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Abstract 

Background Postoperative hepatobiliary enzyme abnormalities often present as postoperative liver dysfunction in 
patients with colorectal cancer. This study aimed to clarify the risk factors of postoperative liver dysfunction and its 
prognostic impact following colorectal cancer surgery.

Methods We retrospectively analyzed data from 360 consecutive patients who underwent radical resection for Stage 
I–IV colorectal cancer between 2015 and 2019. A subset of 249 patients with Stage III colorectal cancer were exam-
ined to assess the prognostic impact of liver dysfunction.

Results Forty-eight (13.3%) colorectal cancer patients (Stages I–IV) developed postoperative liver dysfunction (Com-
mon Terminology Criteria for Adverse Events version 5.0 CTCAE v5.0 ≥ Grade 2). Univariate and multivariate analyses 
identified the liver-to-spleen ratio on preoperative plain computed tomography (L/S ratio; P = 0.002, Odds ratio 2.66) 
as an independent risk factor for liver dysfunction. Patients with postoperative liver dysfunction showed significantly 
poorer disease-free survival than patients without liver dysfunction (P < 0.001). Univariate and multivariate analyses 
using Cox’s proportional hazards model revealed that postoperative liver dysfunction independently was a poor prog-
nostic factor (P = 0.001, Hazard ratio 2.75, 95% CI: 1.54–4.73).

Conclusions Postoperative liver dysfunction was associated with poor long-term outcomes in patients with Stage III 
colorectal cancer. A low liver-to-spleen ratio on preoperative plain computed tomography images was an independ-
ent risk factor of postoperative liver dysfunction.
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Background
Colorectal cancer (CRC) is the third most commonly 
occurring cancer in the world [1]. Despite recent 
advances in surgical procedures and chemotherapy, 
tumor recurrence is often observed in CRC patients 
after curative resection, leading to a high mortality rate. 
Therefore, it is important to identify reliable predictors of 
patients at high risk of tumor recurrence.
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The association between postoperative adverse events 
and poor long-term outcomes has been reported in vari-
ous surgical fields [2–4]. In CRC, postoperative compli-
cations were associated with tumor recurrence and poor 
outcomes [5]. Therefore, postoperative liver dysfunction 
may also be associated with the deterioration of long-
term outcomes. Although postoperative hepatobiliary 
enzyme abnormalities often present as postoperative 
liver dysfunction in patients with CRC, there have been 
no reports concerning the prognostic impact of postop-
erative liver dysfunction, to the best of our knowledge.

In this study, we retrospectively identified putative risk 
factors for the occurrence of postoperative liver dysfunc-
tion and investigated the prognostic impact of postopera-
tive liver dysfunction among CRC patients who received 
radical resection. Our results will provide evidence to 
clarify the association between postoperative liver dys-
function occurrence and poor prognosis in patients with 
CRC.

Methods
Patients
This study was conducted in accordance with the ethical 
standards of the Kyoto Prefectural University of Medi-
cine and the Declaration of Helsinki. Written informed 
consent was obtained from all patients. The experimen-
tal protocol was approved by the Ethical Review Board 
of the Kyoto Prefectural University of Medicine (ERB-
C-1178–1). We retrospectively analyzed data from 583 
consecutive patients who underwent surgical resection 
with lymph node dissection for Stages I–IV colorectal 
cancer between 2015 and 2019. Patients were excluded if 
they had preoperative hepatobiliary enzyme abnormali-
ties (Common Terminology Criteria for Adverse Events 
version 5.0 CTCAE v5.0 ≥ Grade 1), distant metastasis 
including liver metastasis, other cancers, received colec-
tomy with combined resection, or had undergone an 
emergency operation. All 18 cases of distant metastasis 

were liver metastasis, with no metastasis to other organs. 
Ultimately, 360 patients were included in this study. 
Patient characteristics, pathological and surgical findings, 
and postoperative clinical courses were reviewed from 
medical records and databases at our institution (Fig. 1). 
In addition, to assess the prognostic effect of postopera-
tive liver dysfunction, we retrospectively analyzed data 
from 249 consecutive patients who underwent radical 
resection for Stage III colorectal cancer.

The preoperative diagnosis of colorectal adenocarci-
noma was confirmed by endoscopy and biopsy. Patients 
with lower rectal cancer, clinically diagnosed as T3 or 
deeper, underwent neoadjuvant chemoradiotherapies fol-
lowed by radical surgery. The patients underwent colo-
rectal resection and lymph node dissection according to 
the guidelines of the Japanese Society for Cancer of the 
Colon and Rectum [6]. Surgical oncologists agreed on all 
surgical procedures in a preoperative multidisciplinary 
conference. Tumor stages were determined based on the 
International Union Against Cancer tumor, node, and 
metastasis classification system  (8th ed.) [7]. Macroscopic 
and histological cancer types were classified according to 
the Japanese Classification of Colorectal Carcinoma  (8th 
ed.) [8]. Physical examinations, blood tests, including 
tumor markers such as carcinoembryonic antigen (CEA), 
computed tomography (CT), and colonoscopies, were 
conducted every 3–6 months after surgery. Tumor recur-
rence was confirmed radiographically, and treatments 
were initiated immediately.

A range of clinical factors were examined for their 
association with postoperative liver dysfunction in CRC 
patients. Serum levels of aspartate transaminase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase 
(ALP), gamma-glutamyl transpeptidase (GGT), and total 
bilirubin (T-BIL) were evaluated in all patients. Hepa-
tobiliary enzyme abnormalities were assessed using 
CTCAE v5.0 diagnostic criteria as recommended by 
the Council for International Organizations of Medical 

Fig. 1 Flowchart for selecting and classifying subject
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Table 1 Univariate and multivariate analyses of the potential risk factors for postoperative liver dysfunction

Variables Postoperative liver dysfunction Univariatea Multivarateb

( +) (n = 48) (-) (n = 312) p-value ORc 95%CId p-value

Gender

 Female 20 (13%) 138 (87%) 0.682

 Male 28 (14%) 174 (86%)

Age (years)

  < 65 18 (16%) 96 (84%) 0.356

  ≥ 65 30 (12%) 216 (88%)

Body composition

  < BMI 25 37 (13%) 250 (87%) 0.629

  ≥ BMI 25 11 (15%) 62 (85%)

Drinking

 No 18 (10%) 163 (90%) 0.056

 Yes 30 (17%) 149 (83%)

HBs-Ag

 negative 48 (13%) 310 (87%) 0.523

 positive 0 (0%) 2 (100%)

 HCV-Ab

 negative 48 (11%) 307 (89%) 0.275

 positive 0 (0%) 5 (100%)

Low-molecular-weight heparin

 No 0 (0%) 18 (100%) 0.031
 Yes 48 (14%) 294 (86%)

Neoadjuvant chemotherapy

 No 37 (12%) 282 (88%) 0.258

 Yes 11 (27%) 30 (73%)

L/S ratio

  ≥ L/S 1.268 16 (8%) 183 (92%) 0.001 1

 ≤ L/S 1.268 32 (20%) 129 (80%) 2.66 1.42–5.18 0.002
ALBI score

 ≤-2.6 35 (16%) 183 (84%) 0.108

  > -2.6 13 (9%) 129 (91%)

FIB-4 index

  < 1.3 21 (13%) 138 (87%) 0.928

  ≥1.3 27 (13%) 174 (87%)

Hepatic stenosis index

  < 30 45 (13%) 290 (87%) 0.712

  ≥30 3 (12%) 22 (88%)

Operative time

  < 280 min 29 (12%) 218 (88%) 0.196

  > 280 min 19 (17%) 94 (83%)

Estimated blood los

  < 50 mL 39 (14%) 249 (86%) 0.815

  ≥ 50 mL 9 (13%) 63 (87%)

Intraoperative blood transfusion

 No 47 (13%) 304 (87%) 0.838

 Yes 1 (11%) 8 (89%)

Surgical site infection

 No 44 (13%) 287 (87%) 0.949

 Yes 4 (14%) 25 (86%)
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Sciences (Supplementary Table  1). Serum hepatobiliary 
enzyme levels were measured routinely preoperatively, 
on postoperative days 1, 3, 5, and 7, and based on the 
postoperative course thereafter. In addition, serum liver 
enzyme levels were measured at every outpatient visit. 
Postoperative liver dysfunction was defined by postop-
erative hepatobiliary enzyme abnormalities of Grade 2 or 
higher, while severe postoperative liver dysfunction was 
defined by hepatobiliary enzyme abnormalities of Grade 
3 or higher.

Risk factor identification and prognostic impact
First, we investigated potential clinicopathological fac-
tors to identify the independent risk factors of postoper-
ative liver dysfunction using univariate and multivariate 
logistic analyses (Table  1). Second, we examined the 
putative risk factors for severe postoperative liver dys-
function (Table  2). Then, we observed the features 
of liver dysfunction during the postoperative period 
(Table 3). Finally, to confirm the clinical effects of post-
operative liver dysfunction, we compared the survival 
curves of patients with or without postoperative liver 
dysfunction following radical resection for stage III colo-
rectal cancer (Fig. 2). The prognostic effects of postoper-
ative liver dysfunction were investigated using univariate 
and multivariate analyses with Cox’s proportional haz-
ard ratios (Table 4).

Fatty liver assessment
To assess the impact of fatty liver on liver dysfunction, 
we used preoperative CT images to calculate the liver-to-
spleen ratio (L/S ratio) [9, 10]. The Hounsfield unit (HU) 
values of four regions of interest (ROIs), two in the liver 
(one from each lobe) and two in the spleen, were meas-
ured in the preoperative plain CT of each patient. All 
ROIs were a circle of 2-cm diameter, avoiding heteroge-
neous areas such as blood vessels and cysts. The L/S ratio 
was calculated as the quotient of the average HU value 
from both ROIs in the liver and spleen.

Statistical analysis
Statistical analysis was performed using JMP version 10 
(ASA Institute, Cary, NC). To compare the clinicopatho-
logical characteristics of the two groups, Chi-squared 
and Fisher’s exact probability tests were performed for 
categorical variables, and Student’s t-tests and Mann–
Whitney U-tests were performed with unpaired con-
tinuous data. Survival curves were estimated using the 
Kaplan–Meier method, and statistical differences were 
examined using the log-rank test. Univariate and multi-
variate survival analyses were performed using the likeli-
hood ratio test of the stratified Cox proportional hazards 
model. P < 0.05 was considered statistically significant.

Results
Clinicopathological factors of postoperative liver 
dysfunction
A total of 48 patients had postoperative liver dysfunc-
tion (Grade 2: n = 38; Grade 3: n = 10). By univariate 
analysis, postoperative liver dysfunction was signifi-
cantly associated with the use of low-molecular-weight 
heparin (P = 0.031), and a low liver-to-spleen ratio on 
preoperative plain CT (L/S ratio < 1.268; P = 0.001; 
Table  1). Multivariate analysis also revealed that the 
L/S ratio (P = 0.002, HR 2.66 [95% CI: 1.42–5.18]) was 
an independent risk factor for postoperative liver dys-
function (Table 1). Comorbidities, such as chronic liver 
disease, were not significantly associated with postop-
erative liver dysfunction (Supplementary Table 2).

Risk factors influencing the severity of postoperative liver 
dysfunction
Ten patients (20.8% (10/48)) were classified with severe 
postoperative liver dysfunction, with the remain-
ing 38 (79.2% (38/48)) patients classified as grade 2. 
Univariate analysis revealed that severe postopera-
tive liver dysfunction was significantly associated with 
lower albumin-bilirubin scores (ALBI ≥ -2.6; P = 0.032). 
There were no correlations between the severity of 

Table 1 (continued)

Variables Postoperative liver dysfunction Univariatea Multivarateb

( +) (n = 48) (-) (n = 312) p-value ORc 95%CId p-value

Postoperative ileus

 No 47 (14%) 299 (86%) 0.457

 Yes 1 (7%) 13 (93%)

Anastomotic leakage

 No 45 (13%) 305 (87%) 0.112

 Yes 3 (30%) 7 (70%)



Page 5 of 8Sumiyoshi et al. BMC Gastroenterology          (2023) 23:128  

postoperative liver dysfunction and gender, age, obe-
sity, drinking habits, use of low-molecular-weight 
heparin, neoadjuvant chemotherapy, L/S ratio, FIB-4 
index, Hepatic stenosis index, surgical approach, tumor 
location, anastomotic leakage, surgical site infection, 
postoperative ileus, operative time, blood loss, or intra-
operative blood transfusion (Table 2).

Hepatobiliary enzyme abnormalities
Hepatobiliary enzyme abnormalities are seen in various 
types of liver disease, including hepatitis virus infec-
tion, alcohol-induced liver injury, drug-induced liver 
injury, nonalcoholic fatty liver disease, cirrhosis, and 
hepatocellular carcinoma. The pathophysiology of liver 
dysfunction is classified into three types: hepatocellu-
lar, cholestasis, and mixed [11]. However, the pattern 
of hepatobiliary enzyme abnormalities after surgery for 
CRC remains unknown. Therefore, we assessed liver 
dysfunction profiles according to the type of elevated 
enzyme (Supplementary Table 3). There was no signifi-
cant difference in the median interval between surgery 
and the onset of liver dysfunction between the sever-
ity groups (Table 2). Regarding the peak enzyme values, 
ALP was significantly higher in patients with severe 
postoperative liver dysfunction (P = 0.026; Table 2).

Prognostic impact of postoperative liver dysfunction 
in Stage III CRC 
Figure  2 shows the overall survival curves and disease-
free survival (DFS) curves of patients with and with-
out postoperative liver dysfunction following radical 
resection for Stage III colorectal cancer. Patients with 
postoperative liver dysfunction showed a significantly 
poorer prognosis than patients without liver dysfunction 
(P = 0.0009). Univariate and multivariate analyses using 
Cox’s proportional hazards model revealed that postop-
erative liver dysfunction was an independent prognostic 
factor affecting DFS (P = 0.001, HR 2.50, 95% CI: 1.20–
4.91; Table 3).

Discussion
Our study reveals that postoperative liver dysfunction is 
strongly associated with worse DFS after radical surgery 
for Stage III colorectal cancer. Furthermore, a low L/S 
ratio on preoperative CT was strongly associated with 
postoperative liver dysfunction in patients with colorec-
tal cancer. Postoperative complications increase tumor 
recurrence rate and reduce overall survival in patients 
with colorectal cancer [5, 12]. However, to our knowl-
edge, this is the first study to demonstrate that postop-
erative liver dysfunction independently contributes to a 
poorer prognosis among colorectal cancer patients.

Table 2 The clinical factors of patients with severe (CTCAE 
Grade ≥ 3) and non-severe (CTCAE Grade 2) postoperative liver 
dysfunction

a Univariate analyses included Chi squared and Fisher’s exact probability tests.

Variables CTCAE classification Univariatea

Grade 2 (n=38) Grade 3 (n=10) p-value

Gender

 Female 18 (93%) 2 (7%) 0.077

 Male 20 (68%) 8 (32%)

Age (years)

 < 65 16 (89%) 2 (11%) 0.183

 ≥ 65 22 (73%) 8 (27%)

Body composition

 < BMI 25 30 (81%) 7 (19%) 0.558

 ≥ BMI 25 8 (73%) 3 (27%)

Drinking

 No 14 (78%) 4 (22%) 0.854

 Yes 24 (80%) 6 (20%)

Low-molecular-weight heparin

 No 0 0

 Yes 38 (79%) 10 (21%)

Neoadjuvant chemotherapy

 No 34 (79%) 9 (21%) 0.602

 Yes 4 (80%) 1 (20%)

L/S ratio

 ≥ 1.268 12 (75%) 4 (25%) 0.619

 < L/S 1.268 26 (81%) 6 (19%)

ALBI score

 < -2.6 29 (88%) 4 (12%) 0.032

 > -2.6 9 (60%) 6 (40%)

FIB-4 index

 < 1.3 18 (86%) 3 (14%) 0.228

 ≥ 1.3 20 (74%) 7 (26%)

Hepatic stenosis index

 < 30 36 (79%) 10 (21%) 0.263

 ≥ 30 2 (100%) 0 (0%)

Anastomotic leakage

 No 36 (82%) 8 (18%) 0.173

 Yes 2 (50%) 2 (50%)

Surgical site infection

 No 36 (82%) 8 (18%) 0.173

 Yes 2 (50%) 2 (50%)

Postoperative ileus

 No 37 (79%) 10 (21%) 0.507

 Yes 1 (100%) 0 (0%)

Operative time

 < 280 min 23 (79%) 6 (21%) 0.976

 ≥ 280 min 15 (79%) 4 (21%)

Estimated blood loss

 < 50 mL 32 (82%) 7 (18%) 0.327

 ≥50 mL 6 (67%) 3 (33%)

Intraoperative blood transfusion

 No 37 (79%) 10 (21%) 0.492

 Yes 1 (100%) 0 (0%)
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To clarify the mechanism by which postopera-
tive liver dysfunction affects long-term prognosis, we 
investigated whether liver metastasis is present at the 
surgery for CRC and whether the presence of postop-
erative liver dysfunction influences adjuvant chemo-
therapy. Regarding the potential of liver metastases, 
fatty liver, which causes postoperative liver dysfunc-
tion, makes it difficult to detect liver metastasis [13]. 
Since a fatty liver is an independent risk factor for 
postoperative liver dysfunction, its recurrence form 
was also examined. However, there was no significant 
difference in the frequency of liver metastasis recur-
rence between patients with or without postopera-
tive liver dysfunction. Postoperative complications are 

significantly associated with worse rates and delays 
in adjuvant chemotherapy [14, 15]. However, in this 
study, the induction rate of postoperative adjuvant 
chemotherapy did not differ between patients with 
or without postoperative liver dysfunction (Supple-
mentary Table  4). Several previous reports describe 
an association between preoperative liver dysfunc-
tion and poor prognosis [16, 17]. The serum AST/ALT 
ratio (a biomarker for cirrhosis), insulin resistance, 
and alcoholic liver disease are valid prognostic mark-
ers for DFS in Stage II and III CRC patients [16]. In 
addition, non-alcoholic fatty liver disease (NAFLD) 
and non-alcoholic steatohepatitis (NASH), caused by 
the accumulation of excess fat in hepatocytes, are also 

Table 3 The profile of postoperative liver dysfunction

AST Aspartate transaminase, ALT Alanine aminotransferase, ALP Alkaline phosphatase

GGT  Gamma-glutamyl transpeptidase, T-Bil Total bilirubin
a Univariate analysis included Chi squared and Fisher’s exact probability tests

Postoperative liver dysfunction Univariate 
a

Variables All patient (n = 48) Grade2 (n = 38) Grade3 (n = 10) p-value

Postoperative 
days of onset

0.196

Median (range) 7 (1–12) 7 (5–10) 6 (1–12)

Peak AST 0.214

Median (range) 94 (15–347) 91 (15–140) 140 (30–347)

Peak ALT 0.118

Median (range) 90 (14–342) 87 (14–165) 145 (14–342)

Peak ALP 0.026
Median (range) 221 (94–792) 202 (94–792) 307 (125–653)

Peak γ-GTP 0.065

Median (range) 61 (11–606) 56 (11–456) 86 (39–606)

Peak T-Bil 0.319

Median (range) 0.61 (0.33–5.14) 0.59 (0.33–2.46) 0.67 (0.48–5.14)

Fig. 2 Overall survival curves (A) and disease-free survival curves (B) of Stage III CRC patients with and without postoperative liver dysfunction
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prognostic factors for tumor recurrence after radical 
surgical resection [17–19]. These reports suggest that 
chronic inflammation of the liver affects CRC prog-
nosis. In this study, we found an association between 
postoperative liver dysfunction and the L/S ratio. The 
absence of a direct prognostic correlation between 
multiple liver reserve indicators, namely L/S ratio, 
ALBI score, FIB-4 index, and Hepatic stenosis index, 
and CRC implies that the unfavorable prognosis of 
CRC could potentially be attributed to chronic inflam-
mation resulting from fatty liver (Supplementary 
Fig. 1).

Notably, our study revealed that a fatty liver, closely 
associated with lifestyle factors such as diet and exer-
cise, increases the risk of preoperative liver dysfunction 
and may be a modifiable risk factor for perioperative 
liver dysfunction. Reportedly, a six-month intervention 
to modify the lifestyle of patients with NAFLD reduced 
their body weight, improving markers of fatty liver and 
liver function [20]. Moreover, sodium-glucose cotrans-
porter 2 inhibitors improve the fatty liver in patients 
with NAFLD and type 2 diabetes mellitus [21]. As dem-
onstrated in previous interventions aimed at modifying 
lifestyle factors, improvement in markers of fatty liver 
and liver function in patients with non-alcoholic fatty 
liver disease (NAFLD) can be achieved. These findings 
suggest that lifestyle improvements and appropriate 
preoperative interventions may prevent postoperative 
liver dysfunction and ultimately improve the prognosis 
for CRC patients, particularly those with a fatty liver. 
Therefore, it is essential to consider lifestyle modifica-
tions and preoperative interventions to mitigate perio-
perative liver dysfunction and ultimately improve the 
prognosis for CRC patients.

There were several limitations of this study, including 
its retrospective nature and single-center sample. Large 
prospective cohort studies are needed to validate these 
findings before clinical application. Additionally, this 
study included patients with colorectal cancer in various 
locations and stages. Therefore, several perioperative fac-
tors might have also influenced postoperative liver dys-
function. However, it was difficult to completely remove 
the influence of perioperative factors on postoperative 
liver status.

Conclusions
Our study found that postoperative liver dysfunction 
might be a crucial mechanism leading to poor progno-
sis in patients with CRC. Postoperative liver dysfunc-
tion was associated with poor long-term outcomes in 
patients with Stage III colorectal cancer. The occurrence 
of postoperative liver dysfunction in colorectal cancer is 
significantly associated with a low liver-to-spleen ratio 
on preoperative plain CT. Preoperative interventions for 
patients with the potential for a fatty liver may improve 
the prognosis for CRC.

Abbreviations
CTCAE  Common Terminology Criteria for Adverse Events
CRC   Colorectal cancer
CT  Computed tomography
L/S  Liver-to-spleen
AST  Aspartate transaminase
ALT  Alanine aminotransferase
HU  Hounsfield unit
ROIs  Regions of interest
DFS  Disease-free survival
NAFLD  Non-alcoholic fatty liver disease

Table 4 Disease-free survival after surgery for Stage III colorectal cancer

a Kaplan-Meier method; significance was determined by log-rank test
b Multivariate survival analysis was performed using Cox’s proportional hazard model
c HR Hazard ratio
d CI Confidence interval

Variable Univariatea Multivariateb

n = 249 p-value HR c 95%  CId p-value

Gender male vs female 145 vs 104 0.904

Age (years)  ≥ 65 vs < 65 165 vs 84 0.762

T stage (TNM classification) T4 vs T1 ~ 3 39 vs 210 0.025 2.09 1.123–3.692 0.022
N stage (TNM classification) N2, 3 vs N1 81 vs 168 0.254

Lymphatic invasion present vs absent 159 vs 90 0.485

Venous invasion present vs absent 156 vs 93 0.043 2.13 1.013–3.117 0.041
Adjuvant chemotherapy Yes vs No 171 vs 78 0.151

Anastomotic leakage present vs absent 6 vs 243 0.019 2.65 0.632–7.512 0.158

Postoperative liver dysfunction Yes vs No 44 vs 205 0.001 2.75 1.544–4.728 0.001
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