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Simple Summary: Hepatocellular carcinoma with bile duct invasion is well known for its poor
survival outcome, and no definite treatment guideline has been suggested. This study analyzed
the treatment outcome and toxicity of proton beam therapy in managing patients with unresectable
hepatocellular carcinoma with bile duct invasion. After a median follow-up of 19.9 months, proton
beam therapy provided an optimal in-field control rate for these patients. The overall survival
results were comparable with surgical series. This study concluded that proton beam therapy
offers desirable treatment outcomes with acceptable toxicities. Based on the results, proton beam
therapy provides patients with another optimal alternative for treating this notorious subtype of
hepatocellular carcinoma.

Abstract: Hepatocellular carcinoma (HCC) with bile duct invasion is a rare and notorious subtype of
HCC. This study included patients that had unresectable HCC with bile duct invasion and proton
beam therapy between November 2015 and February 2021. Twenty patients fit the inclusion criteria.
The median tumor size was 6.3 cm. Nine patients (45.0%) had major vascular invasions. All included
patients received the radiation dose of 72.6 gray relative biological effectiveness due to the proximity
of porta hepatis and tumor. The median follow-up time was 19.9 months. The median overall
survival was 19.9 months among deceased patients. The 1-year cumulative local recurrence rates
were 5.3%, with only two patients developing in-field failure. The 1-year and 2-year overall survival
rates were 79.4% and 53.3%. The 1-year progression-free survival was 58.9%. Four patients developed
radiation-induced liver disease. The 1-year cholangitis-free survival was 55.0%. Skin toxicity was the
most common acute toxicity and rarely severe. Eight patients developed ≤ grade 3 gastrointestinal
ulcers. Proton beam therapy offers desirable survival outcomes for unresectable HCC patients with
bile duct invasion. Optimal local tumor control could also be obtained within acceptable toxicities.
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1. Introduction

Hepatocellular carcinoma (HCC) has been reported to be the fifth most common
cancer and the second-leading cause of cancer-related death worldwide [1]. Approximately
0.5–13% of HCC patients are found with bile duct invasion [2]. A poorer prognosis has also
been reported in patients with decompensated liver function and biliary tract infection-
related sepsis due to local tumor progression [2–4]. Even in stage I and II patients, bile
duct tumor thrombus (BDTT) remained a significant risk factor in overall survival (OS)
and progression-free survival (PFS) [5]. Portal vein thrombosis (PVT) could be found in
approximately 30% of HCC patients [6], and it was notorious for its dismal possibility
to be cured [1,7]. However, the presence of BDTT was often accompanied by portal vein
thrombosis (PVT), which led to a more desperate condition [8]. In a large retrospective
study, the median OS of HCC patients with bile duct invasion was 4.1 months; the optimal
survival was achieved in the surgical group with a median OS of 11.5 months while other
treatment modalities could only obtain a 6-month median OS or less [3]. According to
the European Association for the Study of the Liver (EASL) clinical practice guidelines,
hepatectomy should be performed after multi-parametric composite assessment of liver
function, portal hypertension, performance status, and patients’ co-morbidities [1]. Those
requirements pushed most HCC patients with bile duct invasion away from the optimal
treatment and resulted in an inferior prognosis.

Radiotherapy has been expanding its role in managing liver tumors because poten-
tially ablative doses could be safely delivered using modern techniques [9]. However,
radiation-induced liver disease (RILD) is still a major concern for patients undergoing
photon therapy [10–12]. On the other hand, proton beam therapy (PBT) possesses the
characteristic Bragg peak that results in no additional radiation dose beyond the target area.
Studies have shown lower liver toxicities in HCC patients treated by PBT than those treated
by photon therapy [13,14]. Patients with large tumors or small normal livers treated by PBT
also obtained optimal local control with minimal liver toxicities [15,16]. However, with a
dismal prognosis, no recommendations for treatment guidelines have been made for unre-
sectable HCC patients with bile duct invasion [1,17]. To the best of our knowledge, there is
no study focusing on the clinical outcome of PBT for managing such scenarios. Therefore,
this study aimed to evaluate the clinical outcomes of PBT in patients with unresectable
HCC with bile duct invasion.

2. Materials and Methods
2.1. Patients

This study adhered to the declaration of Helsinki and was approved by the local insti-
tutional review board (202100852B0). This study included patients who had unresectable
HCC with bile duct invasion and excluded patients with distant metastasis. Inclusion crite-
ria were: (1) Histologically confirmed or image-diagnosed primary HCC without distant
metastasis. Image-diagnosed patients required typical presentations, including wash-in
at arterial phase and wash-out at venous and delay phase on computed tomography (CT)
or magnetic resonance imaging (MRI); (2) Unresectable HCC with bile duct invasion. The
diagnostic image required bile duct dilatation and/or filling defect in the bile duct without
bile duct wall thickening [18–20]; (3) Eastern Cooperative Oncology Group (ECOG) perfor-
mance score ≤ 2. Between 2016 and February 2021, a total of 521 HCC patients received
definitive PBT. After filtering all treated patients by using inclusion criteria, 20 patients
were included in this study. Extents of bile duct invasions were reviewed by radiologists
using the UEDA classification [21]. The UEDA classification included: (1) type I: BDTT
located in the secondary branch of the biliary tree; (2) type II: BDTT extended to the first
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branch of the biliary tree; (3) type IIIa: BDTT extended to the common hepatic duct; (4) type
IIIb: implanted tumor growing to the common hepatic duct; (5) type IV: dislodged BDTT
within the common hepatic duct [22].

2.2. Treatment

Since November 2015, PBT has been administered at Chang Gung Memorial Hospital,
Linkou branch, for clinical use. Proton beams were generated using a cyclotron, degraded,
and then delivered using a passive scattering technique or a pencil beam scanning technique.
Our pencil beam scanning technique started to be applied on HCC patients in 2017 after a
system upgrade. The disposition of beam delivery took dose coverage, dose conformality,
and patients’ compliances to respiratory motion management into consideration. The
patients were treated using rotational gantries. Abdominal belt compression was used
to reduce respiratory motions. All patients were trained to manage diaphragm motion
within 1 cm. All patients were requested to fast at least 2 h before CT simulation and
treatment. Simulation images—including dynamic CT, 4D-CT, and contrast-enhanced
MRI—were obtained to determine the tumor motion and margin. The gross tumor volume
was defined as the identifiable lesions on CT and MRI images. A clinical target volume
(CTV) was contoured as the gross tumor volume plus a 5 mm margin on serial CT images
used in the treatment system. Increased CTV margin or respiratory gating were applied for
patients who failed to achieve the limitation for respiratory management. All treatment
was performed once a day, five days a week, using a two- to three-beam arrangement with
energy ranging from 70 to 230 MeV. Daily patient alignments were performed using 2D kV
images for matching, and daily fluoroscopies were applied to confirm patients’ compliance
to respiratory motion management.

The major protocols were 72.6 gray relative biological effectiveness (GyRBE) in 22 fractions
for central tumors (≤2 cm from gastrointestinal tracts and porta hepatis) [23,24]. Dose
constraints were as follows: gastrointestinal (GI) tract: Dmax (maximal dose) <65% of the
total dose; spinal cord: Dmax < 39 GyRBE. In the event of CTV comprising the GI tract,
dose coverage was reduced but not lowered below 60%. The mean liver dose, normal liver
volume (NLV), and clinical target volume were recorded. The non-irradiated liver volume
(NILV) was defined as the liver volume receiving less than 1 GyRBE.

2.3. Follow-Up

Patients visited the radiation oncologist on a weekly basis during treatment. Compli-
cations were assessed using the Common Terminology Criteria for Adverse Events v4.0
(CTCAE). Follow-up with patients was conducted one month after completing the treat-
ment course and continued at 3-month intervals. During follow-up, patients were evaluated
through physical examination, blood tests, and abdominal imaging studies (CT or MRI).
In addition, the tumor response was examined by radiologists according to the modified
Response Evaluation Criteria in Solid Tumors [25]. Local recurrences of tumor were defined
as tumor recurrence in the irradiated area; hepatic recurrences indicated hepatic tumor
recurrences out of irradiated fields; distant failure represented disease recurrence arising
from distant metastasis. RILD was diagnosed according to patients’ symptoms, laboratory,
and image examinations. Classic RILD was defined as the presence of an elevated alkaline
phosphatase level (more than twice the upper limit of the normal or baseline value) and
symptoms of anicteric hepatomegaly and ascites, occurring two weeks to three months
after PBT. Non-classic RILD was defined as dysregulation in hepatic function with jaundice
and/or an elevated serum transaminase level (a more than five-fold increase compared
with the normal level) or Child–Pugh scores deterioration of more than 2 points occurring
one week to three months after PBT [11,12].

2.4. Statistical Analysis

Actual survival and disease recurrence rates were calculated from the first day of
PBT to the date of the event of interest (or censored on the last follow-up date). Survival
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and cholangitis-free survivals were plotted with the Kaplan–Meier method (log-rank
test). Local recurrence, hepatic recurrence, and distant failure rate were estimated using
cumulative incidence function. Statistical analyses were performed using commercial
statistical software packages (SPSS, version 25.0, IBM Corporation, NY, USA, and R version
4.1.2 (1 November 2021) using cmprsk package [26]).

3. Results

This study included 20 patients with unresectable HCC with bile duct invasion who
received definitive PBT (Table 1). The median age at diagnosis was 61.5 years old, and only
three patients were female. Six patients were newly diagnosed with HCC, and 14 patients
had recurrent disease that were treated by other modalities before. The median follow-up
time was 19.9 months (range = 3.1–64.9 months). During follow-up, 12 patients died with a
median OS of 19.9 months. The median tumor size was 6.3 cm (range: 1.0–18.5 cm). One
patient had nodal metastasis, while nine patients (45.0%) had major vascular thrombosis.
None of the included patients were classified as UEDA type I. Five patients had UEDA
type II invasion. UEDA type IIIa invasions were found in six patients, while only two
patients exhibited UEDA type IIIb invasions. The remaining seven patients had UEDA type
IV invasions. All UEDA type IV patients had combinations of other invasion sites (type
II:1; type IIIa 6). All of the included patients received the radiation dose of 72.6 GyRBE
due to the proximity of porta hepatis and tumor (Figure 1). They completed scheduled
treatment within five weeks. The median clinical target volume (CTV) was 280.3 cm3 (range:
35.8–1852.4 cm3). The median NLV and NILV were 1229.3 cm3 (range: 694.3–1723.0 cm3)
and 613.2 cm3 (range: 104.4–1034.4 cm3) (Table 2).

Table 1. Patient characteristics (N = 20).

Variable N %

Median age (years) 61.5 (42–83)
Male sex 17 85.0

Performance status
0 7 35.0
1 13 65.0

Viral hepatitis
HBV 13 65.0
HCV 3 15.0
None 4 20.0

Child–Pugh score
5 9 45.0
6 7 35.0
7 2 10.0
8 1 5.0
9 1 5.0

Baseline laboratory exam Median (range)
Albumin (g/dL) 4.0 (2.7–4.7)

Total bilirubin (mg/dL) 1.7 (0.5–8.6)
INR 1.2 (1.0–1.8)

AST (U/L) 70.0 (37.0–202.0)
ALT (U/L) 67.0 (17.0–368.0)

Alk-P (U/L) 142 (62–349)
AFP (ng/mL) 447.2 (23.0–440,589.0)

Previous treatment N %
Surgery 2 10.0

RFA 7 35.0
TACE 10 50.0
HAIC 2 10.0

Sorafenib 3 15.0
Immunotherapy 1 5.0

None 5 25.0
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Table 1. Cont.

Variable N %

Combined treatment during PBT
Sorafenib 3 15.0

Immunotherapy 1 5.0
None 16 80.0

Median sum of tumor diameter 6.3 (1–18.5) cm
<5.0 cm 7 35.0

5.0–9.9 cm 6 30.0
≥10.0 cm 7 35.0

Numbers of tumor
Single 9 45.0

Multiple 11 55.0
Vascular thrombosis

Segmental portal vein 5 25
Main portal vein 9 45

TNM stage a

IA 1 5.0
IB 4 20.0
II 4 20.0

IIIA 2 10.0
IIIB 8 40.0
IVA 1 5.0

BCLC
0 1 5.0
A 4 20.0
B 2 10.0
C 13 65.0

UEDA classification
II 5 20.0

IIIa 6 35.0
IIIb 2 10.0

IV (combined with II/IIIa) 7 (1/6) 35.0 (5.0/30.0)
HBV: hepatitis B virus; HCV: hepatitis C virus; INR: international normalized ratio; AST: aspartate transaminase;
ALT: alanine transaminase; Alk-P: alkaline-phosphatase; AFP: alpha-fetoprotein; RFA: radiofrequency ablation;
TACE: transarterial chemoembolization; HAIC: hepatic arterial infusion chemotherapy; PBT: proton beam ther-
apy; BCLC: Barcelona Clinic Liver Cancer. a TNM stage was using the American Joint Committee on Cancer
Eighth edition.

Table 2. Summary of dose–volume analysis.

Variable Median (Range)

CTV (cm3) 280.3 (35.8–1852.4)
NLV (cm3) 1229.3 (694.3–1723.0)

Mean dose (GyRBE) 16.8 (11.5–28.0)
NILV (cm3) 613.2 (104.4–1034.4)

V10 (%) 35.9 (27.9–56.4)
(cm3) 396.2 (240.1–813.0)

V20 (%) 30.7 (23.6–50.2)
(cm3) 345.8 (197.9–723.7)

V30 (%) 25.7 (17.7–42.8)
(cm3) 291.5 (162.5–618.2)

V40 (%) 20.9 (9.5–37.6)
(cm3) 242.6 (128.4–544.3)

CTV: clinical tumor volume; NLV: normal liver volume; NILV: non-irradiated liver volume; V10, V20, V30, V40:
percentage of normal liver volume that received ≥ 10 GyRBE, ≥20 GyRBE, ≥30 GyRBE, and ≥40 GyRBE.
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Figure 1. Tumor response of hepatocellular carcinoma. The tumor thrombus (white arrow) in bile
duct showed washed-in in the arterial phase (a) and washed-out in the venous phase (b) of magnetic
resonance imaging (MRI). (c) Tumor thrombus (white arrow) in bile duct could also be identified in T2
phase of MRI. (d) Irradiated tumor thrombus had a complete response one month after proton beam
therapy (PBT). (e) The coronal view of the treatment plan. (f) The axial view of the treatment plan.

The 1-year and 2-year OS rates were 79.4% and 53.3% (Figure 2), respectively. Twelve
patients died between 3.1 months and 29.6 months after PBT. There were only two patients
who had in-field failure in this study. One of them died of GI bleeding caused by tumor
invasion to the duodenum, confirmed by endoscopic examination. The area of progressing
tumor was delivered with a 60% prescribed dose according to GI constraints in the treatment
protocol. Another patient died of tumor progression-related obstructive jaundice. Five
patients died of infection episodes, and two of them were related to cholangitis. One patient
died of immunotherapy-related hepatitis. Through telephone follow-up, two patients died
of cancer-related causes, and two patients died of unknown reasons. The 1-year progression-
free survival was 58.9%. The 1-year cumulative local recurrence, hepatic recurrence, and
distant failure rates were 5.3% (Figure 3), 20.4% (Figure 4), and 1.0% (Figure 5), respectively.
Survival and disease control failed to show significant differences among different degrees
of bile duct invasion due to the small sample size. Upon first post-PBT imaging evaluation,
patient numbers with complete response (CR), partial response (PR), and stable disease
(SD) in the irradiated area were 4, 13, and 3 (20%, 65%, and 15%, respectively). In the latest
imaging evaluation, 14 patients (70%) had CR in the irradiated area. The median time to
CR was 4.8 months (range: 2.1–8.3 months). Four patients (20%) had partial responses,
while two patients experienced in-field progression 8.2 months and 12.8 after PBT. No
statistical differences in survival and disease control were found between different stages
or extents of bile duct invasion. Increased serum AFP levels were noted in the nine patients
before PBT. The median serum AFP level before PBT decreased from 447.2 ng/mL (range:
23.0–440,589.0 ng/mL) to 21.5 ng/mL (range: 4.5–10,075.4 ng/mL) one month after PBT
(Table 1 and Supplementary Table S1).
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Figure 2. Overall survival (OS) and progression-free survival (PFS) plots of hepatocellular carcinoma
patients with bile duct invasion treated with proton beam therapy. The 1-year and 2-year overall
survival rate were 79.4% and 53.3%. The 1-year progression free survival was 58.9%.
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Figure 3. Cumulative local recurrence and death rate of hepatocellular carcinoma with bile duct
invasion treated with proton beam therapy. The 1-year cumulative local recurrence rate was 5.3%.

All of the included patients were found with bile duct invasion. Seven patients
received bile duct drainage before PBT, and only one of them had no further intervention
after PBT. Around half of UEDA type IIIa, IIIb, and IV patients required bile duct drainage
before PBT (type IIIa: 3 patients; type IIIb: 1; type IV: 3). Nine patients received intervention
for bile duct drainage 1.4–21.7 months after PBT. Above half of UEDA type IIIa and IV
patients required bile duct drainage after PBT (type IIIa: 4; type IV: 4); one patient with
UEDA type II invasion had bile duct drainage after PBT. Eight patients had cholangitis that
required antibiotic treatment, and most of them were UEDA type IIIa and IV patients. The
first cholangitis episodes occurred within 1.6–21.6 months after PBT, and four occurred
within three months after PBT. Among eight patients, two of them died of cholangitis-
related infection episodes around two years after PBT, while one of them died of obstructive
jaundice caused by tumor progression. The 1-year cholangitis-free survival was 55.0%.
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Figure 5. Cumulative distant failure and death rate of hepatocellular carcinoma with bile duct
invasion treated with proton beam therapy. The 1-year cumulative distant failure rate was 10.3%.

Acute toxicities involving the skin were observed in 13 patients (65.0%). One patient
developed grade 2 toxicity, and one developed grade 3 toxicity. Regarding GI toxicities,
no patient developed esophagitis or colitis, but grade 2 and grade 3 gastroduodenal ulcers
were found on three and five patients, respectively. Four patients developed RILD. Two of
them had non-classic RILD, while the other two patients had both classic and non-classic
RILD. Their NILV ranged from 269.3 cm3 to 981.8 cm3. One of them died two months after
PBT without medical records in the institution. Therefore, the possibility of RILD-related
death could not be ruled out. The patient initially had an UEDA type IV bile duct invasion,
Child–Pugh score 7, and NILV 269.3 cm3. Among patients who recovered from RILD, one
initially had an UEDA type IV bile duct invasion, Child–Pugh score 8, and NILV 981.8 cm3.
The other two patients were in Child–Pugh class A, with NILV over 350 cm3 (398.2 and
653.1 cm3), and UEDA type II and IIIa bile duct invasion. No statistical differences in RILD
rate were found between different stages or extents of bile duct invasion. More details
about included patients were listed in Supplementary Table S1.
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4. Discussion

The optimal treatment strategy for HCC patients with bile duct invasion has not
been developed [1,17]. Although surgical excision possesses the best survival outcome in
historical data, most patients are not eligible for surgery due to compromised liver function,
insufficient liver remnant, and hepatic hilar involvement [1,3,4,27]. In a retrospective study,
patients receiving non-surgical treatment were reported to have a median OS ranging from
1.6 to 6.0 months [3]. More recent studies showed that trans-arterial chemo-embolization
(TACE) offers a median OS of about 3 months and 12.2 months for recurrent and newly diag-
nosed patients, respectively [28,29]. As a less discussed modality, percutaneous endobiliary
radiofrequency ablation (RFA) and stent provided a 6-month median OS [30].

In this study, the median follow-up time was 19.9 months, and the median OS was
19.9 months among deceased patients. The OS data revealed a favorable prognosis com-
pared to the historical data with treatment modalities of TACE, RFA, chemotherapy, or
other conservative treatment modalities [3,28–30]. The median and 1-year OS in this study
were comparable to surgical series with imaging diagnoses of HCC with bile duct invasion.
The surgical treatment served as the primary treatment for newly diagnosed HCC; on the
other hand, the majority of patients in this study had recurrent disease and only six patients
were newly diagnosed. Those studies revealed 60.5–75.0% 1-year OS and 16.6–19 months
median OS in patients treated by surgical excisions [31–33]. Patients with tumor thrombus
in major vessels accounted for nearly half of the population in this study; this kind of
patient only accounted for 25.0% or less in surgical series [31–33]. UEDA et al. found that
type II and IIIa had a relatively poorer prognosis than other subtypes [21]. However, results
from the present study and surgical series could not support this conclusion due to the
lack of adequate analysis. The 1-year PFS of 58.9% in the current study was also similar
to the 1-year cumulative recurrence rate of 49.2% reported in another surgical cohort [34].
The complication rates were higher in this study compared to the surgical series. However,
the post-operative mortality rate ranged from 1.8% to 8%, while no patient in this study
deceased within treatment or one month after PBT (Table 3).

Aside from survival results, tumor response rate and local recurrence rate also achieved
desirable goals in this study. Upon first post-treatment imaging evaluation, historical data
of TACE provided only 2–4%, 21–38%, and 24–37% in CR, PR, and progressive disease (PD)
rates separately [3,28,29,35]. The current study showed that the first post-treatment imaging
evaluation’s CR, PR, and SD rates were 20%, 65%, and 15%, respectively. The response
rate sustained a favorable outcome in the latest imaging evaluation with a 70% complete
response rate. With only two patients developing in-field failure within one year after PBT,
the 1-year cumulative local recurrence rate was 5.3%. This result was similar to previously
reported 90% local control rate in HCC patients treated by PBT [14–16,36,37]. The optimal
local control within irradiated area was achieved by delivering ablative radiation doses to
the liver tumor while preserving adequate liver function. A slightly higher RILD rate of
20% was reported in this study compared to 11.8–14% in other studies that utilized PBT to
treat HCC patients [13,38]. Regarding liver tolerance to PBT, Mizumoto et al. suggested the
optimal cut-offs for V0, V10, V20, and V30 were 30%, 20%, 26%, and 18%, respectively [39].
V30 less than 25% was taken as an important predictor of RILD for patients with ICG-R15
of 20% to 49.9% by Kawashima et al. [40]. None of the included patients could fully fit
the suggested cut-off for normal liver constraints, but only four patients developed RILD.
Therefore, the suggested cut-off might not be fully practical in our cases. Aside from doses
to liver volume, Toramatsu et al. suggested tumor volume as an indicator for developing
RILD when comparing photon and proton beam therapy [41]. However, this study had a
worse performance in RILD when compared with studies regarding large liver tumors [15]
and small liver volume [16], even with similar median tumor size [16] or dosimetric data.
The presence of bile duct invasion could be considered the factor affecting performances in
RILD in this study. This study showed that PBT provided optimal tumor response and low
local recurrence rate even with unresectable HCC combining bile duct invasion. However,
liver constraints should be evaluated carefully regarding the influence of bile duct invasion.
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Table 3. Summary of surgical series and this study.

Study Patient
No.

Child–Pugh
Class

Total Bilirubin
(mg/dL) Tumor Size Multiple Tumor TNM * UEDA

Classification
Major Vascular

Invasion Treatment Overall Survival Toxicity

2018, Xinwei
Yang, et al. [33] 107 N/A Median: 3.57 <5 cm: 49;

≥5 cm: 58 Yes: 22; No: 85 I: 16; II: 24; III:
62; IV: 5 N/A Yes: 13; No: 94 Hepatectomy: 107

Median: 16.6 months;
1-y: 60.5%; 3-y:

20.1%, 5-y: 12.0%

Mortality:2; pleural
effusions: 5; hemobilia:3;
biliary tract infection:1;
bile leakage: 1; upper
gastrointestinal ulcer
bleeding: 1; thoracic

epidural hematoma: 1;
infection at the incision

site:2

2019, Zhichuan
Lin, et al. [32] 25 N/A ≤11.7: 16;

>11.7:9
<5 cm: 13;
≥5 cm: 12 Yes: 2; No: 23 N/A I: 2; II: 2; III: 21 Yes: 5; No: 20 Hepatectomy: 25

(radical resection)

Median: 19 months;
1-y: 68.0%; 3-y:

32.0%, 5-y: 24.0%

Mortality:2;
gastrointestinal ulcer

bleeding: 2; subphrenic
effusion: 3; pulmonary

infection: 3

2020, Qiyu Chi,
et al. [31] 25 A: 20; B: 5 N/A 6.97 ± 3.45 cm Yes: 4; No: 21 I: 8; II: 11; III: 6 I: 2; II: 8; III:15 Yes: 5; No 20 Hepatectomy: 25 1-y: 75.0%; 3-y:

38.7%, 5-y: 17.7%
Perioperative
mortality: 4%

This study 20 A: 16; B: 4 Median: 1.7;
≤1: 6; >1:13

<5 cm: 10;
≥5 cm: 10 Yes: 11; No: 9 I: 5; II: 4; IIIa: 2;

IIIb: 8l; IVa: 1
II: 4; IIIa: 7;
IIIb: 2; IV: 7 Yes: 9; No 11 Proton beam

therapy
Median: 19 months;

1-y: 79.4%; 2-y: 46.6%

Dermatitis: 13 (65%);
gastrointestinal ulcer:
8 (40%); RILD: 4 (20%)

N/A: not applicable; y: year; ISGLS: International Study Group of Liver Surgery; RILD: radiation-induced liver disease. * TNM stage was using the American Joint Committee on Cancer
Seventh edition for comparisons with surgical series.
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The poor prognosis of HCC patients with bile duct invasion results from decompen-
sated liver function and biliary tract infection-related sepsis due to local tumor progres-
sion [2–4]. Most patients in this study obtained good in-field control and mitigated risks
mentioned above. However, cholangitis had also been reported as a rare complication
of radiotherapy mentioned by a few case reports [42,43]. Hence, radiotherapy-induced
cholangitis should be noticed due to the increasing number of patients receiving ablative
doses. Meanwhile, toxicities such as dermatitis and GI ulcerations still existed. Dermatitis
has been recognized as one of the most common toxicities when liver tumors were treated
using PBT [15,36,44]. Dermatitis might be related to overlapping fields and a lack of skin-
sparing effect in PBT. Therefore, the angle of treatment fields should be carefully evaluated,
considering aspects of tumor size, NILV, as well as skin toxicities. GI ulceration was the
second common toxicity in this study. HCC with bile duct invasions were mostly close to
GI tracts. Therefore, the prevalence of GI toxicities was higher than other PBT studies that
included patients with liver tumors both close to and away from GI tracts [36].

This study still poses certain limitations. First of all, the nature of retrospective studies
is prone to have selection bias. Second, this single-institutional study only provided a small
sample size and a limited follow-up period. Hence, the data should be cautiously inter-
preted. Finally, the small sample size failed to offer statistical differences in survival, disease
control, and complication rate between stages and extents of bile duct invasion. Therefore,
further prospective studies should be conducted to confirm and expand current results.

5. Conclusions

Unresectable HCC with bile duct invasion could be effectively treated by PBT because
of the successful delivery of the ablative dose. Proton beam therapy extended the treatment
of choice for patients who could not receive surgical treatment with minimal post-treatment
mortality risks. Liver constraints should be carefully amended considering influences of
bile duct invasion. Physicians should also beware of GI and skin toxicities when planning
PBT. PBT offers an optimal in-field tumor control and a favorable OS for the notorious and
rare subtypes of unresectable HCC involving bile duct invasions with acceptable toxicities.
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