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Abstract: Our knowledge of how radiation affects primary and secondary liver tumours is still developing. Decades ago, radiation
delivery methods that treated large numbers of patients also cautioned against using radiation for definitive and palliative care. Over
time, the function of radiation therapy in the treatment of hepatocellular carcinoma has changed. New information regarding HCC
therapy choices has been made possible by the capacity to administer a tumoradical dose to liver lesions while protecting the normal
parenchyma surrounding them. The purpose of the review article is to cone down various treatment approaches that were traditionally
used to treat hepatocellular carcinoma and the gradual adaptation of the radiation therapy to treat lesions that failed to respond to other

therapies.
Keywords: Hepatocellular carcinoma, Radiotherapy, Outcome
1. Introduction

Cancer incidence rises dramatically with age, most likely
due to an accumulation of risks for specific cancers that rise
with age. The accumulation of overall risk is combined with
the tendency for cellular repair mechanisms to become less
effective as a person ages [1, 2]. The risk factors of cancer
include tobacco use, alcohol consumption, poor diet,
inactivity and air pollution are all risk factors for cancer and
other non communicable diseases. Some chronic infections
are cancer risk factors; this is especially prevalent in low -
and middle - income countries. Carcinogenic infections such
as Helicobacter pylori, human papillomavirus (HPV),
hepatitis B virus, hepatitis C virus, and Epstein - Barr virus
were responsible for approximately 13% of cancers
diagnosed globally in 2018 [3]. Between 30 and 50% of
cancers can currently be prevented by avoiding risk factors
and implementing existing evidence - based prevention
strategies. The cancer burden can also be reduced through
early detection of cancer and appropriate treatment and care
of patients who develop cancer. Many cancers have a high
chance of cure if diagnosed early and treated appropriately
[4, 5]

Hepatocellular carcinoma (HCC)

Liver cancer remains a global health challenge and its
incidence is growing worldwide. It is estimated that by 2025
more than one million individuals will be affected by liver
cancer annually. HCC is the sixth most common cancer and
the fourth leading cause of death. One reason for the high
mortality rate is the disease unknown pathogenesis as well
as the lack of early diagnostic and prognostic biomarkers
[6]. Hepatocellular carcinoma is one of the most common
cancers in the world and it poses a significant global health -
care challenge. Although viral hepatitis and alcohol continue
to be risk factors for hepatocellular carcinoma, non -
alcoholic fatty liver disease is quickly becoming the leading
cause. The risk attributed to hepatitis C virus (HCV)
infection has substantially decreased owing to patients
achieving sustained virological response (SVR) with
antiviral drugs. Nonetheless, patients with cirrhosis are still

considered to be at high risk for HCC even after HCV
clearance. Non - alcoholic steatohepatitis (NASH) is
associated with metabolic syndrome or diabetes mellitus and
is becoming the fastest growing aetiology of HCC,
particularly in the West. Additionally, reports on mutational
signatures have established aristolochic acid and tobacco as
potential pathogenetic cofactors in HCC [7].

Hepatocellular carcinoma is one area of oncology
warranting further investigation into its epidemiology.
Although, HCC is one of the first cancers to be linked
epidemiologically to a definite risk factor (hepatitis B virus
in Taiwan); the explanation for what accounts for the
incidence of this disease is less clear. Although liver cancer
is the sixth most common neoplasm worldwide, it carries
poor prognosis which makes it the third leading cause of
cancer - related mortality and is responsible for nearly 600,
000 deaths annually. In most countries, HCC accounts for
70%-85% of primary liver cancer cases, with the burden of
disease expected to increase in coming years [8].

The molecular pathogenesis of HCC differs depending on
the genotoxic insults and aetiologies. Despite advances in
our understanding of disease pathophysiology and drivers,
this knowledge has yet to be translated into clinical practise.
Approximately 25% of HCC tumours have actionable
mutations; however, the prevalence of most mutations is
10%, making proof - of - concept studies difficult. Indeed,
TERT, TP53, and CTNNB1 remain unsolvable mutational
drivers in HCC [9]. HCC is typically diagnosed using non -
invasive criteria, though there is a growing need in clinical
practise for molecular characterization of the tumour using
tissue biopsies. In terms of prevention, in addition to HBV
vaccines and anti - viral therapies for HBV and HCV
infection, cumulative data support the preventive role of
coffee and aspirin. HCC management has significantly
improved since the early 2010. Curative treatments for HCC
have traditionally included hepatic resection and liver
transplantation. Patients with hepatocellular carcinoma have
a variety of treatment options, including liver
transplantation, surgical resection, percutaneous ablation,
and radiation, as well as trans arterial and systemic
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therapies. Refinements in patient selection have resulted in
enhanced surgical resection outcomes and remarkable 10 -
year post - liver transplantation survival rates for tumours
down - staged beyond Milan criteria [10].

Local ablation with radiofrequency remains the backbone of
image - guided ablation for non - surgical early - stage HCC,
despite progress in other techniques. Adjuvant therapies to
preclude relapse, following these potentially curative
approaches, are an unmet medical need, as randomized
controlled trials (RCTs) have so far yielded negative results.
For  intermediate - stage @ HCC, transarterial
chemoembolization (TACE) has been the most widely used
treatment and the standard of care over the past two decades.
As a result, clinical decision making necessitates a
multidisciplinary team that adapts the individual treatment
strategy over time based on the patient's tumor stage, liver
function, and performance status. The treatment landscape
for advanced hepatocellular carcinoma is more diverse than
ever, thanks to the approval of new first - and second - line
agents, as well as the acceptance of immune checkpoint
inhibitor - based therapies as standard of care [11].

A systematic literature search was undertaken using the
PubMed data base and secondary references to identify peer
- reviewed articles that reported clinical outcomes in HCC
after external beam RT alone or in combination with other
treatments. More than 70 articles were identified and
collected for the review article to identify the probable
outcome of unresectable HCC patients after RT.

Local liver RT in unresectable HCC

The role of RT in HCC has not been defined in curative
setting due to low tolerance of liver in a range of 30 - 35Gy,
which is much less than the therapeutic dose. This much
dose can lead to hepatomegaly, ascites, elevated liver
enzymes and is due to veno - occlusive disease secondary to
the fibrosis [12]. Because of this reason, unresectable HCC
are mainly treated with more efficacious treatment modality
that includes TACE. However, single setting of TACE may
be not sufficient to completely eradicate the tumor. Due to
dual blood supply, these tumor may grow in between the
TACE sessions that may lead to reduced efficacy of this
most commonly used method for unresectable HCC. To
address this issue Seong J et al in 1999, combined TACE
with RT in these patients. They reported that this method is
well tolerated and leads to substantial decrease in size of the
tumor [13]. To further expand the role of RT, in 2000 the
authors published their experience on Local radiotherapy for
unresectable hepatocellular carcinoma [14]. The purpose of
their study was to investigate the efficacy of local
radiotherapy (RT) as a salvage treatment for unresectable
hepatocellular carcinoma (HCC) patients who failed with
transcatheter arterial chemoembolization (TACE). TACE
failure was determined based on incomplete lipiodol -
Adriamycin mixture tumour filling either on angiography or
computed tomography (CT) scan. From January 1993 to
December 1997, 27 patients who had UICC Stage 1l (17) or
IVA (10) disease entered into this study. Local RT was
delivered with a mean tumour dose of 51.8 + 7.9 Gy, in
daily 1.8 - Gy fractions using a 6 - 10MV linear
accelerator.66.7% patients had objective response including
one with complete response. Intrahepatic and extrahepatic

metastasis was seen in 10 and 4 patients, respectively.
Survival rates at 1, 2, and 3 years were 85.2%, 58.1%, and
33.2%, respectively, from the diagnosis and 55.9%, 35.7%,
and 21.4%, respectively, from the start of RT. The median
survivals were 26 months from the diagnosis and 14 months
from the start of RT. Acute toxicity included changes in
liver function tests in 13 patients and thrombocytopenia in 2
patients. Subacute and chronic toxicity involved
gastroduodenal ulcer (3 patients) and duodenitis (2 patients).
No treatment - related deaths were seen. Authors concluded
that in local RT caused a significant tumour response of
66.7% in unresectable HCC patients who failed TACE, with
a 3 - year survival rate of 21.4% and a median survival
period of 14 months.

As the median dose of 51.8Gy was reported to be well
tolerated in a mean tumor volume of 7.2+2.9cm, Laura A
Dawson et al (2000) conducted research on Escalated Focal
Liver Radiation and Concurrent Hepatic Artery
Fluorodeoxyuridine  for Unresectable Intrahepatic
Malignancies [15]. In this phase | trial, the objective was to
evaluate the response, time to progression, survival, and
impact of radiation (RT) dose on survival in patients with
intrahepatic malignancies. A total of 43 patients with either
unresectable intrahepatic hepatobiliary cancer (HB; 27
patients) or colorectal liver metastases (LM; 16 patients)
were treated with high - dose conformal RT with a median
dose of 58.5 Gy (range, 28.5 to 90 Gy), 1.5 Gy twice daily,
with concurrent continuous - infusion hepatic arterial
fluorodeoxyuridine (0.2 mg/kg/d) during the first 4 weeks of
RT. The median tumour size was 10 x 10 x 8 cm. Authors
reported the response rate in 25 assessable patients to be
68% (16 partial and one complete response) and the median
times to progression for all tumours, LM, and HB as 6, 8,
and 3 months, respectively. The median survival times of all
patients, patients with LM, and patients with HB were 16,
18, and 11 months, respectively. On multivariate analyses,
improved progression - free and overall survival was
associated with escalated RT dose. The median survival of
patients treated with 70Gy or more was not reached (16.4+
months), while median survival in patients with lower dose
RT was 11.6 months (p =.0003). Authors concluded that the
excellent response rate, prolonged intrahepatic control, and
improved survival in patients treated with RT doses of 70Gy
or more motivate continuation of dose - escalation studies
for patients with intrahepatic malignancies.

Cheng et al (2001) evaluated outcome, failure pattern and
toxicity in patients with unresectable HCC treated with
radiotherapy (n=9), TACE +RT (n=17) or TACE (n= 16)
alone [16]. Mean RT dose was 46.9+5.8Gy in 1.8 to 2Gy
daily fraction. TACE was performed using combination of
lipiodal, doxorubicin, mitomycin C and cisplatin followed
by Gelfoam or Ivalon embolisation. Worst survival was seen
in RT alone group while TACE +RT and TACE treated
patients had comparable 2 year survival rate of 58% and
56% respectively. Although intrahepatic recurrences outside
the treated tumor were common and similar in these two
groups, the extrahepatic progression free survival was
significantly shorter in TACE+RT patients (2year rates: 36%
in TACE+RT and 100% in TACE). One of the reason
behind inferior outcome in RT alone patients were due to
selection bias wherein advanced disease and compromised
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patients were included in this group. Authors concluded that
local RT may be added to unresectable HCC that may result
in control of progression of treated tumor even of larger size.
Compared to previous two studies, the mean RT dose in this
study was much lower.

Laura A Dawson and Chandan Guha (2004) in their review
Hepatocellular carcinoma: radiation therapy [17] stated that
although whole liver tolerance to radiation therapy (RT) is
low, hepatocellular carcinoma (HCC) can be treated with
focal high - dose RT, using a variety of advanced and
specialized treatment strategies like conformal RT planning,
breathing motion management, and image - guided RT.
Apart from this, use of charged particles that have a property
of desirable dose distributions allowing tumoricidal doses to
be delivered with sustained tumour control and little
toxicity, even in the presence of Child - Pugh class B or C
cirrhosis can also be used. Another strategy is hepatic
arterial delivery of radioisotopes, such as microspheres
tagged with yttrium - 90. Hence, a more advanced form of
RT techniques can help to deliver high dose to tumor with
reduced and manageable radiation induced liver injury.

Similar study evaluating role of RT in HCC with portal vein
or inferior vena cava tumor thrombi was conducted by Zhao
Chong Zeng et al in 2005 [18]. Forty - four patients received
local limited EBRT (in addition to other treatment
modalities) to a total radiation dose of 36 - 60 Gy (median,
50 Gy) and was focused on the tumour thrombi. One
hundred fourteen patients with HCC who did not receive
EBRT were classified as the non - EBRT group, and were
treated with transarterial chemoembolization or resection,
based on the patients' status. Of the 44 patients who received
EBRT, 15 (34.1%) showed complete disappearance of
tumour thrombi, 5 (11.4%) were in partial remission, 23
(52.3%) were stable in their tumour thrombi, and 1 (2.3%)
showed disease progression at the end of the study period.
The median survival was 8 months and 1 year in EBRT and
non - EBRT group, respectively. In the EBRT group, poorer
prognosis was significantly related to intrahepatic multifocal
or diffusion lesions, and the most common reason for death
was liver failure caused by uncontrolled intrahepatic disease.
They concluded that although EBRT is palliative in intent, it
is preferred for prolonging survival in the treatment of
tumour thrombi.

Hani Soliman (2013) in Toronto evaluated the feasibility and
response of liver radiotherapy (RT) in improving symptoms
and quality of life in patients with hepatocellular carcinoma
(HCC). Forty - one patients (30 men and 11 women) with
HCC (n = 21) or liver metastasis (n = 20) with an index
symptom of pain, abdominal discomfort, nausea, or fatigue
were included in the trial. The Brief Pain Inventory (BPI),
Functional Assessment of Cancer Therapy—Hepatobiliary
(FACT - Hep), and European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire C30
(EORTC QLQ - C30) were completed by patients at
baseline and each follow - up. The primary outcome was the
percentage of patients with a clinically significant change at
1 month in the BPI subscale of symptom on average in the
past 24 hours. Secondary outcomes were improvement in
other BPI subscales and at other time points, FACT - Hep
and EORTC QLQ - C30 at each follow - up, and toxicity at

1 week. At 1 month, 48% had an improvement in symptom.
Improvements in the FACT - G and hepatobiliary subscale
were seen in 23% and 29% of patients, respectively, at 1
month. There were also improvements in EORTC QLQ -
C30 functional (range, 11% to 21%) and symptom (range,
11% to 50%) domains. Authors concluded that
improvements in symptoms were observed at 1 month in a
substantial proportion of patients [19].

Palliative Radiotherapy In Hepatocellular Carcinoma
External beam radiation therapy (EBRT) has historically
only been used to treat HCC metastases that cause
bothersome symptoms. External beam radiation therapy has
been reported to be successful in treating metastases to the
bone, lymph nodes, and soft tissues. For a very long time,
HCC has been regarded as a radioresistant cancer [20].
Given that radiation - induced liver damage begins at a dose
of 30 Gy, the whole liver could not receive more than this
from traditional external beam radiation therapy. This dose
level, however, is significantly lower than the typical doses
of tumour radicals for the majority of solid cancers. Dose
escalation is now possible thanks to technological
advancements in radiotherapy precision delivery and normal
tissue sparing. Regardless of the location of the tumour,
radiation therapy is becoming more and more popular in the
treatment of patients with advanced - stage HCC, and the
outcomes are encouraging. Stereotactic body radiation or
conformal high dose radiation therapy, has become a viable
local treatment option for unresectable hepatocellular
carcinoma. Numerous studies showed that the majority of
patients had tumour control at one and two years. However,
many patients are not appropriate candidates for high dose
radiation due to the severe liver involvement associated with
malignancy, borderline liver function, and/or the existence
of extra - hepatic metastases.

Radiotherapy has long been utilised to treat painful
symptoms resulting from HCC metastases in a palliative
situation. The most typical locations of extrahepatic
metastatic HCC include the lung, the abdominal lymph
nodes, and the bones. There have also been reports in the
literature of unusual metastatic locations, like the central
nervous system [21].

HCC lymph node metastases are sensitive to EBRT within a
dose range of 8 - 60 Gy. A dose of 50 Gy in 25 fraction was
shown to be an effective palliative treatment for lymph node
metastases in the Zeng et al series; nevertheless, survival
declines with increasing lymph involvement distance from
the liver due to the normal flow of lymph. The incidence of
death resulting from lymph node - related complications was
lower in the EBRT group in comparison to patients not
receiving RT [22].

2. Conclusion

The use of radiation therapy to treat hepatocellular
carcinoma has changed over time. The capacity to
administer a tumoradical dosage to liver lesions while
preserving the normal parenchyma around them has opened
up new avenues for HCC treatment. Despite the long - held
belief that HCC is a radioresistant cancer, the evidence
supports the effectiveness and safety of radiation therapy for
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this condition.

In terms of local control and survival,

radiation treatments—either used alone or in conjunction
with other local therapies like radiochemoembolization—
show encouraging results. After a successful shift from
radiotherapy's palliative role in HCC, we are now in a new
era when patients who are not candidates for other
therapeutic techniques can benefit from radiotherapy as an
effective treatment.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Paper |D: SR24503222126

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre
LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries [Internet].
CA Cancer J Clin, 2018 68: 394-424. Available from:
https: [lacsjournals. onlinelibrary. wiley.
com/doi/10.3322/caac.21492

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram I, Jemal A, Bray F. Global Cancer
Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185
Countries. CA Cancer J Clin, 2021 71: 209-249.

de Martel C, Georges D, Bray F, Ferlay J, Clifford
GM. Global burden of cancer attributable to infections
in 2018: a worldwide incidence analysis [Internet].
Lancet Glob Heal, 2020 8: e180-e190. Available from:
https: /Ninkinghub. elsevier.
com/retrieve/pii/S2214109X19304887

Méndez Romero A, Wunderink W, Hussain SM, De
Pooter JA, Heijmen BJM, Nowak PCJM, Nuyttens JJ,
Brandwijk RP, Verhoef C, ljzermans JNM, Levendag
PC. Stereotactic body radiation therapy for primary
and metastatic liver tumors: A single institution phase i
- ii study [Internet]. Acta Oncol (Madr), 2006 45: 831—
837. Available from: http: //www.tandfonline.
com/doi/full/10.1080/02841860600897934

OMS. Assesing National Capacity For The Prevention
and Control of Noncommunicable Diseases : Report of
the 2019 Global Survey [Internet].2020Available from:
https: //www.who. int/publications/i/item/ncd - ccs -
2019

. Borgelt BB, Gelber R, Brady LW, Griffin T,
Hendrickson FR. The palliation of hepatic metastases:
Results of the radiation therapy oncology group pilot
study [Internet]. Int J Radiat Oncol, 1981 7: 587-591.
Available  from: https:  //linkinghub.  elsevier.
com/retrieve/pii/0360301681903709

Foster JH. Survival after liver resection for cancer
[Internet]. Cancer, 1970 26: 493-502. Available from:
https: //onlinelibrary. wiley. com/doi/10.1002/1097 -
0142  (197009) 26:  3%3C493: AID -
CNCR2820260302%3E3.0. CO; 2 - 7

INGOLD JA, REED GB, KAPLAN HS, BAGSHAW
MA. RADIATION HEPATITIS. [Internet]. Am J
Roentgenol Radium Ther Nucl Med, 1965 93: 200-8.
Available from: http:  /iwww.ncbi. nlm. nih.
gov/pubmed/14243011

Zucman - Rossi J, Villanueva A, Nault J - C, Llovet
JM. Genetic Landscape and Biomarkers of
Hepatocellular Carcinoma [Internet].
Gastroenterology, 2015 149: 1226 - 1239. e4.
Available from: https:  //linkinghub.  elsevier.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

com/retrieve/pii/S0016508515008690

Whiteley HW, Stearns MW, Leaming RH, Deddish
MR. Radiation Therapy in the Palliative Management
of Patients with Recurrent Cancer of the Rectum and
Colon [Internet]. Surg Clin North Am, 1969 49:; 381—
387. Available from: https: //linkinghub. elsevier.
com/retrieve/pii/S0039610916387953

Jaffe BM, Donegan WL, Watson F, Spratt JS. Factors
influencing survival in patients with untreated hepatic
metastases. [Internet]. Surg Gynecol Obstet, 1968 127:
1-11. Available from: http: //lwww.ncbi. nlm. nih.
gov/pubmed/5657778

Chen CP. Role of Radiotherapy in the Treatment of
Hepatocellular Carcinoma [Internet]. J Clin Transl
Hepatol, 2019 7: 1-8. Available from: http:
/Iwww . xiahepublishing. com/2310 -
8819/ArticleFullText.
aspx?sid=2&id=10.14218%2FJCTH.2018.00060
Seong J, Keum KC, Han KH, Lee DY, Lee JT, Chon
CY, Moon YM, Suh C., Kim GE. Combined
transcatheter arterial chemoembolization and local
radiotherapy of unresectable hepatocellular carcinoma
[Internet]. Int J Radiat Oncol, 1999 43: 393-397.
Available  from: https:  //linkinghub.  elsevier.
com/retrieve/pii/S0360301698004155

Seong J, Park HC, Han KH, Lee DY, Lee JT, Chon
CY, Moon YM, Suh CO. Local radiotherapy for
unresectable hepatocellular carcinoma patients who
failed with transcatheter arterial chemoembolization
[Internet]. Int J Radiat Oncol, 2000 47: 1331-1335.
Available  from: https:  //linkinghub.  elsevier.
com/retrieve/pii/S0360301600005198

Dawson LA, McGinn CJ, Normolle D, Ten Haken RK,
Walker S, Ensminger W, Lawrence TS. Escalated
Focal Liver Radiation and Concurrent Hepatic Artery
Fluorodeoxyuridine for Unresectable Intrahepatic
Malignancies [Internet]. J Clin Oncol, 2000 18: 2210-
2218. Available from: https: /lascopubs.
0rg/doi/10.1200/JC0.2000.18.11.2210

Chia-Hsien Cheng J, Chuang VP, Cheng SH, Lin Y,
Cheng T, Yang P, Jian JJ, You D, Horng C, Huang
AT. Unresectable hepatocellular carcinoma treated
with  radiotherapy  and/or  chemoembolization
[Internet]. Int J Cancer, 2001 96: 243-252. Available
from: https: [lonlinelibrary. wiley.
com/doi/10.1002/ijc.1022

Dawson LA, Guha C. Hepatocellular Carcinoma:
Radiation Therapy [Internet]. Cancer J, 2008 14: 111-
116. Awvailable from: https: //journals.  lww.
com/00130404 - 200803000 - 00007

Zeng Z - C, Fan J, Tang Z - Y, Zhou J, Qin L - X,
Wang J - H, Sun H - C, Wang B - L, Zhang J - Y,
Jiang G - L, Wang Y - Q. A comparison of treatment
combinations with and without radiotherapy for
hepatocellular carcinoma with portal vein and/or
inferior vena cava tumor thrombus [Internet]. Int J
Radiat Oncol, 2005 61: 432-443. Available from:
https: /Nlinkinghub. elsevier.
com/retrieve/pii/S0360301604008259

Soliman H, Ringash J, Jiang H, Singh K, Kim J,
Dinniwell R, Brade A, Wong R, Brierley J, Cummings
B, Zimmermann C, Dawson LA. Phase Il Trial of
Palliative Radiotherapy for Hepatocellular Carcinoma

Volume 13 Issue 5, May 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

www.ijsr.net
DOI: https://dx.doi.org/10.21275/SR24503222126

303


https://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

and Liver Metastases [Internet]. J Clin Oncol, 2013 31:
3980-3986. Available from: https: //ascopubs.
org/doi/10.1200/JC0.2013.49.9202

[26]

475
Seo YS, Kim M, Yoo SY, Cho CK, Choi CW, Kim JH,
Han CJ, Park SC, Lee BH, Kim YH, Lee DH.

[20] Ikai I, Arii S, Kojiro M, Ichida T, Makuuchi M, Preliminary result of stereotactic body radiotherapy as
Matsuyama Y, Nakanuma Y, Okita K, Omata M, a local salvage treatment for inoperable hepatocellular
Takayasu K, Yamaoka Y. Reevaluation of prognostic carcinoma [Internet]. J Surg Oncol, 2010 102: 209—
factors for survival after liver resection in patients with 214. Available from: https: //onlinelibrary. wiley.
hepatocellular carcinoma in a Japanese nationwide com/doi/10.1002/js0.21593
survey [Internet]. Cancer, 2004 101: 796-802. [27] Andolino DL, Johnson CS, Maluccio M, Kwo P,
Available from: https: //acsjournals. onlinelibrary. Tector AJ, Zook J, Johnstone PAS, Cardenes HR.
wiley. com/doi/10.1002/cncr.20426 Stereotactic Body Radiotherapy for  Primary

[21] Hirak T, Gobara H, Mimura H, Toyooka S, Fujiwara Hepatocellular Carcinoma [Internet]. Int J Radiat
H, Yasui K, Sano Y, lguchi T, Sakura J, Tajirr N, Oncol, 2011 81: e447—e453. Available from: https:
Mukai T, Matsur Y, Kanazawa S. Radiofrequency /Ninkinghub. elsevier.
ablation of lung cancer at Okayama university hospital: com/retrieve/pii/S036030161100527X
A review of 10 years of experience. Acta Med [28] Huang W - Y, Jen Y - M, Lee M - S, Chang L - P,
Okayama, 2011 65: 287-297. ChenC-M,KoK-H,LinK-T,LinJ-C, Chao H -

[22] ZengZ-C, Tang Z- Y, FanJ, QinL - X, Ye S-L, L,LinC-S, SuY-F FanC-Y, Chang Y - W.
Zhou J, Sun H - C, Wang B - L, Wang J - H. Stereotactic Body Radiation Therapy in Recurrent
Consideration of role of radiotherapy for lymph node Hepatocellular Carcinoma [Internet]. Int J Radiat
metastases in patients with HCC: Retrospective Oncol, 2012 84: 355-361. Available from: https:
analysis for prognostic factors from 125 patients /Ninkinghub. elsevier.
[Internet]. Int J Radiat Oncol, 2005 63: 1067-1076. com/retrieve/pii/S0360301611036169
Available  from: https:  //linkinghub.  elsevier.  [29] Bae SH, Kim M - S, Cho CK, Kim KB, Lee DH, Han
com/retrieve/pii/S0360301605005936 CJ, Park SC, Kim YH. Feasibility and Efficacy of

[23] Cardenes HR, Price TR, Perkins SM, Maluccio M, Stereotactic Ablative Radiotherapy for Barcelona
Kwo P, Breen TE, Henderson MA, Schefter TE, Tudor Clinic Liver Cancer - C Stage Hepatocellular
K, Deluca J, Johnstone PAS. Phase | feasibility trial of Carcinoma [Internet]. J Korean Med Sci, 2013 28: 213.
stereotactic body radiation therapy for primary Available  from: https:  //jkms. org/DOIX.
hepatocellular carcinoma [Internet]. Clin Transl Oncol, php?id=10.3346/jkms.2013.28.2.213
2010 12: 218-225. Available from: http: //link.  [30] Bujold A, Massey CA, Kim JJ, Brierley J, Cho C,
springer. com/10.1007/s12094 - 010 - 0492 - x Wong RKS, Dinniwell RE, Kassam Z, Ringash J,

[24] Louis C, Dewas S, Mirabel X, Lacornerie T, Adenis A, Cummings B, Sykes J, Sherman M, Knox JJ, Dawson
Bonodeau F, Lartigau E. Stereotactic Radiotherapy of LA. Sequential Phase | and Il Trials of Stereotactic
Hepatocellular ~ Carcinoma:  Preliminary  Results Body  Radiotherapy  for  Locally = Advanced
[Internet]. Technol Cancer Res Treat, 2010 9: 479- Hepatocellular Carcinoma [Internet]. J Clin Oncol,
487. Awvailable from: http: //journals. sagepub. 2013 31: 1631-1639. Available from: https:
com/doi/10.1177/153303461000900506 /fascopubs. org/doi/10.1200/JC0.2012.44.1659

[25] Kwon JH, Bae SH, Kim JY, Choi BO, Jang HS, Jang  [31] Xi M, Zhang L, Zhao L, LiQ-Q,Guo S-P, Feng Z -
JW, Choi JY, Yoon SK, Chung KW. Long - term Z, Deng X - W, Huang X - Y, Liu M - Z. Effectiveness
effect of stereotactic body radiation therapy for of Stereotactic Body Radiotherapy for Hepatocellular
primary hepatocellular carcinoma ineligible for local Carcinoma with Portal Vein and/or Inferior Vena Cava
ablation therapy or surgical resection. Stereotactic Tumor Thrombosis [Internet]. PLoS One, 2013 8:
radiotherapy for liver cancer [Internet]. BMC Cancer, e63864. Available from: https: //dx.  plos.
2010 10: 475. Available from: https: //bmccancer. org/10.1371/journal. pone.0063864
biomedcentral. com/articles/10.1186/1471 - 2407 - 10 -

[32]

Table 1: Other Similar Studies In role of Stereotactic Body Radiotherapyin Hepatocellular cancer
Number of ) _ _ _ Median Follow
S No Authors Patients Study Design |Median Tumor Size | Dose And Fractions Up Range In | Local Control
Months
1 |Cardenesetal [23] | 17 Pzgf]g‘:gt:‘)’e 34mL (8-95) |CP-A:36-48Gy/3fr| 24(10-42) 100%
2 | Louisetal [24] 25 | Retrospective | 48 mL (7 - 363) 45 Gy/3 fr 127 (1-24) | goor g §223
3 Kwon et al [25] 42 Retrospective | 15 mL (3 - 82) 30 -39 Gy/3 fr 28.7 (8.4 -49.1) [ 90 % (2 year)
4 Seo et al [26] 38 Retrospective [40.5mL (11-464) | 33-57Gy/3-4fr 15 (3-27) 88% (1 year)
5 |Andolino et al [27] 60 Retrospective | 29 mL (2 - 12) CP - A: 44 Gy/3 fr 27 (2-52) 75% (2 year)
6 Huang et al [28] 36 Retrospective | 4.4cm (1.1-12) |37 (25-48) Gy/4 -5 fr 14(2-35 69% (91 year)
7 Bae et al [29] 35 Retrospective [131 mL (21 - 2189) [45(30-60) Gy/3-5fr| 14 (1-44) [51% (93 year)
8 Bujold et al [30] 102 Prospective | 117 mL (1-1913) | 36 (24 - 54) Gy/6 fr 31(2-36) 87% (1 year)
9 Xi etal [31] 41 Retrospective 65 mL (+48) 36 (30 - 48) Gy/6 fr 10 (4-25 95%
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