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Abstract
Liver transplant (LT) is the curative treatment for patients with hepatocellular carcinoma (HCC). Bridge therapies
are local treatments given to patients on the LT waitlist, to prevent tumor progression and to reduce the dropout
rate. Case presentation: We reported a 40-year-old man diagnosed with Barcenola-Clinic Liver Cancer BCLC
intermediate stage HCC and Child-Pugh A5 hepatitis B virus cirrhosis who underwent combined bridge therapies
to LT. Firstly, the patient received transarterial chemoembolization (TACE) for two times and showed a partial
response. Then he underwent stereotactic body radiation therapy (SBRT) with a total dose of 45 Gy in 3 fractions.
Three months later, the tumor size and serum protein induced by Vitamin K absence or antagonists-II, alpha
fetoprotein levels decreased gradually. In June 2019 a suitable donor was found and his LT was successfully
performed. Conclusion: We propose that a combination of TACE and SBRT was feasible as bridge therapy for HCC
patients on the LT waitlist.
Keywords: Transarterial chemoembolization, stereotactic body radiation therapy, bridge therapy, hepatocellular
carcinoma, liver transplant
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the 5 most common cancers worldwide, and its incidence is
increasing in Vietnam and Southeast Asian countries[1]. According to Milan criteria, the liver transplant
(LT) is the treatment of choice for HCC patients with tumor less than 5 cm and up to 3 tumors ≤ 3 cm. The
5 years survival rate in these patients are 70% with less than 20% recurrence rate[2]. However, not all HCC
patients can undergo transplantation due to a lack of liver donors, resulting in an extended time on the
waiting list (WL) and a high dropout rate[3].
Bridging treatments are locoregional therapies given to HCC patients on the WL to reduce the disease
progression as well as the dropout rate. These treatments act as a temporary “bridge” until a suitable donor
is identified. Liver resection, radiofrequency ablation (RFA), transarterial chemoembolization (TACE),
and stereotactic body radiation therapy (SBRT) are main bridge modalities to LT in patients with HCC[2].
The rates of drop out at 6 months and 1 year were estimated as high as 12% and 15%-30%, respectively, if
HCC is left untreated[4,5]. The strongest risk factors for dropout from WL are tumor size ≥ 3 cm or multiple
tumors, waiting time ≥ 6 months, alpha fetoprotein (AFP) ≥ 200 ng/mL, and poor response to bridging
therapies[6]. In patients with HCC within Milan criteria, bridging therapy is estimated to decrease the
dropout rate to 0-10%. To reduce the dropout rate from the WL, a consensus statement recommends that
bridging therapies should be considered for HCC patients with one nodule size 2 cm-5 cm or up to 3
nodules each ≤ 3 cm, expected to wait longer than 6 months[2].
Another aim of bridge therapy is to treat patients initially outside criteria for LT to fulfill Milan criteria
which allows entry to the WL for LT after an adequate period of follow-up. In this case, bridge therapy is
used as a downstaging procedure[3].
There are several studies of bridge therapy to LT for HCC with TACE[7-9] or SBRT[10-12] alone. Some trials
have shown that adjuvant SBRT post-TACE was safe and effective for patients with HCC[13-15]. In this paper,
we report an HCC patient in the BCLC intermediate stage who we successfully treated with a combination
of TACE and SBRT as a bridge therapy to LT in our center.

CASE REPORT
A 39-year-old male with a history chronic hepatitis B virus infection was diagnosed with intermediate
BCLC HCC in October 2018. His liver function test (LFT) showed that he had Child-Pugh A5 cirrhosis.
The tumor was in VI-VII segments and the patient characteristics were shown in Table 1. He had one
tumor with a size bigger than 5 cm and very high serum AFP levels.
Because the patient was young with a good performance status of ECOG 0, the LT team decided that he
was an optimal candidate for LT and bridge therapy was needed to downstage the tumor while he was
on the WL. Two DC beads TACE treatments were carried out in October and November 2018. The DC
beads TACE technique was done in the same manner as conventional TACE. We used doxorubicin (Ebewe,
Austria) loaded with DC-beads (Bicompatibles, UK) at least 90-120 min before the intervention. The dose of
doxorubicin was 100 mg per each treatment. Two sizes of DC-beads were used (100-300 µm and 300-500 µm).
These treatments resulted in partial response according to the modified Response Evaluation Criteria in
Solid Tumors and Response Evaluation Criteria in Cancer of the Liver[16].
Due to serum AFP level still too high post-TACE, as well as there was no suitable donor, we decided that
he needs further bridge therapy with SBRT. The patient underwent SBRT with a total dose of 45 Gy in 3
fractions, one fraction delivered in every other day in January 2019.
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Table 1. Patient characteristics pre-treatment and post-TACE and SBRT
Lab test and imaging
AFP (IU/mL)
PIVKA-II (mAU/mL)
Child Pugh
AST
ALT
Tumor size (mm)

Pre-treatment
2479
272.6
A5
28
33
71 × 60 × 53

Post-TACE 1 months
1128
29.4
A5
43
65
72 × 63 × 43

Post-SBRT 3 months
143
0.8
A5
47
70
60 × 43 × 38

PIVKA: a protein induced by vitamin K absence; AST: aspartate transaminase; ALT: alanine transaminase; TACE: transarterial
chemoembolization; SBRT: stereotactic body radiation therapy; AFP: alpha fetoprotein

SBRT procedure for the patient

CT simulation in GE CT 580 RT (USA)
The patient lied supine, arm up, and was immobilized in a vacuum bag (Qfix - USA). A non-contrast 4D
CT performed with 2.5 mm slice thickness (used for treatment planning). A contrast-enhanced 4D CT with
2.5 mm slice thickness, intravenous injection of Omnipaque (GE Healthcare) 2 mL/kg, and 2.5 mL/second
was performed (used for target volume contouring). Both 4D CT data sets were then transferred to the
treatment planning system (TPS).
Target volume and organs at risk contouring using Eclipse 13.6 (Varian, USA)
The average CT images were created for both non-contrast and contrast-enhanced 4D CT data sets. Noncontrast average CT was co-registered and fused with the contrast-enhanced one. Then 10 gross tumor
volumes (GTVs) were contoured in 10 contrast-enhanced 4D CT data sets: only delineated tumor with
contrast enhancement. The 10 GTVs were copied to contrast-enhanced average CT data set and combined
to create internal target volume (ITV). The ITV was propagated from contrast-enhanced average CT data
set to the non-contrast one. The planning target volume (PTV) was created in non-contrast average CT
from ITV: PTV = ITV + 5 mm. The organs at risk were contoured in non-contrast average CT including
liver, lung, heart, stomach, duodenum, small and large bowel, spinal cord, chest wall, kidneys, and gall
bladder.
Dose prescription
The prescription dose was 45 Gy in 3 fractions, based on normal tissue constraints (the report of AAPM
Task Group 101[17]).
Treatment planning
Treatment technique was VMAT with 2 coplanar arcs. Plan optimization was done in Eclipse 13.6 (Varian,
USA). Based on normal tissue constraints, we selected a treatment plan with a total dose of 45 Gy in 3
fractions for the patient [Figure 1].
SBRT treatment plan parameters were shown in Table 2, with plan normalization 100% prescription dose
covered 95% PTV and doses of OARs were within tolerance of AAPM Task Group 101[16]. Normal liver
volume received less than 17 Gy (V17) was 812.7 mL.
Quality assurance of treatment plan
The treatment plan was verified by portal dose dosimetry (Varian, USA) with a 2%/1mm gamma passing
rate of 99.5%.
Treatment delivery
The patient was treated in TrueBeam STx (Varian, USA) with position and immobilization just like in CT
simulation. We used the Optical Surface Monitoring System (OSMS - Vision RT, UK) to help set up and
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Figure 1. SBRT treatment plan and 100% dose color wash (with courtesy of Department of Radiation Oncology and Radiosurgery,
Military Central Hospital 108). SBRT: stereotactic body radiation therapy

Table 2. SBRT treatment plan parameters
Structures
ITV
PTV
Liver
Normal liver
Gallbladder
Duodenum
Stomach
Jejunum
Ileum
Esophagus
Lung
Heart
Spinal cord
Right kidney
Left kidney

Volume (cm3)
130
201.3
1235.1
1112.5
28.9
40
265.5
327.8
769.3
12
888.9
359.3
35.9
129.2
134.3

Min dose (Gy)
43.97
34.68
0.26
0.26
3.03
0.26
0.26
0.08
0.07
3.43
0.13
0.19
0.03
0.14
0.05

Max dose (Gy)
68.31
68.31
66.46
65.93
24.42
8.08
5.4
2.8
14.62
8.54
65.98
8.9
7.48
2.02
0.48

Mean dose (Gy)
55.62
53.44
17.11
12.87
12.43
2.3
2.3
0.5
1.14
5.65
3.81
2.16
2.08
0.53
0.17

SBRT: stereotactic body radiation therapy; ITV: internal target volume; PTV: planning target volume

monitor patient movement during treatment. The patient’s position was verified by cone-beam CT before
each fraction. After the verification was done, the linac was beamed on to treat the patient. Total treatment
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time for each fraction was about 30 min: patient set up and verification 20 min, beam on 10 min. The total
SBRT course lasted for two weeks.
Follow-up
The patient was treated with tenofovir (Savi Tenofovir) 300 mg one tablet per day and scheduled for
checkup one month post-SBRT and then every 3 months. Clinical examination, lab tests, and imaging were
done during checkup including cell blood count, LFT, serum AFP, PIVKA II, abdominal ultrasound, chest
Xray and abdominal CT.
The patient was well tolerated with SBRT and showed only minimum adverse effects such as mild fever and
increased AST, ALT. Three months post SBRT, his LFT was still Child Pugh A5, serum PIVKA II and AFP
levels were decreased, the tumor size was also decreased with central necrosis [Table 1, Figure 2]. In July
2019, we found a suitable donor for him, and his LT was successfully performed in August 2019. His post
LT histopathology report showed that the tumor was mostly necrotized. He went on with tenofovir (Savi
Tenofovir) 300 mg one tablet per day, tacrolimus (Prograf) 1 mg six capsules per day to treat HBV, and
prevent rejection and routine follow-up. Until now, seven months post LT, he has no evidence of HCC, his
LFT is normal with a mild increase of AST, ALT.

DISCUSSION
Several locoregional therapies have been used as bridging treatments for HCC patients awaiting LT. The
most common treatments include TACE, RFA, and recently SBRT. Nowadays, TACE is still the most widely
used as bridging therapy. In the procedure, a chemotherapeutic drug (commonly doxorubicin, cisplatin or
mitomycin C), emulsified in lipiodol with embolizing material, is injected into the hepatic artery branch
that feeding the tumor, to induce hypoxemia and tumor necrosis. The technique has been enhanced by
drug-eluting beads (DEB-TACE), which allows a higher dose and uptake of chemotherapeutic drugs
into the tumor and less systemic toxicity. In the histological examination, TACE achieves a complete
pathological response in less than 30% of cases. Some studies focused on the efficacy of TACE as bridging
treatment to LT on dropout rates in WL, survival, and recurrence after LT. The reported results of bridge
therapy with TACE are controversial and no prospective randomized control trials have confirmed its
efficacy in reducing dropout rates[2]. Several authors demonstrated that a good response to TACE (necrosis
> 60%) is significantly related to improved long-term survival after LT and a lower recurrence rate [18].
Others did not find any significant advantage of bridge therapy with TACE in overall and recurrence-free
survival after LT in HCC patients[19,20].
SBRT uses stereotactic conformal RT with 1-5 fractions of large fraction sizes (8-20 Gy/fraction) to the
tumor while reducing the dose to adjacent normal tissues. The precise treatment and steep dose gradient
within the target volume lead to excellent conformity with steep dose fall-off and high dose delivery to the
target volume[21]. These advantages of SBRT over conventional radiotherapy allows a high chance of tumor
control and minimizing treatment toxicities. SBRT for liver tumors was first introduced in the 1990s[22];
however, it has not frequently been performed because of the concern of radiation-induced liver disease
(RILD). Recently, with the development of medical linear accelerators and motion management solutions
as well as supported data, SBRT has been recommended as a local treatment for HCC by NCCN guidelines.
Now it is considered as an option for HCC patients who are not candidates to other bridging therapies[23].
Data regarding the use of SBRT as a bridging treatment are emerging. In a paper by Sandroussi et al.[24], ten
HCC patients awaiting LT with tumor diameters ranging from 2.5 to 10.8 cm received conformal radiation
therapy in 5-6 fractions. The treatment was done in nine patients with acceptable toxicities. Five patients
underwent LT, and their explant pathology report showed that tumor necrosis ranging from 40%-90%.
At a median follow-up of 6 months, no patients had tumor recurrence after LT. The author suggested that
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Figure 2. The patient’s CT images. A: non-contrast enhancing primary tumor (red rings) in arterial phage CT images pre SBRT; B, C:
mild contrast-enhancing of normal liver tissue surrounding the primary tumor (yellow rings) in arterial phage CT images one month
and three months post-SBRT; D: new transplanted liver and local pleural effusion in the right lung (white arrow). With courtesy of
Department of Radiation Oncology and Radiosurgery and Department of Hepatobiliary and Pancreatic Surgery, Military Central Hospital
108. SBRT: stereotactic body radiation therapy
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conformal radiation therapy is a safe and efficacious local bridging therapy for patients with HCC on the
WL for LT[24]. In another article, Sapisochin et al.[12] reported an intention to treat analysis about SBRT used
as bridge therapy in HCC patients not eligible for other locoregional treatments and observed similar dropout rate with SBRT and TACE or RFA. SBRT is proven to be safe and effective for tumors with a diameter
< 6 cm, even in lesions near the central biliary system, where surgery or RFA is impossible[25]. In a recent
study by Moore et al.[26], 23 early-stage HCC patients who were not candidates for resection or local therapy
treated with SBRT as bridge therapy to LT. The median prescribed doses to the tumor and the normal livers
were 54 Gy (range 30-54 Gy) and 6.0 Gy (range 1.6-12.6 Gy), respectively. 22 patients had no significant
changes in lab tests in 12 weeks follow-up but one patient developed RILD. 16 patients were on WL post
SBRT and 11 were successfully transplanted. The median overall survival (OS) and progression-free survival
(PFS) for the transplanted patients were not reached (range, 2.0-53.7 months, and 54 months, respectively)
and were 23 and 14 months, respectively for the non-transplanted patients. Pathology report of liver
explant post LT revealed 3 tumors (27.3%) with complete response (CR), 6 tumors (54.5%) with partial
response (PR), and stable disease in 2 tumors (18.2%). The authors concluded that SBRT was effective and
safe to be used as a bridge therapy to LT without compromising the surgical procedure[26]. Furthermore, in
a retrospective study, Gresswell et al.[27] found that SBRT with functional treatment planning can be used
safely as a bridge to LT in select patients with CP ≥ 8 cirrhosis.
Until now, there are no guidelines available to define which bridging therapy is the preferred treatment
for specific patients. The choice of suitable bridging therapies has to be tailored to the the patient’s status,
the tumor characteristics, and more important the center experience. RFA is the treatment of choice in
patients with a single tumor size < 5 cm. The benefit of RFA as bridging therapy is best seen in patients
with small tumors < 3 cm and < 1-year waiting time[28]. TACE should be considered for patients with HCC
between 3-5 cm, because nodules with 3 cm of diameter or more are better vascularized, with a large
feeding artery, therefore the effectiveness of TACE appears to be better; whereas smaller HCC has not yet
a completely developed arterial neoangiogenesis[29,30]. SBRT has the advantage to treat the tumors adjacent
to the central biliary system, in the liver dome or subcapsular HCC, these lesions are not suitable for
RFA. However, SBRT is not suitable for tumors close to the duodenum, stomach, or bowel, for high risk
of ulcer, hemorrhage, and perforation[25]. Up to now, there are several ongoing prospective phases 2 and 3
randomized trials to compare the safety and effectiveness of SBRT and TACE as a bridge therapy to LT[31,32].
Experiences with combined therapies such as SBRT and TACE have been published in recent years, mostly
in the scenario of unresectable HCC with diameter > 3 cm[33,34]. The rationale for treatment combination
is to achieve a higher local control rate due to higher rates of complete tumor necrosis. The potential
advantages when combining TACE followed by SBRT are: (1) TACE is most effective at the center of the
HCC and failures are most commonly seen at the periphery of the tumor, where the ischaemic effects of
TACE are least potent because the surrounding normal liver parenchyma is well oxygenated; (2) on the
contrary, SBRT is most effective in the well-oxygenated periphery of the HCC and failures often occur in
the more hypoxic zone at the tumor center; (3) large tumors that are not suitable for SBRT alone become
more amenable to this therapy following TACE due to the effect of TACE in the hypoxic area at the tumor
center; and (4) a theoretical radio-sensitization by the cytotoxic agents used in TACE may result in the
improvement of tumor response[34].
The approach of SBRT and TACE combination may be applied even as bridging therapy to LT. A
retrospective study combined TACE followed by SBRT in patients with HCC size ≥ 3 cm by Jacob et al.[33]
showed that local recurrence was significantly decreased in the TACE plus SBRT group (10.8%) when
compared with the TACE-only group (25.8%) (P = 0.04). The TACE plus SBRT group also had significantly
longer OS than the TACE-only one (33 months and 20 months, respectively; P = 0.02). The author
supposed that combined TACE and SBRT resulted in a survival advantage over treatment with TACE
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alone in HCC patients with tumor size ≥ 3 cm and a prospective randomized clinical trial is required to
confirm the result[33]. In another pilot phase II trial, Buckstein et al.[34] combined drug-eluting bead (DEB)
TACE followed by SBRT in 25 HCC patients with single tumor size 4-7 cm. 92% of target lesions showed
objective response including 64% CR (n = 16) and 28% PR (n = 7). 2-year OS and PFS were 67% and
52%, respectively. Cause-specific survival (CSS) was 91% at 1 year and 83% at 2 years. He suggested that
the results show very promising response rates when combining TACE and SBRT in large, unresectable
HCC with the excellent OS, PFS, and CSS[34]. However, up to date, we do not found any paper address the
combination of TACE and SBRT as a bridge therapy to LT for patients with HCC.
In our case, the patient had a big tumor size > 5 cm with very high serum PIVKA II and AFP levels so we
combined both TACE and SBRT to increase the chance of local control as well as downstage the lesion
to LT criteria. TACE was performed first and adjuvant SBRT was followed to exploit the advantage of
combination therapies. It took 6 months for both therapies to downstage the tumor and 10 months on WL
for the patient to find a suitable donor. After two TACE treatments, the tumor showed partial response but
the serum AFP was still higher than 200 ng/mL. The patient had a high risk of drop out from the WL for
LT post TACE because there was still no suitable donor for him. Adding SBRT had kept the patient in the
WL and finally, his LT was successfully done.
However, SBRT for HCC is a highly specialized procedure requiring both clinical and technical
expertise. Considerations such as accurate target localization, rigid patient immobilisation, strict motion
management, and proximity to adjacent viscera such as bowel and biliary structures must be considered
prior to, and throughout treatment. As such, this technique can only be delivered safely and effectively
in experienced centers with synchronized equipment, coupled with a well-oiled multi-disciplinary team
comprising radiation oncologists, medical physicists and radiation therapy technologists.
At our center, we use 4D CT, gating, breath-hold techniques, or abdominal compression to manage the
respiratory movement of the tumor, so that we can treat the tumor precisely with a 3-5 mm margin from
ITV to PTV. Moreover, when combining SBRT with TACE as a bridge therapy to LT, it is necessary to have
close teamwork between surgeons, gastroenterologists, and radiation oncologists. Additionally, adjuvant
SBRT to TACE can do more harm to liver function and cause gastrointestinal toxicities such as bleeding
or ulcer. So patient selection is very important to safely combine TACE and SBRT. Our patient had a good
liver function with CP A5 and normal liver volume > 700 mL. His tumor was close to the chest wall and
liver dome so it is difficult for RFA and more suitable for adjuvant SBRT post-TACE. That is why he had
only grade hepatic toxicity and no gastrointestinal toxicities post-TACE and SBRT. It is also important that
after bridge therapy with TACE and SBRT, patients must continue the treatment of chronic liver disease, in
our case was HBV, to prevent tumors from progression.
Finally, we should be cautious when evaluating treament response after TACE combined with SBRT for
HCC. With this patient, we found that the tumor size did not change one month after SBRT and only
decreased slightly 3-month post-SBRT with central necrosis. Interestingly, contrast enhancement was seen
in normal liver tissue surrounding the primary tumor one month post SBRT and it seemed increased with
time [Figure 2B and C]. It was a normal liver reaction after SBRT and can be misinterpreted with tumor
progression. In a series of 26 HCC patients treated with SBRT, Price et al.[35] found that this phenomenon can
even last 6 months post-SBRT. He suggested that nonenhancement on imaging, a surrogate for ablation, maybe
a more useful indicator than size reduction in evaluating HCC response to SBRT in the first 6 to 12 months[36].
Sanuki-Fujimoto et al.[36] also noted in their study that the CT appearances of the normal liver seen in
reaction to the treatment of an HCC by SBRT were therefore related to background liver function and
should not be misread as recurrence of HCC.
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In conclusion, Via this case report and review of literature, we suppose that bridging therapy combining
SBRT and TACE may be most beneficial over TACE alone in HCC patients with a high risk of dropout from WL for LT. It is necessary to perform a randomized trial to provide more evidence to guide the
treatment options for these patients.
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