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Background: To identify risk factors relevant to non-classic radiation-induced liver disease (RILD) in 
hepatocellular carcinoma (HCC) patients with Barcelona Clinic Liver Cancer (BCLC) stage A–B.
Methods: From 2014 to 2018, we retrospectively analyzed 24 HCC patients who were classified with 
BCLC stage A–B and treated by external beam radiation therapy (EBRT) with volumetric modulated arc 
therapy (VMAT) technique. We evaluated the correlation between non-classic RILD and clinical-dosimetric 
parameters. Logistic regression was conducted for multivariate analysis to confirm independent predictors. 
To assess the predicting ability, the receiver operating characteristic (ROC) curve was used. 
Results: Of the 24 irradiated HCC patients with BCLC stage A–B, ten patients had non-classic RILD, 
with an incidence rate of 41.7%. Identified risk factors for non-classic RILD were Albumin-Bilirubin (ALBI) 
grade 2–3 and trans-arterial chemoembolization (TACE) gave within 3 months after radiotherapy (RT). The 
area under the curve (AUC) of the ALBI score in predicting non-classic RILD was 0.786. The optimal cut-
off value of the ALBI score was −2.344, achieving an accuracy rate of 0.793 with sensitivity and specificity of 
0.800 and 0.786, respectively. In multivariate regression analysis, ALBI score more than −2.344 (OR =75.38; 
95% CI: 2.04–2,778.78; P=0.02) was an independent predictor of non-classic RILD.
Conclusions: Applying the ALBI score with a cut-off value of −2.344 is reasonable for clinical use to 
independently predict the risk of RILD in HCC patients with BCLA stage A–B.
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Introduction

Primary liver cancer is the fifth most common malignancy, 
and the second most common cause of cancer-related 
death in Taiwan (1). Primary liver cancer can be mainly 
categorized into hepatocellular carcinoma (HCC), 
intrahepatic cholangiocarcinoma, and combination of both. 
Of these, HCC accounts for 80–90% of all primary liver 
cancers (2). 

There are many treatment modalities for HCC, and 
modern radiotherapy (RT) has an emerging role in local 
control and treating portal vein tumor thrombosis (PVTT). 
The consensus guideline of the Asia-Pacific Primary Liver 
Cancer Expert Consortium agreed with the utility and 
efficacy of external beam radiotherapy (EBRT) in managing 
patients with early and intermediate stage HCCs, if 
standard treatment cannot be safely conducted (3).

Radiation-induced liver disease (RILD) is a life-
threatening side effect and limits the utility of EBRT in 
managing HCC effectively. RILD is separated into “classic” 
and “non-classic” RILD. Instead of classic RILD, patients 
with underlying chronic hepatic disease such as viral 
hepatitis or cirrhosis, tend to develop non-classic RILD (4).  
The major population of patients with HCC in Taiwan 
were induced by hepatitis B virus (HBV) or hepatitis C 
virus (HCV) (5), and so do our hospital. Furthermore, 
by using modern technique like VMAT or IMRT, classic 
RILD is very rare (6). Many studies demonstrated patients 
with specific clinical characteristics had higher risks of non-
classic RILD, including patients with Child-Pugh (CP) class 
B or C (7-10), HBV carrier status (11), prior transcatheter 
arterial chemoembolization (TACE) (8), portal vein tumor 
thrombosis (PVTT) (8,10), primary tumor stage (8),  
Albumin–Bilirubin (ALBI) grade (12), and the Cancer 
of the Liver Italian Program (CLIP) staging system (8). 
Another study developed a set of dose constraints for 
liver irradiation (13). However, none of them focused on 
a patient population of Barcelona Clinic Liver Cancer 
(BCLC) stage A-B. The present study investigated clinical-
dosimetric factors in irradiated HCC patients with BCLC 
stage A–B for searching potential predicting factors of non-
classic RILD. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tro-20-15).

Methods 

Criteria of patient selection 

From Jun. 2014 to Dec. 2018, patients who were diagnosed 
with primary HCC and treated with EBRT were 
retrospectively included in the present study. Exclusive 
criteria were as follows: age less than 18 years old, EBRT 
gave after radical surgery, BCLC stage 0, stage C, and stage 
D. The advanced stage of HCC may have worse preserving 
liver function, for preventing bias in this study, we excluded 
patients with BCLC stage C and stage D.

According to the modification of the American 
Association for the Study of Liver Diseases in 2018 (14), 
BCLC stages were defined as follows: stage 0, a single 
tumor of ≤2 cm, CP class A, and Eastern Cooperative 
Oncology Group performance status (ECOG PS) 0–1; 
stage A, a single tumor >2 cm but ≤5 cm or multiple tumors 
not more than 3 lesions and all ≤3 cm, CP class A–B, and 
ECOG PS 0–1; stage B, a single tumor >5 cm or multiple 
tumors more than 3 lesions or multiple tumors >3 cm, CP 
class A–B, and ECOG PS 0–1; stage C, portal invasion, 
extrahepatic spread, CP class A–B, and ECOG PS 0–2; and 
stage D, CP class C or ECOG PS 3–4.

Treatments 

All patients received EBRT with the volumetric modulated 
arc therapy (VMAT) technique for their HCC. Some of 
them were also treated with TACE, Sorafenib, or both. 
Respiratory motion management, including deep-expiration 
breath-hold (DEBH), real-time position management 
(RPM), 4-dimension CT, and abdominal compression, were 
applied to the patients according to individual patient’s 
cooperation and condition as well as physician’s judgment. 
The planned target volume (PTV) included gross tumor 
volume (GTV) with a surrounding margin of 3–5 mm for 
covering potential microscopic disease [i.e., clinical target 
volume (CTV)] and a further margin of 5–10 mm for 
covering the uncertainty setup error and tumor motion. 
The daily dose of 1.8 to 5 Gy per fraction depended on 
the physician’s judgment was prescribed to the PTV 
up to a median total dose of 57 Gy (range, 15–75 Gy).  
Furthermore, modified simultaneously integrated boost [i.e., 
simultaneously integrated inner-escalated boost (SIEB)] 
(15-19), was performed to irradiate the inner area of GTV, 
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with a dose escalation to 110–140% of prescribed dose. 
Irradiation was delivered with 6 or 10 MV photons based 
on tumor size and location. Normal tissue constraints were 
as follows: mean liver dose <28 Gy, V45 of the bowel bag 
<195 cc, and mean kidney dose <18 Gy. All patients were 
irradiated with conventional/short course RT, i.e., one 
fraction per day and five fractions per week. 

Evaluation of hepatic radiation injuries 

During the EBRT course, all patients were monitored by 
physical examination (PE) and laboratory analysis every 
week. After completion of EBRT, the tests were done every 
month, and image studies, e.g., abdominal sonography, 
CT, or MRI, were performed every 3 months in the first 
year. After a 1-year follow-up, these examinations were 
conducted every 3–6 months. 

Non-classic RILD (20,21) that commonly encountered 
for patients with viral hepatitis or cirrhosis demonstrated 
elevated liver transaminases more than five folds of the 
upper limit of the normal range, or Common Terminology 
Criteria for Adverse Events (CTCAE) grade 4 in patients 
with baseline liver transaminases more than 5 folds of 
the upper limit of the normal range, or a decline in liver 
function (i.e., a worse of CP score by 2 or more), in the 
context of the absence of classic RILD within 3 months 
after completion of EBRT.

CP classification and ALBI score

The CP scoring system categorized patients into class A to 
C based on five parameters (22,23): encephalopathy, ascites, 
serum bilirubin, serum albumin, and prothrombin time. CP 
class A, B, and C were defined as score ranges of 5–6, 7–9, 
and 10–15, respectively.

The ALBI score formula was defined as reported 
previously (24): ALBI score = (log10 bilirubin × 0.66) + 
(albumin × −0.085), where bilirubin and albumin are in 
units of μmol/L and g/L, respectively. ALBI grades of 1, 
2, and 3 were defined as ALBI scores of ≤−2.60, >−2.60 to 
≤−1.39, and >−1.39, respectively.

Statistical analysis 

The Chi-square or Student t test was used to compare 
clinical characteristics and dosimetric parameters between 
patients with non-classic RILD and those patients without 
non-classic RILD. Logistic regression was performed to 

estimate multivariate odds ratios to confirm independent 
predictors. To avoid statistical uncertainty due to small 
sample size, Hosmer–Lemeshow test was performed 
to check the fitness of our logistic regression model  
(P value =0.383 >0.1).

Dosimetric parameters and related variables analyzed 
included normal liver volume, mean liver dose, V5, V10, 
V15, V20, V25, V30, V35, V40, V45, V50, V55, and V60. Normal 
liver volume was defined as total liver volume minus GTV 
volume, and mean liver dose represented mean normal 
liver dose. Note that V5 is defined as the percentage of the 
total normal liver volume that is irradiated with a dose of 
more than or equal to 5 Gy (25). Similarly, V10–V60 were 
defined in the same way. 

Survival was estimated from the date of initiation of 
treatment to the date of the last follow-up visit by the 
Kaplan-Meier method. The receiver operating characteristic 
(ROC) curve was further illustrated for evaluating the ALBI 
score in predicting the risk of non-classic RILD, as previously 
reported (12). The cut-off point was determined to be 
the value at the maximum value of the Youden Index (26).  
SPSS software was used for conducting statistical analysis, 
with a significant level set at P<0.05.

Statement of ethics approval

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional review board of Dalin Tzu 
Chi Hospital (NO.: B10704005) and informed consents 
were waived by the institutional review board due to no 
additional therapies were need in this retrospective study.

Results

From Jun. 2014 to Dec. 2018, a total of 169 patients 
diagnosed with HCC with status post EBRT were included. 
A total of 145 patients were excluded due to following 
etiologies: BCLC stage C-D (n=118) and EBRT gave after 
surgery (n=27). As a result, 24 patients were included for 
analysis. Their clinical characteristics and dosimetric data 
were collected. All patients were technically unresectable or 
medically inoperable and were unsuitable for radiofrequency 
ablation (RFA) or percutaneous ethanol injection (PEI). 

According to the BCLC staging system (22,23), there were 
5 patients with BCLC stage A and 19 patients with BCLC 
stage B, and no portal vein thrombosis was detected. The 
mean age was 66 years (range, 48–86 years), and the male-to-
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female ratio was 1.18. All patients had a good performance 
status (i.e., ECOG PS 0 or 1). Status of virus hepatitis for the 
included patients was as follows: HBV carrier (n=7), HCV 
infection (n=17), both HBV and HCV (n=1), and none (n=1). 
When classified by CP classification for liver cirrhosis, 17 
patients (71%) were CP class A, and 7 patients (29%) were 
CP class B. For liver function preserve at the time of EBRT, 
distribution of ALBI grade was as follows: ALBI grade 1 
(n=11), grades 2 (n=11), and grade 3 (n=2).

All patients received EBRT with the VMAT technique. 
Respiratory motion management was applied accordingly, 
in terms of DEBH (n=2), RPM (n=3), 4DCT (n=7), and 
abdominal compression (n=2). The mean PTV volume 
was 231.1 mL (range, 32.7–750 mL). The mean equivalent 
dose in 2-Gy fraction (EQD2) at α/β of 10 to PTV was  
59.9 Gy10. Four patients had TACE after RT within  
3 months, and 8 patients had TACE before RT within 
3 months. Only one patient received Sorafenib before 
RT, and the duration between the day of the last dose of 
Sorafenib and the day of RT initiation was 33 days. Three 
patients received Sorafenib during and after RT, and no 
patient received it only after completion of RT. 

Follow-up and outcome

The median follow-up time was 15.0 months (range, 
1.2–51.7 months) after completion of RT. Overall survival 
rates at 1, 2, 3, and 5 years were 74.1%, 38.9%, 38.9%, and 
25.9%, respectively, with a median survival of 16.1 months. 
Ten patients had non-classic RILD with an incidence rate 
of 41.7%.

By using the Chi-square test, we observed two factors, 
i.e., ALBI grade and the timing of TACE after RT, were 
significantly correlated with the occurrence of non-classic 
RILD (Table 1). The incidences of non-classic RILD were 
61.54% and 18.18% for patients with ALBI grade 2–3 and 
grade 1 (P=0.047), respectively. The incidences of non-
classic RILD were 100% and 30% for patients received 
TACE within 3 months after RT and for those patients 
received TACE more than 3 months after RT or no TACE 
(P=0.020), respectively. 

ALBI score was statistically significantly different 
between the two groups of patients with and without non-
classic RILD (i.e., −1.99±0.79 vs. −2.62±0.47, P=0.023;  
Table 2). However, PTV EQD2 (at α/β of 10), PTV volume, 
boost volume, normal liver volume, mean liver dose, V5, 
V10, V15, V20, V25, V30, V35, V40, V45, V50, V55, and V60 showed 
no significant difference between the two groups. The 

predicting ability of the ALBI score for the risk of non-
classic RILD was further evaluated by using the ROC 
curve, with an AUC value of 0.786 (P=0.019; Figure 1). 

The variate, TACE after RT within 3 months, had ever 
tested univariate logistic regression analysis. However, this 
variate did not show significant impact on the non-classic 
RILD. Hence, the TACE after RT within 3 months did 
not include in the multivariate analysis. In our multivariate 
analysis, we used stepwise selection and followed the 
historical studies to choose variates for the multivariate 
analysis. The HBV carrier (11) and CP classification (7-10)  
had been reported as risk factors of non-classic RILD. 
The HCV carrier had not been reported as a risk factor of 
non-classic RILD, but it is harmful to the liver function 
and has high prevalence in Taiwan (5). Therefore, they 
were selected in the multivariate analysis. The gender and 
age were included in the multivariate analysis as baseline 
characteristics. ROC curve analysis identified a cutoff 
point of −2.344 for ALBI score achieved an accuracy rate 
of 0.793 for predicting the risk of non-classic RILD, with 
a sensitivity of 0.8 and a specificity of 0.786. Remarkably, 
logistic regression showed that ALBI score more than 
−2.344 (OR, 14.67; 95% CI, 1.97–109.20; P=0.01) 
demonstrates a bigger odds ratio than that of ALBI score 
itself (OR, 5.57; 95% CI, 1.03–30.10; P=0.046) and ALBI 
grade 2–3 (OR, 7.20; 95% CI, 1.08–47.96; P=0.04) for 
predicting non-classic RILD. Furthermore, multivariate 
regression confirmed ALBI score more than −2.344 as an 
independent predictor for non-classic RILD (OR, 75.38; 
95% CI, 2.04–2,778.78; P=0.02; Table 3). 

Discussion

BCLC stage is easily applied to stratify HCC patients 
for clinical management. According to a recent review  
paper (27), the predicted survival of patients with BCLC 
stage A-B was 2.5–5 years. However, in the present study, 
the observed patient survival was shorter. The reason for 
this discrepancy was that the survival time of the present 
study was calculated from the date of initiation of RT, not 
the day at diagnosis that applied in other studies. Based on 
the consensus guideline of the Asia-Pacific Primary Liver 
Cancer Expert consortium (3), RT is indicated for the 
patients diagnosed with BCLC stage A-B and not suitable 
for standard treatment, e.g., surgical resection and RFA. 
In the present study, all patients had received at least one 
therapy before RT, and they were referred to receive RT for 
consolidation, disease progress, or recurrence.
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Table 1 χ2 analysis of clinical characteristics in correlation with non-classic RILD for 24 HCC patients who were classified with BCLC stage A–B 
and treated with EBRT

Variable No. of case No. with non-classic RILD No. without non-classic RILD χ2 P value

Gender 1.386 0.408 

Male 13 4 (30.77%) 9 (69.23%)

Female 11 6 (54.55%) 5 (45.45%)

BCLC stage 1.22 0.358

Stage A 5 1 (20.00%) 4 (80.00%)

Stage B 19 9 (47.37%) 10 (52.63%)

HBV or HCV infection 0.745 1.000 

Negative 1 0 (0.00%) 1 (100.00%)

Positive 23 10 (43.48%) 13 (56.52%)

HBV infection 0.697 0.653 

Negative 17 8 (47.06%) 9 (52.94%)

Positive 7 2 (28.57%) 5 (71.43%)

HCV infection 0.697 0.653 

Negative 7 2 (28.57%) 5 (71.43%)

Positive 17 8 (47.06%) 9 (52.94%)

CP classification 1.386 0.408 

Class A 13 4 (30.77%) 9 (69.23%)

Class B 11 6 (54.55%) 5 (45.45%)

ALBI 4.608 0.047 

Grade 1 11 2 (18.18%) 9 (81.82%)

Grade 2–3 13 8 (61.54%) 5 (38.46%)

TACE before RT 0.086 1.000 

None or >3 months 16 7 (43.75%) 9 (56.25%)

Within 3 months 8 3 (37.50%) 5 (62.50%)

TACE after RT 6.72 0.020 

None or >3 months 20 6 (30.00%) 14 (70.00%)

Within 3 months 4 4 (100.00%) 0 (0.00%)

Sorafenib during RT 2.449 0.239 

No 21 10 (47.62%) 11 (52.38%)

Yes 3 0 (0.00%) 3 (100.00%)

Chinese herbal medicine 0.229 0.665 

<1 month 18 7 (38.89%) 11 (61.11%)

≥1 month 6 3 (50.00%) 3 (50.00%)

ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; CP classification, Child-Pugh classification; EBRT, external beam radiation  
therapy; HBV, hepatitis B virus; HCV, hepatitis C virus; RILD, radiation-induced liver disease; RT, radiotherapy; TACE, transarterial  
chemoembolization.



Therapeutic Radiology and Oncology, 2020Page 6 of 10

© Therapeutic Radiology and Oncology. All rights reserved. Ther Radiol Oncol 2020;4:13 | http://dx.doi.org/10.21037/tro-20-15

The incidence of RILD varied from

In the past, RT demonstrated limited effectiveness in 
managing HCC patients, mainly due to the constraint 
of normal liver tolerance. This constraint limits the 
indication of RT for HCC patients in palliation. With the 
advances of EBRT techniques, including IMRT, VMAT, 
and stereotactic ablative radiotherapy/stereotactic body 
radiation therapy (SABR/SBRT), high doses of RT can be 
delivered accurately to gain high local control, with a cost of 
limited toxicities. Several phase III studies have proven the 
efficacy of these modern precise RT (28-30). As a result, the 
indication of RT is widely expanded for managing patients 
with HCC.

Historically, the incidence rate of RILD among patients 
who received hepatic radiation was ranged from 6% to 66% 
(20,31,32). The wide range of RILD incidence rate was 
related to the definition of RILD, individual liver function 
reserve, and RT technique. By using modern irradiation 

Table 2 Mean values of dosimetric parameters and ALBI score in patients with and without non-classic RILD

Variable With non-classic RILD Without non-classic RILD P

Normal liver volume (c.c.) 901.7±294.4 1,149.1±422.6 0.126 

Mean liver dose (Gy) 12.2±6.8 13.4±5.3 0.619 

V5 (%) 69.6±26.9 60.4±22.4 0.371 

V10 (%) 49.2±25.7 47.0±18.8 0.807 

V15 (%) 36.2±21.2 37.7±17.4 0.847 

V20 (%) 25.6±15.0 29.3±15.3 0.556 

V25 (%) 16.3±9.2 21.9±12.5 0.244 

V30 (%) 11.4±7.3 15.9±10.0 0.247 

V35 (%) 7.1±5.7 11.2±7.6 0.168 

V40 (%) 4.1±4.8 7.4±5.3 0.134 

V45 (%) 2.4±3.8 4.5±3.9 0.200 

V50 (%) 1.3±2.5 2.6±2.6 0.238 

V55 (%) 0.7±1.5 1.3±1.4 0.293 

V60 (%) 0.3±0.8 0.7±1.3 0.355 

PTV EQD2 (Gy10) 51.3±22.3 66.0±15.3 0.069 

ALBI score −1.99±0.79 −2.62±0.47 0.023 

Data are shown as mean ± standard deviation. ALBI, Albumin-Bilirubin; RILD, radiation-induced liver disease; PTV EQD2, planned target 
volume equivalent dose in 2-Gy fractionation at α/β of 10. *, note that ‘Vdose’ is the percentage of total normal liver volume receiving  
irradiation doses of more than or equal to the specified dose level. For example, ‘V5’ is the percentage of total normal liver volume  
receiving an irradiation dose of ≥5 Gy.

Figure 1 ROC curve and corresponding AUC for ALBI in 
predicting the risk of non-classic RILD. ALBI, Albumin-Bilirubin; 
AUC, area under the curve; RILD, radiation-induced liver disease; 
ROC, receiver operating characteristic.
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technique, focal RT to the tumor has replaced the outdated 
technique of whole liver irradiation, and a new type of 
RILD has been discovered (20,21). The non-classic RILD 
is the primary pattern of RILD in patients with hepatitis 
or cirrhosis and treated with modern techniques of RT. 
A Korean study (33) reported that the incidence rates 
of classic and non-classic RILD were 12% and 35.9%, 
respectively. Among the group of non-classic RILD, 66.7% 
of patients developed a worse of CP score by ≥2 points. 
In the present study, we reported a slightly higher rate 
of 41.7% in developing non-classic RILD, with 70% of 
patients experienced worsening CP scores by ≥2 points.

Due to high mortality rates of non-classic RILD (33), 
many studies tried to figure out risk factors, including 
dosimetric parameters, which influence liver toxicities  
(7-13). However, the risk of non-classic RILD is still poorly 
predictable in patients with underlying liver disease (4).

ALBI grade was developed in 2015 (24) and was reported 
to be a better prognostic factor than that of CP score in 
HCC cancer patients (12). In the present study, non-classic 
RILD was statistically significantly associated with ALBI 
grade (P=0.047), but not the CP score (P=0.408). Patients 
with ALBI grade 1 had a lower non-classic RILD rate than 
that with ALBI grade 2–3 (18.18% vs. 61.54%, P=0.047). 
The AUC of ALBI score in predicting non-classic RILD 
was 0.786. The optimal cut-off value of the ALBI score was 
−2.344 with accuracy, sensitivity, and specificity of 0.793, 0.8, 
and 0.786, respectively. Remarkably, multivariate regression 
confirmed ALBI score more than −2.344 (OR =75.38 
with 95% CI: 2.04–2,778.78; P=0.02) as an independent 
predictor for non-classic RILD (Table 3).

A phase III study conducted by Yoon et al.  (28) 
demonstrated that TACE combined with RT was safe 
and beneficial to survival in HCC patients with PVTT. 

However, when compared with Yoon’s study (28), the 
present study showed that TACE conducted within 3 
months after RT was a risk factor of non-classic RILD 
(P=0.020). The reason causing the difference may be that 
all patients in the Yoon’s study were CP class A with a pre-
treatment albumin of ≥3.3 g/dL. This good pre-treatment 
liver function can prevent non-classic RILD in patients who 
received a combined modality of TACE plus RT.

In a study reported from China (13), 9% and 56% of 
patients with CP class A and B developed RILD, respectively. 
Among patients with CP class A, normal liver volume and 
several dosimetric parameters demonstrated abilities to 
predict the risk of RILD. As a result, a set of liver dose 
constraints was established. However, their population 
included only patients with cT3–4 tumors that were defined 
based on the American Joint Committee on Cancer TNM-
staging system (the 5th edition, 1997). In contrast, the present 
study investigated in patients with BCLC stage A-B, and 
our results showed that neither normal liver volume nor 
dosimetric parameters were statistically significantly different 
between patients with and without non-classic RILD.

This study analyzed several clinical characteristics 
and dosimetric parameters. Surprisingly, we found the 
risk factors that predicted non-classic RILD had lots of 
differences to several previous studies (7-13). The reasons 
causing these differences may be due to different patient 
populations. In the present study, we investigated HCC 
patients with BCLC stage A–B comparing to major patient’s 
components of BCLC stage C–D in all the other studies, 
and only 24 patients were analyzed.

To the best of the authors’ knowledge, this is the first 
study analyzing the risk factors of non-classic RILD in 
HCC patients with BCLC stage A–B. ALBI grades of 2–3 
and TACE within 3 months after RT had significantly 

Table 3 Univariate and multivariate analysis of potential predictors of non-classic RILD

Variable
Univariate analysis Multivariate analysis

Odds ratio (95% CI) P Odds ratio (95% CI) P

Gender 2.70 (0.51–14.37) 0.244 4.75 (0.18–123.30) 0.35

Age 1.00 (0.93–1.08) 0.956 1.05 (0.89–1.24) 0.57

HBV carrier 0.45 (0.07–3.00) 0.409 0.47 (0.01–36.64) 0.73

HCV carrier 2.22 (0.33–14.80) 0.409 0.25 (0.001–27.25) 0.56

CP class B 2.44 (0.40–14.75) 0.33 0.30 (0.02–5.11) 0.40

ALBI score more than −2.344 14.67 (1.97–109.2) 0.009 75.38 (2.04–2,778.78) 0.02

ALBI, Albumin-Bilirubin; CP class B, Child-Pugh class B; HBV, hepatitis B virus; HCV, hepatitis C virus; RILD, radiation-induced liver disease.
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higher incidences of non-classic RILD. The ALBI score 
was an acceptable predictor for non-classic RILD with 
a cut-off point value of −2.344. These findings can be 
applied to clinical practice in managing HCC patients with 
BCLC stage A–B. A patient with HCC BCLC stage A or 
B having ALBI score more than −2.344 should not receive 
conventional/short course RT, except under suggestion of 
multidiscipline cancer meetings, or choose better or more 
advanced RT techniques, like SBRT/respiratory motion 
management, etc. 

Because of small sample size, further large multicenter 
study is needed. Besides, because majority of our patient 
had HBV or HCV infection, the generalization of our 
results among different populations and institutions might 
be questionable. Further study in HBV/HCV non-epidemic 
area, like Europe or U.S., should be performed to decide 
their cut-off value of ALBI score for predicting non-classic 
RILD in their population. 

Due to the limited patient number, comparing to other 
studies, most results of the parameters in Table 1 and Table 2 
showed no significant difference, even the CP classification. 
We predicted that CP classification and dosimetric data 
might be significant if the case number expanded. As a 
result, further prospective studies with a massive case 
number are needed to validate the hypothesis.

Conclusions

In HCC patients with BCLC stage A–B, the ALBI score is 
an acceptably independent factor for predicting non-classic 
RILD with a cut-off value of −2.344. However, mainly due 
to the limitation of the small case number, a further sizeable 
prospective study should be warranted to confirm our 
results.
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