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Abstract

Background An underweight individual is defined as one whose Body Mass Index (BMI) is < 18.5 kg/m? Currently,
the prognosis in patients with colorectal cancer (CRC) who are also underweight is unclear.

Methods Information on South Korean patients who underwent curative resection for CRC without distant metas-
tasis was collected from health insurance registry data between January 2014 and December 2016. We compared

the overall survival (OS) of underweight and non-underweight (BMI > 18.5 kg/m?) patients after adjusting for con-
founders using propensity score matching. A nomogram to predict OS in the underweight group was constructed
using the significant risk factors identified in multivariate analysis. The predictive and discriminative capabilities of the
nomogram for predicting 3- and 5-year OS in the underweight group were validated and compared with those of the
tumor, node, and metastasis (TNM) staging system in the training and validation sets.

Results A total of 23,803 (93.6%) and 1,644 (6.4%) patients were assigned to the non-underweight and underweight
groups, respectively. OS was significantly worse in the underweight group than in the non-underweight group for
each pathological stage (non-underweight vs. underweight: stage |, 90.1% vs. 77.1%; stage IIA, 85.3% vs. 67.3%; stage
I1B/C, 74.9% vs. 52.1%; and stage Ill, 73.2% vs. 59.4%, P <0.001). The calibration plots demonstrated that the nomo-
gram exhibited satisfactory consistency with the actual results. The concordance index (C-index) and area under the
receiver operating characteristic curve (AUC) of the nomogram exhibited better discriminatory capability than those
of the TNM staging system (C-index, nomogram versus TNM staging system: training set, 0.713 versus 0.564, P<0.001;
validation set, 0.691 versus 0.548, P<0.001; AUC for 3- and 5- year OS, nomogram versus TNM staging system: training
set, 0.748 and 0.741 versus 0.610 and 0.601; validation set, 0.715 and 0.753 versus 0.586 and 0.579, respectively).

Conclusions Underweight patients had worse OS than non-underweight patients for all stages of CRC. Our nomo-
gram can guide prognostic predictions and the treatment plan for underweight patients with CRC.
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staging system is insufficient to accurately predict the
prognosis in certain specific CRC groups, including older
patients, those with mucinous-cell type CRC, and those
with distant metastasis, because the system does not
reflect the detailed characteristics of such specific groups
[3-5].

According to the Asia—Pacific standards of the World
Health Organization (WHO), body mass index (BMI) is
categorized into three groups—underweight,<18.5 kg/
m? normal, 18.5-25 kg/m? and obese,>25 kg/m?* [6].
Previous studies have also reported the prognosis in
underweight individuals with CRC; however, most stud-
ies lacked large sample sizes because of the low propor-
tion of underweight patients [7, 8]. Therefore, we used
data from the national registry to investigate the progno-
sis in underweight patients and developed a nomogram
to predict overall survival (OS) in underweight patients.
We validated the predictive capability of the nomogram
and compared it to that of the TNM staging system.

Methods

Patient data

In South Korea, the National Quality Assessment Pro-
gram (NQAP) has been conducted since 2011 to evalu-
ate the quality of treatment and healthcare expenditures
for malignant diseases. The database is managed by
the Health Insurance Review and Assessment Service
(HIRA) [9]. We collected information from this data-
base on patients who underwent curative surgery for
CRC without distant metastases between 2014 and 2016.
Information on patient characteristics, including age, sex,
body mass index (BMI) at diagnosis, American Society
of Anesthesiologists (ASA) classification, primary tumor
site, pathological stage, surgical margin, cell type, adju-
vant chemotherapy, number of harvested lymph nodes,
and emergency operation were collected. The patho-
logical stages were graded as stages I, IIA, IIB/C, and
II according to the 7th edition of the AJCC on Cancer
guidelines. The tumors were categorized according to
their histological type into adenocarcinoma, mucinous
adenocarcinoma, signet-ring cell carcinoma (SRCC), and
others. All patients were categorized into two groups
according to the cut-off value for being underweight:
underweight (BMI<18.5 kg/m? and non-underweight
(BMI>18.5 kg/m?). Patients with other malignant dis-
eases, those undergoing neoadjuvant chemotherapy,
those with <30 days of follow-up, and those with insuf-
ficient information were excluded from the study.

Analysis of overall survival

The OS of the two groups was analyzed using the
Kaplan—Meier method and the log-rank test. In order to
adjust the characteristic differences between the groups,
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propensity scores were generated using age, sex, ASA
classification, primary tumor site, emergency operation,
pathological stage, surgical margin, cell type, number
of harvested lymph nodes, and adjuvant chemotherapy
using the Matchlt R package.

Statistical analysis

Nomogram construction

The underweight group was randomly allocated to train-
ing and validation sets. Multivariate forward stepwise
Cox proportional hazards analysis was performed using
variables with P<0.05 in univariate analysis. A nomo-
gram for predicting 3- and 5-year OS was constructed
using the RMS package in R, with significant variables
identified in the multivariate analysis.

Nomogram validation

The variance between the predicted and actual OS was
graphically depicted using calibration plots. The concord-
ance index (C-index) was calculated to measure the dis-
crimination between predicted and actual OS. The area
under the receiver operating characteristic curve (AUC)
analysis was performed to determine the sensitivity and
specificity of the nomogram. The predictive performance
of the nomogram was assessed using the C-index and
the AUC values were assessed using the DeLong method
using rcorrp.cens in the Hmisc R package. A bootstrap-
ping resampling approach was applied to obtain compar-
ative bias-corrected estimates.

All discrete values, shown as frequencies or propor-
tions, were compared using the chi-square test. All data
were analyzed using SAS Enterprise Guide version 6.1
(SAS Institute, Cary, NC, USA) and R software (version
3.5.1; R Foundation for Statistical Computing, Vienna,
Austria). Two-sided P-values <0.05 were considered sta-
tistically significant.

Results

Clinical characteristics of patients

From the database, 53217 patients who had undergone
surgery for CRC were identified (Fig. 1). Patients who
underwent palliative resection (n=172), or neoadjuvant
chemotherapy (n=314), those with distant metastasis
(n=4565) or other malignancies (n=2224), or who had
incomplete data (n=20495) were excluded. Ultimately,
25447 patients were included in the analysis. A total of
1644 (6.5%) patients were categorized into the under-
weight group and 23803 (93.5%) were classified into
the non-underweight group. Patient characteristics are
described in Table 1. The proportion of older patients,
female patients, patients with worse ASA classification
and advanced cancer stage, and those who underwent
emergency surgery and adjuvant chemotherapy, was
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2014-2016
N= 53,217 ) .
Distant metastasis, n=4,565
Palliative resection, n=172
» Neoadjuvant chemotherapy, n=314
. Other malignancy, n = 2,224
Incomplete data, n = 20,495
N = 25,447
Non-underweight Underweight
N = 23,803 N = 1,644
Training set Validation set
N = 1,215 N = 297

Fig. 1 Flowchart of patient selection (non-underweight, BMI > 18.5 kg/mz; underweight, BMI< 18.5 kg/mz). BMI, body mass index

higher in the underweight group than in the non-under-
weight group.

Survival analysis

The median follow-up period for all the patients was
52.5 months. Figure 2 shows the OS of the non-under-
weight and underweight groups according to the patho-
logical stage. The 5-year OS rates for stage I, IIA, 1IB/C,
and III cancers in the non-underweight group were
90.1%, 85.3%, 74.9%, and 73.2%, respectively (P<0.001).
In the underweight group, the 5-year OS rates for stage
I, ITA, IIB/C, and III cancers were 77.1%, 67.3%, 52.1%,
and 59.4%, respectively (P<0.001). After propensity
score matching, 1,335 patients were allocated to each
group (Additional File 1). In the non-underweight group,
the 5-year OS rates for stage I, IIA, IIB/C, and III can-
cers were 90.2%, 80.8%, 76.2%, and 63.1%, respectively
(P<0.001). In the underweight group, the 5-year OS rates
for stages I, IIA, IIB/C, and III cancers were 76.2%, 66.7%,
56.2%, and 60.2%, respectively (P<0.001). The OS of
the underweight group was worse than that of the non-
underweight group for all stages.

Nomogram development

A total of 1,215 and 297 patients were randomly allo-
cated to the training and validation sets, respectively, in
an 8:2 ratio (Additional File 2). In the training set, uni-
variate analysis revealed that eight variables could affect

OS (Table 2). Among them, seven variables, including
age, sex, ASA classification, pathological stage, cell type,
emergency operation, and adjuvant chemotherapy, were
significantly associated with OS according to multivariate
analysis (P<0.05), and a nomogram for predicting 3- and
5-year OS was established (Fig. 3). Cell type was the most
significant factor for OS, followed by age, pathological
stage, ASA classification, adjuvant chemotherapy, emer-
gency operation, and sex.

Nomogram validation

The calibration plots indicate a high correlation between
the predicted and actual results in the training and vali-
dation sets (Fig. 4). In the training set, the nomogram
had a superior ability to discriminate OS compared to
the TNM staging system (C-index [95% confidence inter-
val {CI}], 0.713 [0.689-0.737] vs. 0.564 [0.538-0.589],
P<0.001, Table 3). In addition, in the validation set, the
discriminative capability of the nomogram was higher
than that of the TNM staging system (C-index [95% CI]:
0.691 [0.638-0.744] vs. 0.548 [0.494—0.602], P<0.001).
Furthermore, in the training set, the AUC of the nomo-
gram prediction model for predicting 3- and 5- year OS
were 0.748 and 0.741, respectively, whereas those of the
TNM staging system were 0.610 and 0.601, respectively
(Fig. 5). In the validation set, the AUC for predicting the
3- and 5- year OS of the nomogram prediction model
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Table 1 Patient clinicopathologic characteristics according to non-underweight and underweight status
Non-underweight Underweight P value
N=23,803 % N=1,644 %

Age, years <0.001
<65 10,139 426 524 319

65-75 8,147 34.2 443 269

>75 5517 232 677 41.2

Male sex 14,302 60.1 892 543 <0.001
ASA classification <0.001
[=I1 19,546 82.1 1,185 721

MMl 4,015 169 428 260

IV-VI 235 1.0 30 1.8

Primary tumor site 0.622
Colon 15,570 654 1,065 64.8

Rectum 8233 34.6 579 352

Pathologic stage <0.001
I 6,323 266 236 14.4

A 7,200 30.2 578 352

IIBC 1,021 43 127 7.7

Il 9,258 389 702 427

Surgical margin, positive 257 12 25 1.6 0.187
Cell type 0.083
AC 21,050 95.8 1,499 94.5

MAC 673 3.1 66 4.2

SRCC 50 0.2 5 03

Others 208 09 17 1.1

Adjuvant chemotherapy, yes 10,697 476 657 41.8 <0.001
Number of harvested lymph nodes 0482
>12 18,487 94.7 1,325 952

<12 1,032 53 67 4.8

Emergency operation, yes 1,319 55 209 12.7 <0.001

Underweight, BMI < 18.5 kg/m? non-underweight, BMI > 18.5 kg/m.?

AC adenocarcinoma; ASA American Society of Anesthesiologists; MAC mucinous adenocarcinoma; SRCC signet-ring cell carcinoma

were 0.715 and 0.753, respectively, whereas those of the
TNM staging system were 0.586 and 0.579, respectively.

Discussion

In the present study, underweight patients with CRC had
significantly worse OS than non-underweight patients
with CRC at each TNM stage. We developed a nomo-
gram for predicting OS in underweight patients with
CRC and validated its favorable performance. Our nomo-
gram showed a greater predictive ability for OS than did
the TNM staging system (Table 3, Fig. 5).

The relationship between BMI and the prognosis
of malignant disease has been reported in pancreatic,
breast, stomach, and lung cancers [10-13]. In CRC, BMI
is a significant prognostic marker [14]. A positive cor-
relation between obesity and a higher risk of CRC has
been demonstrated in previous studies [15, 16]. Although

obesity is associated with a higher risk of CRC, over-
weight and low-class obese patients show better survival
than underweight, normal, and high-class obese patients
[17, 18]. This phenomenon, the obesity paradox, supports
the fact that extra weight is essential for better nutritional
status and appropriate body composition to manage the
metabolic requirements of cancer treatments [19, 20].

In most previous studies, low BMI was an independ-
ent risk factor for a worse prognosis. Among the patients
with CRC, underweight patients had worse OS than
non-underweight patients (relative risk, 1.63; 95% CI,
1.18-2.23; P<0.01) [21]. Another study reported that
underweight patients with CRC showed significantly
worse 10-year OS outcomes (21%; 95% CI, 12.1-36.3)
than normal (40.3%; 95% CI, 36.9-43.9) or overweight
(46.2%; 95% CI, 43.2-49.3) patients [22]. Kaneko et al.
showed that being underweight was a significant factor
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Fig. 2 Kaplan—-Meier curve for overall survival in non-underweight and underweight patients according to pathological stages |, II1A, 1IB/C, and Il
(non-underweight, BMI> 18.5 kg/mz; underweight, BMI< 18.5 kg/mz). BMI, body mass index; PSM, propensity score matching

for a worse prognosis, even in patients aged >75 years
[23]. Underweight patients with metastatic CRC showed
worse progression-free survival than non-underweight
patients [17, 24]. In this study, the prognosis of under-
weight patients with CRC was worse than that of non-
underweight patients with CRC at stages I, II, and IIL
After propensity score matching between the two groups,
the results remained the same. In addition, the differ-
ences in the Kaplan—Meier curves between the various
stages in the underweight group were weaker than those
in the non-underweight group. Moreover, in the under-
weight group, the OS of the patients with stage IIB/C
cancer was indistinguishable from that of the patients
with stage III cancer. These results support the fact that
the TNM staging system does not sufficiently represent
the survival of underweight patients, and there may be
limitations in predicting prognosis using the TNM stag-
ing system.

Previous studies have reported that a low BMI can
hinder adherence to chemotherapy because there is a
strong correlation between low BMI and chemotherapy

toxicity, such as mucositis and anorexia, has been
reported [25, 26]. Consequently, chemotherapy and
the toxicity of chemotherapeutic agents can directly
induce body weight loss [27, 28]. A low reserve of body
composition may restrict the opportunity to receive
appropriate postoperative therapy especially after
recurrence. In addition, sarcopenia is a risk factor for
poor OS in patients with CRC [29]. An imbalance in
cytokines associated with sarcopenia may worsen can-
cer prevention [30, 31]. A positive correlation between
BMI and sarcopenia has been reported previously [31,
32]. Thus, sarcopenia may be a significant factor affect-
ing the poor prognosis of underweight patients in this
study. Other studies, moreover, have suggested that
tumor aggressiveness in underweight patients is worse,
even in the early stages. In previous randomized tri-
als, underweight patients with CRC showed increased
tumor aggressiveness and significantly shorter recur-
rence-free survival than non-underweight patients in
a 5-fluorouracil-based adjuvant chemotherapy setting
[33]. Other studies on stage I-III CRC have reported



Page 6 of 11

(2023) 23:39

Bong et al. BMC Gastroenterology

ewoupied |33 Bul-1aubis HHYS ‘eWOoUIDIBI0USPE SNOUIDNW DY/ ‘ewouldIed0udpe JY S15160]0Isayisauy 40 131005 uedLRWY YSY

1000 L0¢-8L'L ySL 1000> 8CC-LEL Ll SOA uonesado Aduabiawy
sapou
7o 07Z-160 wl TL> ydwi| paisaniey
L = JO JaquINN
Adesaya
1000> SEc-8rl /8L 1000> 0r'¢—65'1 96'L ON  -Owayd ueAnpy
9¢90 L0€-050 el £v60 6¥'¢—=t¥ 0 €0l SIPY10
£00°0 05'87-89'1 69 GLED 81'8-150 0T BBEN
7510 L6'1-06'0 Letl 1000 85¢-SC'L 08°L JVIN
L ! v adA 12D
1000> 76 €—€8L 89¢C 1000> Vo'l 90°¢ Il
1000> 86€-65'L 8t'¢C 1000> €9¢e-8Y'L [4%4 /4l
LS00 71°C-660 o'l €700 [Axadiont Al Ml
L | | abeis [ed1bojoyied
¥Z1'0 €C'L-¥80 80'L £000 L51=£0°L 6Cl winidoy
L | uojoD) S Jowny Alewiid
€100 9611 144 7000 6/7-6¢1 N4 IA=AI
1000> €9'1-£0"1 4 1000> [Ixavial 6/l I
L L Il uonedyisse|d ySy
1000> 6,0-¢S0 90 SO0 00'1-690 €80 SlewaS
L L Bl X3S
1000> L9Y-05'C 0j43 1000> 10'6-56'¢C ¥8'€ GL<
1000> 65 ¢C—vel 98l 1000> 85 C-L¥'L 16'L /=59
| L 59> s1eak ‘aby
snjead 1D %S6 4H snjead 1D %S6 4H

sisA|eue ajeleAn|npy

sisAjeue ajereAlun

syuaed 1yBISMISPUN Ul [BAIAINS [|RISAO 10§ SI01DB) ¥SI DY) JO SSA|BUR S1RLIBAININW PUE d1elBAIUN T 3]qeL



Bong et al. BMC Gastroenterology (2023) 23:39 Page 7 of 11
0 10 20 30 40 50 60 70 80 90 100
Points L 1 1 1 1 1 L 1 1 L J
65-75
Age, year ' : 1
g8 ¥ <65 >75
Male
r—l
Sex
Female
1
ASA I-11 1V-VI
1A 11l
Pathological stage " . —
9 9 11BC
OTHER SRCC
Cell type ' = !
yp AC MAC
NO
Adjuvant chemotherapy ' :
YES
YES
Emergency operation —
gency op NO
Total Points r T - - - - T T . - - - )
0 20 40 60 80 100 120 140 160 180 200 220 240
3'year (O] r T T T T T T T 1
0.9 0.8 0.7 0.6 0.5 04 0.3 0.2 0.1
S‘Year OS T T T T T T T T 1
0.9 0.8 0.7 0.6 05 04 0.3 O 0.1

Fig. 3 Nomogram for overall survival in underweight patients with BMI < 18.5 kg/m? BMI, body mass index; ASA, American Society of
Anesthesiologists; AC, adenocarcinoma; MAC, mucinous adenocarcinoma; SRCC, signet-ring cell carcinoma; OS, overall survival

that underweight patients (BMI<20 kg/m?) showed
early recurrence and poor prognosis [33, 34].

In our nomogram, SRCC was the risk factor with the
greatest contribution to OS. In this study, the HR of
SRCC in underweight patients was 6.92 (95% CI 1.68—
28.50), which was higher than the HRs in previous
reports with patients of all body weights (1.58-3.77)
[35]. SRCC is defined by tumor cells in the presence
of >50% intracytoplasmic mucin and accounts for 1%
of CRC cases [36]. Compared to other types of CRC,
SRCC tends to have a poorer prognosis, with early
onset, right-sidedness, and peritoneal metastasis [37].
Although the nature of SRCC is significantly aggressive
and the prognosis or treatment of SRCC is difficult to
predict, other studies have reported that surgery and
adjuvant chemotherapy still have a significant role in
improving the survival of patients with SRCC [4, 38].
Therefore, we need to consider active surgery and
chemotherapy for CRC patients with SRCC, even those
who are underweight. Age>75 years was the second
most significant factor for OS in our nomogram. Pre-
vious studies have reported that elderly patients with
CRC show unique characteristics of poor cancer-spe-
cific survival and right-sidedness [39]. Other studies
have demonstrated that old age is not a significant fac-
tor affecting CRC-specific death. Although the debate

regarding the effect of old age on the prognosis of CRC
is ongoing, most studies have reported that elderly
patients showed higher trends of postoperative compli-
cations and non-administration of chemotherapy [40].
Thus, old age is another significant negative factor in
the prognosis of underweight CRC patients, affecting
adjuvant therapy or treatment after recurrence.

The underweight cutoff value in this study was based
on the WHO obesity classification. Although it is an
internationally accepted value, previous studies have
reported that it is necessary to set different cut-off val-
ues for BMI as a surrogate marker to determine the prog-
nosis of CRC [34, 41]. As the proportion of patients with
obesity has been increasing in many developed nations,
the cut-off value may change over time and in different
populations. Further studies are required to determine
the cut-off value for predicting CRC prognosis more
accurately.

One of the limitations of this study is that the NQAP
database of the HIRA in South Korea did not provide
detailed information on variables such as T/N categories
and postoperative complications. In addition, OS was the
only available record pertaining to survival; thus, infor-
mation on cancer-specific or recurrence-free survival
was unavailable. Moreover, because the South Korean
population is a single ethnic group with a relatively high
population density and uniformity, the fact that external



Bong et al. BMC Gastroenterology (2023) 23:39

(a)

Calibration of 5-year survival in the training set

0.8

Actual 5-year OS
0.6
!
—
—e—-

0.2

0.0

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Predicted 5-year OS

Calibration of 5-year survival in the validation set

(c)

o T

0.8
1
.
\
i
\

Actual 5-year OS
0.4
1
\
L

0.2
1

0.0

T T T T T T
0.0 02 0.4 0.6 0.8 1.0

Predicted 5-year OS

Page 8 of 11
(b) Calibration of 3-year survival in the training set
- T T T T l T ||| II T
it
-] /-
S T/
1 f
(72}
8 21 A1
e /
3 !
2 < 1
< °7
o
S
o |
o
T T T T T T
0.0 0.2 04 06 08 1.0
Predicted 3-year OS
(d) Calibration of 3-year survival in the validation set
o | ; LA o i L A
‘[ /’
u IV
2 oy
A t
¢ 31 | / l
3
&
: I
2 x4
g (=)
pr g
o |
o
T T T T T T
0.0 0.2 0.4 06 08 1.0

Predicted 3-year OS

Fig. 4 Calibration plot for a 5-year overall survival in the training set, b 3-year overall survival in the training set, ¢ 5-year overall survival in the

validation set, and d 3-year overall survival in the validation set

Table 3 C-indices for the nomogram and TNM staging system in underweight patients

Training set Validation set

C-index (95% Cl) P value C-index (95% Cl) P value
Nomogram 0.713 (0689-0.737) 0.691 (0.638-0.744)
TNM staging system 0.564 (0.538-0.589) <0.001 0.548 (0.494-0.602) <0.001

HR hazard ratio; Cl confidence interval

validation was conducted in the same cohort is another
limitation of this study. Therefore, in order to apply the
results of this study to various races and countries, addi-
tional analysis is needed using national databases in
which information on BMI is available.

One of the strengths of our study is that it provides
a nomogram for the OS of underweight CRC patients

based on the national registry. In addition, BMI and
other variables in this nomogram are simple tools that
can be used in clinical practice. Furthermore, this nom-
ogram showed superior predictive performance and
reliability compared with the conventional TNM stag-
ing system. This study found that underweight patients
showed poorer survival than non-underweight patients,



Bong et al. BMC Gastroenterology (2023) 23:39

(a)

5-year OS ROC curve in the training set

2 —
/// .
© L
z °
3 . | )
AUC
S —  Nomogram 0.741 (0.717-0.765)
----- AJCC 0.601 (0.569-0.633)
o -
- T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

(c)

5-year OS ROC curve in the validation set

(d)

g -
©
> °7 ,,
Z J
L -
1/
AUC
S —— Nomogram 0.753 (0.729-0.777)
----- AJCC 0.579 (0.547-0.611)
° —”T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Page 9 of 11

(b)

3-year OS ROC curve in the training set

< 7] -
/74/"ﬁ/
e
a / - ’
2 S / ,' -
AUC
S — Nomogram 0.748 (0.724-0.772)
----- AJCC 0.610 (0.578-0.642)
o |
= T T T T T T
0.0 0.2 04 0.6 0.8 1.0
1-Specificity

3-year OS ROC curve in the validation set

0.8
|
N

Sensitivity
=\

0.4

AUC
S 1 —— Nomogram 0.715 (0.691-0.739)
————— AJCC  0.586 (0.554-0.618)
o
o .-
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 5 Discriminatory accuracy according to receiver operating characteristics analysis for predicting overall survival (OS); 5-year a and 3-year
b OS in the training set; 5-year ¢ and 3-year d OS in the validation set (red line, nomogram-predicted curve; blue dotted line, TNM staging
system-predicted curve) ROC, receiver operating characteristic; AUC, area under ROC curve

even in the early stages, and the survival differences
in OS between the different stages in underweight
patients were smaller than those in non-underweight
patients. Therefore, we should carefully determine
postoperative treatments and follow-up periods, and
pay attention to predicting the survival of underweight
patients with CRC more accurately.

In conclusion, we constructed and validated a nomo-
gram to predict the 3- and 5-year OS rates of under-
weight patients with CRC (BMI<18.5 kg/m?). The
established nomogram could be used to predict the
prognosis of underweight patients with better accuracy.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-023-02669-8.

Additional file 1. Clinicopathological characteristics of non-underweight
and underweight patients after propensity score matching.

Additional file 2. Clinical characteristics of underweight patients after
division into training and validation sets.

Acknowledgements
The authors thank Smart Healthcare Cancer, Korea University Guro Hospital,
for data management and statistical analysis.

Author contributions

Conceptualization: JWB and BWM; methodology: JWB; data curation: YJ and
CGC; formal analysis: JWB; validation: SK; original draft: JWB and YN; review and
editing: SIL and BWM; and supervision: BWM. All authors read and approved
the final manuscript.


https://doi.org/10.1186/s12876-023-02669-8
https://doi.org/10.1186/s12876-023-02669-8

Bong et al. BMC Gastroenterology (2023) 23:39

Funding
Not applicable.

Availability of data and materials

The data of the National Quality Assessment Program are not publicly acces-
sible and are available only with permission from the Health Insurance Review
and Assessment Service. The corresponding author will provide a permission
of the access to the database on reasonable request.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines. The Insti-
tutional Review Board of Korea University Guro Hospital approved this study
(No. 2022GR0124) and waived the requirement for informed consent due to
the retrospective nature of the analysis using anonymous clinical data.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 27 July 2022 Accepted: 7 February 2023
Published online: 13 February 2023

References

1. Sargent D, Sobreto A, Grothey A, et al. Evidence for cure by adjuvant ther-
apy in colon cancer: observations based on individual patient data from
20,898 patients on 18 randomized trials. J Clin Oncol. 2009;27(6):872-7.

2. SungH, Ferlay J, Siegel R, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2021;71(3):209-49.

3. YuC, Zhang Y. Establishment of prognostic nomogram for elderly
colorectal cancer patients: a SEER database analysis. BMC Gastroenterol.
2020;20(1):347.

4. Kou FR, Zhang YZ, Xu WR. Prognostic nomograms for predicting overall
survival and cause-specific survival of signet ring cell carcinoma in colo-
rectal cancer patients. World J Clin Cases. 2021;9(11):2503-18.

5. LiuLL, Sun JD, Xiang ZL. Survival nomograms for colorectal carcinoma
patients with lung metastasis and lung-only metastasis, based on the
SEER database and a single-center external validation cohort. BMC Gas-
troenterol. 2022:22(1):446.

6. World Health Organization. Regional Office for the Western, P. The Asia-
Pacific perspective: redefining obesity and its treatment. Sydney: Health
Communications Australia; 2000.

7. Park SW, Lee DW, Park JW, et al. Impact of body mass index on overall
survival after surgery for colorectal cancer. Korean J Clin Oncol.
2016;12(2):91-6.

8. Kalb M, Langheinrich M, Merkel S, et al. Influence of body mass index on
long-term outcome in patients with rectal Cancer-A single centre experi-
ence. Cancers (Basel). 2019;11(5).

9. Kim JA, Yoon S, Kim LY, et al. Towards actualizing the value potential of
Korea Health Insurance Review and Assessment (HIRA) data as a resource
for health research: Strengths, limitations, applications, and strategies for
optimal use of HIRA data. J Korean Med Sci. 2017;32(5):718-28.

10. Yildirim BA, Ozdemir Y, Colakoglu T, et al. Impact of presence and degree
of pretreatment weight loss in locally-advanced pancreatic cancer
patients treated with definitive concurrent chemoradiotherapy. Pancrea-
tology. 2016;16(4):599-604.

11. Warner ET, Ballman KV, Strand C, et al. Impact of race, ethnicity, and
BMI on achievement of pathologic complete response following
neoadjuvant chemotherapy for breast cancer: a pooled analysis of four
prospective Alliance clinical trials (A151426). Breast Cancer Res Treat.
2016;159(1):109-18.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

Page 10 of 11

Topkan E. Weight gain as a surrogate marker of longer survival in
advanced non-small cell lung cancer patients. Ann Transl Med.
2016;4(19):381.

Ock CY, Oh DY, Lee J, et al. Weight loss at the first month of palliative
chemotherapy predicts survival outcomes in patients with advanced
gastric cancer. Gastric Cancer. 2016;19(2):597-606.

Wang Y, Beydoun MA. The obesity epidemic in the United States-gen-
der, age, socioeconomic, racial/ethnic, and geographic characteristics:

a systematic review and meta-regression analysis. Epidemiol Rev.
2007;29:6-28.

Tandon K, Imam M, Castro F, et al. Body mass index and colon cancer
screening: the road ahead. World J Gastroenterol. 2015;21(5):1371-6.
Okabayashi K, Ashrafian H, Hasegawa H, et al. Body mass index category
as a risk factor for colorectal adenomas: a systematic review and meta-
analysis. Am J Gastroenterol. 2012;107(8):1175-85.

Renfro L, Loupakis F, Adams R, et al. Body Mass Index Is prognostic in
metastatic colorectal cancer: pooled analysis of patients from first-line
clinical trials in the ARCAD Database. J Clin Oncol. 2016;34(2):144-50.
Caan B, Meyerhardt J, Kroenke C, et al. Explaining the obesity paradox: the
association between body composition and colorectal cancer survival
(C-SCANS Study). Cancer Epidemiol Biomark Prev. 2017;26(7):1008-15.
Kroenke C, Neugebauer R, Meyerhardt J, et al. Analysis of body mass
index and mortality in patients with colorectal cancer using causal
diagrams. JAMA Oncol. 2016;2(9):1137-45.

Liu H, Wei R, Li C, et al. BMI may be a prognostic factor for local advanced
rectal cancer patients treated with long-term neoadjuvant chemoradio-
therapy. Cancer Manag Res. 2020;12:10321-32.

Lee J, Meyerhardt J, Giovannucci E, et al. Association between body mass
index and prognosis of colorectal cancer: a meta-analysis of prospective
cohort studies. PLoS ONE. 2015;10(3):e0120706.

Shahjehan F, Merchea A, Cochuyt J, et al. Body massilndex andlLong-term
outcomes in patients with colorectal cancer. Front Oncol. 2018;8:620.
Kaneko M, Sasaki S, Ozaki K, et al. Underweight status predicts a poor
prognosis in elderly patients with colorectal cancer. Mol Clin Oncol.
2016;5(3):289-94.

Aparicio T, Ducreux M, Faroux R, et al. Overweight is associated to a better
prognosis in metastatic colorectal cancer: a pooled analysis of FFCD trials.
Eur J Cancer. 2018;98:1-9.

Miya T, Goya T, Fujii H, et al. Factors affecting the pharmacokinetics of
CPT-11: the body mass index, age and sex are independent predic-

tors of pharmacokinetic parameters of CPT-11. Invest New Drugs.
2001;19(1):61-7.

Steinmeyer Z, Gerad S, Filleron T, et al. Low lean mass and chemotherapy
toxicity risk in the elderly: the Fraction study protocol. BMC Cancer.
2019;19(1):1153.

Tisdale MJ. Cachexia in cancer patients. Nat Rev Cancer.
2002;2(11):862-71.

Holroyde CP, Skutches CL, Boden G, et al. Glucose metabolism in cachec-
tic patients with colorectal cancer. Cancer Res. 1984;44(12 Pt 1):5910-3.
Choi MH, Oh SN, Lee IK, et al. Sarcopenia is negatively associated with
long-term outcomes in locally advanced rectal cancer. J Cachexia Sarco-
penia Muscle. 2018;9(1):53-9.

Li F, DuanY, Hu CA, et al. Myokines and adipokines: Involvement in the
crosstalk between skeletal muscle and adipose tissue. Cytokine Growth
Factor Rev. 2017;33:73-82.

Han JS, Ryu H, Park 1J, et al. Association of body composition with long-
term survival in non-metastatic rectal cancer patients. Cancer Res Treat.
2020;52(2):563-72.

Prado CM, Cushen SJ, Orsso CE, et al. Sarcopenia and cachexia in

the era of obesity: clinical and nutritional impact. Proc Nutr Soc.
2016;75(2):188-98.

Sinicrope FA, Foster NR, Yothers G, et al. Body mass index at diagnosis and
survival among colon cancer patients enrolled in clinical trials of adjuvant
chemotherapy. Cancer. 2013;119(8):1528-36.

Uratani R, Toiyama Y, Shimura T, et al. Preoperative lower body mass index
correlates with poorer prognosis in patients undergoing curative laparo-
scopic surgery for colorectal cancer. Anticancer Res. 2015;35(10):5639-48.
Wu X, Lin H, Li S. Prognoses of different pathological subtypes of colo-
rectal cancer at different stages: a population-based retrospective cohort
study. BMC Gastroenterol. 2019;19(1):164.



Bong et al. BMC Gastroenterology

36.

37.

38.

39.

40.

41.

(2023) 23:39

Korphaisarn K, Morris V, Davis J, et al. Signet ring cell colorectal cancer:
genomic insights into a rare subpopulation of colorectal adenocarci-
noma. Br J Cancer. 2019;121(6):505-10.

LI'Y, Wang M, He P. Clinicopathological characteristics and survival in
colorectal signet ring cell carcinoma: a population-based study. Sci Rep.
2020;10(1):10460.

Diao JD, Ma LX, Wu CJ, et al. Construction and validation a nomogram to
predict overall survival for colorectal signet ring cell carcinoma. Sci Rep.
2021;11(1):3382.

Liu W, Zhang M, Wu J, et al. Oncologic outcome and efficacy of chemo-
therapy in colorectal cancer patients aged 80 years or older. Front Med.
2020;10(7):525421.

Chandrasinghe PC, Ediriweera DS, Nazar T, et al. Overall survival of elderly
patients having surgery for colorectal cancer is comparable to younger
patients: results from a South Asian population. Gastroenterol Res Pract.
2017;2017:9670512.

Song N, Huang D, Jang D, et al. Optimal body mass index cut-off point
for predicting colorectal cancer survival in an asian population: a national
health information database analysis. Cancers. 2020;12(4):830.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Nomogram for predicting the overall survival of underweight patients with colorectal cancer: a clinical study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patient data
	Analysis of overall survival
	Statistical analysis
	Nomogram construction
	Nomogram validation


	Results
	Clinical characteristics of patients
	Survival analysis
	Nomogram development
	Nomogram validation

	Discussion
	Acknowledgements
	References


