant
predictor of operative complications following
pancreatectomy (22). Postoperative complications can lead
to prolonged hospital stays and greater medical costs (23),
and the psoas muscle volume may be a useful index of frailty
and physiological capacity that might help predict the risk of
complications. However, in this study, we did not find any
association between skeletal muscle depletion and the
incidence of complications. However, the participants were
patients with stage 4 colorectal cancer who may have altered
immunological and metabolic characteristics that prevented
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Figure 2. Psoas muscle index (PMI) status showed no significant relationship with the incidence of complications or surgical site infection. PMI
≥5.5×10–4 and <5.5×10–4 cm2 m–2 defined as high and low, respectively. 

Figure 3. The high psoas muscle index (PMI) group had a significantly
longer chemotherapy period compared with the low PMI group. PMI
≥5.5×10–4 and <5.5×10–4 cm2 m–2 defined as high and low,
respectively.



identification of skeletal muscle depletion as a risk factor for
development of complications.

Cancer-related malnutrition refers to adverse events
caused by chemotherapy, radiotherapy and other procedures.
The symptoms include nausea and vomiting, swallowing
disturbance derived from a canker sore or esophagitis, and
malabsorption caused by digestive mucosal damage. Such
malnutrition results in patients receiving shorter-term and
lower-dose chemotherapy, and this affects prognosis. In
patients with colon cancer treated with 5-fluorouracil, Prado
et al. found an increase in dose-limiting toxicity in patients
with low muscle mass (24). Thus, a decline of muscle mass
is associated with worse results in patients receiving
chemotherapy (25). In the current study, there was a
significant difference in the length of chemotherapy periods
between the high and low PMI groups. It is likely that an
increased muscle mass reduces the potential for adverse
events, and assessment of PMI status might help identify
patients at high risk of postchemotherapy adverse events. In
this study, a negative rate of change in PMI was associated
with a poor prognosis. This suggests that prevention of a
negative change in muscle volume can improve the
prognosis. However, this result is too preliminary to draw the
conclusion that muscle training may improve the prognosis
of patients with stage 4 cancer.

All the above results point to the importance of muscle
mass independently of weight or BMI. Indeed, BMI has clear
limitations. An overweight status or obesity with sarcopenia
has been associated with decreased survival (7), although
these conditions may be associated with better survival in
patients with weight-losing cardiac failure (26), which seems
to contradict the recent reports in patients with cancer. Adipose

tissue synthesizes and secretes hormones that act as
inflammatory mediators (27), and muscle depletion and
treatment toxicity may be linked by systemic inflammation
(28). Therefore, prospective studies are required to investigate
maintenance of muscle volume and inhibition of inflammation
in cancer patients. Such studies should include groups of
patients in which inflammation is and is not controllable, since
inflammation is involved in advanced cancer. 

In conclusion, PMI calculated from preoperative CT
images is a nutritional index that can serve as a prognostic
factor in patients with stage 4 colon cancer. Assessment of
PMI status might allow identification of patients at high risk
of post-chemotherapy adverse events.
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