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Background: The purpose of this study is to review the results of radiation therapy (RT) for hepatocellular
carcinoma (HCC) with portal venous tumor thrombus (PVTT) in a Western patient population.
Methods: Thirty-four patients with HCC PVTT treated from 2007 to 2014 with RT were identified.
Biologically effective dose (BED) was calculated for each patient, and greater than the median dose deliv-
ered (75 Gray (Gy)) was evaluated as a potential prognostic factor. Survival was compared and indepen-
dent prognostic variables were evaluated by a Cox proportional hazards regression model.
Results: Twenty-six patients (76.5%) exhibited a radiographic response to RT, and 10 patients (29.4%) ulti-
mately developed local failure. Local control, liver control, distant control and OS at one year were 57.1%,
36.4%, 55.2% and 57.4%, respectively. Patients who received a BED >75 Gy had a significantly better local
control at 1 year (93.3% vs 45.6%; Log Rank p = 0.0184). Patients who received a BED >75 Gy also had sig-
nificantly better median survival (24.7mo vs 6.1mo) and 1-year overall survival (76.5% vs 30.0%) when
compared with BED �75 Gy (Log-Rank p = 0.002).
Conclusion: Our data suggest that RT should be considered for well-selected patients with HCC and PVTT
for the purpose of improving local control and potentially prolonging the time to worsening venous
obstruction and liver failure. When feasible, dose-escalation should be considered with a target BED of
>75 Gy if normal organ dose constraints can be safely met.
� 2017 The Authors. Published by Elsevier Ireland Ltd on behalf of European Society for Radiotherapy and

Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction surgical resection, radiation therapy (RT), transarterial chemoem-
Patients with hepatocellular carcinoma (HCC) can develop por-
tal vein tumor thrombi (PVTT) due to direct extension or by
intravascular metastases. The incidence ranges from 12 to 44% at
the time of diagnosis [1,2]. Without treatment, patients with PVTT
have a dismal prognosis with median survival rates of approxi-
mately three months [3], and fewer than one third of patients
survive one year [4]. Currently, there is no consensus on how best
to treat patients with HCC PVTT. United States [5] and European [6]
guidelines recommend Sorafenib, while Asian consensus guideli-
nes are more permissive of using locoregional treatments including
bolization (TACE), and radioembolization (RE) [7].
Initial concerns about radiation-induced liver disease (RILD)

limited enthusiasm for RT in this patient population; however, as
more data regarding dose-volume risk parameters become avail-
able [8–10], there has been increasing interest in the use of RT
for patients with locally advanced or otherwise unresectable
HCC, including those with PVTT [6,7,11]. Older studies suggested
a potential, though modest, survival benefit with RT for these
patients [12–17]. More recently, advanced radiation techniques
such as proton beam radiation (PBR) [18,19], hypofractionated
PBR [20] and stereotactic body radiotherapy (SBRT) [24,25] have
been utilized for normal tissue sparing, effective dose-escalation
or both.
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Table 1
Dose constraints for organs at risk utilized when treating hepatocellular carcinoma
related portal vein tumor thrombi by daily radiation fraction size.

Organ at risk Dose constraint

1.8–2.5 Gray fraction size
Liver minus GTV Mean <28 Gy (<24 Gy if Child-Pugh B)
Stomach/Duodenum/Small Bowel Maximum <54 Gy
3–4.5 Gray fraction size
Liver minus GTV Mean <24 Gy (<20 Gy if Child-Pugh B)
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Most published studies have come from Asia, where there is a
higher incidence of HCC [23]. However, the incidence of HCC is
rising in Western countries given the increasing incidence of non-
alcoholic steatohepatitis (NASH) [24]. To our knowledge, a dedi-
cated investigation of definitive RT for HCC PVTT in a Western pop-
ulation has not been reported previously. Therefore, the purpose of
this study was to evaluate the experience of a single institution in
the use of radiation in the definitive treatment of HCC PVTT.
700 cc <24 Gy (<20 Gy if Child-Pugh B)
Stomach/Duodenum/Small Bowel Maximum <45 Gy
�5 Gray fraction size*

Liver minus GTV Mean <16 Gy
700 cc <15 Gy

Stomach/Duodenum/Small Bowel Maximum <28 Gy

GTV = gross tumor volume, Gy = Gray.
* Stereotactic radiation regimens in 3–5 total fractions.
Methods

Patient selection

After institutional review board approval, we identified patients
with pathologically or radiographically confirmed HCC with evi-
dence of PVTT on ultrasonography or computed tomography (CT)
treated with definitive EBRT at a single institution from 2007 to
2014. All patients were prescribed a Biologically Effective Dose
(BED) of �45 Gy. The majority of patients received prior systemic
therapy or liver-directed therapy with TACE or radiofrequency
ablation; however, no patient received prior surgical intervention
or prior radiation therapy. Concurrent sorafenib was sometimes
given at the discretion of the treating medical oncologist with
doses ranging from 200 mg daily to 400 mg twice daily.

Treatment

RT was delivered using either 3D conformal radiotherapy
(3DCRT), intensity-modulated radiation therapy (IMRT), SBRT (�5
fractions) or PBR based on physician preference. For patients
receiving �50.4 Gy, daily image guidance included either daily
CT-based alignment to soft tissue or kilovoltage xray-based align-
ment to liver fiducials in the inspiration breath-hold position
[25,26]. For all patients, the gross tumor volume (GTV) was delin-
eated using all available imaging and included the PVTT plus the
primary liver tumor and any radiographically involved lymph
nodes if feasible to treat without unacceptable additional toxicity.
A clinical target volume (CTV) was created to encompass potential
microscopic disease by expanding the GTV by 0–10 mm. The plan-
ning target volume (PTV) was created by adding a 0–5 mm margin
to the CTV. A central simultaneous integrated boost (SIB) dose of
60–100 Gy (2.4–5 Gy per fraction) was delivered to a volume cre-
ated by contracting the GTV by 1 cm and subtracting a 5 mm plan-
ning risk volume (PRV) expansion around adjacent organs-at-risk
(OARs) for select patients. The final dose and fractionation regimen
was ultimately decided by the treating radiation oncologist. Our
institutional practice from 2007–2010 was typically to use dose
and fractionation regimens yielding a BED </=75 Gy (50.4 Gy in
1.8 Gy fractions, 45 Gy in 3 Gy fractions or 50 Gy in 5 Gy fractions,
for example). After 2010, patients were sometimes offered dose
and fractionation regimens yielding a BED >75 Gy (75 Gy in 3 Gy
fractions or 67.5 Gy in 4.5 Gy fractions or 50 Gy in 12.5 Gy frac-
tions, for example). In addition to temporal trends in our practice
pattern, patients typically offered the most aggressive regimen
achievable while meeting predetermined dose-volume constraints
(Table 1). Acute toxicities were collected weekly and graded per
the National Cancer institute Common Terminology for Adverse
Events (NCI CTCAE) version 4.

Data collection

Pretreatment clinical features and details regarding prior sys-
temic and local therapies were collected. Total radiation dose
delivered was recorded both as nominal dose as well as BED, which
was calculated using an a/b ratio of 10. All living patients were fol-
lowed until August of 2016, and outcomemeasures including local,
liver and distant control were collected as was vital status at last
follow-up. Patients with metastatic disease at the time of radio-
therapy were excluded from the distant recurrence analysis.

Statistical methods

Between-group comparisons were performed using the non-
parametric Kruskal-Wallis test for continuous variables and the
Pearson chi-square test for categorical variables. Survival times
were calculated using the Kaplan-Meier methods from the point
at which EBRT began. The log-rank test was used for statistical
comparison of the survival curves for all potential variables. The
Cox proportional hazards regression model was used by the for-
ward stepwise method with all potential predictors with a p < 0.2
on univariate analysis were included in the multivariable model.
Unadjusted P-values < 0.05 were considered to be significant.
JMP� version 12 (SAS Institute Inc. Cary, NC) was used for all
analyses.

Results

There were a total of 81 patients treated with RT for HCC
between 2007 and 2014. Of these, 34 patients (42%) had PVTT con-
firmed on pre-radiation CT imaging. For these 34 patients included
in this analysis, the median [range] follow-up was 12.8 [0.73–60.5]
months. For patients alive at the time of the analysis, the median
[range] follow-up was 18.7 [3.5–60.5] months. Patient characteris-
tics are given in Table 2 and are separated by BED >vs �75 Gy (the
median BED). Patients receiving a BED >75 Gy had a smaller gross
tumor volume treated, received concurrent chemotherapy less
often and received SBRT or PBR more often. Otherwise, baseline
and treatment characteristics were similar.

Local control and patterns of recurrence

Local control at one year was 57.1%. Local recurrence was
defined as an in-field or marginal failure. At the time of analysis,
eight patients had developed a local recurrence. Six patients had
tumor recurrence within the PTV volume, and the remaining two
patients developed marginal recurrences. Of all the factors evalu-
ated, only BED >75 Gy was associated with improved local control
on univariate analysis (HR [95% CI] 0.21 [0.04–0.95]; p = 0.043)
(Table 3).

Liver control at one year was 36.4%. At the time of analysis, 17
patients developed newmetastatic lesions in the liver. Distant con-
trol at one year was 55.2%. Extrahepatic metastases ultimately
developed in 18 patients, including nine patients with lung metas-
tases, four patients with distant nodal metastases, two patients



Table 2
Demographic, disease and treatment characteristics of patients treated with external beam radiation for hepatocellular carcinoma portal vein tumor thrombus.

All patients (N = 34) Patients treated with
BED �75 Gy (N = 17)

Patients treated with
BED >75 Gy (N = 17)

P-value

Gender; N (column %) .146
Men 29 (85%) 16 (94%) 13 (77%)
Women 5 (15%) 1 (6%) 4 (23%)

Age at EBRT start in years; .085
mean ± SD 62.6 ± 8.5 years 60.0 ± 6.3 years 65.2 ± 9.7 years
median [range] 62.5 [44–80] 61 [45–70] 65 [44–80]

KPS at EBRT; .192
mean ± SD 85 ± 9 83 ± 10 87 ± 8
median [range] 90 [60–100] 80 [60–100] 90 [70–100]

Underlying liver disease; N (column %) .490
None 3 (9%) 2 (12%) 1 (6%)
Cirrhosis, unknown etiology 7 (21%) 2 (12%) 5 (29%)
Hepatitis B and/or C 19 (56%) 10 (65%) 8 (47%)
Alcoholic cirrhosis 1 (3%) 0 (0%) 1 (6%)
NASH 3 (9%) 2 (12%) 1 (6%)
Alpha 1 antitrypsin deficiency 1 (3%) 0 (0%) 1 (6%)

Childs Pugh Score; N (column %) .098
5A 21 (62%) 11 (65%) 10 (59%)
6A 10 (29%) 3 (18%) 7 (41%)
7B 3 (9%) 3 (18%) 0 (0%)

AFP in IU/mL; .050
mean ± SD, 6350 ± 26517 11670 ± 36624 697 ± 1801
median [range] 48 [1.7–152352] 503 [1.7–152342] 14 [2.7–6691]

Location of PVTT; N (column %) .460
Main PV 12 (35%) 7 (41%) 5 (29%)
R proximal PV 9 (26%) 3 (18%) 6 (35%)
L proximal PV 7 (21%) 5 (29%) 2 (12%)
R segmental PV 4 (12%) 1 (6%) 3 (18%)
L segmental PV 2 (6%) 1 (6%) 1 (6%)

T-stage; N (column %) .194
T1 2 (6%) 1 (6%) 1 (6%)
T2 6 (18%) 1 (6%) 5 (29%)
T3 26 (76%) 145(88%) 11 (65%)

N-stage; N (column %) .146
N0 29 (85%) 13 (76%) 16 (94%)
N1 5 (15%) 4 (24%) 1 (6%)

M-stage; N (column %) .310
M0 33 (97%) 17 (100%) 16 (94%)
M1 1 (3%) 0 (0%) 1 (6%)

Prior treatment*; N (column %) .473
None 12 (35%) 7 (41%) 5 (29%)
TACE 16 (47%) 6 (35%) 10 (59%)
RFA 4 (12%) 2 (12%) 2 (12%)
Systemic therapy 15 (44%) 9 (53%) 6 (35%)

Radiation modality; N (column %) .028
3DCRT 3 (9%) 2 (12%) 1 (6%)
IMRT 22 (65%) 14 (82%) 8 (47%)
PBR 6 (18%) 1 (6%) 5 (29%)
SBRT 3 (9%) 0 (0%) 3 (18%)

Gross tumor volume target in cubic centimeters; .003
mean ± SD, 274 ± 254 357 ± 251 187 ± 235
median [range] 189 [131–339] 261 [188–456] 137 [42–192]

Radiation dose in Gy; <0.001
mean ± SD, 55 ± 9 48.0 ± 4.9 62.1 ± 7.4
median [range] 55 [40–75] 45 [40–57.5] 62.5 [45–75]

Number of fractions; .074
mean ± SD, 19 ± 8 22 ± 6 17 ± 8
median [range] 17.5 [3–30] 25 [10–28] 15 [3–30]

BED in Gy; <0.001
mean ± SD 77 ± 25 59 ± 7 94 ± 24
median [range] 75 [47–180] 59 [47–75] 86 [76–180]

Breath-hold technique; N (column %) 1.00
Yes 16 (47%) 8 (47%) 8 (47%)
No 18 (53%) 9 (53%) 9 (53%)

CT-on rails image guidance; N (column %) .724
Yes 12 (38%) 6 (35%) 7 (41%)
No 21 (62%) 11 (65%) 10 (59%)

Concurrent chemotherapy; N (column %) .015
None 22 (65%) 7 (41%) 15 (88%)
Nexavar 8 (24%) 7 (41%) 1 (6%)
Xeloda 4 (12%) 3 (18%) 1 (6%)

BED = biologically effective dose; Gy = Gray; EBRT = external beam radiotherapy; SD = standard deviation; KPS = Karnofsky Performance Status; NASH = non-alcoholic hepatic
steatosis; AFP = alpha-fetoprotein; IU/mL = international units per milliliter; PVTT = portal vein tumor thrombus; PV = portal vein; R = right; L = left; TACE = transarterial
chemoembolization; RFA = radiofrequency ablation; 3DCRT = 3D conformal radiotherapy; IMRT = intensity-modulate radiotherapy; PBR = proton beam radiotherapy;
SBRT = stereotactic body radiotherapy.

* As some patients received more than one type of prior therapy, percentages do not add up to 100%.
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Table 3
Univariate analysis of local control and overall survival by demographic, disease and treatment characteristics of patients treated with external beam radiation for hepatocellular
carcinoma portal vein tumor thrombus.

Local Control Overall Survival

HR [95% CI] Univariate P-value* HR [95% CI] Univariate P-value*

Gender
Men Reference Reference
Women 0.53 [0.03–3.06] .530 0.84 [0.33–2.58 .740

Age at EBRT start in years
�63 Reference Reference
>63 3.20 [0.74–21.86] .125 1.45 [0.63–3.40] .381

KPS at EBRT
>80 Reference Reference
�80 1.29 [0.26–5.31] .734 0.48 [0.21–1.11] .083

Underlying liver disease
No Reference Reference
Yes 0.55 [0.09–10.63] .651 0.80 [0.22–5.06] .769

Childs Class
A Reference Reference
B N/A€ .303 0.70 [0.20–4.44] .651

AFP in IU/mL
�1500 Reference Reference
>1500 1.53 [0.22–7.19] .623 1.89 [0.65–5.01] .228

Location of PVTT
Unilateral Reference Reference
Bilateral 1.06 [0.22–4.33] .937 1.06 [0.45–2.64] .903

T-stage
T1 Reference Reference
T2 0.21 [0.01–5.47] .299 0.87 [0.05–5.45] .895
T3 0.33 [0.05–6.47] .379 1.19 [0.07–6.04] .871

N-stage
N0 Reference Reference
N1 3.39 [0.47–17.48] .196 0.34 [0.12–1.08] .067

Prior treatment
No Reference Reference
Yes 0.90 [0.22–4.42] .891 1.23 [0.52–3.24] .643

Gross tumor volume target in cubic centimeters;
�190 Reference Reference
>190 2.99 [0.71–15.0] .133 1.67 [0.73–3.90] .225

Radiation modality
3DCRT Reference Reference
IMRT N/A£ 1.49 [0.42–9.48] .578
PBR N/A£ 0.49 [0.08–3.76] .452
SBRT N/A£ 0.45 [0.02–4.75] .507

Radiation dose
�55 Gy Reference Reference
>55 Gy 0.43 [0.10–1.88] .248 0.42 [0.17–1.01] .053

BED
�75 Gy Reference Reference
>75 Gy 0.21 [0.04–0.95] .043 0.26 [0.10–0.63] .003

Breath-hold technique
Yes Reference Reference
No 1.31 [0.31–5.54] .706 0.88 [0.38–2.09] .764

CT-on rails image guidance
Yes Reference Reference
No 0.51 [0.12–2.16] .344 0.87 [0.37–2.18] .754

Concurrent chemotherapy
Yes Reference Reference
No 0.66 [0.16–3.24] .576 0.70 [0.30–1.76] .433

EBRT = external beam radiotherapy; KPS = Karnofsky Performance Status; AFP = alpha-fetoprotein; IU/mL = international units per milliliter; PVTT = portal vein tumor
thrombus; 3DCRT = 3D conformal radiotherapy; IMRT = intensity-modulate radiotherapy; PBR = proton beam radiotherapy; SBRT = stereotactic body radiotherapy;
BED = biologically effective dose; Gy = Gray.

* Univariate P-value is from the Cox proportional hazards regression model.
€ Only three patients had Child-Pugh B disease and none of them experienced local failure.

£ None of the 9 patients in the 3DCRT group experienced local failure, and none of the 3 patients in the SBRT group experienced local failure.
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each with bone and adrenal metastases and one patient with dis-
seminated peritoneal metastases. One patient had lung metastasis
at the time of radiation, and this patient was excluded from this
analysis.
Survival outcomes and causes of death

The median overall survival time was 13.4 months, and the 1-
year OS was 57.4% for the entire cohort. Of the 23 patients who
died, 17 died of decompensated liver failure, one died to complica-
tions related to bleeding esophageal varices, one died of acute res-
piratory distress syndrome, one died after a pathologic hip
fracture, and the remaining three died of unknown causes.
Prognostic factors for overall survival

Of all the potential variables examined (Table 3), only Karnofsky
Performance Status (KPS) (�80 vs >80), N-stage (N0 vs N1), radia-



Table 4
Multivariate analysis of variables associated with overall survival in patients treated
with external beam radiation for hepatocellular carcinoma portal vein tumor
thrombus.

HR 95% CI P-value

KPS at EBRT .087
>80 Reference Reference
�80 2.29 0.89–6.14

N-stage .295
N0 Reference Reference
N1 2.04 0.52–7.24

Radiation dose as a continuous variable* 1.04 0.96–1.13 .393
Radiation dose .133
�55 Gy Reference Reference
>55 Gy 0.39 0.10–1.31
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tion dose (�55 Gy vs >55 Gy) and BED (�75 Gy vs >75 Gy) were
significant. Patients who received a BED >75 Gy had significantly
better median survival (24.7mo vs 6.1mo) and 1-year OS (76.5%
vs 30.0%) when compared with those who received a BED
�75 Gy (Log-Rank p = 0.002) (Fig. 1). Patients who received a
BED >75 Gy likewise had improved local control and liver control
but not distant control (Fig. 1, respectively). By multivariate anal-
ysis (Table 4), BED >75 Gy was an independent predictive factor
for overall survival (p = 0.015). BED was not predictive for overall
survival when analyzed as a continuous variable, and nominal
radiation dose was also not predictive for overall survival when
analyzed as either a continuous variable or divided into groups
of >55 Gy vs �55 Gy (the median dose delivered).
BED as a continuous variable* 1.03 0.99–1.06 .058
BED .015
�75 Gy Reference Reference
>75 Gy 0.10 0.01–0.66

EBRT = external beam radiotherapy; KPS = Karnofsky Performance Status;
BED = biologically effective dose; Gy = Gray.

* HR listed is per Gy.
Toxicity

Two patients developed grade 3 upper GI bleeding outside of
the treatment field thought to be related to pre-existing portal
hypertension. One patient developed acute grade 2 nausea. Other-
wise, 26 patients (78.8%) of patients developed at least one acute
grade 1 toxicity during treatment including fatigue, nausea, der-
matitis and diarrhea.

All but three patients were able to complete RT as planned. One
patient’s RT was stopped after 22 of a planned 25 fractions of
1.8 Gy each due to rising bilirubin, transaminases and alkaline
phosphatase. A second patient’s RT was stopped after 14 of a
planned 25 fractions of 3 Gy each due to large-volume bleeding
from esophageal varices. Another patient’s RT was stopped after
23 of a planned 25 fractions of 2.5 Gy each because daily CT image
guidance revealed his stomach was closer to the high dose region
than that initially seen on planning CT. So that the dose constraint
Fig. 1. Effect of Biologically Effective Dose (BED) on Overall Survival (1A), Local Contr
radiation.
of total maximum dose <54 Gy to the stomach could be respected,
the last two fractions were omitted.

The median [IQR] mean liver minus GTV dose for this cohort
was 22.4 Gy [18.9–24.7 Gy]. There were no cases of suspected
radiation-induced liver disease (RILD), as patients who died of liver
failure all had progression of intrahepatic disease.
Discussion

The results of this retrospective study suggest that definitive RT
is a safe and well-tolerated approach for patients with HCC PVTT in
ol (1B), Liver Control (1C) and Distant Control (1D) from the time of initiation of
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the United States. LC at 1 year was approximately 74% in this
cohort, and 1-year OS was approximately 59% with the majority
of patients experiencing progression either elsewhere in the liver
or at distant sites. Though we did not identify a significant relation-
ship between total radiation dose and OS, when both total dose
and dose per fraction were taken into account, BED >75 Gy was sig-
nificantly associated with improved OS.

There have been no published reports to date outlining out-
comes of Western patients with HCC PVTT who received radiation
therapy. The majority of previously published reports come from
Asian countries where the incidence of HCC is higher [23]. The LC
and OS survival of patients in our cohort were much better than
the 20–45% 1-year OS rates previously reported using either 3DCRT
alone [12,14,15] or sequentially after TACE [13]. In contrast to prior
studies [14], we saw no significant association with Child Pugh
class and survival, but this may be due to the relatively few
patients with Child Pugh class B liver function included in our
cohort. The largest retrospective review of 326 patients with HCC
PVTT is from Taiwan reported a median survival of 13.3 months.
Pre-treatment performance status and radiation dose �50 Gy were
most strongly associated with improved survival outcomes [16]. In
contrast, we saw no significant relationship between performance
status and OS. Furthermore, although we saw no difference in OS
by total delivered radiation dose, this may be due to the large
amount of heterogeneity in the dose-fractionation schedules used.
When we analyzed survival by BED, we did see a significant dose-
response relationship with patients receiving BED >75 Gy experi-
encing significantly better OS. A subset of our patients received
concurrent sorafenib with radiation, but this did not seem to
impact outcomes. Although concurrent sorafenib has not been
studied specifically in HCC patients with PVTT, data regarding con-
current sorafenib with radiation are mixed. Response rates appear
promising, but there have been serious toxicities reported, includ-
ing fatal liver failure [27,28]. Since the publication of these studies,
our group has proceeded with caution regarding the use of concur-
rent sorafenib with liver-directed radiation.

We did not identify any difference in LC or OS between patients
treated with 3DCRT, IMRT, PBR or SBRT. Other groups have
reported encouraging survival and control rates using advanced
radiation techniques such as PBR [18,19] hypofractionated PBR
[20] or SBRT [21] for patients with HCC and PVTT. In a single-
arm phase II study, patients treated hyprofractionated PBR to
67.5 Gy in 15 fractions had a reported 63.2% 2-year OS [20]. A ret-
rospective analysis of patients treated with SBRT to 36 Gy in 6 frac-
tions reported a 1-year OS similar to ours at 50.3% [22]. We
reported low rates of serious toxicity among patients in our cohort
and no suspected cases of RILD. At our center, we limit the mean
liver-minus-GTV volume to <28 Gy for 1.8-2 Gy per fraction and
to <24 Gy for >4 Gy per fraction. We do this by minimizing PTV
expansions by using conformal radiation techniques with daily
CT-based IGRT and a breath hold technique for patients treated
with higher doses [26,29].

Strengths of this study include being the first to confirm in a
Western population the findings of a prior retrospective study sug-
gesting a potential dose–response relationship with overall sur-
vival [16]; though our data suggest BED, and not total dose
delivered, may be the primary driving factor. BED has also been
shown to be a favorable prognostic factor in the definitive treat-
ment of intrahepatic cholangiocarcinomas, where BED >80.5 Gy
was suggested to confer a survival advantage [30].

This study is not without the limitations inherent to any single-
institution retrospective review. We cannot fully account for subtle
selection biases that may have favored patients treated with a
higher BED. The fact that patients who received a higher BED also
had a smaller gross tumor volume treated supports this; however,
the gross tumor volume size was not significantly associated with
either local control or overall survival, so it is likely dose escalation
still matters in this population. The fact that this was a heavily pre-
treated population reflects the reality of referral patterns in that
patients are often not referred for consideration of radiation until
they have failed or progressed through one or more other thera-
pies. Similarly, the radiation modality used is also heterogeneous
in this group and may limit conclusions that can be drawn. How-
ever, we also feel this represents the reality of our practice where
the radiation modality is chosen that can offer the best chance at
dose escalation based on the individual patient’s tumor location,
size and underlying liver function and other comorbidities. Finally,
toxicity data may be incomplete as recorded from the medical
record, and the relatively short follow up period for some patients
makes it possible that long-term toxicities from this treatment
were not fully captured.

In conclusion, our data suggest that RT should be considered for
well-selected patients with HCC and PVTT for the purpose of pro-
longing the time to worsening obstruction and liver failure. When
feasible, dose-escalation should be considered with a target BED of
>75 Gy if liver, duodenal, stomach and other critical organ dose
constraints can be safely met.
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