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1. INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the major causes 
of mortality worldwide, and the incidence has been increas-
ing in the past few years.1 The presence of esophageal varices 
(EV) is a negative prognostic factor for patients with HCC.2,3 
Esophagogastroduodenoscopy (EGD) is currently the stand-
ard tool for screening EV. The Baveno V consensus suggests 
endoscopic screening for EV among all cirrhotic patients dur-
ing diagnosis.4 However, this approach is limited by its cost and 
invasiveness. Therefore, it is necessary to develop noninvasive 

markers, and several noninvasive markers have been pro-
posed.5–14 A combination of platelet counts and liver stiffness 
measurements by transient elastography can be used to select 
cirrhotic patients who may not require endoscopic screening 
for EV.15 However, the usefulness of transient elastography for 
patients with HCC remains in doubt.16

Indocyanine green (ICG) is a water-soluble tricarbocya-
nine dye that is injected intravenously and mainly binds to 
albumin and alpha-1 lipoproteins. It is almost exclusively 
extracted by the hepatic parenchyma and rapidly excreted 
into the bile without undergoing biotransformation and with 
no enterohepatic circulation.17–19 ICG clearance is a quanti-
tative test for liver parenchymal function and hepatic blood 
flow.20

The ICG retention test has become a safe, reproducible, and 
noninvasive tool for the assessment of liver function. It is not 
only used for preoperation survey for hepatic surgery21,22 but 
also as a prognostic marker in patients with liver cirrhosis.23,24 
A previous study demonstrated that the ICG 15-minute reten-
tion (ICG-r15) test has good correlation with the hepatic venous 
pressure gradient (HVPG).25 The results also showed that ICG-
r15 < 10% can be used to rule out the presence of EV, whereas 
ICG-15 ≥ 22.9% can be used as an indicator of EV in cirrhotic 
patients.
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Organic anion transporting polypeptides involving ICG trans-
portation are different between patients with HCC and those 
who are cirrhotics.26,27 However, patients with HCC and con-
comitant EV still have significantly higher ICG-r15 levels than 
those who do not have EV.28 Patients with resectable HCC and 
clinically significant portal hypertension (HVPG ≥ 10 mmHg) 
also have more EV than those who do not have clinically sig-
nificant portal hypertension (44.1% vs 11.1%).29 Therefore, we 
hypothesized that the ICG-r15 test could be a useful noninvasive 
predictor of EV in patients with HCC. The aim of our study is to 
clarify the usefulness of ICG-r15 and to compare it with other 
noninvasive markers for predicting EV in compensated patients 
with HCC.

2. METHODS

2.1. Patients
This study is a retrospective study with prospective collection 
of data. The study enrolled 6,495 patients with newly diag-
nosed HCC who fulfilled the diagnostic criteria of the American 
Association for the Study of Liver Disease (AASLD) according 
to the cancer registration system at a single tertiary center from 
October 2007 to December 2018. The baseline characteristics 
were prospectively recorded, including sex, age, biochemistry 
data, cause of HCC, Child–Turcotte–Pugh score, Barcelona 
Clinic Liver Cancer (BCLC) stage, status of portal vein throm-
bosis, HCC treatment, and mortality.

The exclusion criteria of the study were as follows: (1) patients 
who did not have an ICG-r15 test at the time of HCC diagnosis, 
(2) patients who did not receive endoscopic screening for EV 
at the time of HCC diagnosis, (3) patients with decompensated 
liver disease, and (4) patients who were diagnosed with portal 
vein thrombosis or invasion. Compensated patients with HCC 
were defined as those with an absence of ascites, variceal hemor-
rhage, hepatic encephalopathy, or jaundice and a CTP score of 5 
or 6. The diameter of the spleen was measured on abdominal CT 

scans or MRI if CT scans was not available. The study was per-
formed in accordance with the Declaration of Helsinki and cur-
rent ethical guidelines. It was also approved by the Institutional 
Review Board.

2.2. ICG retention test
Indocyanine green (Daiichi Sankyo Propharma Co., LTD., 
Osaka, Japan) was injected intravenously at a dose of 0.5 mg/
kg of body weight after a basal blood sampling on the opposite 
arm. A blood sample was then collected every 5 minutes for 
15 minutes. The ICG absorbance in plasma was measured at 
800 nm using an AU680 Clinical Chemistry Analyzer (Beckman 
Coulter, Inc., CA).

2.3. Noninvasive markers for prediction of EV
The AAST/ALT ratio (AAR),6 Albumin–Bilirubin grade (ALBI),30 
ALBI grade and platelet count (ALBI-PLT score),31 platelet 
count/spleen diameter ratio (PSDR),5 AST/platelet ratio index 
(APRI),8 Lok index,9 FIB-4,10 and Park index11 were calculated 
according to published equations for all patients.

2.4. Endoscopic evaluation
The size of the EV was recorded in accordance with the criteria 
proposed by Beppu et al:32 small and straight varices were recorded 
as F1, moderately sized and tortuous varices were recorded as F2, 
and large and tumorous varices were recorded as F3.

2.5. Statistical analysis
Fisher’s exact test or a chi-squared test with Yates’ correction 
was performed to compare the categorical variables, and a stu-
dent’s t test was used to compare continuous variables. The 
diagnostic accuracy of the model was assessed by analyzing the 
receiver operating characteristic (ROC) curve. The cutoff value 
for indicating the presence of EV was collected using the highest 
positive likelihood ratio (LR+), and the lowest negative likeli-
hood ratio (LR–) was used as a cutoff value for ruling out EV.

Fig. 1.  Flow chart of the study. EGD = esophagogastroduodenoscopy; EV = esophageal varices; HCC = hepatocellular carcinoma; ICG-r15 = indocyanine green 
15-minute retention test.
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The relative goodness of every model was determined using the 
Akaike information criterion, AIC = – 2 ln(L) + 2k, where L is 
the maximized value of the likelihood function for the estimated 
logistic regression model and k is the number of parameters.33 
Variables that had statistical significance (p < 0.05) or near statis-
tical significance (p < 0.1) in the univariate analysis were subjected 
to a multivariate analysis via a backward stepwise Cox regression 
model. p values < 0.05 were considered statistically significant. All 
statistical analyses were performed using IBM SPSS Statistics for 
Windows, version 21.0 (IBM Corp., Armonk, NYs).

3. RESULTS

3.1. Baseline clinical characteristics
A flow chart of the study is shown in Fig. 1 and Table 1 shows 
the demographic characteristics of the study population. A total 
of 137 HCC patients with compensated liver function were 
enrolled. Among the whole study population, 30 patients had EV 
(21.9%), and of those, 1 patient had small varices (F1) with red 
color sign, 14 patients had small varices (F1) without red color 
sign, and 15 patients had medium or large varices (F2 or F3).

Table 1.

Baseline characteristics of patients

Baseline characteristics Total (n = 137) EV (n = 30) No EV (n = 107) p

Age, median (range), years 66 (58–73) 62 (57–74) 66 (59–73) 0.849
Sex (male), n (%) 102 (74.5) 24 (80.0) 78 (72.9) 0.431
Etiology, n (%)
  HBV 54 (39.4) 12 (40.0) 42 (39.3) 0.941
  HCV 38 (27.7) 9 (30.0) 29 (27.1) 0.754
  HBV + HCV 2 (1.5) 0 (0) 2 (1.9) 0.451
  Alcohol 5 (3.6) 0 (0) 5 (4.7) 0.228
  Alcohol + HBV 11 (8.0) 3 (10.0) 8 (7.5) 0.653
  Alcohol + HCV 3 (2.2) 1 (3.3) 2 (1.9) 0.628
  Others 24 (17.5) 5 (16.7) 19 (17.8) 0.890
MELD score 7.67 (6.98–8.72) 8.27 (7.60–8.91) 7.46 (6.79–8.72) 0.286
Spleen diameter, cm 9.7 (8.8–10.9) 10.5 (9.6–12.6) 9.5 (8.7–10.7) 0.008
Serum lab data
  ICG-r15, % 12 (8–18) 22 (13–40) 10 (7–16) <0.001
  Prothrombin time, INR 1.06 (1.01–1.11) 1.11 (1.05–1.17) 1.06 (1.00–1.10) <0.001
  Platelet count, K/cumm 134 (96–185) 88 (67–152) 146 (120–198) 0.007
  Creatinine, mg/dL 0.93 (0.79–1.06) 0.84 (0.78–1.04) 0.94 (0.79–1.10) 0.259
  ALT, U/L 38 (25–76) 45 (31–93) 37 (24–65) 0.111
  AST, U/L 36 (25–71) 57 (35–108) 39 (27–70) 0.034
  Albumin, g/dL 4.1 (3.8–4.4) 3.8 (3.4–4.1) 4.0 (3.6–4.4) 0.092
  Total bilirubin, mg/dL 0.72 (0.53–0.97) 1.00 (0.70–1.16) 0.64 (0.48–0.84) <0.001
Tumor factors
  Tumor size, cm 3.0 (2.0–5.0) 2.3 (1.5–4.7) 3.3 (2.1–6.6) 0.006
  Single tumor, % 103 (75.2) 24 (80.0) 79 (73.8) 0.489
  AFP, ng/ml 17.0 (6.0–166.0) 49.9 (8.6–823.0) 15.0 (5.1–122.7) 0.632
Tumor staging and treatment modality
  BCLC stage (0/A/B/C/D) (%) 4/64/61/7/1  

(2.9/46.7/44.5/5.1/0.7)
1/15/11/3/0  

(3.3/50.0/36.7/10.0/0)
3/49/50/4/1  

(2.8/45.8/46.7/3.7/0.9)
0.605

  Treatment modality (resection 
surgery/RFA/TACE/Others)a (%)

83/15/22/17  
(60.6/10.9/16.1/12.4)

9/7/9/5  
(30.0/23.3/30.0/16.7)

74/8/13/12  
(69.2/7.5/12.1/11.2)

0.001

  Treatment modality (curative/ 
noncurative) (%)

105/32 (76.6/23.4) 17/13 (56.7/43.3) 88/19 (82.2/17.8) 0.003

Noninvasive models
  AAR 1.07 (0.82–1.38) 1.14 (0.86–1.40) 1.07 (0.80–1.36) 0.837
  APRI 0.61 (0.38–1.45) 1.34 (0.70–2.47) 0.53 (0.35–1.00) 0.013
  Park index -1.10 (-2.14 to -0.53) 0.38 (-1.29 to 1.49) -1.34 (-2.28 to -0.48) <0.001
  PSDR 1529.1 (1012.5–2250.6) 885.8 (579.4–1350.1) 1618.4 (1220.0–2329.6) 0.005
  Lok index 0.50 (0.35–0.71) 0.68 (0.54–0.81) 0.48 (0.33–0.64) <0.001
  FIB-4 2.76 (1.97–5.86) 6.53 (3.68–8.23) 2.58 (1.79–4.45) <0.001
ALBI grade 0.010
  Grade 1 59 (43.1) 6 (20.0) 53 (49.5)  
  Grade 2 53 (56.2) 0 (0) 53 (49.5)  
  Grade 3 1 (0.7) 0 (0) 1 (0.9)  
ALBI–PLT score 0.007
  =2 35 (25.5) 2 (6.7) 33 (30.8)  
  >2 102 (74.5) 28 (93.3) 74 (69.2)  

AAR = AST/ALT ratio; ALBI grade = albumin-bilirubin grade; ALBI-PLT score = albumin-bilirubin grade and platelet count; AFP = alpha-fetoprotein; ALT = alanine transaminase; AST = aspartate transaminase; 
APRI = AST/platelet ratio index; BCLC stage = Barcelona clinic liver cancer stage; HBV = hepatitis B virus; HCV = hepatitis C virus; ICG-r15 = indocyanine green 15-minute retention test; PAI= Percutaneous 
acetic acid injection; PSDR = platelet count/spleen diameter ratio; RFA= Radiofrequency ablation; TACE= Transcatheter arterial chemoembolization.
aOther treatments of total population including six patients received TACE before resection surgery, one patient received PAI, one patient received Yttrium-90, two patients received supportive care, three patients 
refused treatment, three patients received radiotherapy, and three patients received target therapy.
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3.2. Factors associated with the presence of EV
Compared with patients without EV, those who did have EV 
had a larger spleen, a longer prothrombin time, lower platelet 
counts, higher serum aspartate aminotransferase (AST), and 
higher total bilirubin levels. Regarding tumor factors, patients 
with EV had smaller tumor size but lower rates of receiving 
curative treatment for HCC. Among the noninvasive markers, 
ALBI grade, ALBI–PLT score, APRI, the Park index, PSDR, the 
Lok index, FIB-4, and ICG-r15 were significantly associated 
with the presence of EV, but not AAR. In the multivariate analy-
sis, ICG-r15 (odds ratio [OR]: 1.062, 1.014–1.114; p = 0.015) 
and the Park index (OR: 1.535, 1.091–2.159; p = 0.014) were 
independently related to the presence of EV.

3.3. Performance of noninvasive markers for the  
diagnosis of EV
Table  2 shows the diagnostic performance of noninvasive 
markers for the presence of EV. ICG-r15 demonstrated the 
largest area under the ROC curve (AUROC: 0.784, 95% CI: 
0.686–0.881) and the lowest AIC values (AIC: 79.889, −2 ln 
(L): 77.889), which suggest that ICG-r15 is the best tool for the 
diagnosis of EV. For medium-to-large EV and high-risk EV, the 
ICG-r15 also showed good value for diagnosis and the AUROC 
were 0.777 (95% CI:0.661–0.892) and 0.746 (95% CI: 0.622–
0.869), respectively.

3.4. ICG-r15 cutoff values for the diagnosis of EV
The use of ICG-r15 < 9.5% for the exclusion of EV had a sensi-
tivity of 86.7% (LR– = 0.269), and the use of ICG-r15 ≥ 31.0% 
for the diagnosis of EV showed a specificity of 98.1% (LR+ = 

21.05) (Table 3). When focusing on medium to large EV, ICG-
r15 < 10.5% showed a sensitivity of 93.3% (LR– = 0.138) for 
the exclusion of medium to large EV, and ICG-r15 ≥ 31.0% 
showed a specificity of 93.4% (LR+ =6.06) for the diagnosis 
of medium to large EV. On the other hand, ICG-r15 < 7.5% 
showed a sensitivity of 93.8% (LR– = 0.242) for the exclusion 
of high risk EV, and ICG-r15 ≥ 31.0% showed a specificity of 
93.4% (LR+ =5.68) for the diagnosis of high risk EV.

A total of 57 patients had ICG-r15 < 9.5%. Among them, 
four patients had EV, three had small varices (F1), and one had 
medium varices (F2). Furthermore, 60 patients had ICG-r15 < 
10.5%, and only one of them had medium EV (s2). The distribu-
tion of ICG-r15 for individuals is presented in Fig. 2.

4. DISCUSSION
To the best of our knowledge, this is the first study to dem-
onstrate the performance of ICG-r15 for the prediction of EV 
in patients with HCC and to compare it with other nonin-
vasive markers. For patients with HCC and preserved liver 
function, the ICG-r15 test is a simple, accurate, and clinically 
applicable noninvasive tool for selecting patients to avoid 
unnecessary endoscopic screening for EV. Up to 76.6% of our 
patients received curative treatment (mainly resection surgery 
(60.6%)) for HCC. This occurred because all the potential 
candidates for surgery routinely receive ICG-r15 for preopera-
tion assessment in our hospital and most Eastern countries.21,34 
More patients with EV received non-curative treatment than 
patients without EV due to previous guidelines suggesting that 
liver resection surgery might only be performed for patients 
without portal hypertension.35,36 Moreover, for patients who 

Table 2.

Predictive value for EV

AUROC 95% CI p −2 ln (L) AIC

ICG 0.784 0.686–0.881 <0.001 77.889 79.889
INR 0.714 0.610–0.818 <0.001 131.487 133.487
Platelet count 0.764 0.662–0.866 <0.001 122.979 124.979
Spleen diameter 0.680 0.564–0.795 0.003 130.214 132.214
APRI 0.754 0.658–0.850 <0.001 129.829 131.829
AAR 0.530 0.414–0.647 0.617 139.944 141.944
MELD score 0.633 0.536–0.730 0.026 143.079 145.079
FIB-4 0.771 0.678–0.864 <0.001 129.566 131.566
Lok index 0.748 0.659–0.838 <0.001 123.335 125.335
Park index 0.765 0.664–0.866 <0.001 118.725 120.725
PSDR 0.777 0.674–0.881 <0.001 120.986 122.986
ALBI grade 0.644 0.539–0.749 0.016 136.253 138.253
ALBI–PLT score 0.703 0.603–0.804 0.001 128.456 130.456

ALBI grade = albumin–bilirubin grade; ALBI-PLT score = Albumin–bilirubin grade and platelet count; APRI = aspartate aminotransferase/platelet ratio index; AAR = aspartate aminotransferase/alanine ami-
notransferase ratio; AUROC = area under ROC curve; −2 ln(L) = the full model −2 ln likelihood; FIB= Fibrosis; ICG = indocyanine green; PSDR = platelet count/spleen diameter ratio.

Table 3.

ICG-r15 cutoff values for rule in and rule out EV and M/L EV

 ICG-r15 Sensitivity Specificity PPV LR+ NPV LR–

EV Rule out 9.5 86.7 50.5 32.5 1.72 93.0 0.269
Rule in 31.0 40.0 98.1 85.7 21.05 85.4 0.612

M/L EV Rule out 10.5 93.3 48.4 18.2 1.80 98.3 0.138
Rule in 31.0 40.0 93.4 42.9 6.06 92.7 0.642

HRV Rule out 7.5 93.8 25.6 26.1 1.26 93.6 0.242
Rule in 31.0 37.5 93.4 61.4 5.68 84.2 0.669

EV = esophageal varices; HRV = high-risk EV; ICG-r15, indocyanine green 15-minute retention; M/L EV = medium or large esophageal varices; LR+ = positive likelihood ratio; LR– = negative likelihood ratio; 
NPV = negative predictive values; PPV = positive predictive values.
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had HCC and EV (or significant portal hypertension), patients 
with smaller tumors are always selected as potential candi-
dates for surgery.29

The rate of EV (21.9%) was relative low because we focused 
on patients with HCC and preserved liver function. The previ-
ous study from Taiwan showed 238 patients had EV with pre-
served liver function in a cohort of total 990 patients.37 The rate 
of EV was 24.0% which is similar to our study.

Several non-invasive tools have been proposed to identify 
clinically significant portal hypertension, but most of them can-
not be recommended for clinical use due to unreliable or incon-
sistent results.38,39 Transient elastography seems to be the most 
promising tool for patients with cirrhosis. The Baveno VI con-
sensus suggests that patients have a very low risk of high-risk 
varices requiring treatment and can avoid endoscopic screening 
if they have compensated advanced liver disease with liver stiff-
ness < 20 kPa measured by transient elastography and a platelet 
count > 150,000.15,40 However, the value of transient elastog-
raphy in diagnosing EV in patients with HCC has not yet been 
determined because most of the transient elastography studies 
excluded patients with HCC.16,41

In this study, we particularly focused on patients with com-
pensated liver function because ICG clearance has good corre-
lation with HVPG in patients with preserved liver function.25 
However, anion excretion reserve may influence ICG clearance 
when liver function deteriorates. Our study suggests that the 
ICG-r15 has good performance for the prediction of EV, and it 
also had the best performance among the evaluated noninvasive 
markers.

Organic anion transporting polypeptide 1B3 (OATP1B3) 
and Na+-taurocholate co-transporting polypeptide (NTCP) are 
involved in the transportation of ICG.42 Previous studies dem-
onstrated a reduction of OATP1B1 and OATP1B3 in patients 
with HCC.26 Nevertheless, NTCP protein expression in HCC 
patients is higher than in cirrhosis patients.27 These findings may 
explain the difference in ICG-r15 cutoff values for the diagnosis 
of EV between patients with cirrhosis and patients with HCC. 
However, more investigation is still needed for better under-
standing of the relationship between the transporters and HCC.

There are some limitations to our study. First, selection bias 
might be present because of the retrospective nature of the 
study. Second, the results could only apply to patients with 
HCC and preserved liver function. Third, our cohort included 
patients from 2007 onward, but our pathologist began report-
ing the Ishak score in 2010 in our hospital. Therefore, we could 
not compare the accuracy of ICG-r15 and the Ishak score in 
this study.

In conclusion, the ICG-r15 test has good performance for the 
prediction of EV in patients with HCC and compensated liver 
function. Thus, it could be used to assist clinicians in identifying 
patients with high risk of EV, reduce costs, and avoid unneces-
sary invasive endoscopy. However, further prospective studies 
are needed to validate the results.﻿﻿﻿﻿‍
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