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Reappraisal of Risk Factors Predicting Liver Complications from Radiotherapy for Hepatocellular
Carcinoma

Ik Jae Lee, M.D., Jinsil Seong, M.D., Su Jung Shim, M.D., Kwang Hyub Han, M.D.l,
and Chae Yoon Chon, M.D.'

Departments of Radiation Oncology and Internal Medicine', Yonsei University College of Medicine, Seoul, Korea

Background/Aims: Determination of the optimal radiotherapeutic parameters for radiotherapy of
hepatocellular carcinoma (HCC) is still under investigation. The purpose of this study is to identify the risk
factors associated with radiation-related morbidity. Methods: We evaluated one hundred fifty—eight patients,
who were given radiotherapy for HCC between January 1992 and March 2000. Radiation—induced liver disease
(RILD) was defined as the development of nonmalignant ascites without disease progression and an anicteric
elevation of the alkaline phosphatase level by at least twofold. Gastrointestinal toxicity was assessed by using
the RTOG-EORTC scale. Results: Six patients (3.8%) displayed RILD. In these patients, three patients had
not responded to other previous treatments. Two patients with portal vein thrombosis or huge sized mass,
above 10 cm, showed liver toxicity and two other patients presented with Child-Pugh class B liver cirrhosis.
Eight patients (5%) had gastro—duodenal ulcers. In one of these 8 patients, the left lobe close to the stomach
was involved and two patients had been treated for gastro-duodenal ulcer. In two more patients, the radiation
field, with using anterior/posterior radiation ports, covered a significant volume of the gastrointestinal tract.
One of eight patients had been irradiated with a large fraction size (250 cGy). Conclusions: The efforts should
be made to reduce the radiation-related complications for hepatocellular carcinoma by considering the volume
and the function of remaining liver, the location of tumor, the tumor size and the severity of liver cirrhosis.
(Korean J Hepatol 2006;12:420-428)
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Table 1. Characteristics of the Patients with Radiation-induced Liver Disease: 6/158 (3.8%)

Patient 1 2 3 5 6
Virus type B B B B
ECOG status 1 1 1 1 1 1
preRTx Tx TACE#1 TACE#2 TACE#2 No TACE#1 No
IV ADR#5

preRTx status  Refractory Refractory Recurrent No Refractory No
Location Rt Rt Rt Both (R<L) Both (R>L) Rt
Size (cm) 6x6 8x8 8x8 10x10 13x10 2.5x2.5
Tumor type Massive Massive Massive Massive Multi nodular Single nodular
Stage T3NO T4NO T4NO T4NO T4NO T3NO
Child’s class B A A A A B
PVT N Y Y Y N N
preRTx 45 75 9.2

ICG-R15
Total dose (Gy) 45 4 15%! 30.6 59.4 59.4

ECOG status, Eastern Cooperative Oncology Group performance status; preRTX, pre-radiotherapy; TACE, transcatheter arterial
chemoembolization, TACI, transcatheter arterial chemoinfusion; PVT, portal vein thrombosis; ICG-R15: indocyanine green

retention rate at 15 minutes
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Figure 1. Case illustration: the example of 3-D conformal
radiotherapy (3D-CRT) planning in patients who developed
gastroduodenal ulcer. There was no significant finding on
transverse slice of 3D-CRT plan, but the 3D-CRT plan
shows the patient received large volume of radiation to
gastro-duodenum in coronal and sagittal view.
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Table 2. Characteristics of the Patients with Radiation-induced Gastroduodenal Ulcer

Patient 1 2 3 4 5 6 7 8
Age /sex 66/M 60/M 61/M 40/M 46/M 47/M 4/M 51/M
preRTx Tx 1ADDP#2 No TACE#2, TACE#4, TACE#2 TACE#1 iADDP Resection
Ho-166#1 TACI#7 (sH),
TACE#5,
iADDP#2
preRT Refractory No Progress PR Refractory Refractory Refractory Recurrent &
status Refractory
Location Rt Lt Rt Rt Rt (S7) Rt Rt (S7&8) Rt (S6&7)
Size (cm)  11x8 14x8  5x4 9x9 5%5 8.5x7 =8 11x10
PHx Gastric ulcer Gastro—duodenal
ulcer
Total dose 43.2 45 36 59.4 59.4 5 45 53.6
(Gy) (25 Gy/fx)

preRTx, pre-radiotherapy; TACE, transcatheter arterial chemoembolization, TACI, transcatheter arterial chemoinfusion;

PVT, portal vein thrombosis; PHx, past history.

100 A
\ Tumor \
80 \
\
X 60 \
* 7 Non tumor liver
E AN
2 V(%
3 . (%) \
404 ~ ~
> ~
20 ~

Normalized Dose (%)

Figure 2. Calculation of Vs(%) in Dose Volume Histogram
(DVH). DVH summarizes the volume of the liver receiving
greater than or equal to a particular dose. Vs(%) is the
fraction of the liver treated to 50% of the dose to the
isocenter.
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Table 3. Guidelines of Radiation Dose Determination
by Vs0(%)

V50(%) Total Dose (Gy)
Michigan University Guideline
<33 66-72.6 (focal liver)
33-66 48-52.8 (focal liver)
>66 36 (whole liver)
Yonsei University Guideline
<25 59.4 or more
25-50 45-54
50-75 30.6-45
>75 No treatment

Table 4. Radiation Treatment Guideline for

Hepatocellular Carcinoma by Cheng et al?

Non-tumor ICG R-15

Part of Liver <109 10-20% 20-30%
<1/3 40 Gy No RTx No RTx
1/3-1/2 50 Gy 40 Gy No RTx
>1/2 60 Gy 50 Gy 40 Gy

ICG R-15, indocyanine green retention rate at 15 minutes;
RT, radiotherapy

Figure 3. Case 1: RT dose determination by the guideline. A 58-year-old male with HCC in the S6 of
right lobe had portal vein thrombosis and multiple paraaortic lymph nodes. In this patient, the result of
ICG-R15 was 10% and V5% was 68% on DVH, so the patient had received radiotherapy with a total

dose of 45 Gy.

Ly % B
' W

Figure 4. Case 2: RT dose determination by the guideline. A 76-year old man with HCC treated with
TACE, TACI, Ho-166 followed by radiotherapy with a total dose of 54 Gy. The result of ICG R-15 test

was 15% and V52 was 32% on DVH.
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