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Abstract 

Background; Approximately 60% of patients with colorectal cancer develop liver metastasis at 
some point after diagnosis. The aim of this study is to investigate whether the evaluation of 
ICGR15 preoperatively is a useful clinical indicator of hepatic injury following chemotherapy and to 
investigate the influence of multiple chemotherapies on liver function.  
Results; Mean ICGR15 values were higher in patients ≥65 years (P = 0.047) and in patients with ≥3 
cycles (P = 0.022) and ≥6 cycles (P = 0.001) of systemic chemotherapy. ICGR15 values tended to 
be higher in patients with postoperative complications (P = 0.085). Patients receiving systemic 
chemotherapy for ≥6 cycles had higher levels of AST (P = 0.003), ALT (P = 0.015), and alkaline 
phosphatase (ALP) (P = 0.041). Patients receiving systemic chemotherapy for ≥3 cycles had higher 
levels of AST (P = 0.015) and ALP (P = 0.015). 
Conclusions; Because the pathological diagnosis is usually established only after operation, 
preoperative evaluation such as the identification of sinusoidal injury is difficult. Based on this 
study, higher ICGR15 values may provide an indication of surgical complications and be a predictor 
of liver dysfunction following frequent cycles of chemotherapy. Hepatectomy should be performed 
with the utmost care in such patients, and the number of cycles of preoperative chemotherapy 
should probably be as low as possible. 
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Introduction 
Colon cancer is the third most common cancer 

worldwide [1-3]. Approximately 14%–25% of patients 
with colorectal cancer have liver metastasis at 
presentation, and up to 60% of patients develop 
metastasis at some point after diagnosis [4-7]. Surgical 
resection is widely accepted as the only potentially 
curative treatment for colorectal liver metastasis 
(CRLM), and it is also the only treatment offering 
long-term survival [8]. Curative resection of liver 

metastases achieves a 5-year survival rate of 25%–40% 
[9-15]. This progress can be attributed to the 
improvements in surgical techniques, perioperative 
care, and the emergence of more effective 
chemotherapy regimens. Neoadjuvant chemotherapy 
(NAC) is increasingly being used, especially among 
patients with advanced CRLM. NAC has allowed 
many previously unresectable tumors to be treated 
and converted/downsized to make surgery possible. 
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Moreover, NAC for patients with resectable disease is 
also frequently being used [16, 17]. Adam et al. 
reported a 30% increase in the 5-year survival rate 
among patients who underwent hepatectomy after an 
objective tumor response vs. patients who showed 
tumor progression while receiving NAC [18]. Thus, 
the application of NAC for CRLM is likely to increase. 

Indocyanine green (ICG) is a water-soluble, 
anionic compound that mainly binds to plasma 
proteins after intravenous administration. It is 
selectively taken up by the hepatocytes and excreted 
unchanged into the bile [19]. The ICG retention rate at 
15 min (ICGR15) has been reported to be effective for 
preoperative evaluation of hepatic functional reserve 
[19-23]. Makuuchi’s criteria for estimating the extent 
of hepatectomy have often been applied in Japan; they 
are based on the values of ICGR15, serum levels of 
total bilirubin, and existence of ascites, and are 
suitable indicators for hepatectomy in liver tumors 
[20, 23]. 

The aims of this study are to investigate whether 
the evaluation of ICGR15 preoperatively is a useful 
clinical indicator of hepatic injury following 
chemotherapy and to investigate the influence of 
multiple chemotherapies on liver function. 

Materials and Methods 
Patients and study groups 

From January 2001 to April 2015, 102 consecutive 
patients underwent hepatic resection for CRLM in our 
department. Of them, 92 patients who had undergone 
hepatectomy for the first time were enrolled and the 
remaining 10 patients with multiple hepatectomies 
were excluded. Patients characteristics are showed in 
Table 1. ICG examination was performed in all 
patients. CRLM was diagnosed using abdominal 
ultrasonography, dynamic computed tomography 
(CT) scans, and magnetic resonance imaging (MRI).   

Clinicopathological factors 
Clinicopathological factors selected for 

evaluation included age, gender, body mass index, 
alcohol consumption, diabetes mellitus, and 
preoperative laboratory values [ICGR15 value, 
prothrombin time, serum aspartate aminotransferase 
(AST), serum alanine aminotransferase (ALT), serum 
total bilirubin, serum albumin, and C-reactive 
protein]. A diagnosis of diabetes mellitus was based 
on the results of a 75-g oral glucose tolerance test or a 
random blood glucose measurement of >200 mg/dL. 
Excessive alcohol consumption was defined as an 
average daily consumption of an amount equivalent 
to 80 g of pure ethanol for more than10 years. 
Diabetes mellitus patients enrolled in the study 
included patients whose symptoms were medically 

well controlled. 

Preoperative management 
Patients were treated with a number of 

chemotherapy regimens (Table 2). Briefly, the 
regimens were divided into five types as follows, with 
the regimens overlapping for each patient: no 
treatment (31 cases), oral agents (24 cases), 
FOLFOX-based (34 cases), FOLFILI-based (11 cases), 
and other chemotherapies (10 cases). In this study, 
oral chemotherapeutic agents were not included in 
systemic chemotherapy. 

Table 1. Patients characteristics. 

Baseline Characteristics  
N 92 
Age (years) 64.6±10.8 
Gender, male : female 59 : 33 
Body mass index (kg/m2) 22.87 ± 3.53 
Mean ICGR15 (%) 9.34 ± 5.36 
Maximum size of tumor diameter (cm) 3.56 ± 2.22 
No. of tumors 2.52 ± 2.31 
Major hepatectomy : Minor hepatectomy 35 : 57 
Clavien–Dindo classification; grade II : gradeIII : grade IV 
and V 

14 : 2 : 0 

Table 2. Chemotherapeutic regimens. 

Chemotherapeuic regimen (overlapping in these cases)  
None 31 
Oral 24 
FOLFOX 5 
+bevacizumab 21 
+panitumumab 4 
+cetuximab 4 
FOLFIRI 7 
+bevacizumab 3 
+cetuximab 1 
others 10 
Data are presented as number and median ± standard deviation. 

 

Measuring ICGR15 levels 
ICG (Dianogreen; Daiichi Sankyo Co. Ltd., 

Tokyo, Japan; 0.5 mg/kg body weight) was 
intravenously injected; 3 ml of venous blood was 
collected, and the initial concentration was measured 
for reference. After 15 min, 3 ml of venous blood was 
collected again. ICGR15 was calculated as a 
percentage using the ratio between the ICG 
concentration at 15 min after injection and the initial 
ICG concentration.  

Hepatic resection 
Almost all enrolled patients received colorectal 

resection and adjuvant or neoadjuvant chemotherapy 
in another hospital, after which they consulted our 
department regarding hepatectomy for CRLM. 
Therefore, the indication for chemotherapy was not 
standardized for all patients. Some specialists in our 
department discussed and decided on resectability. 
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The type of hepatic resection was based on the results 
of preoperative diagnostic imaging, intraoperative 
ultrasonography, and careful attention to liver 
function. Major hepatectomy was defined as excision 
of two or more liver segments. 

Hepatic resection was performed under 
intraoperative ultrasound guidance with or without 
inflow occlusion (Pringle’s maneuver). Parenchymal 
transection was performed using an ultrasonic 
dissector with bipolar electric cautery. All portal veins 
in the Glisson’s capsule >1 mm in diameter were 
ligated whenever possible using 2-0 or 3-0 braided 
silk sutures or a vessel clip. The exposed structures 
were dissected using a tissue sealer. Tests to detect 
intraoperative bile leakage were routinely performed, 
and when bile leakage sites were detected on the cut 
liver surface, these were repaired using 4-0 or 5-0 
monofilament synthetic absorbable sutures. 

Surgical complications were evaluated by the 
Clavien–Dindo classification [24], and a score higher 
than grade II was defined as a postoperative 
complication.  

Statistical analyses 
The chi-square test was used to evaluate 

categorical variables, and the unpaired t-test was used 
to evaluate continuous variables. Data are presented 
as mean ± standard deviation. A probability (P) value 
of <0.05 was considered statistically significant. 
Statistical analyses were performed using the SPSS 
statistical software package (version 21; SPSS Inc., 
Chicago, IL, USA). 

Results  
Comparison of mean ICG15 values in each 
category 

Mean ICGR15 values in each category are 
shown in Table 3. Values were higher in patients 
≥65 years (P = 0.047) and in patients with ≥3 cycles 
(P = 0.022) and ≥6 cycles (P = 0.001) of systemic 
chemotherapy. Patients with a higher 
prothrombin time (P = 0.023) and higher albumin 
levels (P = 0.029) showed higher ICGR15 values. 
ICGR15 values tended to be higher in patients 
with postoperative complications (P = 0.085). In 
detail, postoperative complications were 
postoperative bleeding, ileus, cholangitis, the 
abnormalities of liver function, the leakage of 
choledochojejunostomy, unknown fever, pleural 
or abdominal effusion, arrhythmia. There was no 
postoperative mortality. 

Clinical characteristics of patients receiving 
systemic chemotherapy for ≥6 cycles vs. <6 
cycles and for ≥3 cycles vs. <3 cycles 

Firstly, we examined the clinical 
characteristics of patients receiving systemic 
chemotherapy for ≥6 cycles vs. <6 cycles based on 
past studies on sinusoidal injury following 
multiple chemotherapies (Table 4). Compared 
with patients receiving systemic chemotherapy 
for <6 cycles, those receiving systemic 
chemotherapy for ≥6 cycles had higher levels of 
AST (P = 0.003), ALT (P = 0.015), and alkaline 
phosphatase (ALP) (P = 0.041); lower levels of 
albumin (P = 0.041); and higher values of ICGR15 
(P = 0.001). These results were indicative of 
decreased liver function in the group receiving 
systemic chemotherapy for ≥6 cycles, probably 
because of the higher number of chemotherapy 
cycles. However, there were no significant 
differences between the two groups in the 
occurrence of complications. 

Table 3. The comparison of Mean ICG value in each category. 

 
 

 
 
Data are presented as median ± standard deviation. 
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Table 4. Clinical characteristics of patients receiving systemic chemotherapy. 

Chemotherapy ≥ 6 cycles (29) < 6 cycles (63) P ≥ 3 cycles (37) < 3 cycles (55) P 
Age (years) 63.7±11.1 65.1±10.8 0.560 63.0±10.8 65.8±10.8 0.230 
Gender (male : female) 17 : 12 42 : 21 0.559 21 : 16 38 : 17 0.226 
Body mass index (kg/m2) 23.81 ± 4.01 22.44 ± 3.23 0.083 23.32 ± 3.94 22.57 ± 3.23 0.315 
ICG, (%) 12.10 ± 6.46 8.11 ± 4.24 0.001 10.89 ± 6.25 8.29 ± 4.44 0.022 
T-Bil, (mg/dL) 0.710 ± 0.214 0.729 ± 0.250 0.736 0.716 ± 0.222 0.727 ± 0.251 0.829 
AST, (U/L) 33.41 ± 23.11 23.29 ± 8.30 0.003 31.19 ± 21.09 23.31 ± 8.48 0.015 
ALT, (U/L) 26.07 ± 19.61 18.89 ± 8.18 0.015 24.14 ± 17.83 19.15 ± 8.55 0.076 
ALP, (U/L) 342.17±180.52 278.93±109.89 0.041 341.14±174.80 270.43 ± 99.07 0.015 
Prothrombin time, (%) 106.31 ± 12.19 96.16 ± 11.26 <0.001 104.19 ± 11.97 96.11 ± 11.75 0.002 
Albumin, (g/dL) 3.92 ± 0.46 4.11 ± 0.40 0.041 4.016 ± 0.43 4.08 ± 0.42 0.457 
CRP, (mg/dL) 0.397 ± 0.659 0.931 ± 1.95 0.543 0.440 ± 0.728 0.628 ± 2.06 0.595 
Maximum size of tumor diameter (cm) 3.35 ± 1.95 3.71 ± 2.34 0.471 3.84 ± 2.47 3.43 ± 2.04 0.383 
No. of tumors 2.72 ± 2.46 2.43 ± 2.25 0.571 2.84 ± 2.30 2.31 ± 2.31 0.529 
Major hepatectomy, (case) (%) 11, 37.9 24, 38.1 0.988 16, 43.2 19, 34.5 0.399 
Operation time, (min) 412.5 ± 153.5 359.5 ± 126.1 0.095 399.5 ± 141.5 359.8 ± 131.5 0.182 
Bleeding, (ml) 1400.6±1410.23 1590.8±1169.3 0.408 1353.2±1375.9 1154.0±1156.7 0.465 
Complication, (case) (%) 
(Clavian- Dindo classification ≥ 2) 

4, 13.8 12, 19.0 0.382 5, 13.5 11, 20.0 0.421 

 
 
We also investigated the clinical characteristics 

of patients receiving systemic chemotherapy for ≥3 
cycles vs. <3 cycles to elucidate the number of 
chemotherapy cycle inducing liver injury (Table 4). 
Patients receiving systemic chemotherapy for ≥3 
cycles had higher levels of AST (P = 0.015) and ALP (P 
= 0.015); higher prothrombin time (P < 0.001); and 
higher ICGR15 values (P = 0.022). ALT values tended 
to be higher in patients receiving ≥3 cycles (P = 0.076).  

Discussion 
The use of preoperative chemotherapy for 

CRLM is increasing worldwide. However, it remains 
unclear how many chemotherapy cycles induce liver 
dysfunction. Although there are some reports on 
postoperative pathological evaluations following 
frequent chemotherapies [19, 25, 26], no preoperative 
indicators for liver injury have been identified yet.  

Nakano et al. reported that sinusoidal injury 
increased in patients with CRLM receiving ≥6 cycles 
of oxaliplatin-based preoperative chemotherapy; in 
addition, ICGR15 values and postoperative total 
bilirubin levels were significantly elevated in patients 
presenting with sinusoidal injury [25]. Karoui et al. 
also reported that preoperative chemotherapy with or 
without oxaliplatin, irrespective of the number of 
cycles, was significantly associated with sinusoidal 
dilatation, atrophy of hepatocytes, hepatocyte 
necrosis, and incidence of postoperative 
complications [26]. In the present study, although 
there was no significant difference in ICGR15 values 
between the chemotherapy and the 
non-chemotherapy groups (Table 3), the values were 
higher in the group receiving ≥3 cycles (10.89% ± 
6.25%) and ≥6 cycles (12.1% ± 6.46%) of systemic 
chemotherapy, with significant differences (Tables 3 

and 4). With regard to ICGR15 values and frequent 
chemotherapies, Takamoto et al. reported that the 
mean initial ICGR15 value in patients receiving ≥6 
cycles of chemotherapy was significantly higher than 
that in those receiving <6 cycles in 21 patients. 
Moreover, they reported that ICGR15 values 
improved after chemotherapy cessation [9]. 
According to our data, patients with decreased liver 
synthetic function, i.e., lower prothrombin time and 
lower albumin levels, had higher ICGR15 values 
(prothrombin time, 14.64% ± 6.64%; albumin, 11.22% 
± 6.44%) (Table 3). Although not statistically 
significant (P = 0.085), ICGR15 values tended to be 
higher in patients with complications (11.43% ± 
6.03%) (Table 3). Moreover, ICGR15 values were 
higher in patients aged ≥65 years (10.4% ± 5.74%), 
which may reflect the association of organ 
deterioration with old age. The standard value of 
ICGR15 is set as <10%. According to these data, when 
ICGR15 values were higher in patients ≥10%, the 
patients had liver damage and we should take care of 
surgical complications. 

When we divided patients into groups receiving 
≥6 cycles of systemic chemotherapy vs. those receiving 
<6 cycles, ICGR15 values were significantly higher in 
the former group. Therefore, we compared the clinical 
characteristics of the patients in the two groups (Table 
4). Expectedly, data from several types of laboratory 
tests revealed a significantly decreased liver function, 
including ICGR15 values. Although ICGR15 values 
were higher in patients with complications (Table 3), 
there was no significant difference in the occurrence 
of complications in patients receiving ≥6 cycles of 
chemotherapy vs. those who received <6 cycles (Table 
4). Additionally, there were not a difference between 
ICG value and the type of complications. Liver 
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function, including ICGR15 values, was obviously 
worse in patients receiving ≥6 cycles of systemic 
chemotherapy. We performed the same analysis on 
patients receiving ≥3 cycles vs. <3 cycles of 
chemotherapy. Again, several laboratory tests 
reflected decreased liver function, with significant 
differences in the ICGR15 values, in patients receiving 
≥3 cycles of chemotherapy, similar to the findings 
with 6 cycles (Table 4). Several studies have reported 
that pathological abnormalities arise only following 
≥6 cycles of systemic chemotherapy [9, 25], but our 
analysis indicated that laboratory abnormalities 
suggestive of liver dysfunction appear after ≥3 cycles 
of systemic chemotherapy. The preoperative 
chemotherapy, which prolongs overall survival after 
hepatectomy, does not currently exist for CRLM. 
Although conversion chemotherapy must be 
performed for patients with borderline resectable or 
initially unresectable CRLM, resectable CRLM may be 
resected without preoperative chemotherapy, and 
preoperative chemotherapy may be limited to a few 
cycles based on the results of this study.  

With regard to maximum size of tumor diameter 
and the number of tumors, there were no differences 
between ≥6 cycles and <6 cycles, ≥3 cycles and <3 
cycles of chemotherapy. (Tables 4). This is because 
chemotherapy was performed at other hospitals; 
hence, the criteria for chemotherapy were not 
standardized initially.  

Because the pathological diagnosis is usually 
established only after operation, preoperative 
evaluation such as the identification of sinusoidal 
injury is difficult. Based on this study, higher ICGR15 
values, which are technically easy to measure 
preoperatively, may provide an indication of surgical 
complications and be a predictor of liver dysfunction 
following frequent cycles of chemotherapy; 
hepatectomy should be performed with the utmost 
care in such patients, and the number of cycles of 
preoperative chemotherapy should probably be as 
low as possible. 
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