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Purpose
We evaluated the association of body composition with long-term oncologic outcomes in
non-metastatic rectal cancer patients.

Materials and Methods
We included 1,384 patients with stage(y)0-III rectal cancer treated at Asan Medical Center
between January 2005 and December 2012. Body composition at diagnosis was measured
using abdomino-pelvic computed tomography (CT). Sarcopenia, visceral obesity (VO), and
sarcopenic obesity (SO) were defined using CT measured parameters such as skeletal mus-
cle index (total abdominal muscle area, TAMA), visceral fat area (VFA), and VFA/TAMA. Infl-
ammatory status was defined as a neutrophil-lymphocyte ratio of ! 3. Obesity was cate-
gorized by body mass index (! 25 kg/m2).

Results
Among the 1,384 patients, 944 (68.2%) had sarcopenia and 307 (22.2%) had SO. The 
5-year overall survival (OS) rate was significantly lower in sarcopenic patients (no sarcopenia
vs. sarcopenia; 84% vs. 78%, p=0.003) but the 5-year recurrence-free survival (RFS) rate
was not different (77.3% vs. 77.9% p=0.957). Patients with SO showed lower 5-year OS
(79.1% vs. 75.5% p=0.02) but no difference in 5-year RFS (p=0.957). Sarcopenia, SO, VO,
and obesity were not associated with RFS. However, obesity, SO, age, sex, inflammatory
status, and tumor stage were confirmed as independent factors associated with OS on mul-
tivariate analysis. In subgroup analysis, association of SO with OS was more prominent in
patients with (y)p stage 0-2 and no inflammatory status.

Conclusion
The presence of SO and a low body mass index at diagnosis are negatively associated with
OS in non-metastatic rectal cancer patients. 
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Introduction

Identification of potentially modifiable factors associated

with oncologic outcomes and treatment response in patients

with cancer is clinically important. In this context, body com-

position parameters associated with fat and muscle distribu-

tion has gained increased attention [1,2]. Besides this,

systemic inflammation is a speculated risk factor affecting

the survival of cancer patients [3,4].

Previous studies have reported that the composition and

the distribution of skeletal muscle mass and visceral adipose

tissue offer prognostic implications in patients with colorec-

tal cancer (CRC) [5-7]. Sarcopenia, defined as low muscle

mass status, is known to be associated with increased post-

operative complications and delayed recovery in various

types of cancers including colorectal cancer [4,8,9]. There is

growing research interest in the correlation of sarcopenia or

sarcopenic obesity (SO) with oncological outcomes, and a 

recent report has indicated that sarcopenia and systemic 
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inflammation affect overall survival (OS) and recurrence-free
survival (RFS) in CRC patients [10]. Studies reporting sar-
copenic patients with colorectal cancer have higher levels of
systemic inflammatory markers and increased systemic 
inflammation affects survival in these cases has furthered the
interest in these parameters [11-13]. SO, in which excessive
body fat is present alongside low muscle mass and quality,
has also been shown to be associated with decreased survival
in colorectal cancer [14-16]. However, studies evaluating the
influence of various body composition parameters on onco-
logic outcomes in colorectal cancer are limited.

Since sarcopenia, SO, and inflammatory markers can be
readily measured by routine abdominopelvic computed 
tomography (CT) and laboratory blood tests prior to surgery
and are correctable by exercise and medication, their corre-
lation with negative oncological outcomes would be clini-
cally significant. In the present study, we aimed to examine
whether body composition parameters and systemic inflam-
mation affect oncological outcomes in rectal cancer patients. 

Materials and Methods

1. Study population

We enrolled stage (y)0-III rectal cancer patients who recei-
ved surgical treatment at Asan Medical Center from January
2005 to December 2012. All of the included study patients
underwent abdominopelvic CT and blood testing during
their first diagnosis. For patients who had received preoper-
ative chemoradiotherapy (PCRT), test records at the time of
diagnosis, i.e., prior to this treatment, were analyzed. Data
on the body mass index (BMI), age, sex, tumor stage, PCRT,
recurrence, survival duration, and laboratory findings for the
study patients were collected via a review of their medical
records. 

2. Body composition parameters

All CT images were retrieved from the Picture Archiving
and Communication System at our institution. The presence
of sarcopenia was evaluated on abdominal CT using Asan-J
software, based on ImageJ (NIH, Bethesda, MD). Two con-
secutive axial CT images at the level of the inferior endplate
of the L3 lumbar vertebra were processed and averaged for
each patient. Using Asan-J, the total abdominal muscle area
(TAMA, cm2), including all muscles on selected axial images,
i.e., psoas, paraspinals, transversus abdominis, rectus abdo-
minis, quadratus lumborum, and internal and external obli-
ques, were demarcated using predetermined Hounsfield unit

thresholds on CT or the signal intensity on precontrast 
images [17]. The visceral fat area (VFA, cm2) and subcuta-
neous fat area (SFA, cm2) were demarcated using the adipose
tissue thresholds on CT (Fig. 1). Visceral obesity (VO) was
defined as a VFA ! 100 cm2. The skeletal muscle index (SMI)
was calculated as TAMA/height2 and sarcopenia was 
defined by an SMI of " 52.4 cm2/m2 for men and " 38.5 cm2/
m2 for women [8]. A VFA/TAMA ratio of above 3.2 was 
defined as SO [18]. The BMI was calculated as weight (kg)/
height2 (m2). A BMI above 25 was considered obesity.

3. Marker of systemic inflammation

We used neutrophil-lymphocyte ratio (NLR) as an indica-
tor of systemic inflammation. A NLR of 3 or greater was con-
sidered to indicate an inflammatory status and values below
3, of no inflammatory status [10,19].

4. Statistical analysis

All continuous variables were shown as mean values with
a standard deviation. Survival duration was determined from
the time of first diagnosis to the period of death from any
cause or the last follow-up date. In the RFS analysis, the time
of disease recurrence or death from any cause was consid-
ered. The associations between sarcopenia and SO and the 
5-year OS and RFS outcomes in our rectal cancer cohort were
analyzed using Kaplan-Meier curves. Cox regression analy-
sis was used to evaluate the factors associated with patient
survival duration, and calculate the hazard ratios (HRs) and
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VFA
SFA

Fig. 1. Body morphometric evaluations of abdominal fat
and muscle areas. At the level of the inferior endplate of
the L3 vertebra, an axial computed tomography image
was segmented into the total abdominal muscle area
(TAMA), visceral fat area (VFA), and subcutaneous fat
area (SFA).
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95% confidence intervals. The covariates used in the analysis
were sarcopenia, SO, VO, sex, age, pathologic tumor stage,
obesity, PCRT, and inflammation. Variables with p < 0.2
were used in the multivariate analysis.

Subgroup analysis for evaluating the association between
sarcopenia/SO and oncologic outcomes was performed 
according to the pathologic tumor stage (yp stage 0-2 and yp
stage 3) and the inflammatory status (inflammation and no
inflammation). Cancer stages were categorized using TNM

tumor staging. We then analyzed whether sarcopenia and
SO were associated with survival outcomes in these sub-
groups. The OS and RFS of each subgroup were analyzed by
Kaplan-Meier curves and the HR was calculated using Cox
regression analysis.

Statistical significance was reported at the p < 0.05 level.
Statistical analyses were conducted using SPSS software ver.
21.0 (IBM Corp., Armonk, NY).

5. Ethical statement

The Institutional Review Board of the Asan Medical Center
(2018-0993) approved this study. The informed consent was
waived due to the retrospective design of this study.

Results

1. Clinicopathological characteristics of the study patients

Among the 1,384 rectal cancer patients included in the
whole study cohort, 944 (68.2%) were categorized as sarcope-
nia and 307 (22.2%) as having SO. Majority of the patients
were men (n=888, 64.2%). The mean BMI was 23.9±4.4, 458
patients (33.1%) were obese (25 kg/m2 ! BMI), and 42 pati-
ents (3%) had a BMI of 30 or more. In addition, 670 patients
(48.4%) had VO and 536 subjects had undergone PCRT
(38.7%). In terms of the tumor pathology, 911 patients (65.8%)
had (y)p stage 0-2 tumor. Based on NLR, 278 patients (20.2%)
were categorized with inflammatory status. Table 1 summa-
rizes these clinicopathological characteristics.

2. Distribution and correlations among sarcopenia, BMI,

and VO

Among the parameters, SMI, BMI, and visceral fat showed
correlations. The SMI and BMI had a positive correlation
(r=0.637, p < 0.001), BMI and visceral fat had a slightly weaker
positive correlation (r=0.444, p < 0.001), and SMI and visceral
fat showed a weak positive correlation (r=0.247, p < 0.001)
(Fig. 2). Incidence of sarcopenia and VO according to sex,
age, and pathologic tumor stage was analyzed (Table 2). Sar-
copenia and VO had a higher incidence in men. Patients
older than 65 years were both more sarcopenic and had VO.
The (y)p stage 0-2 cases also had a predominance of VO. The
distribution of sarcopenia, obesity, or VO was not different
according to receipt of PCRT.

Table 1. Clinicopathological characteristics of the study
patients

Values are presented as mean±standard deviation or num-
ber (%). 

Variable Value

Age (yr) 59.0±10.9
Sex

Male 888 (64.2)
Female 496 (35.8)

Pathologic stage

yp stage 0-2 911 (65.8)
yp stage 3 473 (34.2)

Preoperative chemoradiotherapy

Yes 536 (38.7)
No 848 (61.3)

Surgical procedure

Abdominoperineal resection 157 (11.3)
Hartmann procedure 7 (0.5)
Sphincter preserving resection 1,220 (88.2)

Adjuvant chemotherapy

Yes 731 (52.8)
No 653 (47.1)

Sarcopenia

Yes 944 (68.2)
No 440 (31.8)

Sarcopenic obesity

Yes 307 (22.2)
No 1,077 (77.8)

Visceral obesity

Yes 670 (48.4)
No 714 (51.6)

Body mass index (kg/m2) 23.9±4.4
< 18.5 57 (4.1)
18.5-23 494 (35.7)
23-25 375 (27.1)
25-30 416 (30.1)
> 30 42 (3.0)

Neutrophil-lymphocyte ratio 2.33±1.68
< 3 1,099 (79.8)
" 3 278 (20.2)
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Sarcopenia Obesity Visceral obesity

No Yes p-value No Yes p-value No Yes p-value

Sex

Male 247 (27.8) 641 (72.2) < 0.001 589 (66.3) 299 (33.7) 0.540 391 (44.0) 497 (56.0) < 0.001
Female 193 (38.9) 303 (61.6) 337 (67.9) 159 (32.1) 323 (65.1) 173 (34.9)

Age (yr)

< 65 362 (38.6) 575 (61.4) < 0.001 621 (66.3) 316 (33.7) 0.502 518 (55.3) 419 (44.7) < 0.001
! 65 78 (17.4) 369 (82.6) 305 (68.2) 142 (31.8) 196 (43.8) 251 (56.2)

yp stage

0-2 296 (32.5) 615 (67.5) 0.438 600 (65.9) 311 (34.1) 0.251 442 (48.5) 469 (51.5) 0.002
3 144 (30.4) 329 (69.6) 326 (68.9) 147 (31.1) 272 (57.5) 201 (42.5)

PCRT

No 268 (31.6) 580 (68.4) 0.850 576 (67.9) 272 (32.1) 0.312 435 (51.3) 413 (48.7) 0.784
Yes 172 (32.1) 364 (67.9) 350 (65.3) 186 (34.7) 279 (52.1) 257 (47.9)

Values are presented as number (%). PCRT, preoperative chemoradiotherapy.

Table 2. Distribution of sarcopenia, body mass index, and visceral fat according to sex, rectal tumor stage, and receipt of
PCRT

Fig. 2.  (A-C) Correlation among skeletal muscle index (SMI) and body mass index (BMI), and visceral fat area (VFA). (A)
The SMI and BMI showed a positive correlation (r=0.637).

BM
I

SMI

A

r=0.637

VF
A

SMI

B

r=0.247

VF
A

BMI

C

r=0.444
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3. Association of body composition and inflammatory sta-

tus with oncologic outcomes

The sarcopenic patients showed a significantly lower 
5-year OS rate (84% vs. 78%, p=0.003), similar to the SO pati-
ents (79.1% vs. 75.5% p=0.020). Those with inflammation also
displayed a significantly worse 5-year OS (83.3% vs. 66.0%,
p < 0.001) (Fig. 3) and lower 5-year RFS (75.7% vs. 55.4%, p <
0.001). However, RFS showed no difference between pati-
ents categorized with sarcopenia and with SO. Moreover, the
5-year RFS and OS did not vary according to VO.

Sarcopenia, SO, visceral obesity, and obesity were not asso-
ciated with RFS (Table 3). However, sarcopenia, SO, obesity,
inflammatory status, age, sex, and pathologic stage were
found to be associated with OS in univariate analysis. Obe-
sity, SO, and inflammatory state were confirmed as inde-
pendent factors associated with OS, together with age, sex,
and pathologic stage, in multivariate analysis (Table 4).

4. Influence of sarcopenia and SO on oncologic outcomes

according to tumor stage and inflammatory status

Oncologic outcomes according to sarcopenia and SO were
analyzed in subgroups categorized by pathologic tumor
stage and inflammatory status. For patients without lymph
node metastasis ((y)p stage 0-2), the OS was significantly
lower in the sarcopenia cases (p=0.003), but no such differ-
ences were observed among the patients with lymph node
metastasis (y)p stage 3) (p=0.310). SO patients with (y)p stage
0-2 also showed lower OS (p=0.024), but this difference was
not observed in SO patients with (y)p stage 3 (p=0.097). The
HR of SO was higher in patients with (y)p stage 0-2 (HR,
1.592) than in those with (y)p stage 3 (HR, 1.243) (Fig. 4). 

In the no inflammatory status, an OS decline was observed
in the sarcopenic cases (86.3% vs. 81.7%, p=0.014). For pati-
ents with inflammatory status, however, no OS differences
were found. Whilst SO patients exhibited a lower OS with a
no inflammatory status (84.5% vs. 79.4%, p=0.006), there
were no differences among the SO cases with an inflamma-
tory state. In terms of OS, HR of SO was higher in no inflam-
matory status (HR, 1.576) than in inflammatory status (HR,

Fig. 3.  Overall survival (OS) outcomes according to sarcopenia (A), sarcopenic obesity (SO) (B), and the neutrophil-lym-
phocyte ratio (NLR) (C). Sarcopenia and SO showed negative association with the 5-year overall survival rate. A high NLR
was also associated with a poorer 5-year OS.
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1.054) (Fig. 5).

Discussion

We found from our current analyses that SO, low body

mass index, and an inflammatory status are independent

negative prognostic indicators for OS. Furthermore, our sub-

group analysis demonstrated that association between OS

and SO was more prominent in patients without lymph node

metastasis or with no inflammatory status.

We analyzed the long-term outcomes of SO in our current

rectal cancer patient series and were able to observe the 

effects of current practical treatment settings on survival out-

comes by including the patients who had undergone PCRT,

which has recently become a standard therapy for rectal can-

cer, and by considering combined treatment effects. Further-

more, by examining the associations between various body

composition values including sarcopenia, SO, BMI, and VO,

and analyzing the effects of each of these parameters, we

could evaluate those that had the most prognostic utility.

Studies on the association between body composition and

long-term outcomes in colorectal cancer have shown incon-

sistent results. Sarcopenia has been reported as a risk factor

for worse OS in some reports [1,10,15], but, its influence on

RFS was reportedly varied [1,15]. Some studies evaluating

the influence of both body fat and skeletal muscle mass on

oncologic outcomes indicated that SO is an independent pre-

dictor of poorer outcomes in colorectal cancer [4,14-16]. A 

recent study analyzed sarcopenia and systemic inflammation

together and reported that these are independent factors for

a decreased OS and RFS and are predictors of a higher risk if

Cancer Res Treat. 2020;52(2):563-572

Variable
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Visceral obesity

No 1 ( -

Yes 0.934 (0.742-1.174) 0.557 - -

Sarcopenic obesity
No 1 ( -

Yes 1.026 (0.778-1.351) 0.858 - -

Sarcopenia
No 1 ( -

Yes 1.001 (0.784-1.278) 0.992 - -

Obesity
No 1 ( -

Yes 0.851 (0.664-1.092) 0.205 - -

Age (yr)
< 65 1 ( -

! 65 0.967 (0.752-1.242) 0.790 - -

Pathologic stage
yp stage 0-2 1 ( 1 (

yp stage 3 3.334 (2.640-4.210) < 0.001 3.547 (2.803-4.488) < 0.001

Sex
Male 1 ( -

Female 0.932 (0.732-1.186) 0.566 - -

PCRT
No 1 ( 1 (

Yes 1.573 (1.250-1.978) < 0.001 1.671 (1.318-2.118) < 0.001

Inflammatory status
No 1 ( 1 (

Yes 1.961 (1.527-2.518) < 0.001 1.753 (1.357-2.266) < 0.001

CI, confidence interval; PCRT, preoperative chemoradiotherapy.

Table 3. Risk factors associated with recurrence-free survival
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found in combination [10]. This study further discussed the

effects of sarcopenia in concert with systemic inflammation

on survival.

In the present study, the independent prognostic factors

affecting OS were found to be SO and inflammatory status.

There are studies reporting on the association between SO

and poor OS and higher mortality associated with solid 

tumors [17,18]. The exact mechanism of how body composi-

tion (such as sarcopenia and SO) affects the survival of cancer

patients remains unknown. Systemic inflammation might be

a possible explanation [10]. A systemic inflammatory condi-

tion is known to increase the risk of cancer [19] and reduce a

patient’s response to treatment [20]. Sarcopenia and systemic

inflammation are known to be correlated and this relation-

ship would be substantial in obese patients who were defi-

ned as SO [5]. Possible explanations of how SO is indepen-

dently related to mortality and morbidity might be the asso-

ciations between immunity, inflammation, and myokines

and adipocytokines [5,21,22]. Myokines play a pivotal role

in cancer prevention as mediators of the beneficial effects of

physical activity, counteracting the harmful effects of pro-

inflammatory adipokines [23,24]. SO might be the condition

bringing about the worsening of the imbalance in cytokines.   

Our present subgroup analysis indicated an OS difference

in SO patients and this was more pronounced in patients

without lymph node metastasis or with no inflammatory sta-

tus. This supports the hypothesis that systemic inflammation

is a mechanism in which SO affects cancer survival. It may

be possible that a severe inflammatory state itself has the

principal negative effect on survival and that SO worsens this

risk but relatively weakly. Although a non-inflammatory

state accompanies SO, it might still progress into the afore-

mentioned vicious cycle, exacerbate systemic inflammation,

and thus have a relatively larger negative impact on survival.

Jin Soo Han, Impact of Sarcopenia on Survival in Rectal Cancer

Variable
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Visceral obesity

No 1 ( -

Yes 0.942 (0.761-1.166) 0.582 - -

Sarcopenic obesity
No 1 ( 1 (

Yes 1.332 (1.043-1.702) 0.022 1.395 (1.067-1.822) 0.015

Sarcopenia
No 1 ( 1 (

Yes 1.415 (1.115-1.796) 0.004 0.947 (0.728-1.233) 0.688

Obesity
No 1 ( 1 (

Yes 0.682 (0.536-0.868) 0.002 0.639 (0.494-0.828) 0.001

Age (yr)
< 65 1 ( 1 (

! 65 2.113 (1.702-2.622) < 0.001 2.205 (1.762-2.760) < 0.001

Pathologic stage
yp stage 0-2 1 ( 1 (

yp stage 3 2.664 (2.510-3.301) < 0.001 3.066 (2.468-3.809) < 0.001

Sex
Male 1 ( 1 (

Female 0.788 (0.625-0.993) 0.043 0.787 (0.624-0.992) 0.043

PCRT
No 1 ( -

Yes 1.091 (0.879-1.355) 0.430 - -

Inflammatory status
No 1 ( 1 (

Yes 2.222 (1.769-2.790) < 0.001 2.187 (1.739-2.753) < 0.001

CI, confidence interval; PCRT, preoperative chemoradiotherapy.

Table 4. Risk factors associated with overall survival
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Since the advanced stage of CRC is also associated with a

high inflammatory state [25,26], the effects of stage without

lymph node metastasis can possibly be explained in a man-

ner similar to the no inflammatory state. Further studies will

be needed to elucidate these possibilities.

In the present study, SO was associated with OS but not

RFS. Obese patients are more likely to be affected by hyper-

tension, diabetes, cardiac disease, and metabolic syndrome,

and are usually associated with increased morbidity and

mortality. Therefore, it was suspected that the adverse effect

of SO on OS might be associated with medical co-morbidities

rather than an effect of SO. In this study, however, we used

CT measured parameters for the definition of SO, not the

combination of obesity and sarcopenia. Indeed, obesity itself

was rather associated with better OS in the present study.

Therefore, the negative effect of SO on OS was not consid-

ered to be mainly due to medical co-morbidities. Inflamma-

tory status was the most potent associated factor of both RFS

and OS in our cohort. Impact of SO on OS differed in degree

according to the inflammatory status. Therefore, SO might

be associated with OS through inflammation-related pro-

cesses. Mechanism of how SO is associated with OS in col-

orectal cancer needs to be studied further.  

Our present study had some limitations of note. First, since

the definition of sarcopenia and SO is not fully established

in Korea, we adopted the widely used Western definition.

The prevalence of sarcopenia in CRC patients has been 

reported previously to range from 40%-60% [10,27,28], which

is comparable to our present findings, but the cut-offs may

not be appropriate for a Korean population since people in

the West and East have a different baseline muscle mass or

fat mass. Thus, our findings may have differed from those of

other studies if a different baseline is adopted. Second, as we

analyzed the effects of body mass composition parameters

and inflammation based on single measurements prior to

treatment, we were unable to examine postoperative changes

over time. Furthermore, since our analyses were retrospec-

tive in nature and we had to use medical records to deter-

mine the inflammatory state, analysis of the effects of inflam-

matory markers is limited.

Cancer Res Treat. 2020;52(2):563-572

Fig. 4.  Association between overall survival (OS) and sarcopenia and sarcopenic obesity (SO) according to the pathologic

stage of the rectal tumor. The influence of sarcopenia on survival was evaluated in patients with (y)p stage 0-2 (A) and (y)p

stage 3 (B) tumor. The association between SO and OS was also evaluated in the (y)p stage 0-2 (C) and (y)p stage 3 (D) rectal

cancer cases. LNM, lymph node metastasis.
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Notwithstanding these limitations, we enhanced the relia-
bility of our data through the use of a larger-scale cohort that
ensured greater statistical power. We thus believe that we
have provided valid early study findings on the possibility
of using SO as a prognostic factor in rectal cancer patients.

In conclusion, SO is a negative prognostic indicator in rec-
tal cancer patients and is a more potent risk factor for poorer
survival in patients with cancers without lymph node metas-
tasis or those in a non-inflammatory state. Given that SO can
be corrected, further prospective studies are warranted to 
determine if such interventions could improve cancer sur-
vival outcomes.
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Fig. 5.  Association between overall survival (OS) and sarcopenia and sarcopenic obesity (SO) according to the inflammatory
status of the rectal cancer patients. The influence of sarcopenia on the OS rate in patients with a non-inflammatory (A) and
inflammatory (B) status was assessed. The association between SO and OS outcomes in non-inflammatory (C) and inflam-
matory (D) status cases was also evaluated.
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