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Purpose: To identify the factors associated with radiation-induced liver disease (RILD) and to describe the
difference in normal tissue complication probability (NTCP) between subgroups of hepatocellular carcinoma
patients undergoing three-dimensional conformal radiotherapy (3D-CRT).
Methods and Materials: A total of 89 hepatocellular carcinoma patients who completed 3D-CRT for local hepatic
tumors were included. The average isocenter dose was 49.9 � 6.2 Gy. Logistic regression analysis was used for
the association between statistically significant factors and RILD (defined as Grade 3 or 4 hepatic toxicity of
elevated transaminases or alkaline phosphatase within 4 months of completing 3D-CRT) in multivariate analysis.
Maximal likelihood analysis was conducted to obtain the best estimates of the NTCP model parameters.
Results: Of the 89 patients, 17 developed RILD. In univariate analysis, hepatitis B virus (HBV)-positive status
and the mean radiation dose to the liver were the two factors significantly associated with the development of
RILD. Of the 65 patients who were HBV carriers, 16 had RILD compared with 1 of 24 non–carrier patients (p
� 0.03). The mean radiation dose to liver was significantly greater in patients with RILD (22.9 vs. 19.0 Gy, p �
0.05). On multivariate analysis, HBV carrier status (odds ratio, 9.26; p � 0.04) and Child-Pugh B cirrhosis of the
liver (odds ratio, 3.65; p � 0.04) remained statistically significant. The best estimates of the NTCP parameters
were n � 0.35, m � 0.39, and TD50(1) � 49.4 Gy. The n, m, TD50(1) specifically estimated from the HBV carriers
was 0.26, 0.40, and 50.0 Gy, respectively, compared with 0.86, 0.31, and 46.1 Gy, respectively, for non–carrier
patients.
Conclusion: Hepatocellular carcinoma patients who were HBV carriers or had Child-Pugh B cirrhosis presented
with a statistically significantly greater susceptibility to RILD after 3D-CRT. © 2004 Elsevier Inc.

Hepatocellular carcinoma, Radiation-induced liver disease, Normal tissue complication probability, Hepatitis B

virus carrier.
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INTRODUCTION

epatocellular carcinoma (HCC) is one of the most com-
on malignancies in the world (1). Several modalities,

ncluding surgery, percutaneous ethanol intratumor injec-
ion therapy, transcatheter arterial chemoembolization
TACE), radiofrequency ablation, radiotherapy (RT), and
hemotherapy, have been used in treating HCC patients (2,
). Three-dimensional conformal RT (3D-CRT) has been
ntegrated into multimodality therapy in specific situations
n the past few years (4–6). The improvement in outcome
s a result of dose escalation and appropriate selection of
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atients who may benefit from 3D-CRT has been somewhat
ncouraging (7, 8). In addition to the possible change in the
atterns of failure, the 3D-CRT–related side effects deserve
uch attention (8). Radiation-induced liver disease (RILD)

s one of the most frequently encountered complications (9).
he clinical presentations and dosimetric implications have
een reported in different series (10, 11). The computerized
reatment design plays an essential role in generating dose–
olume data and in estimating the probability of RILD (10).
he estimates of the Lyman normal tissue complication
robability (NTCP) parameters have correlated well with
he risk of RILD in patients who completed 3D-CRT (12,
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3). Nondosimetric factors, such as the origin of malignant
isease and the regimens of concomitant chemotherapy,
ere also associated with RILD (12). However, the deter-
ining factors and their impact on the probability of RILD
ere not identical in different series, especially for Asian
atients with prevalent chronic viral hepatitis and its patho-
enesis-related HCC (13). In this study, we retrospectively
eviewed the clinical evidence of RILD and the treatment
lans of 89 patients who exclusively had HCC and had
ndergone 3D-CRT. We analyzed the clinical, biologic, and
osimetric factors with a statistically significant impact on
he occurrence of RILD. The implication of Lyman’s NTCP
odel with the parameters best fitting the true condition of

hese patients was also investigated.

METHODS AND MATERIALS

atients and follow-up
Between November 1993 and December 2001, 134 pa-

ients completed external beam radiotherapy to part of the
iver at our institution. Of the 134 patients, 45 were ex-
luded from this study because of a diagnosis other than
CC (n � 30), incomplete dose–volume data for the pal-

iative treatment (n � 10), or a follow-up interval of �4
onths after completion of 3D-CRT (n � 5). The study

ncluded the remaining 89 patients. Of the 89 patients, 78
88%) had a histologic diagnosis of HCC before treatment,
nd 11 had refused hepatic tumor biopsy or fine needle
spiration. However, patients with no tissue diagnosis had
maging findings compatible with HCC and a high serum
-fetoprotein level of �400 ng/mL. Sixty-five patients

73%) had a serum virology diagnosis of type B chronic
epatitis, defined as positive hepatitis B virus (HBV) sur-
ace antigen (�4 ng/mL by microparticle enzyme immuno-
ssay). Nineteen patients (21%) had positive serum anti-
epatitis C virus results. None of the 89 patients had Child-
ugh Class C cirrhosis of the liver before 3D-CRT. Three
atients had regional lymph node metastasis and eight also
ad extrahepatic distant metastasis and underwent hepatic
T to halt progression at the main liver tumor site. In
ddition to 3D-CRT, 74 patients underwent TACE, includ-
ng 39 patients before 3D-CRT, 7 after 3D-CRT, and 28
oth before and after 3D-CRT. The median number of
ourses of TACE was 2 (range, 1–11). Eight patients un-
erwent percutaneous ethanol intratumor injection therapy
s a part of their treatment. All 89 patients completed the
ull course of 3D-CRT and had a follow-up interval of at
east 4 months after RT to allow adequate observation of
ossible RILD. Patients were monitored weekly with phys-
cal examination and liver function tests during 3D-CRT.
T scans were obtained before RT, 3–6 weeks after RT
ompletion, and then every 3–6 months, if indicated. The
atient characteristics are shown in Table 1.

adiotherapy
The entry requirements for RT included (1) disease con-
ned to the liver but surgically unresectable owing to main h

ortal vein thrombosis, inferior vena cava invasion, main

Table 1. Patient characteristics (n � 89)

Characteristic Value %

ategoric variable
Gender

Male 64 (72)
Female 25 (28)

AJCC stage
II 27 (30)
III 11 (12)
IVA 44 (50)
IVB 7 (8)

T stage
T2 26 (29)
T3 13 (15)
T4 50 (56)

N stage
N0 86 (97)
N1 3 (3)

M stage
M0 81 (91)
M1 8 (9)

Serum alpha-fetoprotein level (ng/mL)
�20 23 (26)
20–200 20 (22)
200–400 5 (6)
400–1000 7 (8)
1000–10000 14 (16)
�10000 20 (22)

Chronic hepatitis B viral carrier
Yes 65 (73)
No 24 (27)

Child-Pugh classification for liver cirrhosis
A 68 (76)
B 21 (24)

TACE
Before RT 39 (44)
After RT 7 (8)
Before and after RT 28 (31)
None 15 (17)

PEIT
Yes 8 (9)
No 81 (91)

ontinuous variable
Age

Mean � SD 56.5 � 13.1
Range 19.4–82.2

Isocenter dose (Gy)
Mean � SD 49.9 � 6.2
Range 36.0–66.0

Gross tumor volume (cm3)
Mean � SD 683.7 � 737.9
Range 7–4529

Normal liver volume (cm3)
Mean � SD 1153.4 � 350.2
Range 614–2907

Abbreviations: AJCC � American Joint Committee on Cancer;
ACE � transcatheter arterial chemoembolization; RT � radio

herapy; PEIT � percutaneous ethanol injection therapy; SD �
tandard deviation.

Data presented as number of patients, with percentage in paren-
heses, unless otherwise noted.
epatic vein invasion, obstructive jaundice, or tumor involv-
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ng one or both lobes of the liver with inadequate hepatic
unction reserve for surgery; (2) Karnofsky performance
cale �70%; (3) indocyanine green retention rate �30% at
5 min; (4) absence of uncontrollable ascites unresponsive
o diuretics and albumin supplement; and (5) no prior RT to
he liver. No patient was given RT to the whole liver. For
atients with TACE as a part of their treatment, an interval
f at least 30 days between TACE and 3D-CRT was nec-
ssary, irrespective of which treatment was given first to
llow adequate recovery of hepatic function. The mixture of
odized oil contrast medium (Lipiodol) and chemotherapeu-
ic agents consisting of doxorubicin, cisplatin, and mitomy-
in-C was used for infusion simultaneously with emboliza-
ion during TACE. Ivalon particles or gelatin sponge
articles were used as the embolization material. The radi-
tion technique and dose–volume criteria have been previ-
usly reported (6). In brief, the gross tumor volume was
efined as the hepatic tumor volume, visualized by three-
imensional computation of contrast-enhanced CT-defined
ontours. The respiratory movement estimated fluoroscop-
cally in simulation was taken into account when planning
he target volume. Nonneoplastic normal liver was defined
s the total liver volume minus the gross tumor volume. The
adiation portals were generally designed to include the
ross tumor volume with 1.5–2-cm margins, with specific
odifications to cover the planning target volume. The

lanning target volume margins were usually 1–2 cm
round the clinical target volume, depending on the immo-
ilization device, breathing control mode, and individual
espiratory amplitude. RT was delivered with a 6-MV or
8-MV linear accelerator. The mean radiation dose to the
socenter was 49.9 � 6.2 Gy (range, 36.0–66.0 Gy) in daily
ractions of 1.8–3 Gy. All but 3 patients had a daily fraction
f 1.8–2 Gy. The doses of all patients, including the 2
atients who received daily fractions of 3 Gy and the 1
atient who received a daily fraction of 2.5 Gy, were con-
erted to the normalized isobiologic effective dose of 2
y/fraction using the linear-quadratic model with an �/�

atio of 2 Gy for the dosimetric computation. The spatial
esign of the coplanar and non–coplanar beam combination
as made using the beam’s eye view reconstructed from a
T-based simulation. Dose–volume histograms of the tar-
ets and organs at risk were generated from the FOCUS
reatment planning system (CMS, St. Louis, MO) in each
atient.

ILD definition
Patients were evaluated for evidence of RILD within 4
onths after 3D-CRT completion. RILD was defined as
rade 3 or greater hepatic toxicity according to the Com-
on Toxicity Criteria, version 2.0, of the National Cancer

nstitute (14) in the absence of documented progressive
isease. Progressive disease was assessed by imaging stud-
es and paracentesis of ascites if present. Some patients had
n elevated serum level of transaminases compatible with
heir malignant disease activity before 3D-CRT. Because

he Common Toxicity Criteria do not specify the definition l
or patients with preexisting abnormal hepatic function, we
odified the Grade 3 hepatic toxicity definition on the basis

f our previous clinical observation of RILD (11). The
epatic toxicity of these patients was determined on the
asis of transaminases elevated to at least five times the
retreatment baseline, rather than the upper limits of the
ormal range. The clinical manifestations, serum biochem-
stries, and latent period of RILD have been previously
escribed (11).

osimetric analysis
Several parameters, including the percentage of volume

f nonneoplastic liver that received a radiation dose �30 Gy
V30), mean radiation dose to the liver, and Lyman NTCP,
ere obtained from the dose–volume histograms. The mean

adiation dose to the liver was calculated by dividing the
um of doses to all voxels of nonneoplastic liver by the
umber of voxels. The Lyman NTCP model (15) was used:

NTCP � 1/�2����texp� � t22	dt

t � 
D � TD50�v	�/
m � TD50�v	�

V � V/Vref

he data were fit to the Lyman NTCP model, which de-
cribes the probability of a complication after uniform ra-
iation of a fractional volume of normal tissue (v) to a dose
D), assuming a sigmoid dose–response relationship with no
hreshold. TD50(v) represents the tolerances doses associ-
ted with a 50% chance of complications for uniform partial
iver RT, where TD50(v) is related to the whole liver (v �
) tolerance through the power law relationship:

TD50�1	 � TD50�v	 � Vn

here Vref is the volume of nonneoplastic liver; “n” is the
olume effect parameter, which relates the tolerance doses
f uniform whole organ RT to uniform partial organ RT;
nd “m” is the steepness of the dose–response at TD50(1).
hen n is near 1, the volume effect is large and when it is

ear 0, the volume effect is small. For uniform partial organ
T, the effective volume method of Kutcher and Burman

16) was used to provide estimates of equivalent dose and
olume pairs from the dose–volume histograms summariz-
ng the nonuniform RT. The partial volume dose–compli-
ation risk relationship for the liver was graphically dis-
layed in dose–effective volume plots (as a function of
TCP).
The three parameters, TD50(1), n, and m, were adjusted to

est fit the condition (with or without RILD) in each patient,
sing the maximal likelihood method (17–19). Confidence
ntervals of the parameters were determined by the profile

ikelihood method (20).
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linical and dosimetric factors associated with RILD
The patient-related, treatment-related, and dosimetry-re-

ated factors were analyzed for the correlation with RILD.
n univariate analysis, Student’s t test was used to compare
he continuous variables between patients with and without
ILD, and the chi-square test or Fisher’s exact test was used

o compare the categorical variables. Logistic regression
nalysis was used to investigate the multivariate impact on
he occurrence of RILD. p �0.05 resulting from two-sided
ests was considered statistically significant. The adjusted
arameters of the Lyman NTCP model were again obtained
y subgrouping patients on the basis of nondosimetric fac-
ors that correlated significantly with RILD. Goodness-of-fit
nalysis (12) was used to estimate the deviances of the
TCP model parameters of the subgroups from the param-

ters of the entire group, the group in the University of
ichigan series (12), and groups in the original literature

21), and to estimate the statistical significance of these
eviances.

RESULTS

Of the 89 patients, 17 developed RILD after 3D-CRT,

Fig. 1. Sequential laboratory data of 66-year-old femal
carcinoma at right hepatic lobe, who underwent three-di
radiation-induced liver disease serologically compatible
completion. She was treated with lamivudine but died o
ompatible with Grade 3 or greater hepatic toxicity. The a
anifestations were mainly more than a fivefold increase in
ither transaminases or alkaline phosphatase. Of the 17
atients, 15 presented predominantly with elevated serum
ransaminases and 2 predominantly with elevated alkaline
hosphatase and simultaneous development of ascites. The
alignant disease of the 17 patients was not progressing at

he development of RILD. The results of the test for HBV
NA revealed that the 2 patients treated in 2001 also had

vidence of acute reactivation of chronic hepatitis B (i.e.,
levated serum HBV DNA levels [�5 pg/mL by hybridiza-
ion antibody capture assay]) during RILD. One of these 2
atients with RILD underwent liver biopsy, which revealed
he pathologic features of lymphocytic infiltration in the
ortal areas, periportal piecemeal necrosis, limiting plate
estruction, Kupffer cell hyperplasia, and apoptotic eosin-
philic bodies within the lobules. All 17 patients with RILD
ere treated conservatively, and the 2 patients with docu-
ented reactivation of viral hepatitis during RILD were

lso given antiviral medication (lamivudine 100 mg, once
aily). Of the 17 patients with RILD, 7 died of it and 10
ecovered. One of the 2 patients with elevated serum
BV DNA was treated with antiviral medication and

ecovered, but the other died of hepatic failure resulting
rom RILD. The sequential laboratory data of this patient

titis B virus (HBV) carrier, with 12-cm hepatocellular
nal conformal radiotherapy with 50 Gy. She developed
reactivation of HBV, 3 weeks after radiotherapy (RT)
tic failure 10 days later.
e hepa
mensio

with
re shown in Fig. 1.
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In univariate analysis, chronic HBV carrier status and the
ean radiation dose to the liver were significantly associ-

ted with the occurrence of RILD. Of the 65 patients who
ere chronic HBV carriers, 16 developed RILD compared
ith 1 of the 24 patients who were not (p � 0.034). The
ean radiation dose to the liver in patients with RILD was

ignificantly greater than that in patients without RILD
22.9 vs. 19.0 Gy, p � 0.050). Gender, age, Child-Pugh
lassification of liver cirrhosis, serum �-fetoprotein level,
merican Joint Committee on Cancer stage, treatment mo-
ality with TACE or percutaneous ethanol intratumor injec-
ion therapy, gross tumor volume, nonneoplastic liver vol-
me, prescribed isocenter dose, and V30 were not associated
ith the development of RILD (Table 2). In the multivariate

nalysis of four variables (HBV carrier, Child-Pugh classi-
cation, mean radiation dose to liver, and V30) showing
tatistical significance or borderline statistical significance
n the univariate test for the model, the correlation of HBV
arrier (odds ratio, 9.26; p � 0.040) and Child-Pugh B
lassification (odds ratio, 3.65; p � 0.036) with RILD
emained statistically significant (Table 3). In the univariate
nd multivariate analyses of the four subgroups divided on
he basis of HBV carrier status and Child-Pugh classifica-
ion, none of the associations with patient-related and treat-
ent-related factors reached statistical significance in the

ssociation with RILD.
For the whole group of 89 patients, the estimated Lyman

TCP model parameters were TD50(1) � 49.4 Gy, m �
.39, and n � 0.35. For the subgroup of 65 HBV carriers,
he estimated parameters were TD50(1) � 50.0 Gy, m �
.40, and n � 0.26. By contrast, the estimated parameters of
he 24 who were not HBV carriers were TD50(1) � 46.1 Gy,

� 0.31, and n � 0.86 (Fig. 2). For the subgroup of 68
hild-Pugh Class A patients, the estimated parameters were
D50(1) � 48.9 Gy, m � 0.30, and n � 0.35, and the
stimated parameters of the 21 Child-Pugh Class B patients
ere TD50(1) � 38.7 Gy, m � 0.22, and n � 0.23 (Fig. 3).

n addition, the HBV carrier subgroup of 51 patients who
ere also Child-Pugh Class A, the estimated parameters
ere TD50(1) � 47.4 Gy, m � 0.30, and n � 0.30 (Table 4).
When we compared our 89 patients with those in other

eries, the goodness of fit (deviance) for our estimated
arameter set was 35.7 (p �0.995). The deviance (42.6, p
0.995) was similar to that when using the parameter set

TD50(1) � 40 Gy, m � 0.15, n � 0.32) from the original
yman NTCP model (21). However, the fit (deviance �
06.8, p �0.001) would have been significantly worse with
he parameter set (TD50(1) � 39.8 Gy, m � 0.12, n � 0.97)
rom the patients with primary hepatobiliary cancer in the
niversity of Michigan series (12). The comparison for the
5-patient HBV carrier subgroup also showed a similar fit
ith our parameter set (deviance � 30.1, p �0.995) and the
riginal Lyman model set (deviance � 37.3, p �0.995), but
statistically significantly worse fit with the Michigan set
deviance � 98.9, p �0.001). a
DISCUSSION

With the integration of RT into multimodality treatment
or HCC, the issues of dose escalation and risk reduction of
reatment-related complications become more important.
he University of Michigan and Korean (7, 22, 23) studies
f dose-escalation risk emphasized improved outcome with
igher doses. The higher radiation dose was associated with
ore prominent tumor shrinkage, but this effect was prob-

Table 2. Univariate analysis for patient-, treatment-, and
dosimetry-related variables associated with RILD

Variable
RILD

(n � 17)
No RILD
(n � 72) p

ender
Male 14 50 0.377
Female 3 22

ge (y) 58.4 � 8.5 56.0 � 13.9 0.382
erum alpha-fetoprotein

level (ng/mL)
�400 10 38 0.653
�400 7 34

BV carrier
Yes 16 49 0.034
No 1 23

CV carrier
Yes 0 19 0.018
No 17 53

hild-Pugh
classification

A 10 58 0.108
B 7 14

JCC stage
II–III 6 32 0.493
IVA–IVB 11 40
stage
T2–T3 6 33 0.431
T4 11 39
stage (N0/N1)
N0 17 69 1.0
N1 0 3
stage (M0/M1)
M0 16 65 1.0
M1 1 7

ACE
Yes 13 61 0.474
No 4 11

EIT
Yes 1 7 1.0
No 16 65

ross tumor volume
(cm3)

623.1 � 574.0 697.9 � 774.3 0.709

ormal liver volume
(cm3)

1144.1 � 288.4 1155.5 � 365.0 0.904

socenter dose (Gy) 49.8 � 4.1 49.9 � 6.6 0.941
30 (%) 38.6 � 15.7 31.8 � 14.3 0.085
ean radiation dose to

liver (Gy)
22.9 � 8.0 19.0 � 7.1 0.050

Abbreviations: RILD � radiation-induced liver disease; HBV �
epatitis B virus; HCV � hepatitis C virus; V30 � percentage of
olume of normal liver receiving radiation dose �30 Gy; other
bbreviations as in Table 1.
bly at the expense of more frequent treatment-related com-
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lications. In addition, with combined TACE and 3D-CRT,
ocal control of the large hepatic tumors was similar to that
f smaller tumors treated with TACE alone. However, in-
rahepatic recurrence and, more likely, extrahepatic metas-
asis deserve further attention (8).

Radiation-induced liver disease, like subacute radiation
njury to the liver, has been characterized as a venoocclusive
isease (9). It may cause the deterioration of hepatic func-
ion and reserve, which is associated with a poor prognosis
n HCC patients (24, 25), and high morbidity and mortality,
ith nearly one-half of RILD patients dying of this com-
lication (11). As the pathophysiology of RILD has become
etter understood, patient care has improved and mortality
n updated series has decreased.

The dosimetric method to describe the probability of
ILD has been used in several series. Lawrence et al. (10)
rst modified the volume effect parameter of the liver in the
yman NTCP model by grouping patients and by narrowing

he difference between the estimated NTCP and the ob-
erved incidence of RILD. They found that the incidence of

Table 3. Multivariate analysis of variables associated with RILD

Variable p Odds ratio 95% CI

BV carrier 0.040 9.3 1.1–77.7
hild-Pugh classification B 0.036 3.7 1.1–12.2
ean radiation dose to liver NS — —
30 NS — —

Abbreviations: CI � confidence interval; NS � not statistically
ignificant; other abbreviations as in Table 2.

Fig. 2. Iso-normal tissue complication probability (NTCP

subgroup of hepatitis B virus (HBV) carriers (n � 65), and su
ILD correlated with both the mean radiation dose to the
iver and the NTCP. The observed volume effect of the liver
0.79) was much larger than originally estimated (0.32)
21). The updated Michigan series (12) again showed the
arge volume effect of this organ. More importantly, Law-
ence et al. (10) showed the significance of nondosimetric
actors (including the underlying malignancy of the hepatic
umor and the regimen of concomitant chemotherapy) on
ILD. The parameter sets were divided on the basis of the

ignificant factors, with TD50(1) 39.8 Gy and 45.8 Gy for
rimary hepatobiliary cancer and liver metastasis, respec-
ively. These findings emphasized the importance of group-
ng patients by patient- or treatment-related variables before
oing the dosimetric analysis.
However, the volume effect parameter (0.35) in our pa-

ients was much smaller than that in the Michigan series
12), but similar to the original estimates (21). In the early
eries with whole liver RT, the original small-volume effect
21) may have been due to the poor compensation of sub-
nits of the irradiated liver. Our patients had HCC exclu-
ively, and most were HBV carriers. The subclinical and
ngoing cirrhosis of the liver is a unique background con-
ition that may lower tolerance of even part of the liver to
T. In the current series, two biologic factors, HBV carrier

tatus and Child-Pugh Class B status, became statistically
ignificant in the correlation with RILD. In the subgroup
nalyses, association of the dosimetric factors with RILD
as not statistically significant, in part because of the small
umber of patients in each subgroup and the consequent
imited statistical power. The difference in volume effect

) curve comparison of fits from whole group (n � 89),
) (10%

bgroup of remaining patients (n � 24).
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0.26 vs. 0.86) was large after dividing patients according to
heir HBV carrier status. The small-volume effect of the
iver was mainly from the HBV carriers. In contrast, the
olume effect parameter in patients other than HBV carriers
as the same as that in the Michigan series. These findings
ean that the susceptibility to, and even pathogenesis of,
ILD may be different in HBV carriers and noncarriers.
Our previous report also described the clinical manifes-

ations of 12 HCC patients with RILD after 3D-CRT (11).
f the 11 HBV carriers, 10 presented with elevated

ransaminases rather than the commonly reported increase
n alkaline phosphatase. This finding implies that radiation
amage occurred more often in the hepatocytes than in the
ile ducts. The striking clinical difference again supports the
ossibility that RILD induction is via a unique pathway in
BV carriers. The serologic evidence of reactivation of
BV in 2 patients (3D-CRT plus RILD) indicated the
ossibility that reactivation of viral hepatitis was the under-

ying cause of RILD, although we have no data for the other c

Data in parentheses are 95% confidence intervals.
5 patients treated before 2001. Because we were able to
est and obtain serologic evidence of HBV reactivation in
nly 2 of our RILD patients, it was impossible to assess the
ypothesis that HBV plays a role in RILD pathogenesis.
hether RT to part of the liver, like chemotherapy, reacti-

ates HBV deserves further investigation. Sequential sero-
ogic tests during and after 3D-CRT and clinical observation
f RILD are urgently needed in future protocols, especially
or Asian patients with prevalent chronic viral hepatitis B.

The Child-Pugh classification, widely used in evaluating
epatic functional reserve (26), was also significantly asso-
iated with RILD. Hepatic function is not only a selection
riterion, but also a prognostic factor for HCC patients (24,
5). RT, like the other modalities, may partially compro-
ise the hepatic reserve (27). Both HBV carrier status and
hild-Pugh classification were independent factors in mul-

ivariate analyses and, therefore, have individual influence
n the risk of developing RILD. It is likely that HBV
Fig. 3. Iso-normal tissue complication probability (NTCP) (10%) curve comparison of fits from whole group (n � 89)
arriers developed RILD through a specific process trig-
Table 4. Lyman NTCP model parameters of whole group and subgroups

Parameters
Whole group

(n � 89)
HBV carrier

(n � 65)
Not HBV carrier

(n � 24)

Child A
cirrhosis
(n � 68)

Child B
cirrhosis
(n � 21)

HBV and
Child A
(n � 51)

D50(1) (Gy) 49.4 (42.0–60.5) 50.0 (42.0–62.0) 46.1 (15.0–�70) 48.9 (42.0–59.0) 38.7 (33.9–45.1) 47.4 (42.0–57.2)
0.39 (0.28–0.58) 0.40 (0.27–0.73) 0.31 (0.18–0.60) 0.30 (0.22–0.45) 0.22 (0.10–1.52) 0.30 (0.20–0.52)
0.35 (0.20–0.58) 0.26 (0.13–0.48) 0.86 (0.33–�2) 0.35 (0.21–0.58) 0.23 (0.14–0.36) 0.30 (0.17–0.50)

Abbreviations: NTCP � normal tissue complication probability; TD50(1) � 50% tolerance dose for uniform irradiation of whole liver;
� steepness of dose–complication curve for fixed partial volume; n � volume effect parameter; HBV � hepatitis B virus.
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ered by RT to part of the liver, but this process was not
imited to functional compromise of the liver.

Most of our patients in this study underwent TACE as a part
f their treatment, with the interval requirement of at least 1
onth between TACE and 3D-CRT. This protocol design was

ased on the commonly used interval between repeated
ourses of TACE for patients with HCC or liver metastasis,
ith acceptable recovery of hepatic function (28). With the

egional pattern of TACE and its insignificance in association
ith RILD in our statistical analysis, it is not likely that it has
significant effect on the occurrence of RILD.
The patient population, clinical manifestation of liver toxic-

ty, and treatment modality were different between this study

nd the previously reported series. The unique dosimetric and c
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