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Abstract: Background: To assess the role of volumetric modulated arc therapy (VMAT) in management of 
advanced Hepatocellular carcinoma (HCC) patients and compare survival outcome with Best Supportive Care 
(BSC) as well as the response rate and toxicity of VMAT. Method: Fifty patients were enrolled in the study and 
divided into two groups, arm (A) which is radiotherapy included 25 patients received radiation therapy 50.4Gy in 28 
fractions and arm (B) which is Best Supportive Care where patients received palliative care in the form of pain 
management, nutritional and liver support. Median age of the whole group is 56.5 years, the majority are males who 
are HCV positive carriers > 90%. More than 50% are child Pugh (B), the rest are (A). according to BCLC staging 
48% of the patients are stage C. Patients in both arms are closely similar regarding baseline clinical and pathological 
parameters. Results: Median progression free survival (PFS) in arm A was 6.9 months versus 5.9 months for arm B 
and this was statistically significant with P-value =0.01, but median Overall Survival (OS) was equal in both arms 
(10 months in both) with P = 0.5. The overall response rate (ORR) is 44% (1 patient had Complete Response (CR) 
and 10 patients had Partial Response (PR). Tumor response and performance status (PS) are the 2 most important 
prognostic factors that shows statistical significant difference with overall survival in arm (A), where patients with 
CR or PR had longer OS survival (12 months) compared to those with Stationary Disease (SD) (10 months) or 
Progressive Disease (PD) (4 months) with P-value 0.001. Also patients with PS 1 had longer survival (10 months) 
compared to those with PS 2 (6 months) with P-value 0.01. The most common toxicity with radiation was radiation 
induced liver disease (RILD) (28%) and the most important factor associated With the occurrence of RILD was the 
planning target volume (PTV) (P=0.02). Conclusion: Radiotherapy with VMAT provides PFS advantage over BSC 
and achieved a good response rate in patients with advanced Hepatocellular carcinoma and patients who had a good 
response lived longer than patients who had poor response. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is the fifth most 
common malignancy and the third most common 
cause of cancer-related death in the world (Bosch et 
al., 2004). According to the results of national 
population based registry program of Egypt 2008-
2011 Hepatocellular carcinoma is the most common 
prevalent cancer in males accounting for 33%, 
preceding bladder (10.7%), lung (6%) and prostate 
(4.2%). Surgery, provides survival rates 70% at 5 
years, is appropriate in a small fraction of patients 
because of advanced stage at diagnosis (El Serag et 
al., 1999). 

Patients also can be treated with Trans Arterial 
Chemo Embolization (TACE), Radio Frequency 
Ablation (RFA), Percutaneous Ethanol Injection (PEI), 
and Targeted Agents. All these agents are used in 
early stages HCC, and restricted to specific locations 
in the liver, and requires high cost and presence of co 

morbidities (Guy et al., 2012). Portal vein tumor 
thrombosis (PVTT) is another issue that renders HCC 
tumors not applicable for the above mentioned 
therapies and so treatment options are extremely 
limited to only Best Supportive Care including pain 
management and liver support. It was reported short 
survival duration less than 3 months in patients 
diagnosed PVTT. The local control of PVTT helps to 
preserve liver functions and enables the 
implementation of various therapeutic options 
(Yamada et al., 2003). 

Radiotherapy is an option for this type of patients 
but it was limited by low tolerance dose of liver and 
occurrence radiation induced liver disease (RILD). A 
clinical syndrome characterized by ascites, anicteric 
hepatomegaly, and impaired liver function, usually 
occurs 2 weeks to 4 months after completion of 
Radiotherapy. It is affected by total dose to the liver 
and volume of irradiated normal liver. RILD is treated 
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by supportive measures. In severe cases of RILD, 
hepatic failure may occur. The low tolerance dose of 
the liver limits the application of higher radiation 
doses to the tumor (Tse. R.V et al., 2008). 

New techniques in radiotherapy have allowed 
higher doses to target the tumor while limiting the 
dose to normal liver tissue. More conformal types of 
radiotherapy have been developed to deliver highly 
conformal treatment with minimal damage to 
surrounding normal liver, including Intensity 
modulated radiotherapy (IMRT), Image guided 
radiotherapy (IGRT), and stereotactic body 
radiotherapy (SBRT). 

The availability of IMRT and the evolution of 
VMAT was a breakthrough in treatment of HCC 
patients. VMAT was formally used in metastatic liver 
lesions but then its use is extended to primary HCC. 
The role of VMAT became more obvious in treatment 
of HCC based on many studies: 

Verbakel WF et al. and Wagner et al. compared 
RapidArc with IMRT for different malignancies and 
concluded that the major advantages of RapidArc over 
IMRT were the lower MUs and the shorter treatment 
time, which reduces the intra-fractional movement 
(Verbakel et al., 2009, Wagner et al, 2009). Park et 
al study, treated advanced HCC patients with PVTT, 
both V30 and dose to organs at risk were lower in 
RapidArc compared to IMRT. (Park et al, 2012). 
Wang et el reported that RapidArc in treatment of 
advanced HCC patients not amenable to surgery or 
local therapies yielded overall survival and local 
control benefit which makes it appropriate technique 
for management of these patients. 
 
Aim of Work 

The aim of this study is to assess the role of 
radiotherapy using RapidArc or VMAT technique in 
management of advanced HCC patients who are 
inoperable and not candidates for local ablative 
therapies and compare it with Best Supportive Care 
management regarding survival outcomes and to 
assess toxicity and response rate in the group of 
patients receiving radiation.  

 
2. Patients and Methods 

The study was carried out at Kasr El Aini Center 
of Clinical Oncology (NEMROCK) after acceptance 
of our scientific and ethical committees and a written 
consent from all patients before their recruitment in 
the study. Fifty Patients with radiologically or 
pathologically proven HCC were assigned to receive 
either external beam radiotherapy EBRT using Rapid 
Arc technique or to receive supportive palliative care 
including management of pain, nutrition and liver 
support. The radiotherapy dose is 50.4 Grey (Gy) 

given in conventional fractionation of 1.8Gy/fraction 
in 28 day duration. 
 
Pretreatment Evaluation: 
Includes:  

 Radiologically or pathologically proven HCC 
 Tumor medically inoperable or technically 

unresectable (vascular invasion, more than 5 cm, 3 
nodules more than 3 cm) 

 tumor not amenable to TACE (Portal vein 
thrombosis or presence of arterio-portal fistula) 

 tumor not amenable to RFA (Tumors larger 
than 5 cm; Unsafe location relative to visceral organs, 
bile ducts & vessels or Poor coagulopathy profile) 

 Recurrent tumor after TACE, RFA, alcohol 
and microwave ablation 

 Absence of extra hepatic Metastases 
Once patients fulfilled the inclusion criteria, 

baseline investigations are done: 
Full medical history and physical examination, 

laboratory workup including AFP and CT scan or MRI 
abdomen and pelvis, chest X ray. Bone scan was done 
only in case of elevated Alkaline phosphatase (ALP) 
or symptomatic 

Radiological and Surgical consultation is done 
for patients in arm A to confirm ineligibility of surgery 
or ablative therapies before deciding radiation 
treatment. 
 
Study Design 

Fifty patients with pathologically or 
radiologically proven hepatocellular carcinoma 
presented to kasr el Ainy center of clinical oncology 
(NEMROCK) during the period from May 2014 to 
April 2016 were included in this study. They were 
divided into 2 groups: Arm (A) received radiotherapy 
by the RapidArc technique 50.4 Gy / 28 fractions and 
Arm (B) received only palliative care in the form of 
pain management, nutritional and liver support. The 
study compared between both groups in clinical 
outcome as for survival and assessed response rate and 
safety in the radiation arm. 
 
Follow up and Response Assessment: 

Clinical evaluations were planned during 
treatment at 1,3,6 months after treatment completion. 
Visits included laboratory assessment (Complete 
blood picture (CBC)-Kidney functions-Liver 
functions). Abdominal CT imaging was done every 3 
months during the period of follow up. Tumor 
response was assessed using modified response 
evaluation criteria in solid tumors (M-RECIST) 
criteria. 



 Cancer Biology 2018;8(3)              http://www.cancerbio.net 

 

62 

Local recurrences or progression was defined by 
new enhancement or progressive disease with CT 
during follow up. 

Liver toxicity and GIT toxicity were scored 
according to National Cancer Institute common 
toxicity criteria for adverse events (CTCAE 
version.3). 
Statistical Methods 

The OS and PFS were computed by the 
Kaplan−Meier method and compared by the log-rank 
test and the Cox proportional hazards model. P values 
less than 0.05 was considered statistically significant. 
The multivariate Cox model was used to study 
variation in the OS and PFS according to major 
baseline characteristics (age, sex, stage, histology, and 
treatment). Statistical analyses were conducted using 
SPSS software, version 13.0 (SPSS, Inc, Chicago, IL, 
USA).  
 
3. Results 

Fifty patients with pathologically or 
radiologically proven Hepatocellular carcinoma 
presented to kasr el Ainy center of clinical oncology 
(NEMROCK) during the period from May 2014 to 
April 2016 were included in this study. They were 
divided into 2 arms: Radiotherapy arm received 
radiotherapy by the RapidArc technique 50.4 Gy / 28 
fractions and supportive care arm received only 
palliative care in the form of pain management, 
nutritional and liver support. The study compared 
between both groups in clinical outcome as for 
survival and assessed response rate and safety in the 
radiation arm. Twenty five patients were included in 
each arm and their main Clinical and pathological 
characteristics were balanced within the two groups 
with no statistically significant difference. 

Regarding the response rate (RR) to 
radiotherapy, we have only 1 patient who entered in 
CR (4%) but progressed after a period of 9 months. 
Ten patients (40%) went into partial response where 
eight of them progressed later on during follow up and 
the other two lost follow up and censored. 
Accordingly, ORR reached 44%. Ten patients (40%) 
had stationary disease after radiation where nine of 
them progressed and one lost follow up and censored. 
Four patients (16%) progressed after radiation.  

Only 2 factors were found to cause statistical 
significant difference in response rate to treatment 
which are: table (1). 

1-Portal Vein Thrombosis (PVT): Patients 
without portal vein thrombosis at presentation have 
higher overall RR (CR+PR) compared to the group 
with PVT. It was 8 (32%) patients with CR or PR at 
initial response vs 3(12%) patients only with 
(CR+PR). P-value: 0.01. for the rest of the PVT free 
group, there was only 2 patients with SD and no 

patients progressed. In the other group, there were 8 
patients with SD and 4 others progressed directly after 
radiotherapy. 

2- Barcelona Clinic Liver Cancer (BCLC) 
staging: Regarding patients with stage (A), all of them 
gave response after receiving radiotherapy ( 1 patient 
with CR and 8 patients with PR ). For stage (B), 2 
patients gave response and 4 patients had SD. And for 
stage (C), 6 patients had SD and 4 patients progressed, 
but none of them gave response with a statistically 
significant with P-value = 0.001. 

The rest of the factors as child score, PS, 
presence or absence of cirrhosis and previous 
treatment intervention did not cause any statistical 
significant difference. 
 
Table (1): Factors affecting ORR after radiotherapy: 

 CR / PR SD DP P value 

Child score 
A 7 5 1 

0.410 
B 4 5 3 

BCLC 

A 9 0 0 

<0.001 B 2 4 0 

C 0 6 4 

PVT 
Yes 3 8 4 

0.01 
No 8 2 0 

Previous treatment 
Yes 2 5 0 

0.321 
No 8 6 4 

Cirrhosis 
Yes 11 9 4 

0.458 
No 0 1 0 

PS 
1 9 9 2 

0.235 
2 2 1 2 

 
Median PFS in radiotherapy arm was 6.9 months 

versus 5.9 months for supportive care arm and this 
was statistically significant with P.value =0.01, but 
median OS was equal in both arms (10 months in 
both) with P.value = 0.5. figure (1), (2). 

 

 
Fig. (1): PFS according to treatment arm 
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Fig. (2): OS according to treatment arm 

Several Clinical and pathological parameters are 
studied to see their correlation with survival of 
patients in both groups. Table (2). 

Only two factors were found to cause statistically 
significant difference in the survival rate of group A: 

1) Performance status: patients with PS (1) have 
median survival (MS) of 10 months Vs 6 months for 
those with PS 2 with p-value = 0.015. 

2) Response rate: median survival (MS) for the 
group of patients who gave response to radiation (CR 
or PR) was 12 months compared with 10 months for 
those with stationary disease (SD) and 4 months for 
patients who progressed (PD). P.value =0.001. The 
rest of the factors didn’t impact OS significantly. 

 
Table (2): Univariate analysis of factors affecting OS Radiotherapy Arm (A). 

Parameter Median OS 95% confidence interval P. value 

Age 
Less than 50 10 months 8.48-11.52 

0.960 
More than 50 6.9 months 3.1-10.84 

Sex 
M 10 8.69 – 11.30 

0.431 
F 5.98 0.14 – 11.83 

Child score 
A 10 months 8.2-11.78 

0.581 
B 10 months 6.58-13.41 

PVT 
Yes 10 months 8.21-11.78 

0.199 
No 12 months 10.02-15.96 

Previous intervention 
Yes 10 months 7.47-12.52 

0.718 
No 10 months 8.07-11.92 

BCLC stage 
A 10 months 0 – 11.39 

0.139 B 6.9 4.58 – 9.36 
C 6.0 2.99 – 9.11 

P.S 
1 10 8.69 – 11.20 

0.015 
2 6 5.94 – 6.09 

Cirrhosis 
Yes 10 8.6 – 11.37 

0.1 
No 4.0 0 – 11.39 

AFP 
< than 400 10 months 7.88-12.12 

0.972 
> than 400 10 months 5.8-14.1 

ALT 
< than 70 10 months 7.68 – 12.31 

0.691 
> than 70 10 months 7.56 – 12.43 

AST 
< than 80 10 months 8.35 – 11.64 

0.527 
> than 80 10 months 8.60 – 11.39 

Response rate 
CR/PR 12 months 10.1-15.8 

0.001 SD 10 months 7.1-12.8 
PD 4 months 1.08-7.01 

 
By multivariate analysis for the Performance status and response rate in arm (A) non of them was statistically 

significant. Table (3). 
 

Table (3): Multivariate analysis of factors affecting OS Arm (A). 

Factor Hazard Ratio (HR) 
95% CI 
Lower limit 

95% CI 
Upper limit 

P-value 

Response Rate 4.44 0.96 20.56 0.05 
Performance status 2.97 0.86 10.23 0.08 
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The previous factors were studied to see their 
effect on the other group who were managed with Best 
Supportive Care (BSC). table 4. 

PS was the only variable strongly correlated to 
the survival of this group where we find that patients 

with PS (1) have MS of 10 months Vs 5.9 months for 
those with PS (2) which is statistically significant with 
P-value < 0.01. The rest of the factors didn’t impact 
OS significantly. 

 
Table (4): Univariate analysis of factors affecting survival in Supportive care Arm (B). 

Parameter Median PFS 95% confidence interval P. value 

Age 
Less than 50 10 months 9.42-10.6 

0.45 
More than 50 6.9 months 4.9-8.9 

Sex 
M 10 9.25-10.47 

0.88 
F 10 6.8-13.2 

Child score 
A 10 6.9-13.05 

0.28 
B 8.9 6-12 

PVT 
Yes 8.9 6.79-11.49 

0.72 
No 10 9.97-10.02 

Previous intervention 
Yes 10 9.97-10.02 

0.72 
No 8.9 6.8-11.5 

BCLC stage 

A 10 7.8-12.3 

0.3 B 8 6.9-10.8 

C 7.9 5.72-10.25 

P.S 
1 10 9.25-10.74 

< 0.01 
2 5.9 4.43-7.53 

Cirrhosis 
Yes 9.9 9.1-10.8 

0.71 
No 10 3.6-16.4 

AFP 
< than 400 10 9.97-10.01 

0.13 
> than 400 8.9 7.26-10.69 

ALT 
< than 70 10 8.53-11.46 

0.87 
> than 70 10 6.7-13.3 

AST 
< than 80 7.9 5.83-10.15 

0.86 
> than 80 10 9.98-10.02 

 
Regarding safety, the most common toxicity was 

RILD representing 28% of the population that 
received radiotherapy. The factors studied associated 
with toxicity were mentioned in tables5,6. We found 
that the “Mean volume of PTV was the only factor 

causing statistically significant difference in the 
occurrence of RILD. The mean volumes of PTV for 
the patients who developed RILD and those who 
didn’t were 620.2 and 579.7 respectively with P-value 
= 0.028. 

 
Table (5): Correlation between Clinical Factors and occurrence of RILD 

Factor RILD No RILD P value 

Cirrhosis 
No 0 1 

0.524 
Yes 7 17 

HCV 
No 2 2 

0.285 
Yes 5 16 

Previous intervention 
No 5 13 

0.968 
Yes 2 5 

Child score 
A 4 9 

0.748 
B 3 9 

BCLC 
A 2 7 

0.88 B 2 4 
C 3 7 

Hepatitis  
C 3 15 

0.06 
B,C 2 1 
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Table (6): Correlation between dosimetric data and occurrence of RILD. 

Factor RILD No RILD P value 

Dose to liver- PTV 
Mean 15.8 Gy 15.8 Gy 

0,14 
SD ±6.51 Gy ±4.74 Gy 

Liver-PTV volume 
Mean 1372.8 1349.8 

0.631 
SD ±217.3 ±295.2 

PTV volume 
Mean 620.2 579.7 

0.028 
SD ±728.1 ±415 

V30 
Mean  13.3% 16.4% 

0,97 
SD  ±9.3% ±7.4% 

V20 
Mean 29% 36% 

0.76 
SD ±16.7% ±13.8% 

V10 
Mean 50.8% 61.3% 

0.26 
SD ±22.39% ±17.91% 

 
 
 
4. Discussion 

Several types of conformal radiotherapy have 
been developed to deliver high dose to the tumor with 
minimal damage to surrounding normal liver, 
including IMRT, IGRT, and SBRT. (Wu et al, 2006). 

Our study, enrolled advanced HCC patients not 
amenable to surgery or any ablative therapies where 
the majority presenting with PVT. They were 
classified as being advanced, or late stage or difficult 
to treat. We assessed the role of radiotherapy in 
management of this group of patients using the VMAT 
technique regarding clinical outcome as for survival in 
comparison to BSC as well as response rate and 
toxicity of VMAT. 

In our study, overall survival and progression 
free survival for the group of patients who received 
radiotherapy was 10 months and 6.9 months 
respectively, while for the other group was 10 and 5.9 
months respectively. Therefore OS in both arms is 
equal while PFS shows statistical significant 
difference bet the two arms although the difference 
was only one month (6.9 vs 5.9),95% CI (5.3-6.7) and 
P-value is 0.01. 

Wang et al study on 138 patients with advanced 
HCC receiving radiation dose ranging from 44 to 66 
Gy with conventional fractionation revealed MS of 
10.3 months ( 95% CI:7.2-13.3 months). 

Overall survival at 1 year was 45% in Wang 
study which is much higher than our 1 year survival 
reaching 38% but on subgroup analysis of our study 
we found that for the patients with CR or PR,1 year 
survival is more than 50%. 

Survival Rate is positively influenced if 
combined modality treatment is given as shown by the 
following studies. 

Krishnan reviewed studies of radiotherapy in to 
the liver after TACE, 1 year survival ranged from 42% 
to 94% for doses ranging from 30 to 66Gy (Krishnan 
et al, 2008). Seong demonstrated 158 patients treated 
with conventional fractionation scheme and in 
combination with TACE. One-year and 2-year OS was 
40% and 20% with a median survival of 10 months, 
respectively. (Seong et al, 2003). 

Yoon analyzed clinical outcome for 412 patients 
treated with TACE and 3D conformal radiotherapy for 
HCC with portal vein thrombosis. For these patients, 
median survival was 10.6 months with 42.5% survival 
rate at one year. (Yoon et al, 2011). 

The above trials generally show higher 1 year 
survival rate compared to ours, maybe due to that 
combined modality gives better response rate 
compared to single modality and consequently better 
survival rate, on the other hand most of our patients 
received only radiotherapy and BSC upon progression 
and died shortly after progression (Min et al, 2011). 
The overall Response Rate in our study was 44% 
which is exactly the same as Min et al using IMRT 
and Jang et al using helical Tomotherapy where they 
achieved also RR 44%. In other studies, the response 
rate after radiotherapy with or without other local 
modalities was 40-76% in advanced HCC (Ben 
Joseph et al, 2005). The response rate to PVT has 
been approximately 46% after radiotherapy. (kim et 
al, 2005). 

In our study the overall response rate is 44% as 
mentioned above representing CR (one patient 4%), 
PR (10 patients 40%), SD (10 patients 40%), PD (4 
patient 16%). The dose of radiation has been shown to 
be important factor in several studies. A higher 
radiation dose (50 Gy or more) achieved a higher 
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response rate. A higher total dose (>45-60 Gy) showed 
a higher survival rate (Seong et al, 2009). 

Another important factor is when comparing the 
results from radiotherapy alone or radiotherapy 
combined with TACE, combined treatment achieved a 
better tumor response (Seong et al, 1999). Min et al 
also showed that combined treatment was related to a 
better response with a difference of 20%, although the 
difference was not statistically significant. This was 
against our finding, where patients who received 
radiotherapy as only modality have a higher response 
rate (7 patients with PR and 1 patient with CR) than 
those received any prior treatment followed by 
radiotherapy. (2 patients only with PR). Maybe it is 
attributed to the presence of PVT in many patients that 
received combined modality which negatively affects 
their response rate. 

In the study of Wang et al, (where there is a 
major difference between its sample size and ours 
(138 vs 25 patients), percentage of response rate was 
as follow: CR in 12 patients (11%), PR in 58 patients 
(53%), SD 32 patients (29%), PD in 7 patients (6%), 
although 21 out of 138 patients were not assessed 
because they are dead or lost follow up (Wang et al, 
2013). 
Toxicity: 

Because of the advancement in radiation therapy 
techniques and proper dose constraints, GIT toxicity 
(stomach, duodenum) and spinal cord toxicity has 
been reduced, however RILD is still the most 
prominent complication in patients with hepatic 
radiation. 
RILD is classified into two types as follows: 

Classic RILD where there is anicteric 
hepatomegaly, elevation of ALP level of at least two 
folds and nonmalignant ascites (between 2 weeks and 
3 months after completion of radiotherapy) 
(Lawrence et al, 1992). 

Non classic RILD where there is elevation of 
transaminases of at least five fold the upper limit of 
normal or of the pretreatment level (grade 3 or 4 
hepatic toxicity of Common Toxicity Criteria Version 
2.0 by National Cancer Institute) in the absence of 
documented progressive disease. (Trotti et al, 2000). 

Majority of our patients are HCV carriers and 
cirrhotic, thus hepatocytes are more susceptible to 
radiation injury. The most common important toxicity 
is RILD occurred in 7 patients (28%). After studying 
several factors associated with RILD, we found that as 
the mean PTV volume increases, the higher risk of 
occurrence of RILD, where the mean of PTV volumes 
for the 7 patients who developed RILD was 620 cm3 
vs 579.7 cm3 for the 18 patients who were RILD free, 
with P-value =0.028. 

Min et al reported that hepatic toxicity increases 
as the irradiated dose to normal liver increase. In the 

study RILD occurred in 12 patients (44%) of the 
population and mean dose to normal liver 22.5 Gy. 
(Min et al 2011). Cheng et al also reported that mean 
liver dose of patients with RILD was significantly 
higher than those without (25 Gy vs 19.65 Gy, P-value 
0.02 ) (Cheng et al 2002). 

Pan CC et al recommended that the mean normal 
liver dose should be less than 28 Gy in 2-Gy fractions 
for primary liver cancer (Pan CC et al 2010). 

Similar dose constraint to normal liver used in 
our study which was even lower than the previously 
mentioned. We used 24 Gy as maximum tolerance 
dose to the liver based on the Quantec model. 

Compared to the above studies, it is clear that our 
mean dose to normal liver minus PTV was 15.8 Gy 
±5.1 was lower than the previously mentioned in the 
above studies and so it has no significant difference in 
the occurrence of RILD with P-value = 0.14 

Combined modality treatment is another factor to 
be correlated with RILD, where we can find in many 
studies that radiotherapy combined with TACE or 
non-selective hepatic arterial chemotherapy give a 
higher rate of hepatic toxicity than radiotherapy alone 
(Dawson et al., 2002, Liang et al., 2009, Shim SJ et 
al., 2007). No statistical significant difference was 
observed in the occurance of RILD between those who 
received combined modality and those who didn’t, 
maybe due to small sample size and even less number 
of patients who underwent previous treatments or it is 
related to multiplicity of local treatments received by 
the patients in these studies which higher the toxicity 
compared to our patients who received only single 
modality prior to radiation. 

The value of V30 was found to play an important 
role in the development of RILD in patients treated 
with conventional radiotherapy. (Kim et al 2006). 
Kim et al also reported that the low dose coverage V5 
and V10 were associated with toxicity but the 
potential risk of RILD by low dose radiation is still 
unclear. 

Also the value V20 was significant parameter for 
development of RILD after conventional radiotherapy 
as reported by Liang et al (Liang et al., 2011). 

In a recent study of Dong Cheng et al, where it 
compared between the 3 techniques CRT, IMRT, 
Rapid Arc in treatment of advanced HCC, found that 
RapidArc was superior at the risk of RILD in 
consideration of lower V20 and V30. (Dong Cheng et 
al., 2014). On the other hand, similar comparative 
study Kuo et al reported that rapid arc has higher V10 
and mean dose compared to IMRT which should be 
taken with caution when treating HCC patients since it 
is associated with RILD as mentioned before. 

Regarding our study, no significant difference 
was shown in the occurance of RILD with V10, 20 
and 30, which is probably due to the lower mean dose 
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to normal liver (15.8 Gy) and as a result the mean of 
V10,20,30 will also be lower compared to other 
studies. 

In addition to dose-related factors affecting 
RILD, Cheng et al, reported that patients with Child 
Pugh-B or hepatitis B virus (HBV) are also at a 
significant risk of developing RILD. Patients with CP-
B had worse hepatic insufficiency compared with 
those with CP-A (Cheng JC et al., 2004, Jung J et 
al., 2013). CP-B has a higher hepatic toxicity 
compared with CP-A. This was not obvious in our 
study due to our smaller sample size which failed to 
show statistical significant difference between both 
groups. HBV rather than hepatitis HCV infection was 
also associated with higher RILD. Because HBV 
carriers have poor tolerance to partial liver irradiation. 
(Cheng JC et al., 2005, Cheng JC et al., 2004, Jung 
J et al., 2013). The group of patients who received 
radiation in our study, none of them had isolated HBV 
infection, the majority were HCV carriers and 3 
patients had Co-infection B and C and though we 
couldn’t assess HBV as a separate entity and there was 
no statistical significance also.  

Limitations of our study include, small sample 
size, relatively coarse 5 mm slice thickness and lack of 
a specific strategy to compensate for liver motion due 
to respiration. Respiratory gating techniques are not 
available in the department. Also abdominal 
compression and breath control are not easily feasible 
in our patients. 

The potential displacement of liver could be as 
large as 2-2.5 cm (Kubas A et al 2008), it is suggested 
to incorporate motion compensation into traditional 
definition of margins. 

In conclusion, RapidArc obtained favorable 
response rate, also provides PFS survival advantage 
over Best Supportive Care for the category of 
advanced HCC tumors who are not candidate for 
surgery or locoregional therapies. 

 
Summary and Conclusion: 

We conclude that Radiation therapy provides 
better local control and overall response rate for 
patients who received radiation. Tumor response and 
performance status were the 2 most important 
prognostic factors that showed statistical significant 
difference with overall survival in arm (A) receiving 
radiotherapy. Patients with CR or PR had longer OS 
survival (12 months) compared to those with SD (10 
months) or PD (4 months). Also patients with PS 1 
had longer survival ( 10 months) compared to those 
with PS 2 (6 months) with P-value 0.01. 

All patients with stage (A) according to the 
BCLC staging system, achieved better response rate 
(CR or PR) compared to stage (B) or (C), also patients 

without PVT achieved better response than those 
presenting with PVT. 

The most common toxicity with radiation is 
RILD (28%) and the most important significant factor 
associated With RILD is the PTV volume. 

Radiotherapy with VMAT is superior to BSC in 
PFS and achieved a good response rate in patients with 
advanced Hepatocellular carcinoma and patients who 
had a good response lived longer than patients who 
had poor response. 
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