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Abstract
Objectives: In elderly colorectal cancer (CRC) patients, preoperative surgical indications can be controver-

sial in some cases depending on the patient’s physical condition. In comparison with younger patients, both

cancer-specific survival (CSS) and non-CCS (NCSS) have an impact on the prognosis and both CSS and

NCSS should be considered in the preoperative assessment. We aimed to investigate the impact of body

mass index (BMI) on CSS and NCSS in Japanese elderly CRC patients.

Methods: We retrospectively collected data from 471 Japanese elderly patients (�80 years) with stage I-III

CRC who underwent curative surgery from 1998 to 2017. A Kaplan-Meier survival analysis with propensity

score matching (PSM) and a multivariate Cox regression analysis were performed.

Results: After PSM, 123 higher BMI (�23) and 123 lower BMI (<23) cases were matched. The higher

BMI group had significantly better survival than the lower BMI group regarding NCSS and overall survival

(OS; P < .001 and P < .001, respectively). The multivariate survival analysis further confirmed that the

higher BMI group had significantly better survival than the lower BMI group regarding CSS, NCSS, and

OS (P = .027, P < .001, and P < .001, respectively).

Conclusions: In Japanese elderly patients with stage I-III CRC who underwent curative surgery, preopera-

tive higher BMI was a significant and simple favorable prognostic predictor, especially for NCSS and OS.
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Introduction

Colorectal cancer (CRC) is the second leading cause of

cancer-related death worldwide[1]. The risk of CRC is high-

est at around 70 years of age, and 75% of colon tumors are

found in patients of �65 years of age[2]. With the increase

in age in the general population in developed countries and

increasing life expectancy, the incidence of CRC in elderly

patients is likely to increase worldwide[3,4].

Recently, accumulated studies have shown that the cancer-

specific survival (CSS) of elderly CRC patients was not in-

ferior to that of younger patients and that there is no defini-

tive relationship between malignant aggressiveness and age;

however, the overall survival (OS) of elderly CRC patients

was worse than that of younger CRC patients[5,6]. Most

elderly CRC patients have other comorbidities, such as car-

diovascular and pulmonary disease, and decision-making re-

garding surgical indications for elderly CRC patients can be

difficult in some cases as the life expectancy of such pa-

tients may be short. Considering the operative risks in eld-

erly patients, not only CSS but also non-cancer-specific sur-

vival (NCSS) should be considered[5,7,8]. That is, in elderly
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Figure　1.　Flow diagram of patient disposition. The following variables were used for propen-

sity score matching between the higher body mass indexes (BMI) and lower BMI groups: age, 

sex, location of lesion, serum carcinoembryonic antigen level, histological type, surgical ap-

proach, American Society of Anesthesiologists Performance Status, adjuvant chemotherapy, 

postoperative complications, and stage.

patients, a careful preoperative assessment of the patient’s

general physical condition and life expectancy-including

NCSS-should be performed.

The body mass index (BMI) is a simple indicator of gen-

eral physical condition and is associated with all-cause mor-

tality in the general population[9,10]. In general, all-cause

mortality depends on the degree of overweight and obesity,

as defined by the WHO; obesity (BMI �30) is unfavorable

and is associated with increased mortality[9,11]. However,

BMIs within the overweight range (BMI: 25.0 to <30) were

favorable among healthy people, regardless of age and were

not associated with a significant increase in mortality risk

among elderly people[9,12]. In Japanese healthy people of

65-79 years of age, people with BMI �23 had a better

prognosis than those with BMI < 23[13]. Thus, it is hy-

pothesized that a relatively higher BMI (e.g., �23) is prefer-

able for Japanese elderly CRC patients; however, few re-

ports have analyzed the association between the prognosis

and BMI among elderly CRC patients[14]. The present

study was designed to elucidate the relationship between

BMI and the prognosis-including both CSS and NCSS-in

elderly CRC patients who received curative resection.

Methods

Study design and participants

In this single-center retrospective study, we retrospectively

reviewed 506 consecutive elderly CRC patients who under-

went colorectal surgery at Toyonaka Municipal Hospital be-

tween January 1998 and December 2017. The inclusion cri-

teria were histologically diagnosed adenocarcinoma of the

colon or rectum, performance of curative resection, age of �
80 years, and Union for International Cancer Control

(UICC) Stage I-III (UICC 8th edition). Among the 506 con-

secutive patients, 35 were excluded because of non-curative

resection (n = 5), transanal resection (n = 13), and missing

data (n = 17; [causes of death data missing, n = 12; BMI

data missing, n = 5]). Finally, we analyzed 471 elderly pa-

tients with stage I-III CRC who underwent curative surgery.

The patient selection flowchart is shown in Figure 1.

Patient data were extracted from medical records. We ex-

tracted recorded data, including age, sex, BMI, American

Society of Anesthesiologists (ASA) Performance Status, pre-

operative tumor markers, surgical procedures, postoperative

complications including any grade by Clavien-Dindo classi-

fication of surgical complication, histological type and its

associated TNM category, whether postoperative adjuvant

chemotherapy was performed, cause of death, and survival

period[15]. We defined CSS as the survival period until
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death from primary CRC and defined NCSS as the survival

period until death from diseases other than primary CRC.

The median follow-up period was 4.03 (interquartile range

[IQR]: 1.80-5.49) years. The patients were divided into the

following two groups: those with a BMI of �23 kg/m2

(higher BMI group; n = 129) and those with a BMI of <23

kg/m2 (lower BMI group; n = 342). The patient background

data are shown in Table 1.

This study was conducted in accordance with the Declara-

tion of Helsinki and was approved by the Institutional Re-

view Board of the Toyonaka Municipal Hospital (approval

number: 2020-08-07). All data were subject to strict privacy

policies, and the opt-out recruitment method was applied to

provide all patients an opportunity to decline to participate.

The need for informed consent was waived due to the retro-

spective nature of the study.

Propensity score matching

A propensity score-matched (PSM) analysis was per-

formed using a logistic regression model. The following 10

variables were matched: age, sex, surgical approach, serum

carcinoembryonic antigen level, ASA Performance Status,

tumor location, histological type, TNM stage, adjuvant che-

motherapy, and postoperative complication. One-to-one

matching was performed by using a caliper width of 0.20 of

the standard deviation of the log of the propensity score.

Statistical analysis

Continuous parameters are presented as the median, inter-

quartile range. The Wilcoxon rank sum test and Fisher’s

exam test were used for comparisons, as appropriate. The

Kaplan-Meier method was used to estimate survival and a

log-rank test was used to assess the estimated survival. Haz-

ard ratios (HRs) were estimated using Cox proportional-

hazards model and the 95% confidence interval (CI) was

calculated. All statistical analyses were carried out using

JMP Pro version 11.2.0 (SAS Institute Inc., Cary, NC,

USA). Statistical significance was assessed using the 95%

CI. In all analyses, two-tailed P-values of <.05 were consid-

ered statistically significant.

Results

Baseline data before and after matching between the
higher BMI and lower BMI groups

Table 1 shows the baseline data of all patients (n = 471)

and of the PSM patients. A total of 129 (27.4%) patients

were classified into the higher BMI group and 342 (72.6%)

into the lower BMI group. Before matching, differences

were observed between these groups in the age (P = .017),

surgical approach (P < .001), and ASA (P < .001). After

matching, 123 patients were matched to each of the two

groups; the patient characteristics of the matched groups

were similar (P > .05; Table 1).

Patient survival after matching between the higher BMI
and lower BMI groups

After PSM, the 5-year CSS rates in the higher and lower

BMI groups were 87.7% and 79.2%, respectively, the 5-year

NCSS rates were 89.7% and 73.6%, and the 5-year OS rates

were 78.6% and 58.2%. The log-rank test showed that there

was no significant difference between the higher BMI and

lower BMI groups in CSS (P = .097; Figure 2a).

The log-rank test showed that there were significant dif-

ferences between the higher BMI and lower BMI groups in

NCSS and OS (P < .001 and P < .001, respectively; Figure

2b, 2c).

Analysis of the risk factors

To investigate the risk factors associated with CSS, NCSS

and OS, univariate and multivariate Cox regression hazards

analyses of all elderly CRC patients were performed (Table

2). Lower BMI (HR 1.862, P = .027), stage III (HR 4.443,

P < .001), and presence of postoperative complications (HR

2.215, P = .002) were significantly associated with poor

CSS in a univariate analysis. Lower BMI (HR 2.588, P <

.001), male sex (HR 1.606, P = .008), ASA3-5 (HR 1.971,

P < .001), open approach (HR 1.653, P = .018), and ab-

sence of adjuvant chemotherapy (HR 5.749, P < .001) were

significantly associated with poor NCSS in a univariate

analysis. Lower BMI (HR 2.279, P < .001), male sex (HR

1.449, P = .009), ASA3-5 (HR 1.718, P < .001), stage III

(HR 1.476, P = .009), open approach (HR 1.456, P = .021),

and the presence of postoperative complications (HR 1.676,

P = .001) were significantly associated with poor OS in a

univariate analysis.

An additional multivariate analysis showed that lower

BMI was the only independent risk factor for all types of

survival as follows: CSS (HR 1.867; 95% CI 1.069-3.496; P
= .027), NCSS (HR 2.331; 95% CI 1.451-3.949; P < .001),

and OS (HR 2.230; 95% CI 1.541-3.324; P < .001).

Causes of death

Table 3 shows the causes of death after surgery. Before

matching, significant differences were observed in the total

number of deaths between the higher BMI and lower BMI

groups (P < .001). There were no significant differences in

causes of death (e.g., death from primary cancer or death

from other disease) between the groups (P = .433). Among

stage I patients, no significant differences were observed in

the total number of deaths between the groups (P = .098),

and no significant difference was observed in the causes of

death between the groups (P = 1.000). Among stage II pa-

tients, a significant difference was observed in the total

number of deaths between the groups (P = .004), but no
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Figure　2.　Kaplan–Meier curves of the higher body mass index (BMI) and lower BMI groups for (a) cancer-specific 
survival (CSS), (b) non-cancer-specific survival (NCSS), and (c) overall survival (OS) after propensity score matching. 
Using a log-rank test, significant differences were identified between the higher BMI and lower BMI groups’ NCSS and 
OS (P < .001 and < .001, respectively).

significant difference was observed in the causes of death

between the groups (P = .542). Among stage III patients, a

significant difference was observed in the total number of

deaths between the groups (P = .009), while no significant

difference was observed in the causes of death (P = .344).

After matching, significant differences were observed in

the total number of deaths between the higher BMI and

lower BMI groups (P = .003). There were no significant

differences in the causes of death between the groups (P =
.655). Among stage I patients, no significant difference was

observed between the groups in the total number of deaths

(P = .148), and no significant difference was observed in

the causes of death (P = 1.000). Among stage II patients,

there were no significant differences in the total number of

deaths between the groups (P = .070), and no significant

difference was observed in the causes of death (P = .713).

Among stage III patients, there were no significant differ-

ences in the total number of deaths between the groups (P =
.169), and no significant difference was observed in the

causes of death (P = 1.000).

Discussion

In elderly CRC patients, decision-making regarding the

indication of surgery is difficult in some cases. A previous

study recommended that age should not detract from offer-

ing optimal therapy to patients with good risk factors[16]. In

contrast to young patients, elderly patients require careful

preoperative assessment, which considers not only CSS but

also NCSS. In elderly CRC patients, non-cancer death (e.g.,

death from cardiovascular disease, lung disease, or cere-

brovascular disease) stably increases and the impact of non-

cancer death on OS is significant[7]. The impact of NCSS

on OS makes it more difficult to make a correct preopera-

tive assessment in elderly patients.

Considering the impact of age on CRC patients, although

several studies have addressed the prognosis of elderly CRC

patients, whether age is a definitive independent prognostic

factor in CRC remains controversial[6,8,14,17]. These con-

troversies might be due to the variation of patient character-

istics that could be confounding factors for age[8]. In addi-

tion to the variable distribution of patient characteristics, the

impact of NCSS is expected to have an effect on the analy-

sis of the prognosis. While, NCSS in elderly CRC patients

who receive curative surgery is rarely studied. In this study,

to evaluate the prognosis in elderly CRC patients more pre-

cisely, we included CSS, NSCC, and OS in our prognostic

evaluation.

Regarding the impact of NCSS on the prognosis in eld-

erly CRC patients, our findings showed that NCSS had a

greater impact on OS than CSS had in elderly CRC patients

underwent curative surgery (Figure 2). Furthermore, al-
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Table　3.　Causes of Death after Surgery before and after Propensity Score Matching.

Overall cohort After matching

Higher BMI 

(n = 129)

Lower BMI 

(n = 342)
P value

Higher BMI 

(n = 123)

Lower BMI 

(n = 123)

P 

value

Total number of deaths, n (%) 33 (25.6) 166 (48.5) <.001*** 32 (26.0) 55 (44.7) .003**

Death from primary cancer 14 58 .433 14 21 .655

Death from other diseases 19 108 18 34

Other cancer death 7 25 N.A. 7 8 N.A.

Respiratory disease 0 14 0 8

Heart disease 1 10 1 2

Gastroenterological disease 0 6 0 1

Renal and urinary disease 0 5 0 0

Brain-related disease 1 3 0 1

Sudden death 1 3 1 0

Aortic rupture 1 1 1 1

Senile decay 0 2 0 0

Unknown other than cancer 8 39 8 13

Stage I (n = 94) 28 66 27 27

Total number of deaths 6 27 .098 6 12 .148

Death from primary disease 0 1 1.000 0 1 1.000

Death from other disease 6 26 6 11

Stage II (n = 220) 62 158 58 55

Total number of death 15 73 .004** 14 23 .070

Death from primary disease 5 19 .542 5 6 .713

Death from other disease 10 54 9 17

Stage III (n = 157) 39 118 38 41

Total number of deaths 12 66 .009** 12 20 .169

Death from primary disease 9 38 .344 9 14 1.000

Death from other disease 3 28 3 6

BMI, body mass index; N.A., not analyzed.

* P-value <.05, ** P-value <.01, *** P-value <.001

though cancer-related death rarely occurred at more than 5

years after surgery, non-cancer-related death occurred con-

stantly over time (Figure 2). Global epidemiological data

suggest that the ratio of non-cancer-related death is higher

than that of cancer-related death[18]. As for epidemiology in

Japan, cancer is the leading cause of death among people of

45-94 years of age[19]. However, the ratio of cancer-related

death to all-cause death decreases in people of �85 years of

age[19]. These results may support our finding that NSCC

had a large impact on the prognosis of elderly CRC patients

who received curative surgery. Although few previous re-

ports described NCSS, OS is affected by NCSS because OS

represents the combination of CSS and NSCC. In a previous

study, the Kaplan-Meier curves for OS and CSS in elderly

CRC patients resembled those of our study, and this result

implied that the balance of the impact of NCSS and CSS on

OS was consistent with our results[14].

BMI is an indicator of the physical condition and among

Japanese healthy people 65-79 years of age, those with a

BMI of �20 have a better prognosis compared with those

with a BMI of <20 have[13]. In this study, our results

showed that lower BMI was associated with significantly

worse OS and NCSS in elderly CRC patients who received

curative surgery. A previous multicenter study of elderly

CRC patients also showed that BMI is a useful prognostic

factor and that lower BMI is associated with worse OS and

CSS[14]. Therefore, our finding that elderly CRC patients

with higher BMI values had a better prognosis than those

with lower BMI values was thought to be reasonable. Fur-

thermore, in this study, to precisely evaluate the impact of

BMI on prognosis, we included NCSS in the analysis of

elderly CRC patients who received curative surgery.

Although-as described above-the impact of BMI on OS and

CSS in elderly CRC patients was previously reported, there

have been no studies on the impact of BMI on NCSS in

elderly CRC patients[14]. In the present study, the hazard

ratio of higher BMI for NCSS was 2.588 (P < .001) and

that for CSS was 1.862 (P = .027). The log-rank test after

PSM showed that lower BMI tended to be associated with

worse CSS, but not significantly, whereas lower BMI was

associated with significantly worse NCSS. These results also

implied that BMI has a greater impact on NSCC than on
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CSS in elderly CRC patients after curative surgery.

In this study, both the analysis with PSM and the multi-

variate analysis showed the tendency to be an independent

association between lower BMI and poor CSS in elderly

CRC patients. This result was similar to that of a previous

study that found that lower BMI is independently associated

with poor CSS in elderly CRC patients[14]. Although the

result that lower BMI was associated with worse CSS is not

definitive in this study and is difficult to interpret, we con-

sidered that one possible explanation was the association

with sarcopenia. Sarcopenia is significantly and progres-

sively associated with the risk of advanced colorectal neo-

plasia, and this association may be explained by metabolic

factors that could be potential mediators of the effect of sar-

copenia and cancer progression[20]. Another hypothesis is

that treatment after cancer recurrence might have impacted

CSS. Although we analyzed the impact of adjuvant chemo-

therapy, we did not analyze treatment after recurrence.

Moreover, tolerability of treatment after recurrence might

have been associated BMI status. Our finding, that a high

BMI was preferable for CSS, NCSS, and OS may suggest

that preoperative interventions to improve BMI values, such

as rehabilitation and nutritional support, have the potential

to improve the CSS, NSCC, and OS in elderly CRC pa-

tients.

Analyses of the causes of death showed that the number

of deaths among patients with lower BMI was significantly

greater than that among patients with higher BMI. The

causes of death in the lower BMI and higher BMI groups

did not differ to a statistically significant extent, although

the ratio of the death from CRC in comparison to that from

other diseases in the higher BMI group tended to be slightly

greater than that in the lower BMI group. Regardless of the

BMI, the analyses of the causes of death according to stages

showed that the rate of non-CRC death was greater than that

of CRC death in stages I-II and that the rate of CRC death

was greater than that of non-CRC death in stage III. When

planning the follow-up after curative surgery in elderly pa-

tients with stage I-II CRC, it may be effective to focus on

non-CRC disease over CRC recurrence.

The present study had several limitations. First, this was a

single-center retrospective study, although PSM was used to

balance the variables that may influence the outcomes. How-

ever, our results were compatible with a previous multicen-

ter study that also used PSM and we believe our results

were reasonable[14]. Second, the present investigation was

based on data from Japanese elderly patients. In general,

Japanese individuals have lower BMI values in comparison

to Europeans and North and South Americans[21]. Although

there are few Japanese people with severe obesity (BMI �
35) and there were no patients with severe obesity in this

study, the rate of severe obesity is greater in other coun-

tries[22]. Severe obesity could have an adverse impact on

the prognosis, and we hypothesize that our results would not

be directly applicable to non-Asian patients[23]. Our results

may imply that relatively higher BMI that does not exceed

the threshold for the definition of severe obesity is prefer-

able to low BMI in terms of prognosis. The desirable

threshold would vary in each country and race. Although the

mean BMI of Japanese people is 22.7 and the threshold of

the present study in Japanese elderly patients was 23, a

higher threshold, such as 25 or more, may be favorable in

Western countries[21,24]. The adaptation of the findings of

the present study to other countries requires further studies

in other countries and with other ethnicities. Third, in the

present study we did not evaluate other reported prognostic

factors, such as the prognostic nutritional index or the risk

analysis index[25,26]. However, while these factors require

complicated calculations, the calculation and evaluation of

preoperative BMI is very simple[25,26]. Fourth, the median

follow-up period was 4.03 (IQR: 1.80-5.49) years and the

follow-up period was not long enough to discuss 5-year sur-

vival rate. Based on the Japanese Society for Cancer of the

Colon and Rectum guidelines, we followed up patients for

up to 5 years after surgery in principle[27]. However, some

patients were censored or died and the median follow-up pe-

riod was shorter than 5 years. Furthermore, there were a cer-

tain number of patients who did not wish to be followed up

due to their old age. To discuss long-term prognosis, a

longer follow-up period is desirable.

In conclusion, we found that higher BMI was a strong

and independent favorable prognostic factor, especially for

OS and NCSS. Preoperative BMI can be a simple and use-

ful tool for predicting prognosis after curative surgery in

elderly patients with CRC.
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