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Abstract:

Objective: Skeletal muscle loss (sarcopenia) is a prognostic factor in patients undergoing gastrointestinal
surgery. However, the influence of muscle quality on prognosis remains unclear. We retrospectively exam-
ined preoperative skeletal muscle quantity and quality impact on survival of elderly patients undergoing
curative resection of colorectal cancer. Methods: We examined data from 142 patients aged 275 years who
underwent curative resection of colorectal cancer between 2007 and 2012. We determined the size and
quality of skeletal muscles, represented by the psoas muscle mass index (PMI) and intramuscular adipose
tissue content (IMAC), respectively, using a preoperative computed tomography image. Overall survival
(OS) and relapse-free survival (RFS) rates were determined according to values of PMI, IMAC, and other
prognostic factors. Results: OS and RFS rates in patients with low PMI were lower than those in patients
with normal PMI. The OS and RFS rates in patients with high IMAC were also lower than those in patients
with normal IMAC. PMI and IMAC were independent prognostic factors for OS (hazard ratio [HR], 3.81,
and 3.04, respectively); IMAC was an independent factor for RFS (hazard ratio [HR], 3.03). Conclusion:
Preoperative sarcopenia, indicating low quality and size of skeletal muscle, predicts mortality after curative

resection of colorectal cancer in the elderly.
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Introduction

Colorectal cancer (CRC) is the second most common can-
cer in Japan” and the second leading cause of cancer deaths
(data from Vital Statistics of the Japan Ministry of Health,
Labour and Welfare). The incidence of colorectal cancer has
been increasing, and approximately 40% of patients are
older than 75-years”. The incidence is presumed to increase
in the future with the aging population”.

Sarcopenia was originally reported by Rosenberg in 1989
as an age-related decline in muscle mass”. In 2010, the
European Working Group on Sarcopenia in Older People
made a recommendation stating that the definition of sarco-
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penia should include low muscle mass as well as low mus-
cle strength or function”.

Reports have confirmed the significant association be-
tween sarcopenia and the poor outcomes of various kinds of

cancer””

. Based on a systemic review, preoperative low
skeletal muscle mass identified before surgery using single-
slice computed tomography (CT) was associated with poor
prognosis in gastrointestinal and hepatopancreatobiliary ma-
lignancies” as well as increased postoperative morbidity in
patients with colorectal cancer with or without hepatic me-
tastases”.

However, the oldest studies examined only skeletal mus-

cle mass for defining sarcopenia, because muscle strength
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Figure 1.

Cross-sectional computed tomographic images at the level of the umbilicus.

(A) The bilateral psoas muscle areas were measured by manual tracing. PMI = cross-sectional area

of bilateral psoas muscle/height? (cm?*/m?).

(B) Subfascial muscular tissue in the multifidus muscle was precisely traced, with four circles

placed on subcutaneous fat.

IMAC = mean CT value of ROI of multifidus muscle (HU)/mean CT value of ROI of subcutaneous

fat (HU)

and function were difficult to estimate in those retrospective
studies”.

To the best of our knowledge, there have been no pub-
lished reports on the association between skeletal muscle
quality and prognosis of elderly patients with colorectal can-
cer after curative resection.

Muscle steatosis (low skeletal muscle quality) has at-
tracted much attention since the increased intramuscular adi-
pose tissue with aging has been associated with decreased
muscle strength and quality'”. Loss of muscle strength de-
pends on both decline in muscle mass and accumulation of
intramuscular adipose tissue'”. To define the quality of
skeletal muscle, Kitajima et al. estimated the amount of
skeletal muscle steatosis by measuring the intramuscular adi-
pose tissue content (IMAC) using CT images and discovered
that skeletal muscle steatosis was associated with the patho-
genesis and severity of nonalcoholic steatohepatitis'™'”.

In this study, we estimated the quality as well as the
quantity of skeletal muscle by defining the IMAC and psoas
muscle mass index (PMI), taking measurements on preop-
erative plain CT images. We also evaluated the impact of
PMI and IMAC on the prognosis of elderly patients under-
going curative resection of colorectal cancer.

Methods

Patients

We performed a retrospective analysis of data from 978
consecutive patients with colorectal cancer who underwent
primary tumor resections at Hiroshima City Hiroshima Citi-
zens Hospital (Hiroshima, Japan) from January 2007 to De-
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cember 2012. We included patients aged >75 years with
histologically-confirmed colorectal adenocarcinoma who had
undergone curative resection for stages 0-III from the cecum
to the rectosigmoid.

Preoperative abdominal CT images without contrast me-
dium (taken within 30 days of the operations) were used for
measurements of 142 patients who were enrolled in this co-
hort study.

The Ethics Committee of Hiroshima City Hiroshima Citi-
zens Hospital approved the study that was conducted in ac-
cordance with the Helsinki Declaration of 1996.

Methods

Image Analysis

We measured the cross-sectional areas of the bilateral
psoas muscles as the quantity of skeletal muscle by manu-
ally tracing a line on the preoperative plain CT at the um-
bilical level. We then calculated the PMI as follows':

PMI = cross-sectional area of bilateral psoas muscle/
height’ (cm’/m®) (Figure 1A)

We considered the PMI measurement to reflect the muscle
volume.

We manually traced the subfascial muscular tissue in the
multifidus muscle at the same level on the preoperative plain
CTs and measured the mean CT values (Hounsfield units
[HU]) for these areas using the Aquarius NET server (Tera
Recon, San Mateo, CA). We made four circles on areas of
subcutaneous fat away from major vessels in CT images to
show the region of interest (ROI) for subcutaneous fat as-
sessment'?.

We also measured the mean CT values (HU) for the ROI
of subcutaneous fat. We calculated the IMAC by the ratio of
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Figure 2. Sex distribution in PMI and IMAC. Those highlighted

in blue indicate quartiles.

these CT values, as previously reported by Kitajima et al'*":

IMAC = mean CT value of ROI of multifidus muscle
(HU)/mean CT value of ROI of subcutaneous fat (HU) (Fig-
ure 1B).

The skeletal muscle density decreases, and IMAC be-
comes higher with fat deposition increments. Therefore, we
considered a high IMAC as a proxy for low muscle quality.
Cutoff Values for PMI and IMAC

Since PMI and IMAC differ significantly between men
and women, we provided different cutoff values for each us-
ing gender-specific quartiles. The cutoff values for PMI in
men and women were 5.71 and 4.32-cm’/m’, respectively
(Figure 2). On the basis of these cutoff values, we divided
patients in two groups: low PMI (n = 35) and normal PMI
(n = 107). The cutoff values for IMAC in men and women
were —0.036 and 0.135, respectively. We divided patients
into two groups according to these cutoff values: high
IMAC (n = 35) and normal IMAC (n = 107) (Figure 2).

Parameters Analyzed

We analyzed the overall survival (OS) and relapse-free
survival (RFS) rates after colectomy in patients classified ac-
cording to PMI or IMAC. We investigated prognostic factors
according to those rates using the following variables: skele-
tal muscle mass (low PMI vs. normal PMI), skeletal muscle
quality (high IMAC vs. normal IMAC), age (<80-years vs. >
80-years), gender (male vs. female), body mass index (BMI;
<20.0 kg/m® vs. >20.0 kg/m’®), serum albumin (<3.5 g/dl vs.
>3.5 g/dl), C-reactive protein (CRP) level (<0.5 mg/dL vs. 2
0.5 mg/dL), and prognostic nutritional index (PNI) (<40 vs.
>40). We calculated the modified Glasgow Prognostic Score
(GPS) as previously described'”. To summarize, patients
with both increased CRP (>0.5-mg/dL) and hypoalbumine-
mia (<3.5-g/dL) were allocated a score of 2 (mGPS 2). Pa-
tients with only one factor were allocated a score of 1
(mGPS 1), and patients with neither factor were allocated a
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score of 0 (mGPS 0). We calculated the PNI as 10xalbumin
(g/dL) +0.005xtotal lymphocyte count (/mL)'". Adjuvant
chemotherapy was administered with capecitabine, S-1, UFT
or UFT/LYV, for a duration of 6 months.
Statistical Analysis

We expressed all data as medians showing minimum to
maximum values in parentheses. We used the Mann-
Whitney U and y* tests to compare groups and proportions
between groups, respectively. We estimated survival curves
using the Kaplan-Meier method and performed analyzes us-
ing the log-rank test. We built univariate Cox proportional
hazard models of all potential baseline predictors to com-
pute the hazard ratios with their 95% confidence intervals.

We analyzed continuous variables nonparametrically using
the Mann-Whitney U test and categorical variables using a
* test or Fisher exact test as appropriate. We considered any
variable with p< .10 in the univariate analysis to be a candi-
date for multivariate analysis using the Cox proportional
hazard model. We calculated the cumulative OS and RFS
rates using the Kaplan-Meier method and evaluated the dif-
ferences between curves using a log-rank test. We consid-
ered a P value <.05 as significant. All statistical data were
generated using the JMP 13 (SAS Institute, Cary, NC) and
Prism 6 (GraphPad Software, La Jolla, CA).

Results

Patient Characteristics

From our database of 978 patients with CRC, only 142
patients (14.5%) were eligible for analysis. The baseline
characteristics and laboratory data of the 142 patients are
shown in Table 1. The median patient age was 80.5 years
(range 75-96).

The median follow-ups for the RFS and OS were 48.3
months (range 0.4-99.7) and 56.4 months (range 0.4-99.7
months), respectively. During the follow-up, 16 patients
(11.3%) developed recurrence, and 19 (16.5 %) died.

Executing rate of adjuvant chemotherapy was nine cases
(6.3%).

Baseline Characteristics of Patients Classified According to
PMI

The clinicopathological characteristics of patients with
low and normal PMI are shown in Table 2.

Patients with low PMI had a lower BMI (p = .0001), he-
moglobin, serum albumin, and PNI values than those with
normal PMI, whereas their age (p = .049) and CRP were
higher (p = .044). Patients with low PMI included signifi-
cantly more cases of mGPS 1 and mGPS 2, and their
pStages were significantly more advanced than those in pa-
tients with high PMI.
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Baseline Characteristics of Patients Classified According to

IMAC

The clinicopathological characteristics of patients with

Table 1.

Clinical Characteristics of All Patients.

Total, n = 142

Age, median (range)
Sex, male/female
BMI, median (range)

Hb, g/dl, median (range)

Albumin, g/dl, median (range)

CRP, mg/dl, median (range)

Creatinine, mg/dl, median (range)

Total lymphocyte count (/uL)

Prognostic nutritional index

Modified Glasgow prognostic score (0/1/2)

pStage (0/I/11/111a/111b)

Adjuvant chemotherapy

Surgical approach

Operative time, median (range) (min)

Blood loss, median (range) (g)

Lymph node dissection

Tumor location

80.5 (75-96)
63/79
22.6 (12.4-32.8)
11.4 (4.2-17.4)
3.8 (2.0-5.0)
0.14 (0.01-11.96)
0.78 (0.46-7.47)
1600 (600-3400)
46.0 (25.5-61.0)

87/33/20
1/36/60/30/15
9(6.3)
Laparoscopic 57 (40.1)
Open 85 (59.9)
211 (92-369)
45 (0-985)
D1 5@3.5)
D2 32 (22.5)
D3 105 (74.0)
Rt side 78 (54.9)
Lt side 64 (45.1)
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high and normal IMAC are shown in Table 3. We found no
significant differences between the high and normal IMAC
groups except in age.

OS and RFS Rates After Curative Resection

After the Kaplan-Meier analysis, patients in the low PMI
group experienced significantly shorter OS (5-year OS, 61%
vs. 87%; log-rank p = .0007) and RFS (5-year RFS, 51%
vs. 78%; log-rank p = .0014) than those in the normal PMI
group (Figure 3).

Similarly, the rates of OS and RFS for patients with high
IMAC were significantly lower than those for patients with
normal IMAC (p = .0133, and p = .0485, respectively) (Fig-
ure 3).

The patients with normal PMI were divided into two
groups: those with high IMAC and those with normal
IMAC.

The clinicopathological characteristics of patients with
normal PMI/normal IMAC and normal PMI/high IMAC are
shown in Table 4. We found no significant differences be-
tween the two groups.

The OS rate for patients with normal PMI/high IMAC
was lower than that for those with normal PMI/normal
IMAC (p = .0015) (Figure 4). Similarly, the RFS rate for
patients with normal PMI/high IMAC was lower than that
for patients with normal PMI/low IMAC (p = .0331) (Figure
4).

Table 2. Clinical Characteristics of Patients with Low PMI and Normal PMI.

low PMI, normal PMI, P value
n=35 n=107

Age, median (range) 82 (75-96) 80 (75-93) 0.049
Sex, male/female 15/20 48/59 1.000
BMI, median (range) 20.9 (12.4-29.9) 23.1(15.8-32.8) 0.0001
Hb, g/dl, median (range) 10.3 (4.2-14.1) 11.8(5.4-17.4) 0.007
Albumin, g/dl, median (range) 3.4 (2.2-4.5) 3.8 (2.0-5.0) 0.001
CRP, mg/dl, median (range) 0.30 (0.02-11.96) 0.11 (0.01-10.89)  0.006
Creatinine, mg/dl, median (range) 0.78 (0.51-3.11) 0.76 (0.46-7.47) 0.904
Total lymphocyte count (/uL) 1500 (600-3100) 1600 (600-3400) 0.111
Prognostic nutritional index 43.0 (29.0-57.5) 46.5 (25.5-61.0) 0.001
Modified Glasgow prognostic score (0/1/2) 10/16/9 77/17/11 0.0001
pStage (0/I/11/111a/111b) 0/3/15/10/7 1/33/45/20/8 0.008
Adjuvant chemotherapy, n (%) 2(5.7) 7 (6.5) 1.000
Surgical approach Laparoscopic 9(25.7) 48 (44.9) 0.049

Open 26 (74.3) 59 (55.1)
Operative time, median (range) (min) 199 (108-305) 214 (92-369) 0.132
Blood loss, median (range) (g) 35 (0-565) 45 (0-985) 0.596
Lymph node dissection D1 3(8.6) 2(1.9) 0.176

D2 7 (20.0) 25(23.3)

D3 25(71.4) 80 (74.8)
Tumor location Rt side 18 (51.4) 60 (56.1) 0.697

Lt side 17 (48.6) 47 (43.9)
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Table 3. Clinical Characteristics of Patients with Normal IMAC and High IMAC.

normal IMAC, high IMAC, P value
n=107 n=35
Age, median (range) 79 (75-93) 82 (75-96) 0.006
Sex, male/female 47/60 16/19 1.000
BMI, median (range) 22.5(12.4-32.8) 23.8 (14.7-28.0) 0.460
Hb, g/dl, median (range) 11.5(4.2-17.4) 10.5 (5.4-14.6) 0.140
Albumin, g/dl, median (range) 3.8 (2.0-5.0) 3.7(2.4-4.5) 0.305
CRP, mg/dl, median (range) 0.12 (0.01-10.89)  0.19 (0.01-11.96) 0.382
Creatinine, mg/dl, median (range) 0.77 (0.46-7.47) 0.78 (0.52-1.98) 0.682
Total lymphocyte count (/uL) 1700 (600-3400) 1500 (600-2700) 0.174
Prognostic nutritional index 45 (29-57.5) 46 (25.5-61) 0.156
Modified Glasgow prognostic score (0/1/2) 66/25/14 197717 0.546
pStage (0/1/11/111a/111b) 1/29/42/23/12 0/7/18/7/3 0.423
Adjuvant chemotherapy, n (%) 1(2.9) 8(7.5) 0.452
Surgical approach Laparoscopic 41 (38.3) 16 (45.7) 0.553
Open 66 (61.7) 19 (54.3)
Operative time, median (range) (min) 208 (114-369) 211 (92-346) 0.356
Blood loss, median (range) (g) 40 (0-985) 70 (0-565) 0.134
Lymph node dissection D1 3(2.8) 2(5.7) 0.523
D2 26 (24.3) 6(17.1)
D3 78 (72.9) 27(77.2)
Tumor location Rt side 59 (55.1) 19 (54.3) 1.000
Lt side 48 (44.9) 16 (45.7)
Overall survival Overall survival
10 100
ormal IMAC
80 normal PMI 80
60 low PMI g 0 high IMAC
401 Log-rank p=0.0007 407 Log-rank p=0.0133
20+ 204
0 T T T T T 0 T T T
0 20 40 60 20 40 60
No at risk Months after operation No at risk Months after operation
Normal 107 90 69 54 Normal 107 87 66 51
Low 35 21 12 8 High 35 2% 15 1

Relapse free survival

10

80+

60

40

20

0

normal PMI 8 0

low PMI

Log-rank p=0.0014

0

No at risk

Normal 107

Low

35

20 40 60

Months after operation
84 67 50
18 11 7

Relapse free survival

100
ormal IMAC
60 high IMAC
40
Log-rank p=0.0485
20+
0 T T T T T
0 20 40 60
No at risk Months after operation
Normal 107 81 46
High 35 21 15 n

Figure 3. Overall survival rates and relapse-free survival after curative resection of colorectal cancer according
to PMI and IMAC.

PMI psoas muscle mass index, IMAC intramuscular adipose tissue content
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Table 4. Clinical Characteristics of Patients with Normal PMI/Normal IMAC and Normal

PMI/High IMAC.
normal PMI/ normal PMI/
normal IMAC high IMAC P value

n=2382 n=25
Age, median (range) 79 (75-93) 81 (75-88) 0.148
Sex, male/female 36/46 12/13 0.819
BMI, median (range) 22.7 (15.8-32.8) 24.6 (17.9-28.0) 0.052
Hb, g/dl, median (range) 11.9 (5.6-17.4) 11.1 (5.4-14.6) 0.104
Albumin, g/dl, median (range) 3.9 (2.0-5.0) 3.8 (2.8-4.4) 0.260
CRP, mg/dl, median (range) 0.10 (0.01-10.9) 0.12 (0.01-2.6) 0.383
Creatinine, mg/dl, median (range) 0.76 (0.46-7.47) 0.78 (0.54-1.31) 0.889
Total lymphocyte count (/uL) 1700 (600-3400) 1550 (700-2700) 0.456
Prognostic nutritional index 47.0 (25.5-61.0) 46.0 (34.5-55.5) 0.220
Modified Glasgow prognostic score (0/1/2) 60/12/9 17/512 0.749
pStage (0/I/T1/1a/111b) 1/26/33/15/7 0/7/11/5/1 0.885
Surgical approach Laparoscopic 36 (43.9) 12 (48.0) 0.819

Open 46 (56.1) 13 (52.0)
Operative time, median (range) (min) 214 (92-346) 218 (122-369) 0.599
Blood loss, median (range) (g) 45 (0-985) 50 (5-495) 0.256
Lymph node dissection D1 1(1.2) 1 (4.0) 0.434

D2 21 (25.6) 4 (16.0)

D3 60 (73.2) 20 (80.0)
Tumor location Rt side 46 (56.1) 14 (56.0) 1.000

Lt side 36 (43.9) 11 (44.0)

Risk Factors for Poor Qutcome in Patients Undergoing
Colonic Curative Resection

Our univariate analysis found significant outcome differ-
ences between the groups in terms of PMI, IMAC, age, al-
bumin level, PNI, and surgical approach (open surgery) for
death after curative resection (Table 5).

Our multivariate analysis identified the following inde-
pendent significant risk factors for death after curative colo-
nic resection for colorectal cancer: low PMI (low skeletal
muscle mass), high IMAC (low skeletal muscle quality),
older age (280 years), and treatment with open surgery (Ta-
ble 5).

The univariate analysis also revealed that low PMI, older
age (280), low albumin (<3.5 g/dl), low PNI (<40), treat-
ment with open surgery, and pStage are significant factors
for recurrence (Table 6). Moreover, the multivariate analysis
identified high IMAC, high age (280), and pStage as three
independent risk factors for recurrence (Table 6).

Discussion

The results of our retrospective study indicated that pre-
operative PMI and IMAC are significant prognostic factors
for mortality after curative resection for colorectal cancer in
the elderly. Other studies concerning the association between
sarcopenia and colon cancer have focused only on skeletal
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muscle volume*'™.

To our knowledge, this is the first study to examine the
effect of skeletal muscle quality on the survival after colec-
tomy in the elderly.

The amount of muscle mass is correlated with muscle
strength; thus the loss of muscle mass results in a loss of
muscle strength. However, some patients display lower lev-
els of muscle function and strength even though their mus-
cular mass appears to be normal, probably because of de-
clined muscle quality. We found that measuring the skeletal
muscle area exclusively using CT imaging yielded inade-
quate results because we could not discriminate muscle from
adipose tissue.

The muscle has been inversely correlated with the size of
intramuscular adipose tissue'.

Therefore, a high IMAC represents a lower level of lean
muscle mass as well as a large amount of intramuscular adi-
pose tissue.

The loss of muscle tissue in sarcopenia has been associ-
ated with fatty infiltration, a condition known as myosteato-
sis'”. We assessed the presence of sarcopenia using the
measured intramuscular adipose tissue accumulation and the
PMI.

In this study, although the patients with normal PMI ap-
peared to have normal muscle volume, those with low mus-
cle quality in this group had poorer prognosis than those
with normal muscle quality. The OS and RFS rates for pa-
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Figure 4. Overall survival rates and relapse-free survival after
curative resection of colorectal cancer for patients with normal
PMI classified according to IMAC.

tients with normal PMI/normal IMAC were significantly
better than those for patients with normal PMI/high IMAC
(p = .0015 and p = .0331, respectively), which suggests that
the prognosis is dependent on the skeletal muscle quality
and that patients with low muscle quality have a poor prog-
nosis even if their muscular volume is normal. Thus, estima-
tion of muscle volume alone is not enough, and assessments
of both the quality and the quantity of skeletal muscle are
more accurate for determining prognosis.

We found that the prognosis after resection of colorectal
cancer depended on several tumor-specific factors, including
the tumor depth, lymph node metastasis presence, harvested
lymph node number, and resection margin status.

However, most tumor-specific factors become evident
only after surgery. Instead, sarcopenia assessments can be
done before the operation. Studies have pointed to preopera-
tive parameters, such as CRP, mGPS, and PNI, as potential
prognostic markers for curative colonic cancer cases'™*".

In our study, the preoperative parameters such as CRP,
PNI, and serum albumin were not independent prognostic

Impact of Preoperative Skeletal Muscle Mass and Quality

factors after the multivariate analysis.

Accordingly, PMI and IMAC may represent more accu-
rate preoperative patient-specific prognostic markers.

The mechanisms by which sarcopenia is associated with
mortality are yet to be clearly understood.

The skeletal muscle and adipose tissue are important se-
cretory endocrine organs. Skeletal muscle releases several
different cytokines and peptides (myokines), such as IL-6,
IL-15, and insulin-like growth factor-1. On the other hand,
adipose tissue releases several adipocytokines (adipokines),
such as adiponectin and leptin.

Myokines are thought to balance and counteract the ac-
tion of adipokines. Moreover, this interaction between mus-
cle and adipose tissue and the association between immunity
and inflammation appear to explain at least partly how sar-
copenia worsens patient survival.

Studies have indicated that preoperative rehabilitation can
reduce the chance of postoperative complications in patients
with lung™, colorectal”, and esophageal cancers™. However
whether preoperative rehabilitation affects survival is not
clear.

Okumura et al. published a study applying preoperative
and postoperative nutritional and exercise therapeutic proto-
cols for patients having living donor liver transplantation,
especially for those with sarcopenia or poor nutrition®”. The
same supportive therapy focusing on nutrition and rehabilita-
tion may be indicated for elderly patients with various kinds
of cancer, but the evidence supporting the approach needs to
be produced in a prospective study.

Preoperative PMI and IMAC may be considered reliable
prognostic factors before surgery in elderly patients with co-
lon cancer. Moreover, the sarcopenia risk assessment can be
carried out easily prior to surgery using our approach. With
this, the resulting risk assessment and scoring may be help-
ful for taking clinical decisions about treatment, especially
the indications of surgery for high-risk elderly patients, al-
though further research is necessary.

We are aware of the limitations in our study. First, we
could not study the association between IMAC and skeletal
muscle strength due to the retrospective nature of our study.
However, studies have suggested that intramuscular fat accu-
mulation leads to decreases in muscle strength and qual-
ity'*. In addition, these findings support our results that
IMAC is a possible new marker to evaluate sarcopenia to re-
place the measurement of muscle strength alone. We believe
our choice of the psoas muscle for estimating skeletal mus-
cle mass and the multifidus muscle for estimating skeletal
muscle quality at the umbilical level in cross-sectional CT
images is appropriate as they have been used already''*".

Last, we cannot be sure that our cutoff values for PMI
and IMAC are sufficient to identify sarcopenia. Other re-
ports have used discrete definitions for sarcopenia, although
no consensus or objective criteria to define the condition ex-

149



J Anus Rectum Colon 2019; 3(4): 143-151

dx.doi.org/10.23922/jarc.2018-034

Table 5. Univariate and Multivariate Analyzes of Clinical Factors and

Overall Survival after Resection of Colorectal Cancer.

Univariate Multivariate
Variable Hazard ratio P value Hazard ratio P value

(95% CI) (95% CI)

Low PMI 3.81 0.003 3.81 0.006
(1.62-8.68) (1.47-9.83)

High IMAC 2.69 0.023 3.06 0.019
(1.16-6.02) (1.20-7.50)

Age (280y) 3.15 0.008 2.59 0.042
(1.34-8.26) (1.03-7.15)

Albumin (<3.5 g/dl) 2.49 0.036
(1.06-5.68)

CRP (<0.5 mg/dl) 1.76 0.233
(0.67-4.13)

PNI (<40) 3.77 0.008
(1.44-9.61)

Operation approach (LAP) 0.28 0.011 0.25 0.008
(0.08-0.77) (0.07-0.70)

Stage I/II/TII 0.170

Table 6. Univariate and Multivariate Analyzes of Clinical Factors and

Relapse-free Survival after Resection of Colorectal Cancer.

Univariate Multivariate
Variable Hazard ratio P value Hazard ratio P value

(95% CI) (95% CI)

Low PMI 3.12 0.003
(1.50-6.27)

High IMAC 1.95 0.083 3.03 0.010
(0.91-3.95) (1.33-6.66)

Age (280y) 2.81 0.005 2.80 0.009
(1.37-6.23) (1.28-6.62)

Albumin (<3.5 g/dl) 242 0.016
(1.19-4.80)

CRP (<0.5 mg/dl) 1.99 0.075
(0.93-4.03)

PNI (<40) 2.73 0.009
(1.30-5.48)

Operation approach (LAP) 0.41 0.022
(0.18-0.88)

Stage I/II/TII 0.001 0.007

ist. In this study, we used gender-specific quartiles rather
than standard deviations for setting cutoff values to define
sarcopenia.

However the most common sarcopenia definition is an ap-
pendicular skeletal muscle index of more than two standard
deviations below that of healthy adults (5.45-kg/m’ for fe-
males and 7.26-kg/m’ for males)*. These values were ob-
tained from dual-energy X-ray scanning, but we got our data
from CT images instead, a broadly available and accurate
method for detecting sarcopenia®” that is performed before
colorectal cancer surgery for cancer staging.
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In addition, since the prevalence of sarcopenia in Japanese
patients is unknown, we selected gender-specific quartiles.
However, further investigations are necessary.

In conclusion, our findings show that preoperative sarco-
penia, defined by both quality and quantity of skeletal mus-
cle, was closely related to the postoperative survival (OS
and RFS) of elderly patients undergoing curative resection
of colon cancer. The estimation of sarcopenia using PMI
and IMAC is easy. In addition to postoperative tumor-
specific prognostic factors, preoperative evaluation of sarco-
penia, including muscle quality and muscle quantity, may be
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helpful for risk assessment and clinical decision making for
elderly patients with colon cancer.
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