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Highlights of the Study

o A prospective study and meta-analysis were performed to evaluate the efficacy and safety of
particle therapy for intrahepatic cholangial carcinoma (ICC).

« Particle therapy resulted in superior overall survival and reduced local recurrence compared to
SBRT and 3D-CRT.

« The incidence of grade 3 or higher late non-hematological toxicity was similar for the three
modalities.

o Particle therapy may be indicated for unresectable ICC.
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Abstract

Introduction: A prospective study was started in May 2016
to evaluate the efficacy and safety of particle therapy for
intrahepatic cholangial carcinoma (ICC). To compare treat-
ment modalities, we also conducted a meta-analysis of
literature data and a systematic comparison using
registry data. Methods: Patients who received particle
therapy for ICC from May 2016 to June 2018 were registered.
Nineteen manuscripts (4 particle therapy, 8 3D-CRT, 7 SBRT)
were selected for the meta-analysis. Results: A total of 85
cases (proton beam therapy 59, carbon therapy 26) were
registered. The median overall survival (OS) of the 85 pa-
tients was 22.1 months (95% Cl: 12.9-31.3); the 1-, 2-, 3-, and
4-year OS rates were 70.9% (95% Cl: 61.1-80.7%), 47.6%
(36.8-58.4%), 37.7% (26.7-48.7%), and 22.7% (10.2-35.2%),
respectively; and the 1-, 2-, 3-, and 4-year local recurrence
rates were 8.2% (1.1-15.3%), 21.6% (9.3-33.9%), 33.4%
(16.7-50.1%), and 33.4% (16.7-50.1%), respectively. In the
meta-analysis and registry data, the 1-year OS for particle
therapy, SBRT and 3D-CRT were 71.8% (95% Cl: 64.6-77.8%),
59.2% (53.0-64.9%, p = 0.0573), and 47.2% (36.8-56.9%, p =
0.0004), respectively. The incidence of grade 3 or higher late
non-hematological toxicity in the meta-analysis and registry
data were 7.4-12% for particle therapy, 6.7-16.7% for SBRT,
and 8.1-14.3% for 3D-CRT. Conclusions: Particle therapy
achieved a good therapeutic effect for ICC, and a meta-
analysis indicated that particle therapy is a better treatment

modality than SBRT and 3D-CRT.  © 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Intrahepatic cholangiocarcinoma (ICC) is common in
Asia, and surgery and chemotherapy are the standard
therapy [1, 2]. Surgery is the key to curative treatment and
surgical indications are determined by the degree of
tumor progression and postoperative residual liver
function [3, 4]. The 5-year overall survival (OS) rates are
90-100% for stage I, 60-70% for stage II/III, and 20% for
stage IV cases [4]. The outcome of surgical resection
depends on the tumor size, lymph node metastasis, and
portal vein tumor invasion, and the 5-year OS rate for
patients with lymph node metastasis is thought to be 20%
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or less [4, 5]. Unresectable ICC is treated with chemo-
therapy such as gemcitabine, cisplatin, and TS-1, but the
therapeutic effect is poor and the median survival time
(MST) is only about 1 year [6-8]. In a recent study of ICC
with metastases, De et al. found that 82% of deaths with
chemotherapy alone were caused by liver recurrence,
whereas with radiotherapy this rate dropped to 47%, with
distant metastasis becoming the leading cause of death
[9]. These findings show the advantages of radiotherapy,
including a lower rate of death caused by liver recurrence
and longer survival.

Particle therapy is a suitable method for safe ad-
ministration of high irradiation doses to tumors
[10-12]. A prospective registration study of un-
resectable ICC without active metastases in Japan [13]
found that the main cause of death was liver recurrence;
however, more deaths were due to recurrence in the
liver outside the irradiated area (24%) than local re-
currence inside the irradiated area (15%). Distant
metastasis (27%) and death from another disease (20%)
were the second and third causes of death [13]. This
suggests that local control by proton beam therapy
(PBT) changes the cause of death from local recurrence
to progression to another site (distant metastasis, in-
trahepatic recurrence outside the irradiated field), and
this may contribute to prolongation of survival time.
However, a systematic comparison among radiother-
apy modalities for ICC has not been performed. To
compare these modalities, we conducted a meta-
analysis and a systematic comparison using a particle
therapy prospective registry data.

Methods

Registry Data

The subjects were patients with ICC treated with PBT
or carbon therapy from May 2016 to June 2018. The
study was performed by the Intrahepatic Chol-
angiocarcinoma Working Group in the Particle Beam
Therapy Committee and Subcommittee of the Japanese
Society for Radiation Oncology (JASTRO), and the
results for PBT have been reported elsewhere [13]. A
total of 85 cases were included, including 59 treated with
PBT and 26 that received carbon therapy. The charac-
teristics of the patients who received carbon therapy are
shown in Table 1. At final follow-up, 30 patients were
alive and 55 had died. The median follow-up period for
survivors was 33.6 months (1-55 months). The median
OS of the 85 patients was 22.1 months (95% CI:
12.9-31.3), with 1-, 2-, 3-, and 4-year OS rates of 70.9%
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Table 1. Characteristics of patients and tumors treated by
carbon therapy (n = 26)

Characteristics N %
Age (years) 34-91 75 (median)
Gender

Male 15 57.7

Female 1 423
Surgical indication

Operable 5 19.2

Inoperable 21 80.8
ECOG performance status

0 20 76.9

1 3 11.5

2 3 11.5
History of hepatitis

Yes 34.6

No 17 65.4
Child-Pugh class

A 24 92.3

B 2 7.7
Tumor size, mm 10-109 30 (median)

<30 12 46.2

30-49 7 26.9

50-99 4 154

>100 3 11.5
Portal vein tumor thrombus

Vp 0-2 24 923

Vp 3-4 2 7.7
Prior treatment

Yes 6 23.1

No 20 76.9
Prior radiotherapy

Yes 1 3.8

No 25 96.2
Clinical stage

I 10 385

Il 13 50.0

i 1 38

\Y 2 7.7

ECOG, Eastern Cooperative Oncology Group.

(95% CIL: 61.1-80.7%), 47.6% (36.8-58.4%), 37.7%
(26.7-48.7%), and 22.7% (10.2-35.2%), respectively.
There was local recurrence in 13 cases, and the 1-, 2-, 3-,
and 4-year local recurrence rates of 8.2% (1.1-15.3%),
21.6% (9.3-33.9%), 33.4% (16.7-50.1%), and 33.4%
(16.7-50.1%), respectively. OS and local recurrence rates
are shown in Figure 1. These outcomes were used in the
meta-analysis.

Systematic Review and Meta-Analysis
for ICC

Meta-Analysis

A review was conducted in compliance with the
Preferred Reporting Item for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines and recommenda-
tions [14]. Only English language articles were included.
All retrieved articles were screened by two reviewers. The
inclusion criteria were (1) clinically diagnosed primary
ICC, (2) received radical radiotherapy (3D-CRT, SBRT or
particle therapy), (3) surgery not used concurrently
(surgery after recurrence was acceptable), (4) median
survival or survival rate with radiotherapy included in the
manuscript, and (5) at least 10 or more treatment out-
comes specified. Studies published from 2000 to 2016 that
used ICC clinical practice guidelines and satisfied these
five criteria were selected. More recent studies from 2016
to 2020 that also met the criteria were identified from 308
articles retrieved in a PubMed search using the keywords
“Radiotherapy” AND “Intrahepatic cholangiocarcinoma”
(Fig. 2).

From the 308 articles from 2016 to 2020, 28 that
described outcomes of radiotherapy were selected based
on the abstract. Further reading of the text identified 10 of
the 28 articles in which the 1- to 3-year OS or MST were
specified in the manuscript. Finally, with inclusion of the
pre-2016 studies, a total of 19 studies (4 particle therapy,
8 3D-CRT, 7 SBRT) were selected after excluding those
with significant bias in patient background and over-
lapping publication periods from the same center. Table 2
shows all the selected studies [15-32]. Data obtained from
each study included the authors, year of publication,
country, study design, number of patients, number of
deaths, follow-up period, MST, 1-, 2-, and 3-year OS
rates, tumor size, number of portal vein tumor throm-
bosis cases, number of metastases outside the liver, and
irradiation method (particle therapy, SBRT, 3D-CRT). If
MST and OS were not written in the text, these outcomes
were extracted from figures.

Statistical Analysis

Random-effects meta-analyses of 1-, 2-, and 3-year OS
rates and MST were performed for each modality, and
forest plots were drawn. For studies with missing accu-
racy information, missing values were imputed using
information on the number of cases, risk set size at each
year, and mean dropout rate. Heterogeneity in each meta-
analysis was evaluated by I-square statistics. Random-
effects meta-regressions with modality as an explanatory
variable were also performed for each outcome to
compare among the modalities. All analyses were per-
formed using R software (R Core Team, Vienna, Austria)
and its Meta package [33].
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Fig. 1. a Overall survival rate for all patients.
b Local recurrence rate for all patients.

Fig. 2. Manuscript selection process.
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Table 2. List of selected manuscripts

Author Year Modality Study n Size, mm 1y0S, % 2y0S, % 3y0S, % MST, month
Parazen 2020 Proton P 25 55 81.8 35 20.1
Shimizu et al. [16] 2019  Proton R 25 44 66.3 524 42 25
Kasuya et al. [17] 2019  Carbon R 27 43 77.8 534 38 23.8
Hong et al. [18] 2016  Proton P 39 60 69.7 46.5 36 225
Registry 2021 Partice P 85 48 709 476 377 221
Brunner et al. [19] 2019  SBRT R 64 44 61 34 20 15
Sebastian et al. [20] 2019 SBRT R 27 45 85 55 52 48
Shenetal.[21] 2017 SBRT R 28 571 321 7 15
Gkika et al. [22] 2017  SBRT R 17 49 57 25 14
Weiner et al. [24] 2016  SBRT P 12 50 51 13.2
Jung et al. [23] 2014 SBRT R 33 45 20 18 10
Tse et al. [25] 2008  SBRT R 10 58 15
Sebastian et al. [20] 2019 3DCRT R 54 44 55 31 15 14
Chang'’ et al. [26] 2018 3DCRT DB 211 43 23 11 10.3
Chang? et al. [26] 2018  3DCRT DB 211 22 10 4 6.7
Verma et al. [27] 2018 3DCRT DB 666 62 30 17 13.6
Shinohara et al. [28] 2009  3DCRT DB 396 7
Zengetal. 291 2006 3DCRT R 38 501 118 5 12
Crane et al. [30] 2002  3DCRT R 52 44 13 10
Shinch et al. [31] 2000 3DCRT R 30 56.9 0 13
Dawson etal. [32] 2000 3DCRT R 27 100 48 30 Y

P, prospective study; R, retrospective study; Chang’, concurrent chemotherapy; Chang?, non-concurrent chemotherapy; DB,

treatment results from database.

Results

Meta-analysis was first performed using all selected
studies and registry data. The 1-, 2- and 3-year OS rates
for particle therapy, SBRT and 3D-CRT were (1-year)
71.8% (95% CI: 64.6-77.8%), 59.2% (53.0-64.9%, p =
0.0573), and 47.2% (36.8-56.9%, p = 0.0004); (2-year)
47.5% (39.6-54.9%), 32.6% (23.3-42.3%, p = 0.1532), and
16.6% (8.4-27.2%, p = 0.0002); and (3-year) 38.3%
(28.8-47.6%), 20.5% (8.2-36.7%, p = 0.0605), and 10.3%
(5.2-17.3%, p = 0.0001), respectively. Forest plots for each
modality for 1-, 2-, and 3-year OS rates are shown in
Figures 3-5. The MSTs of particle therapy, SBRT and 3D-
CRT were 22.7 (95% CI: 17.6-29.2), 15.9 (11.3-22.3,p =
0.1082), and 10.2 (8.3-12.5, p = 0.0001) months, re-
spectively. Forest plots for each modality for MST are
shown in Figure 6.

Systematic Review and Meta-Analysis
for ICC

Meta-regressions (Table 3) indicated significant as-
sociations of SBRT and 3D-CRT with a poor 1-year OS
rate and of 3D-CRT with a poor 2-year OS rate. 3D-CRT
also showed a tendency for associations with a poor 3-
year OS rate and MST. In I-square statistics, 3D-CRT
had high heterogeneity among studies. Meta-regressions
including tumor size were also performed. The median
tumor sizes were 43-60 mm for particle therapy,
44-100 mm for 3D-CRT, and 44-50 mm for SBRT. To
the extent that information was available in the articles,
the total doses and fraction (fr) sizes were 67.5 Gy(RBE)
in 15 fr to 76 Gy(RBE) in 20 fr for particle therapy; 36 Gy
in 6 fr to 55 Gy in 5 fr for SBRT; and 50 Gy in 25 fr to
60 Gy in 30 fr for 3D-CRT. The irradiation dose was
adjusted to give the biological effective dose (BED):
particle therapy (80.5-104.9 Gy[BED;o]; median 96.6),
SBRT (57.6-115.5 Gy[BED;]; median 85.5), and 3D-CRT
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Study N Survival (%) [95%CI] W(common) W(random)
Parzen et al. 2020 25 — 81.8 [56.3;93.2] 7.0% 7.0%
Shimizu et al. 2019 25 — 66.3 [43.3; 81.7] 15.2% 15.2%
Kasuya et al. 2019 27 — 77.8 [57.2;89.3] 12.0% 12.0%
Hong et al. 2016 39 —— 69.7 [50.1; 82.8] 18.2% 18.2%
Registry 85 —-*I-— 70.9 [59.8; 79.4) 47.6% 47 6%
I
Common effect model -¢ 71.8 [64.6; 77.8] 100.0% -
Random effects model = 71.8 [64.6; 77.8] -- 100.0%
Heterogeneity: 1% = 0%, p=0.71 ' ! I ' I
a 0 20 40 60 80 100
Study N Survival (%) [95%CI] W(common) W(random)
Brunner et al. 2019 64 -'- 61.0 [56.9; 64.9] 83.5% 62.2%
Sebastian et al. 2019 27 3 85.0 [62.6; 94.5] 1.3% 3.2%
Shen et al. 2017 28 —*f— 57.1 [35.2;74.0] 3.8% 8.6%
Gkika et al. 2017 17 —— 57.0 [28.1;78.0] 2.2% 5.2%
Weiner et al. 2016 12 —'—f— 51.0 [21.3;74.6] 2.1% 5.0%
Jung et al. 2014 33 —_— 45.0 [26.4;61.9] 5.6% 12.2%
Tse et al. 2008 10 4"‘— 58.0 [22.7;81.9] 1.5% 3.5%
Common effect model ‘é> 60.1 [56.3; 63.7] 100.0% -
Random effects model < 59.2 [53.0; 64.9] - 100.0%
Heterogeneity: 1% = 27%, p=022 ! : ! : !
b 0 20 40 60 80 100
Study N Survival (%) [95%CI] W(common) W(random)
Chang et al. 2018 (CCRT) 211 —*1'- 43.0 [35.9; 49.9] 19.3% 15.1%
Chang et al. 2018 (CTRT) 211 = 4 22.0 [16.3;28.2] 22.6% 15.3%
Verma et al. 2018 666 i B 62.0 [58.0;65.7] 42.8% 15.7%
Zeng et al. 2006 38 —v'r-— 50.1 [31.7;66.0] 2.8% 10.7%
Crane et al. 2002 52 — 44.0 [29.3;57.8] 4.5% 12.3%
Shinch et al. 2000 30 —!—-— 56.9 [35.8;73.4] 2.0% 9.5%
Dawson et al. 2000 27 —_— 48.0 [26.6; 66.6] 21% 9.6%
Sebastian et al. 2019 54 —-‘—*— 55.0 [39.8;67.9] 3.9% 11.8%
Common effect model <I> 48.1 [45.1; 51.1] 100.0% -
Random effects model - 47.2 [36.8; 56.9] - 100.0%
Heterogeneity: /% = 94%, p < 0.01 T T T T '
c 0 20 40 60 80 100

Fig. 3. Forest plot for each modality for 1-year overall survival rate. a 1-year overall survival rate of all selected
manuscript (Particle therapy). b 1-year overall survival rate of all selected manuscript (SBRT). ¢ 1-year overall
survival rate of all selected manuscript (3DCRT).

(59.5-72.0 Gy[BED;,); median 63.5). The recurrence
pattern was not described in detail in many studies, but
the rates of first recurrence sites outside the irradiation
field were 59-79% (median 73%) for particle therapy,
79-85% (median 82%) for SBRT, and 18-54% (median
26%) for 3DCRT. The proportion of patients with poor
liver function (Child-Pugh class B or C) ranged from 4
to 20% (median 10.3%) for particle therapy, 0-28.6%
(median 12%) for SBRT and was not evaluable for
3DCRT. The incidences of grade 3 or higher late non-
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hematological toxicity were 7.4-12% for particle
therapy, 6.7-16.7% for SBRT, and 8.1-14.3% for
3D-CRT.

Discussion
The tolerable dose in cases with normal liver

function is 20-30 Gy, and <10 Gy for patients with
poor liver function due to hepatitis [34-36]. In 3D-CRT,
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Study N Survival (%) [95%CI] W(common) W(random)
Parzen et al. 2020 25 —— 35.0 [14.1; 56.9] 12.2% 12.2%
Shimizu et al. 2019 25 — 52.4 [30.5;70.3] 12.8% 12.8%
Kasuya et al. 2019 27 il 53.4 [32.6;70.4] 14.0% 14.0%
Hong et al. 2016 39 . pa— 46.5 [22.3;67.7) 10.4% 10.4%
Registry 85 . 476 [36.5;57.9] 50.6% 50.6%
]
Common effect model <‘-‘:‘.'> 47.5 [39.6; 54.9] 100.0% -~
Random effects model - 47.5 [39.6; 54.9] - 100.0%
Heterogeneity: | 2 = 0%, p=0.7¢ ' I I ' !
a 0 20 40 €0 80 100
Study N Survival (%) [95%CI] W(common) W(random)
Brunner et al. 2019 64 —-'-— 34.0 [20.1; 48.4] 40.3% 38.2%
Sebastian et al. 2019 27 T 55.0 [29.8; 74.4] 12.8% 13.4%
Shen et al. 2017 28 —— 32.1 [12.9; 53.3] 18.1% 18.7%
Gkika et al. 2017 17| — 250 [3.3;57.0] 7.8% 8.3%
Jung et al. 2014 B| —E—— 20.0 [6.2;39.5) 21.0% 21.4%
Common effect model = 32.6 [23.7; 41.9] 100.0% -
Random effects model - 32.6 [23.3; 42.3] - 100.0%
Heterogeneity: 1% = 20%, p=029 I ' I ' !
b 0 20 40 60 80 100
Study N Survival (%) [95%CI] W(common) W(random)
Chang et al. 2018 (CCRT) 211 e 23.0 [16.8; 29.8] 17.5% 14.6%
Chang et al. 2018 (CTRT) 211 | == | 100 [5.9;15.4] 14.9% 14.5%
Verma et al. 2018 666 R 30.0 [26.1; 34.0] 53.6% 15.1%
Zeng et al. 2006 38 [——T 11.8 [1.9;31.7] 1.7% 9.8%
Crane et al. 2002 52 | — 13.0 [4.1;27.3] 3.2% 11.8%
Shinch et al. 2000 30 - . 1.0 [0.1; 5.0] 3.5% 12.0%
Dawson et al. 2000 27 o 30.0 [10.6; 52.4] 1.7% 9.8%
Sebastian et al. 2019 54 . 31.0 [17.3;45.7] 4.0% 12.4%
Common effect model > 22.9 [20.2; 25.6] 100.0% -
Random effects model - 16.6 [8.4; 27.2] - 100.0%
Heterogeneity: 2= 89%, p <0.01 ' ' ' '
c 0 20 60 80 100

Fig. 4. Forest plot for each modality for 2-year overall survival rate. a 2-year overall survival rate of all selected
manuscript (Particle therapy). b 2-year overall survival rate of all selected manuscript (SBRT). ¢ 2-year overall
survival rate of all selected manuscript (3DCRT).

the standard irradiation dose is 50 Gy based on the
tolerable dose of the peripheral gastrointestinal tract,
spinal cord and normal liver [26-32]. In recent years,
advances in irradiation technology have made it
possible to administer higher doses to tumors safely
using SBRT and particle therapy [15-25]. In fact, in
the studies used in this meta-analysis, the dose in-
creased from 3D-CRT (59.5-72 Gy[BED;,]) to SBRT
(57.6-115.5 Gy[BED;o]) and particle therapy
(80.5-104.9 Gy[BED;,]). Adverse events are difficult
to analyze given the different conditions, but the in-
cidence of non-hematological late adverse events of

Systematic Review and Meta-Analysis
for ICC

Grade 3 or higher in the selected studies was about
10% [15-32], with no significant difference in the
frequency or type of late adverse events among the
irradiation methods. This result shows that particle
therapy can be used to administer higher doses with
lower or similar adverse events to those with SBRT in
clinical practice. In comparison with the articles in-
cluded in this meta-analysis, most recurrence types in
3DCRT were in-field recurrences, whereas in SBRT
and particle therapy, out-of-field recurrences ac-
counted for more than 70% of recurrences. These
results suggest that high doses of SBRT and particle
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Study N Survival (%) [95%CI] W(common) W(random)
Shimizu et al. 2019 25 B 42.0 [18.2; 64.3] 14.7% 14.7%
Kasuya et al. 2019 27 38.0 [4.6;73.8] 5.0% 5.0%
Hong et al. 2016 39 : 36.0 [4.6;71.2] 5.5% 5.5%
Registry 85 —— 37.7 [26.8; 48.5)] 74.8% 74.8%
]
Common effect model - 38.3 [28.8; 47.6] 100.0% -
Random effects model - 38.3 [28.8; 47.6] -- 100.0%
Heterogeneity: = 0%, p= 0.99 I I I I !
a 0 20 40 60 80 100
Study N Survival (%) [95%CI] W(common) W(random)
Brunner et al. 2019 64 | —8— 20.0 [6.2;394] 40.8% 33.8%
Sebastian etal. 2019 27 1:—+— 52.0 [18.5; 77.6] 13.6% 17.2%
Shen et al. 2017 28 H—— 7.0 [04;27.5] 23.4% 24.9%
Jung et al. 2014 33 B E— 18.0 [2.7;44.2] 22.2% 24.1%
3

Common effect model -=‘-‘2=- 19.7 [10.0; 31.8] 100.0% -
Random effects model —_— 205 [8.2; 36.7] - 100.0%
Heterogeneity: 2= 44%, p =0.15 ! ! ' ! l

b 0 20 40 60 80 100

Study N Survival (%) [95%CI] W(common) W(random)
Chang et al. 2018 (CCRT) 211 | —#— 11.0 [5.4;18.9] 17.5% 25.1%
Chang et al. 2018 (CTRT) 211 |+ 40 [1.1;102] 11.5% 21.7%
Verma et al. 2018 666 | T 17.0 [12.9; 21.6] 64.8% 31.9%
Zeng et al. 2006 38 ~—— 50 [0.3;20.8] 3.3% 11.1%
Sebastian et al. 2019 54 —*‘*— 15.0 [2.4; 38.3] 3.0% 10.3%
Common effect model <'> 13.4 [10.4; 16.7] 100.0% -
Random effects model = 10.3 [5.2;17.3] - 100.0%
Heterogeneity: 1% =66%, p =0.02 ' ' I ' '

c 0 20 40 60 80 100

Fig. 5. Forest plot for each modality for 3-year overall survival rate. a 3-year overall survival rate of all selected
manuscript (Particle therapy). b 3-year overall survival rate of all selected manuscript (SBRT). ¢ 3-year overall
survival rate of all selected manuscript (3DCRT).

therapy for ICC may reduce mortality due to local
recurrence and contribute to prolonged survival.
Detailed comparisons of patient backgrounds are
difficult to make, but about 90% of the cases in papers
that described liver function were Child-Pugh
A. Multivariate analysis including tumor size and
treatment modalities showed poor survival for 3DCRT
and similar or slightly better results for particle
therapy than for SBRT. These results suggest that high
doses of particle therapy and SBRT to the primary
tumor are effective for improving survival. A com-
parison of particle therapy and SBRT showed no
significant difference other than 1-year OS rate, but

particle therapy gave better overall treatment
outcomes.
218 Liver Cancer 2025;14:211-222
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Similarly to ICC, hepatocellular carcinoma (HCC)
requires high-dose irradiation of the liver. In a sys-
tematic review of radiotherapy for HCC, particle
therapy and SBRT had almost the same treatment
results, while 3D-CRT with TACE had poorer out-
comes [37]. Both SBRT and particle therapy are ex-
pected to achieve high local control for small HCCs of
3-4 cm or less [38, 39]. All articles included in the
current meta-analysis had a median tumor size of
4 cm or greater, and the significant difference in 1-
year OS between particle therapy and SBRT in the
meta-analysis is probably due to the larger tumor size.
Thus, for ICC, in which lesions often exceed 4 cm,
particle therapy is suitable for safe irradiation of a
large tumor. Given that most recurrences in particle
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Study N MST [95%Cl] W(common) W(random)
Parzen et al. 2020 25 —s— 20.1 [10.3; 39.3] 14.3% 14.3%
Shimizu et al. 2019 25 — 25.0 [13.5;46.2] 17.1% 17.1%
Kasuya et al. 2019 27 N 23.8 [13.7;41.4] 21.1% 21.1%
Hong et al. 2016 39 —F— 22.5 [10.2; 49.5] 10.4% 10.4%
Registry 85 —-'J-— 22.1 [14.6; 33.5] 37.1% 37.1%
i
Common effect model <E=- 22.7 [17.6; 29.2] 100.0% -
Random effects model < 22.7 [17.6; 29.2] - 100.0%
Heterogeneity: = 0%, p =0.99 ! y ! ) !
a 0 20 40 60 80 100
Study N MST [95%CI] W(common) W(random)
Brunner et al. 2019 64 —'— 15.0 [10.7; 21.1] 35.3% 21.6%
Sebastian et al. 2019 27 ; 48.0 [23.5; 98.2] 8.1% 12.4%
Shen et al. 2017 28 —-';— 15.0 [8.9;25.2] 15.3% 16.8%
Gkika et al. 2017 17| & 14.0 [9.0;21.8] 21.1% 18.8%
Weiner et al. 2016 12 "—*-E—" 13.2 [4.4;394] 3.5% 7.1%
Jung et al. 2014 33| =+ 10.0 [5.7;17.6] 13.1% 15.7%
Tse et al. 2008 10 —f— 15.0 [5.3;42.9] 3.8% 7.6%
E
Common effect model é 15.3 [12.5; 18.8] 100.0% -
Random effects model < 15.9 [11.3; 22.3] - 100.0%
Heterogeneity: = 51%, p = 0.06 I I I ' |
b 0 20 40 60 80 100
Study N MST [95%CI] W(common) W(random)
Chang et al. 2018 (CCRT) 211 | & 10.3 [8.4;12.7] 12.2% 13.8%
Chang et al. 2018 (CTRT) 211 | & 6.7 [5.5; 8.2] 12.8% 13.9%
Verma et al. 2018 666 | | 13.6 [12.1; 15.3] 38.0% 15.2%
Shinohara et al. 2008 396 | & 7.0 [6.1; 8.1] 25.6% 14.9%
Zeng et al. 2006 38 | +— 12.0 [7.3;19.7] 2.1% 8.4%
Crane et al. 2002 52 | + 10.0 [6.6; 15.1] 3.0% 9.8%
Shinch et al. 2000 30| — 13.0 [7.6;22.3] 1.8% 7.8%
Dawson et al. 2000 27 | +— 11.0 [5.8;21.0] 1.3% 6.3%
Sebastian et al. 2019 54 — 14.0 [9.3;21.1] 31% 9.9%
Common effect model 10.0 [9.3; 10.7] 100.0% -
Random effects model & 10.2 [8.3; 12.5] - 100.0%
Heterogeneity: 1 = 89%, p < 0.01 T T ! T |
c 0 20 40 60 80 100

Fig. 6. Forest plot for each modality for MST. a MST of all selected manuscript (Particle therapy). b MST of all
selected manuscript (SBRT). ¢ MST of all selected manuscript (3DCRT).

therapy and SBRT cases occur outside the irradiated
area, chemotherapy, which is the standard treatment
for unresectable cases of ICC and distant metastases,
is essential.

Chemotherapy is the standard treatment, and GEM,
CDDP, and TS-1 are used in combination [40-43].
Using these treatments, the MST of chemotherapy for

Systematic Review and Meta-Analysis
for ICC

unresectable ICC is about 12-15 months and the main
cause of death is exacerbation of a local lesion, whereas
with particle therapy, the main cause of death is
distant metastasis [9, 13]. Since ICC is a rare disease, it
is difficult to conduct randomized trials to verify the
optimal combination. The results for particle therapy
suggest that it is indicated for unresectable ICC, where
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Table 3. Meta-regressions of potential

predictive factors for 1- to 3-year Factors Estimate SE zval Pval ci.lb ci.ub
OS and MST 1-year OS
3DCRT 0.5959 0.2847  2.0936 0.0363  0.0380 1.1539
SBRT 0.3761 0.1641 2.2918 0.0219  0.0545 0.6977
Tumor size  —0.0039 0.0099 -0.3979 0.6907 -0.0233 0.0154
2-year OS
3DCRT 0.5181 0.2529  2.0487 0.0405 0.0224 1.0138
SBRT 0.2936 0.2024 1.4504 0.1469 -0.1032  0.6904
Tumor size  0.0039 0.0099 0.6934 0.6934  -0.0155 0.0232
3-year OS
3DCRT 0.6963 0.4000 1.7407 0.0817  -0.0877 1.4803
SBRT 0.3052 0.3086  0.9892 0.3226  —-0.2996  0.9100
Tumor size  0.0042 0.0388 0.1084 09137 -0.0718  0.0802
MST
3DCRT —0.5283 0.3157 -1.6733 0.0943 -1.1471 0.0905
SBRT -0.2618 0.2155 -1.2149  0.2244  -0.6841 0.1605
Tumor size  0.0021 0.0115 0.1876 0.8512  0.0203 0.0246

0S, overall survival; MST, median survival time.

local lesions are expected to be the main cause of
death, regardless of distant metastases. At present,
particle therapy for ICC is performed for about 4-7
weeks. Given that the main cause of death after ra-
diotherapy is distant metastasis, concurrent chemo-
therapy or an early transition to systemic chemo-
therapy may be beneficial for shortening the irradi-
ation period [9, 13]. However, a future study is needed
to establish the optimal dose fraction and total dose of
particle therapy in combination with systemic therapy
for ICC.

Conclusion

Particle therapy achieved a good therapeutic effect for
ICC, and a meta-analysis indicated that particle therapy is
a better treatment modality than SBRT and 3DCRT. The
next task is to determine a suitable indication and to
consider the optimal combination of particle therapy with
systemic therapy.
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