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Abstract
Purpose Nutritional and inflammatory status have been associated with postoperative recurrence and poor survival in patients 
with colorectal cancer. The aim of the present study is to investigate the relationship between serum cholinesterase levels 
and postoperative outcomes among patients who underwent curative resection for colorectal cancer.
Methods The study comprised 174 patients who had undergone curative resection for colorectal cancer. We explored the 
relationship between preoperative serum cholinesterase levels and disease-free survival and overall survival after curative 
resection. Then patients were divided into the high-cholinesterase group (n = 102) and the low-cholinesterase group (n = 72) 
to analyze their clinicopathological variables including other nutritional markers and systemic inflammatory responses.
Results In  multivariate analysis, lymph node metastasis (P = 0.011) and serum cholinesterase levels (P < 0.01) were inde-
pendent predictors of disease-free survival, while lymph node metastasis (P = 0.013), serum cholinesterase levels (P < 0.01), 
and carbohydrate antigen19-9 (P = 0.022) were independent predictors of overall survival. In the low-cholinesterase group, 
neutrophil to lymphocyte ratio, (P = 0.021), C-reactive protein to albumin ratio (P < 0.01), and distant metastasis (P < 0.01) 
were higher, and prognostic nutritional index (P < 0.01) was lower compared with the high-cholinesterase group.
Conclusion Preoperative low serum cholinesterase levels can be a prognostic factor for postoperative recurrence and poor 
prognosis in patients after curative resection for colorectal cancer, suggesting an important role of cholinesterase in the 
assessment of nutritional and inflammatory status in cancer patients.
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Abbreviations
ASA-PS  American Society of Anesthesiologists physical 

status
BMI  Body mass index
CAR   C-reactive protein to albumin ratio
CA19-9  Carbohydrate antigen 19–9
CEA  Carcinoembryonic antigen
ChE  Cholinesterase
CRC   Colorectal cancer
NLR  Neutrophil to lymphocyte ratio

N.S.  Not significant
PNI  Prognostic nutritional index

Introduction

Colorectal cancer (CRC) is the third most commonly can-
cer which seriously affects the health of people worldwide 
[1]. In recent decades, advances of surgical procedures and 
chemotherapy have decreased the mortality rate of CRC [2, 
3], however 20–30% of patients with advanced CRC still 
experience postoperative recurrence even after curative 
resection, leading to poor prognosis [4–6]. Therefore, it is 
critically important to identify a prognostic factor that allow 
more accurate prediction of poor survival in patients under-
going curative resection for CRC.

Cholinesterase (ChE) is one of classical nutritional mark-
ers [7], which is synthesized by the liver and secreted into 
the blood [8]. Previous studies have shown that low serum 
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ChE levels have been associated with several clinical condi-
tions, such as liver dysfunction, heart failure, and inflamma-
tion bowel disease [9–11], because serum ChE levels tend to 
decrease in the stress and inflammatory response sensitively 
[12, 13]. Furthermore, serum ChE level has been reported 
to be decreased in patients with advanced cancer, which 
can reflect cancer-related inflammation [14–16]. However, 
the prognostic role of ChE in patients with CRC has not 
been fully investigated compared with albumin and systemic 
inflammatory responses.

The aim of the present study is to evaluate the prognostic 
value of ChE for prognosis after curative resection for CRC, 
compared with other nutritional factors and systemic inflam-
matory responses.

Materials and methods

Patient selection

Between March 2014 and December 2020, 216 patients with 
CRC of stage I to III underwent curative colorectal resection 
(R0 resection). Of these, 42 patients were excluded (16 for 
obstruction or perforation as emergency, 3 for intervention 
for a synchronous metastatic lesion, 4 for local recurrence, 
4 for multiple or double cancer, and 15 for insufficient data), 
remaining 174 patients for the present study. We performed a 
retrospective review of a prospectively maintained database 
of patients. The present study was approved by the Ethics 
Committee of Tokyo General Hospital (No. 21–3).

Assessment of the nutrition and systemic 
inflammatory response

Hemogram and chemistry profile were routinely evaluated 
within 4 weeks before surgery. We measured albumin and ChE 
which is a classical nutritional marker, as previously described 
[17]. Additionally, the systemic inflammatory response was 
assessed as follows: neutrophil to lymphocyte ratio (NLR) [18], 
prognostic nutritional index (PNI) [19], and C-reactive protein to 
albumin ratio (CAR) [20]. NLR was calculated by dividing the 
neutrophil count (per  mm3) by the lymphocyte count (per  mm3) 
[18]. PNI was calculated as follows: 10 × serum albumin level 
(g/dl) + 0.005 × total peripheral lymphocyte count (per  mm3) 
[19]. CAR was calculated by dividing the serum C-reactive 
protein (CRP) level (mg/dl) by serum albumin level (g/dl) [20].

Treatment and patient follow‑up

Postoperative complications were defined as those occurring 
within 30 days after primary surgery. Patients with Clavien-
Dindo grade II or higher complications were included in the 
complication group [21]. Postoperatively, the patients were 

followed up every 3 months for 3 years, and then every 6 months 
until 5 years. At each follow-up, tumor biomarkers, including 
serum carcinoembryonic antigen (CEA) and carbohydrate anti-
gen (CA) 19–9, were measured. Contrast-enhanced computed 
tomography or magnetic resonance imaging and colonoscopy 
were performed during the follow-up period according to the 
NCCN Clinical Practice Guidelines in Oncology [22].

Statistical analysis

All statistical analyses were conducted using EZR software 
version 1.51 (Saitama Medical Center, Jichi Medical Uni-
versity, Japan), and all P-values were two-sided with α level 
of 0.05.

Data are expressed as a median value. Continuous and cat-
egorical variables were compared using the Mann–Whitney 
U or chi-square tests, as appropriate. The optimal cutoff value 
of clinical continuous variables was determined by a receiver-
operating characteristic (ROC) analyses to overall survival 
event. Clinical continuous variables were classified into two 
groups for Cox proportional-hazard regression models using 
the cutoff value, and above or below the standard value.

We evaluated the prognostic significance of ChE in patients 
with CRC of stage I to III. Univariate and multivariate Cox 
proportional-hazard regression models were used to estimate 
the hazard ratios (HR) for disease-free and overall survival. 
The multivariable Cox regression model included sex (male 
vs. female), age (≥ 65 vs. < 65 years), surgical approach (lapa-
roscopic vs. open), tumor location (rectum vs. colon), patho-
logical depth of invasion (T3 or T4 vs. T1 or T2), pathological 
lymph node metastasis (positive vs. negative), serum albumin 
(< 3.5 vs. ≥ 3.5 g/dl), serum ChE (< 247 vs. ≥ 247 U/l), NLR 
(≥ 2.64 vs. < 2.64), PNI (< 45.2 vs. ≥ 45.2), CAR (≥ 0.119 
vs. < 0.119), serum CEA (≥ 6.0 vs. < 6.0  ng/ml), serum 
CA19-9 (≥ 37 vs. < 37 U/ml), and postoperative complications 
(yes vs. no). A backward elimination stepwise approach was 
conducted with a threshold P-value of 0.05 to select variables 
for the final model. The Kaplan–Meier method was used to 
estimate cumulative survival probabilities, and the differences 
between groups were compared using the log-rank test.

Results

Patients’ characteristics

Demographic and preoperative characteristics of patients 
(n = 174) are shown in Table 1. The median age was 74 
(23–98) years and 97 patients were male. Fifty-nine patients 
(33.9%) developed postoperative complications and laparo-
scopic surgery was performed in 108 patients (62.1%). In the 
present study, the median follow-up time was 3.1 years and the 
5-year overall survival rate after resection for CRC was 83.3%.
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Survival curve in patients after curative resection 
for CRC according to preoperative serum ChE levels

The optimal cutoff value of serum ChE levels determined by 
a ROC analysis was 247 U/l, and the area under the curve 
(AUC) was 0.684 (95% confidence interval [CI]: 0.578–0.790). 
Preoperative serum ChE levels were significantly associated 
with disease-free survival (Fig. 1a; log-rank test, P < 0.01) and 
overall survival (Fig. 1b; log-rank test, P < 0.01) after curative 
resection for CRC.

Univariate and multivariate analyses 
of clinicopathologic variables in relation 
to disease‑free survival after curative resection 
for CRC 

Table 2 lists the relationship between the clinical variables 
and disease-free survival after curative resection for CRC. In 

univariate analysis, disease-free survival was significantly worse 
in patients with depth of invasion T3 or T4 (P = 0.029), lymph 
node metastasis (P < 0.01), albumin < 3.5 g/dl (P = 0.011), 
ChE < 247 g/dl (P < 0.01), PNI < 45.2 (P = 0.026), CAR ≥ 0.119 
(P < 0.01), CEA ≥ 6.0 ng/ml (P < 0.01), and postoperative com-
plication occurrence (P = 0.037). In multivariate analysis, lymph 
node metastasis (P = 0.011) and ChE < 247 g/dl (P < 0.01) were 
independent predictors of disease-free survival.

Univariate and multivariate analyses 
of clinicopathologic variables in relation to overall 
survival after curative resection for CRC 

Table 3 lists the relationship between the clinical variables and 
overall survival after curative resection for CRC. In univariate 
analysis, overall survival was significantly worse in patients 
with lymph node metastasis (P < 0.01), albumin < 3.5 g/dl 
(P < 0.01), ChE < 247 g/dl (P < 0.01), PNI < 45.2 (P = 0.020), 
CAR ≥ 0.119 (P < 0.01), CEA ≥ 6.0 ng/ml (P < 0.01), and 
CA19-9 ≥ 37 ng/ml (P = 0.017). In multivariate analysis, 
lymph node metastasis (P = 0.013), ChE < 247 g/dl (P < 0.01), 
and CA19-9 ≥ 37 ng/ml (P = 0.022) were independent predic-
tors of overall survival.

Patients’ characteristics according to preoperative 
serum ChE levels

The clinical perioperative characteristics of patients 
according to ChE levels are shown in Table 4. Body mass 
index (BMI) (P< 0.01), surgical approach (laparoscopic) 
(P < 0.01), serum albumin levels (P < 0.01), and PNI 
(P < 0.01) were significantly lower in the low-ChE group. 
On the other hand, age (P < 0.01), NLR (P = 0.021), CAR 
(P < 0.01), and distant metastasis (P < 0.01) were signifi-
cantly higher in the low-ChE group. There was no differ-
ence in local recurrence (P = 0.79) between the two groups.

Subgroup analysis according to the tumor‑node 
classification

Subgroup analysis was performed to further investigate the 
predictive value of preoperative serum ChE levels. In the 
subgroup of T3-4 patients, the low-ChE group had worse 
disease-free survival and overall survival than the high-ChE 
group. Similar associations were observed in the subgroup 
of T1-2 (Fig. 2a–d). Also, in the subgroup of lymph node 
metastasis-positive patients, the low-ChE group had worse 
disease-free survival and overall survival than the high-ChE 
group. Similar associations were observed in the subgroup 
of lymph node metastasis-negative patients (Fig. 3a–d).

Table 1  Patient characteristics

ASA-PS American Society of Anesthesiologists physical status, BMI 
body mass index, CAR  C-reactive protein to albumin ratio, C-D 
Clavien-Dindo, NLR neutrophil to lymphocyte ratio, PNI prognostic 
nutritional index

Characteristic All (n = 174)

Sex, male 97 (55.7%)
Age (year) 74 (23–98)
BMI (kg/m2) 22.1 (12.1–32.0)
ASA-PS ≥ 3 30 (17.2%)
Surgical approach
  Laparoscopic 108 (62.1%)
 Open 66 (37.9%)

Location
  Colon 112 (64.4%)
  Rectum 62 (35.6%)

Depth of invasion
  T1-2 57 (32.8%)
  T3-4 117 (67.2%)

Lymph node metastasis, positive 65 (37.4%)
Stoma construction 28 (16.1%)
Operation time 241 (60–510)
Blood loss 40 (0–1100)
Postoperative complications (C-D classification) 59 (33.9%)
  Grade II 49 (28.2%)
  Grade III-IV 6 (3.45%)

Serum cholinesterase levels (U/l) 265 (54–461)
NLR 2.64 (0.87–13.5)
PNI 46.6 (26.5–64.4)
CAR 0.058 (0.002–4.003)
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Fig. 1  Kaplan–Meier curves according to preoperative serum ChE 
levels for disease-free survival (a) and overall survival (b) after cura-
tive resection for colorectal cancer. Preoperative serum ChE levels 

were significantly associated with disease-free survival (P < 0.01) and 
overall survival (P < 0.01)

Table 2  Univariate and 
multivariate analyses of factors 
associated with disease-free 
survival

*The multivariable Cox regression model included sex (male vs. female), age (≥ 65 vs. < 65 years), surgi-
cal approach (laparoscopic vs. open), tumor location (rectum vs. colon), pathological depth of invasion (T3 
or T4 vs. T1 or T2), pathological lymph node metastasis (positive vs. negative), serum albumin (< 3.5 vs. 
≥ 3.5 g/dl), serum ChE (< 247 vs. ≥ 247 U/L), NLR (≥ 2.64 vs. < 2.64), PNI (< 45.2 vs. ≥45.2), CAR 
(≥ 0.119 vs. <0.119), serum CEA (≥ 6.0 vs. < 6.0 ng/ml), serum CA19-9 (≥ 37 vs. < 37 U/ml) and post-
operative complications (yes vs. no). A backward elimination was conducted with a threshold P of 0.05 to 
select variables for the final models
CAR  C-reactive protein to albumin ratio, CA19-9 carbohydrate antigen 19–9, CEA carcinoembryonic anti-
gen, NLR neutrophil to lymphocyte ratio, N.S. not significant, PNI prognostic nutritional index

Variables Univariate Multivariate*

HR (95% CI) P-value HR (95% CI) P-value

Sex (male) 1.25 (0.74–2.44) 0.33 N.S
Age (≥ 65 years) 1.51 (0.67–3.38) 0.32 N.S
Surgical approach (laparoscopic) 0.67 (0.38–1.21) 0.19 N.S
Tumor location (rectum) 1.40 (0.76–2.57) 0.28 N.S
Depth of invasion (T3-4) 2.26 (1.08–4.70) 0.029 N.S
Lymph node metastasis, positive 2.72 (1.50–4.91)  < 0.01 2.27 (1.21–4.28) 0.011
Serum albumin (< 3.5 g/dl) 2.21 (1.20–4.07) 0.011 N.S
Serum cholinesterase (< 247 U/l) 3.29 (1.78–6.08)  < 0.01 2.70 (1.42–5.12)  < 0.01
NLR (≥ 2.64) 1.43 (0.80–2.57) 0.23 N.S
PNI (< 45.2) 1.96 (1.09–3.52) 0.026 N.S
CAR (≥ 0.119) 2.47 (1.36–4.47)  < 0.01 N.S
Serum CEA (≥ 6.0 ng/ml) 2.85 (1.53–5.31)  < 0.01 N.S
Serum CA19-9 (≥ 37 ng/ml) 1.42 (0.66–3.08) 0.37 N.S
Postoperative complication, yes 1.87 (1.04–3.37) 0.037 N.S
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Table 3  Univariate and 
multivariate analyses of factors 
associated with overall survival

*The multivariable Cox regression model included sex (male vs. female), age (≥ 65 vs. < 65 years), surgi-
cal approach (laparoscopic vs. open), tumor location (rectum vs. colon), pathological depth of invasion (T3 
or T4 vs. T1 or T2), pathological lymph node metastasis (positive vs. negative), serum albumin (< 3.5 vs. 
≥ 3.5 g/dl), serum ChE (< 247 vs. ≥ 247 U/L), NLR (≥ 2.64 vs. < 2.64), PNI (< 45.2 vs. ≥45.2), CAR 
(≥ 0.119 vs. <0.119), serum CEA (≥ 6.0 vs. < 6.0 ng/ml), serum CA19-9 (≥ 37 vs. < 37 U/ml) and post-
operative complications (yes vs. no).A backward elimination was conducted with a threshold P of 0.05 to 
select variables for the final models
CAR  C-reactive protein to albumin ratio, CA19-9 carbohydrate antigen 19–9, CEA carcinoembryonic anti-
gen, NLR neutrophil to lymphocyte ratio, N.S. not significant, PNI prognostic nutritional index

Variables Univariate Multivariate*

HR (95% CI) P-value HR (95% CI) P-value

Sex (male) 1.74 (0.82–3.73) 0.15 N.S
Age (≥ 65 years) 1.45 (0.56–3.80) 0.44 N.S
Surgical approach (laparoscopic) 0.70 (0.34–1.43) 0.33 N.S
Tumor location (rectum) 1.13 (0.53–2.42) 0.75 N.S
Depth of invasion (T3-4) 2.07 (0.84–5.08) 0.11 N.S
Lymph node metastasis, positive 3.43 (1.60–7.33)  < 0.01 2.81 (1.25–6.31) 0.013
Serum albumin (< 3.5 g/dl) 3.38 (1.64–6.98)  < 0.01 N.S
Serum cholinesterase (< 247 U/l) 3.77 (1.76–8.09)  < 0.01 3.17 (1.43–7.02)  < 0.01
NLR (≥ 2.64) 1.78 (0.86–3.66) 0.12 N.S
PNI (< 45.2) 2.39 (1.15–4.96) 0.020 N.S
CAR (≥ 0.119) 3.71 (1.75–7.87)  < 0.01 N.S
Serum CEA (≥ 6.0 ng/ml) 3.04 (1.43–6.45)  < 0.01 N.S
Serum CA19-9 (≥ 37 ng/ml) 2.70 (1.20–6.12) 0.017 2.80 (1.16–6.75) 0.022
Postoperative complication, yes 1.84 (0.90–3.77) 0.096 N.S

Table 4  Clinicopathological variables according to preoperative serum ChE levels in patients undergoing curative resection for CRC 

†To compare categorical data between the high-ChE or low-ChE groups, the chi-square test was performed.To compare continuous variables, 
Mann–Whitney U-test was performed
ASA-PS American Society of Anesthesiologists physical status, BMI body mass index, CAR  C-reactive protein to albumin ratio, ChE cholinester-
ase, CRC  colorectal cancer, NLR neutrophil to lymphocyte ratio, PNI prognostic nutritional index

Variables High ChE (≥ 247 U/l) (n = 102) Low ChE (< 247 U/l) (n = 72) P-value†

Clinical/intraoperative
  Sex (male/female) 58/44 39/33 0.76
  Age (year) 68 (23–92) 80 (45–98)  < 0.01
  BMI (kg/m2) 22.8 (17.3–32.0) 21.0 (12.1–30.2)  < 0.01
  Diabetes mellitus 25 (24.5%) 19 (26.4%) 0.86
  ASA-PS ≥ 3 13 (12.7%) 17 (23.6%) 0.069
  Surgical approach (laparoscopic) 74 (72.5%) 34 (47.2%)  < 0.01
  Serum albumin levels (g/dl) 4.2 (2.7–5.0) 3.5 (1.9–4.5)  < 0.01
  NLR 2.60 (1.06–6.23) 2.96 (0.87–13.5) 0.021
  PNI 49.8 (33.4–64.4) 43.2 (26.5–55.9)  < 0.01
  CAR 0.024 (0.002–2.863) 0.166 (0.005–4.003)  < 0.01

Pathological
  Depth of invasion (T3-4) 63 (61.8%) 54 (75.0%) 0.073
  Lymph node metastasis, positive 32 (31.3%) 33 (45.8%) 0.058

Postoperative
  Distant metastasis 7 (6.86%) 18 (25.0%)  < 0.01
  Local recurrence 8 (7.84%) 7 (9.72%) 0.79
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Discussion

We showed the significant association between preoperative 
serum ChE levels and poor prognosis in patients who had 
underwent curative resection for CRC. Multivariable analy-
sis revealed that low ChE levels were the independent risk 
factor for worse disease-free survival and overall survival. 
Furthermore, subgroup analyses revealed that the low-ChE 
group had worse disease-free survival and overall survival 
than the high-ChE group regardless of T and N stage. Also, 
the low-ChE group had more distant metastasis and higher 
systemically inflammatory response compared with the 
high-ChE group. These findings suggest that preoperative 
serum ChE levels, which is a classical nutrition marker, can 

be one of the prognostic values compared with the other 
systemic inflammatory response in patients who underwent 
colorectal resection for CRC.

ChE has been reported as predictor of postoperative 
prognosis in various cancers, including gastric [23] and 
pancreatic cancer [24]. In consistent with the previous 
studies, our finding revealed that serum ChE levels can be 
a significant predictor in patients with CRC. The mecha-
nism that preoperative serum ChE levels are sensitive for 
predicting poor prognosis in patients with CRC is unclear. 
However, there are some reasons for determining that 
ChE is a valuable factor compared with the other systemic 
inflammatory response. Preoperative serum ChE levels 
can reflect nutritional status more acutely than albumin, 

Fig. 2  Kaplan–Meier curves according to preoperative serum ChE 
levels for disease-free survival and overall survival in the subgroups 
of T3-4 or T1-2 patients. In the subgroup of T3-4 patients, the low-

ChE group had worse disease-free survival (a) and overall survival 
(b) than the high-ChE group. Similar associations were observed in 
the subgroup of T1-2 patients (c and d)
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because the half-life of ChE is shorter than albumin (3–11 
vs. 12–21 days) to reflect preoperative general condition 
more sensitively [7, 25–27]. In fact, serum ChE levels were 
more accurately than albumin, PNI, and CAR for assess-
ing poor prognosis in the present study. Furthermore, low 
serum ChE levels can reflect the elevation of inflamma-
tion status [15]. In patients with cancer or frailty, cytokine 
such as interleukin-6 (IL-6) and tumor necrosis factor alpha 
(TNF-α), which were negatively correlated with serum 
ChE levels, significantly increase to activate signal trans-
ducer and activator of transcription 3 (STAT3) and nuclear 
factor-kappa B (NF-kB) pathway in cancer [15, 16]. These 
inflammatory cascades have been reported to block the syn-
thesis of ChE and albumin in favor of acute-phase protein 

synthesis [15, 28], and promote cancer-related inflamma-
tion, epithelial-to-mesenchymal transition (EMT)-mediated 
invasion, and metastasis in CRC [29, 30]. These evidence 
support our findings that several systemic inflammatory 
responses and distant metastasis were negatively associated 
with serum ChE levels.

The present study has several limitations. The most 
important limitation was the retrospective observational 
study and the confounding factors cannot be completely 
ruled out. Serum ChE levels might be confounded by several 
factors such as inflammatory, nutritional status, and cancer 
stage, which may have influenced the results. Also, since 
the present study was conducted at a single institution with 
limited sample size. Further prospective studies with the 

Fig. 3  Kaplan–Meier curves according to preoperative serum ChE 
levels for disease-free survival and overall survival in the subgroup 
of lymph node metastasis-positive or -negative patients. In the sub-
group of lymph node metastasis-positive patients, the low-ChE group 

had worse disease-free survival (a) and overall survival (b) than the 
high-ChE group. Similar associations were observed in the subgroup 
of lymph node metastasis negative patients (c and d)
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large sample size are needed to robustly assess the prognos-
tic value of ChE and validate our findings.

Conclusion 

Preoperative low serum ChE levels predicted worse disease-
free survival and overall survival in patients with CRC. Rou-
tine preoperative measurement of preoperative serum ChE 
levels in patients undergoing curative resection for CRC 
would be useful for assessing their nutritional-inflammatory 
status and predicting postoperative outcome.
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