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Simple Summary: For decades, there has been no globally accepted neoadjuvant or adjuvant therapy
in resectable biliary tract cancer. Based on the results of the BILCAP trial, adjuvant capecitabine
has been widely regarded as standard adjuvant therapy. Focusing on the management of resectable
biliary tract cancer, this article reviews each therapeutic strategy including surgery, chemotherapy
and radiotherapy, and summarises published and ongoing clinical trials of neoadjuvant and adjuvant
therapy.

Abstract: Biliary tract cancers (BTCs) are a group of aggressive malignancies that arise from the
bile duct and gallbladder. BTCs include intrahepatic cholangiocarcinoma (IH-CCA), extrahepatic
cholangiocarcinoma (EH-CCA), and gallbladder cancer (GBCA). BTCs are highly heterogeneous
cancers in terms of anatomical, clinical, and pathological characteristics. Until recently, the treatment
of resectable BTC, including surgery, adjuvant chemotherapy, and radiation therapy, has largely
been based on institutional practice guidelines and evidence from small retrospective studies. Re-
cently, several large randomized prospective trials have been published, and there are ongoing
randomized trials for resectable BTC. In this article, we review prior and recently updated evidence
regarding surgery, adjuvant and neoadjuvant chemotherapy, and adjuvant radiation therapy for
patients with resectable BTC.

Keywords: biliary tract cancer; cholangiocarcinoma; gallbladder cancer; adjuvant chemotherapy;
radiation therapy; surgery

1. Introduction

Biliary tract cancers (BTCs) are a group of aggressive malignancies that arise from
the bile duct and gallbladder. BTCs include intrahepatic cholangiocarcinoma (IH-CCA),
extrahepatic cholangiocarcinoma (EH-CCA), and gallbladder cancer (GBCA) (Figure 1) [1].
EH-CCA is subdivided into perihilar and distal CCA. Globally, there are an estimated
186,000 new cases and 140,000 deaths annually due to BTCs. BTC has a particularly high
incidence in some countries, including South Korea, Thailand, China, and Chile [1], but it
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is rare in most Western countries. However, its incidence is now increasing globally [1,2].
BTCs are highly heterogeneous cancers in terms of anatomical, clinical, and pathological
characteristics. Patients with BTC often present with non-specific and non-biliary obstruc-
tive symptoms, which complicates and delays diagnosis, and only 20% of patients are
diagnosed at the resectable stage [2,3]. BTCs are well known to have a dismal prognosis,
with estimated 5-year overall survival (OS) rates of 6–26% for localized disease and 1–2% for
metastatic disease [2,3]. For localized BTCs, surgical resection is the only curative treatment
modality. The rate of BTC recurrence is high even after curative-intent surgical resection.
For unresectable or metastatic BTCs, gemcitabine plus cisplatin (GemCis) is the standard or
care based on the improved survival outcomes compared to gemcitabine monotherapy in
the ABC-02 trial [4]. However, OS of patients with unresectable or metastatic BTC treated
with GemCis is still dismal with less than median 1 year in the randomized trials and
real-world data [4–7]. There is no globally established second-line chemotherapy after
progression on GemCis, although fluorouracil-based therapy has been widely used in
daily practice [8]. An improved recent understanding of genetic characteristics of BTC has
increased the chances of incorporation of molecular targeted therapy in the management of
unresectable or metastatic BTC such as fibroblast growth factor receptor (FGFR) inhibitors,
isocitrate dehydrogenase (IDH)-1 inhibitor, and human epidermal growth factor receptor
2 (HER2) inhibitors [9–12]. However, only small subsets of patients up to 20% of overall
BTC patients harbor these genetic alterations and there are discrepancies according to the
primary tumor sites (FGFR2 gene fusion and IDH-1 in IH-CCA, and HER2 in GBCA or
EH-CCA).

Figure 1. Structural classification of biliary tract cancer, IHCC = intrahepatic cholangiocarcinoma,
CCA = cholangiocarcinoma, and GBCA = gallbladder cancer.

The high recurrence rates and dismal prognosis of localized BTCs indicate the unmet
need for effective adjuvant and neoadjuvant therapy. However, most previous studies in-
vestigating adjuvant and neoadjuvant therapy have been based on small and retrospective
analyses of heterogeneous patient populations. Recently, several large randomized prospec-
tive trials have been published, and there are ongoing randomized trials investigating
resectable BTC [13–15]. In this article, we review prior and recently updated evidence re-
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garding surgery, adjuvant and neoadjuvant chemotherapy, and adjuvant radiation therapy
for patients with resectable BTC.

2. Surgical Considerations

Radical resection with microscopically negative margins is essential for curing BTC.
Considering the structural characteristics of the biliary tree, from intrahepatic to the am-
pulla of Vater, selection of the optimal extent for surgical resection (according to various
locations) is critically important. Additionally, appropriate lymph node dissection should
be performed for proper treatment and staging.

2.1. IH-CCA

Based on the involved hepatic segment, the goals of surgical resection for IH-CCA
are to perform margin-free hepatic resection and regional lymphadenectomy. Although
it is still controversial whether to perform anatomical or non-anatomical resection for IH-
CCA [16,17], achieving negative hepatic resection margins (R0 resection) has been reported
as an important prognostic factor in terms of both recurrence and survival [18,19].

Although the necessity of routine regional lymphadenectomy remains controversial in
terms of survival benefit, a lack of nodal staging may lead to heterogeneous and potentially
incorrect prognostic classification [20–22]. The recently published eighth edition of the
American Joint Committee on Cancer (AJCC) guidelines recommend routine regional
lymphadenectomy, including the removal of at least six lymph nodes for appropriate stag-
ing [23]. Along with standard lymphadenectomy of the hepatoduodenal ligament (station
8) and hepatic artery (station 12), the recent evidence suggests additional lymphadenectomy
of the left gastric artery nodes along the lesser curvature of the stomach in left-dominant
IH-CCA and the retropancreatic area (station 13) in right-dominant IH-CCA [24,25].

2.2. GBCA

The principle of surgical resection for GBCA depends on the tumor depth of invasion
(T stage of AJCC 8th edition). Simple cholecystectomy is sufficient for T1a tumors confined
to the lamina propria, as the likelihood of finding residual disease in such tumors is
almost negligible [26,27]. For T1b or T2 tumors, radical cholecystectomy with en-bloc
resection of the adjacent liver parenchyma is recommended, along with hepatoduodenal
lymphadenectomy. However, the optimal surgical strategy for T1b cancer invading the
muscular layer is still under debate, and the role of radical resection for such tumors
remains questionable [28–30]

Although there is still some controversy surrounding the treatment of stage T2a
cancers, the current standard is to perform radical resection with limited or, in some
advanced cases, extended hepatectomy and regional lymphadenectomy for GBCA beyond
T2 invading perimuscular connective tissue [28,31]. Resection of the common bile duct
with Roux-en-Y hepaticojejunostomy is not routinely recommended because it increases
morbidity without any survival benefit. However, extrahepatic bile duct resection is
necessary if the patient has a positive cystic duct margin on intraoperative frozen section
or if there is direct tumor extension [32].

2.3. Perihilar CCA

Based on the mode of tumor extension, according to the Bismuth and Corlette classi-
fication, extended right or left hemihepatectomy, involving half of the liver, the inferior
part of segment IV or V, most of the caudate lobe, the hilar plate, the extrahepatic bile
duct, and regional lymphadenectomy, is regarded as the standard radical operation for
perihilar CCA [33–36]. Even for patients with Bismuth and Corlette types I or II (Figure 2),
extended hemihepatectomy is warranted to ensure negative margins and improve survival
among patients suitable for surgery [37]. Type IV (Figure 2) is often classified as inoperable,
but for some patients, right- or left-trisectionectomy is advantageous in terms of obtaining
negative bile duct margins [38]. Combined vascular resection with reconstruction of the
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portal vein and hepatic artery could be applied to achieve R0 resection among patients
with advanced tumors.

Figure 2. Bismuth–Corlette classification of perihilar cholangiocarcinoma, Type I, confined to the
common hepatic duct; Type II, involved the confluence of the common hepatic duct; Type IIIa,
involved the confluence and extended to the bifurcation of right hepatic duct; Type IIIb, involved
the confluence and extended to the bifurcation of the left hepatic duct; and Type IV, involved the
confluence and extended to the bifurcation of both right and left hepatic ducts.

Perihilar CCA usually requires extended hepatectomy, which is related to the increased
rate of postoperative hepatic failure and subsequent high rates of perioperative morbidity
and mortality. Makuuchi et al. first introduced preoperative portal vein embolization
for perihilar CCA with a small future remnant hepatic volume [39], and it is now widely
accepted as a valuable preoperative measure that induces compensatory hypertrophy of
the remnant liver parenchyma for extended hepatectomy [40–42].

2.4. Distal CCA

Pancreaticoduodenectomy (PD) with regional lymphadenectomy is the standard
treatment for distal CCA. Pylorus preservation does not affect survival outcomes for
distal CCA [43]. Standard regional lymphadenectomy, including hepatoduodenal ligament
(station 8 and 12) lymph nodes and peripancreatic lymph nodes, is warranted, but extended
lymphadenectomy, including para-aortic lymph nodes, is not justified in terms of survival
benefit and perioperative morbidity [44,45].

3. Clinical Outcomes and Recurrence Patterns among Patients with Resected BTC

In a large single-center retrospective analysis including 564 resected BTC patients,
the median OS was 28, 13, and 18 months among patients with IH-CCA, perihilar CCA, and
distal CCA, respectively [19]. Among patients who underwent R0 resection, the median
OS was 80, 30, and 25 months, respectively. Negative resection margin (i.e., R0 resection),
negative lymph node status, and a higher degree of tumor differentiation were significantly
better prognostic factors for resected BTC patients.

Another retrospective analysis, including 156 resected perihilar CCAs and GBCAs,
showed that recurrence pattern varies by primary BTC site [46]. Locoregional recurrence
is more frequent in association with perihilar CCA (65%) compared with GBCA (28%),
while distant metastasis is dominant in GBCA (72%) compared with perihilar CCA (36%)
as an initial recurrence site.
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4. Adjuvant Chemotherapy
4.1. Meta-Analysis

Even as recently as 2010, there existed few prospective randomized trials investigating
resectable BTC, and the mostly available evidence was data from small retrospective
studies [47]. Although there was a report from the Japanese multicenter randomized
trial including 508 patients with resected malignancies of pancreas, bile duct, gallbladder,
or ampulla of Vater between 1986 and 1992 [48], which showed OS improvement with
mitomycin C plus 5-fluorouracil compared to observation in GBCA patients (n = 112),
this study is limited by using old-fashioned chemotherapy regimen and lack of appropriate
statistical consideration. A meta-analysis including 20 studies involving 6712 patients
showed that there was a non-significant improvement in OS with any adjuvant treatment
compared with surgery alone (pooled OR, 0.74; p = 0.06) [47]. Adjuvant treatment was
shown to benefit patients with lymph-node–positive disease (OR, 0.49; p = 0.004) and R1
disease (OR, 0.36; p = 0.002). Although this analysis supported adjuvant treatment for
resected BTC patients, it is difficult to use these findings to specifically guide adjuvant
therapy for resected BTC patients because the patient population and specific adjuvant
therapy strategies were diverse. Despite the lack of evidence derived from randomized
trials, high recurrence rates after curative-intent resection have led to the wider use of
adjuvant chemotherapy. The US National Cancer Database, a prospective, hospital-based
cancer registry, showed that the proportion of patients receiving adjuvant chemotherapy
has increased among patients with resected GBCA [49].

4.2. Randomized Trials

The baseline patient characteristics and key clinical outcomes are presented in Tables 1 and 2,
respectively.

4.2.1. BILCAP Trial

The BILCAP trial was a randomized, open-label, phase 3 study conducted in 44 UK
hospitals, which compared adjuvant capecitabine (1250 mg/m2 twice daily on days 1–14
of a 21-day cycle for eight cycles) with observation [13]. A total of 447 patients with
CCA or muscle-invasive GBCA who had undergone macroscopically complete resection
were enrolled between March 2006 and December 2014. At the time of the final analysis
(March 6, 2017), 114 (51%) patients had died in the capecitabine group and 131 (58%)
had died in the observation group. In the intention-to-treat (ITT) analysis, the median
OS—the primary endpoint—was 51.1 months (95% confidence interval (CI), 34.6–59.1)
in the capecitabine group and 36.4 months (95% CI, 29.7–44.5) in the observation group.
The adjusted hazard ratio (HR) was 0.81 (95% CI, 0.63–1.04; p = 0.097). In the per-protocol
(PP) analysis—including 430 patients—the median OS was 53 months (95% CI, 40-not
reached) in the capecitabine group and 36 months (95% CI, 30–44) in the observation group
with an adjusted HR of 0.75 (95% CI, 0.58–0.97; p = 0.028). In the ITT population, the median
recurrence-free survival (RFS) was 24.4 months (95% CI, 18.6–35.9) in the capecitabine
group and 17.5 months (95% CI, 12.0–23.8 months) in the observation group (adjusted HR,
0.75; 95% CI, 0.58–0.98; p = 0.033). In the PP population, the median RFS was 25.9 months
(95% CI, 19.8–46.3 months) in the capecitabine group and 17.4 months (95% CI, 12.0–23.7)
in the observation group (adjusted HR of 0.70 (95% CI, 0.54–0.92) and p = 0.0093). Although
the primary endpoint of this study was not met in the ITT population, the prespecified PP
analysis revealed significantly improved OS with capecitabine compared with observation.
Based on the data from the BILCAP trial, capecitabine following curative-intent surgery is
now regarded as a standard therapeutic strategy for resectable BTC patients.
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Table 1. Baseline patient characteristics of prospective randomized adjuvant therapy trials.

Variables BILCAP Trial PRODIGE 12 Trial BCAT Trial

Treatment CAP Observation GEMOX Observation GEM Observation

Patient number 223 224 95 99 117 108

Age, median
(range) 62 (55–68) 64 (55–69) 63 (33–83) 63 (41–80) ≥70 years: 56% ≥70 years: 43%

Gender,
male/female 50%/50% 50%/50% 60%/40% 50%/50% 66%/34% 76%/24%

Primary tumor
site

IH-CCA 43 (19%) 41 (18%) 41 (43%) 45 (46%) 0 0

Perihilar CCA 65 (29%) 63 (28%) 10 (11%) 5 (5%) 51 (44%) 51 (47%)

Distal CCA 76 (34%) 80 (36%) 27 (28%) 28 (28%) 66 (56%) 57 (53%)

GBCA 39 (17%) 40 (18%) 17 (18%) 21 (21%) 0 0

Resection status

R0 139 (62%) 140 (63%) 82 (86%) 87 (88%) 106 (91%) 94 (87%)

R1 84 (38%) 84 (38%) 13 (14%) 12 (12%) 11 (9%) 14 (13%)

Nodal status

Negative 115 (52%) 121 (54%) 49 (52%) 48 (48%) 75 (64%) 72 (67%)

Positive 108 (48%) 102 (46%) 35 (37%) 36 (36%) 42 (36%) 36 (33%)

Missing 0 1 (<1%) 11 (12%) 15 (15%)

CAP = capecitabine, CCA = cholangiocarcinoma, GBCA = gallbladder carcinoma, GEM = gemcitabine, GEMOX = gemcitabine plus
oxaliplatin, IH-CCA = intrahepatic cholangiocarcinoma.

Table 2. Clinical outcomes of previous adjuvant chemotherapy trials.

Variables BILCAP Trial (ITT) BILCAP Trial (PP) PRODIGE 12 Trial BCAT Trial

Treatment CAP Observation CAP Observation GEMOX Observation GEM Observation

Median OS,
months (95%

CI)

51.1
(34.6–59.1)

36.4
(29.7–44.5)

53 (40-not
reached) 36 (30–44) 75.8 (34.4-not

reached)
50.8 (38.0-not

reached) 62.3 63.8

HR (95% CI) 0.81
(0.63–1.04) p = 0.097 0.75

(0.58–0.97) p = 0.028 1.08
(0.70–1.66) p = 0.74 1.01

(0.70–1.45) p = 0.964

Median RFS,
months (95%

CI)

24.4
(18.6–35.9)

17.5
(12.0–23.8)

25.9
(19.8–46.3)

17.4
(12.0–23.7)

30.4
(15.4–43.0)

18.5
(12.6–38.2) 36.0 39.9

HR (95% CI) 0.75
(0.58–0.98) p = 0.033 0.70

(0.54–0.92) p = 0.0093 0.88
(0.62–1.25) 0.48 0.93

(0.66–1.32) p = 0.693

CAP = capecitabine, CI = confidence interval, GEM = gemcitabine, GEMOX = gemcitabine plus oxaliplatin, HR = hazard ratio, ITT =
intention-to-treat, PP = per protocol, RFS = recurrence-free survival, OS = overall survival.

4.2.2. PRODIGE 12 Trial

The PRODIGE 12-ACCORD 18-UNICANCER GI trial was a randomized, open-label,
phase 3 study comparing gemcitabine plus oxaliplatin (GEMOX: gemcitabine 1000 mg/m2

on day 1 and oxaliplatin 85 mg/m2 infused on day 2 of a 2-week cycle) for 12 cycles with
observation for resected BTC [14]. A total of 196 patients who underwent curative-intent
surgery were enrolled from 33 French hospitals between July 2009 and February 2014.
The primary endpoints of this study were RFS and health-related quality of life (HRQOL).
At the time of analysis, the events for RFS and deaths occurred in 126 and 82 patients,
respectively. There was no significant between-group difference in RFS, as the median
RFS was 30.4 months (95% CI, 15.4–43.0) in the GEMOX group and 18.5 months (95% CI,
12.6–38.2) in the observation group (HR, 0.88; 95% CI, 0.62–1.25; p = 0.48). The median
time to definitive deterioration of global HRQOL did not differ between the two groups
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(31.8 months in the GEMOX group vs. 32.1 months in the observation group; [HR, 1.28;
95% CI, 0.73–2.26; p = 0.39]). The median OS was 75.8 months (95% CI, 34.4-incalculable) in
the GEMOX group and 50.8 months (95% CI, 38.0-not estimable) in the observation group
(HR, 1.08; 95% CI, 0.70–1.66; p = 0.74).

4.2.3. BCAT Trial

The BCAT trial was a Japanese randomized open-label phase 3 trial investigating
gemcitabine (1000 mg/m2 3 weekly every 4 weeks for six cycles) as adjuvant therapy vs.
observation for resected BTC patients [15]. This study only included EH-CCA (perihilar
and distal CCA) patients. The primary endpoint was OS. A total of 226 patients were
included from 48 Japanese hospitals between September 2007 and January 2011. There were
no significant between-group differences in median OS (62.3 months in the gemcitabine
group vs. 63.8 months in the observation group (HR, 1.01; 95% CI, 0.70–1.45; p = 0.964)) or
median RFS (36.0 vs. 39.9 months (HR, 0.93; 95% CI, 0.66–1.32; p = 0.693)).

4.3. Interpretation of Conflicting Results and Future Perspectives

The conflicting results among these randomized studies reflect the heterogeneous dis-
ease characteristics of BTC. It is interesting that GEMOX, which is likely to have comparable
efficacy to GemCis, is the current standard therapy for locally advanced and metastatic
BTC patients based on ABC-02 trial. Compared with the BILCAP trial, the PRODIGE 12
trial seems to have been underpowered with a relatively small sample size (N = 194) [13,14].
There were also differences in baseline patient characteristics between the BILCAP and
PRODIGE 12 trials, such as proportion of EH-CCA (35% vs. 28%), R1 resection status
(38% vs. 13%), and lymph node positivity (47% vs. 38%), although it is not clear whether
these differences affected the outcomes.

One of the potential explanations for the failure of previous randomized trials is
the lumping together of all BTC tumor types. Even in the BILCAP trial, ITT analysis
failed to yield statistically significant results. As surgical considerations and recurrence
patterns vary by primary BTC tumor types, and as these might impact the clinical out-
comes of adjuvant chemotherapy, investigations for each tumor type might be an effective
strategy. Another potential explanation is the insufficient efficacy of the investigated ad-
juvant chemotherapy. Recent advances in the understanding of BTC have revealed that
targeted therapy, such as FGFR or IDH-1, or immunotherapy, such as PD-1 or PD-L1
inhibitors, have activity against unresectable or metastatic BTC [12,50,51]. Future studies
to incorporate these novel therapies in adjuvant treatment for resected BTC are needed.

4.4. Ongoing Adjuvant Chemotherapy Trials

There are ongoing large prospective randomized trials investigating adjuvant chemother-
apy for resected BTC patients (Table 3). The ACTICCA-1 trial (NCT02170090) is a multinational
trial comparing observation with GemCis for resected BTC. After the BILCAP trial findings
were disseminated, the ACTICCA-1 study protocol was amended to include capecitabine in
the control arm. An ongoing Chinese phase 3 trial (NCT02548195) is investigating GEMOX
in comparison with capecitabine for resected IH-CCA patients. JCOG1202 (ASCOT) trial is
a Japanese phase 3 trial comparing adjuvant S-1 with observation in resected biliary tract
cancer. The STAMP trial (NCT03079427) is a Korean multi-center phase 2 trial investigating
resected lymph-node–positive EH-CCA patients and comparing GemCis with capecitabine.
This trial recently completed its target enrollment. Another Korean multi-center phase 3 trial
(NCT04401709) comparing adjuvant capecitabine with gemcitabine–capecitabine combination
therapy will be launched soon.
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Table 3. Ongoing randomized trials for adjuvant and neoadjuvant chemotherapy.

Registered
Number Country Phase

Number of
Target

Patients

Target
Disease

Investigational
Arm Control Arm Primary

Endpoint

Adjuvant chemotherapy

NCT02170090
(ACTICCA-

1)

Germany/
Nether-

land/UK/
Austrailia

III 781
IH-CCA,
EH-CCA,

GBCA
GemCis Observation

→ CAP DFS

NCT02548195 China III 286 IH-CCA GEMOX GEM DFS

UMIN000011688
(JCOG1202,

ASCOT)
Japan III 440

IH-CCA,
EH-CCA,

GBCA,
ampullary

cancer

S-1 Observation OS

NCT03079427
(STAMP) Korea II 100 LN-positive

EH-CCA GemCis CAP DFS

NCT04401709 Korea III 490
IH-CCA,
EH-CCA,

GBCA
GEM+CAP CAP DFS

Neoadjuvant chemotherapy

NCT03673072
(GAIN) Germany III 300 Incidental

GBCA GemCis Upfront
surgery OS

NCT04308174
(DEBATE) Korea II 45

IH-CCA,
EH-CCA,

GBCA

Durvalumab
+ GemCis GemCis R0 resection

rate

CAP = capecitabine, CCA = cholangiocarcinoma, DFS = disease-free survival, EH-CCA = extrahepatic cholangiocarcinoma, GBCA =
gallbladder carcinoma, GEM = gemcitabine, GemCis = gemcitabine plus cisplatin, GEMOX = gemcitabine plus oxaliplatin, IH-CCA =
intrahepatic cholangiocarcinoma, LN = lymph node, OS = overall survival.

5. Neoadjuvant Chemotherapy

As a significant proportion of patients with BTC, particularly those with perihilar-
CCA, are diagnosed with locally advanced disease, neoadjuvant chemotherapy may be
an effective strategy for improving R0 resection rates and survival outcomes. However,
there has been a lack of prospective clinical data on this subject. As intensive chemother-
apy, such as with mFOLFIRINOX, has yielded promising data for borderline resectable
or locally advanced pancreatic cancer [52,53], neoadjuvant chemotherapy may provide
improved clinical outcomes for BTC patients. Triplet chemotherapy, such as GemCis plus
nab-paclitaxel or S-1-irinotecan–oxaliplatin, have shown high response rates (40–50%) in
single-arm studies, and these regimens may be as effective as neoadjuvant therapy [54,55].
A recent single-arm phase 2 study showed promising efficacy outcomes with durvalumab,
anti-PD-L1 antibody, and GemCis for patients with unresectable or metastatic BTC, and
this regimen is now under investigation (DEBATE: NCT04308174) as neoadjuvant therapy
for resectable BTC (Table 3) [56].

6. Adjuvant Radiation Therapy

The role of adjuvant radiation therapy for BTC remains controversial due to a lack
of data generated by large prospective randomized trials. However, as pathologically
complete resection is often limited due to the locally invasive nature of disease and the
proximity of tumors to adjacent critical structures, and because local recurrence is frequent
even after curative-intent surgery, adjuvant radiation therapy has been used for resected
BTC patients in daily practice [19].
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In a previous large meta-analysis of adjuvant therapy [47], adjuvant chemotherapy and
chemoradiotherapy were associated with greater benefits than adjuvant radiation therapy
alone (odds ratio (OR) = 0.39 vs. 0.61 vs. 0.98, p = 0.02). The effect of adjuvant therapy
was significant for patients with positive resection margin (OR = 0.36, p = 0.002), 63% of
whom received radiation therapy alone. In another meta-analysis for EH-CCA and GBCA
including 21 studies [57], the OS benefit of adjuvant radiation therapy (vs. no radiation
therapy) was marginal for patients with negative resection margins (OR = 0.57, p = 0.08)
and the adjuvant therapy group had a significantly higher 5-year OS rate among those
with positive resection margins (OR = 0.40, p = 0.02) or positive lymph node metastases
(OR = 0.15; p < 0.001). These findings were consistent with previous reports based on
data from the US National Cancer Database and the Surveillance, Epidemiology, and End
Results (SEER) database of the National Cancer Institute [58–61].

The Southwest Oncology Group (SWOG) S0809 trial was a multi-center prospective
phase 2 trial to evaluate four cycles of gemcitabine followed by capecitabine-based chemora-
diation therapy (54–59.4 Gy) for resected EH-CCA and GBCA (stage T2–4) with lymph
node metastases or positive resection margins [62]. A total of 79 patients were enrolled,
and 10 patients did not receive radiation therapy after chemotherapy. The median OS was
35 months, and the 2-year OS and disease-free survival (DFS) rates were 65% and 52%, re-
spectively. The 2-year local recurrence rate was only 11%. The patients who did not receive
radiation therapy and those who received radiation therapy with a deviation from protocol
had higher local recurrence rates (30% and 42%, respectively). However, there were no
significant differences in OS, DFS, and local recurrence at 2 years between the R0 and R1
resection groups, and these findings may suggest a beneficial effect of radiation therapy
for R1 resection. The SWOG S0809 trial adopted a modern radiation therapy technique,
including mostly intensity-modulated radiation therapy, and the severity and incidence
of radiation therapy–related toxicity were acceptable. Amid a lack of high-level evidence
supporting adjuvant radiation therapy for resected biliary tract cancer, this well-conducted
prospective trial with a modern chemoradiation therapy protocol had a great influence
on clinical practice and provided a well-established regimen for future trials investigating
adjuvant radiation therapy.

Because of the lack of high-level evidence, current clinical practice guidelines rec-
ommended adjuvant radiation therapy for select patients with EH-CCA and GBCA after
multidisciplinary discussion on the potential risks and benefits [63,64]. Recently published
American Society of Clinical Oncology (ASCO) clinical practice guidelines suggest that
adjuvant radiation therapy may be a reasonable option to reduce the risk of local recurrence
and that patients with EH-CCA or GBCA with R1 resection may be offered chemoradiation
therapy after a shared decision-making process [63]. Further efforts are required to identify
the subgroup of patients who are most likely to benefit from adjuvant radiation therapy,
and prospective randomized trials are needed.

7. Endpoints of Perioperative Therapy Clinical Trials

OS is a gold-standard hard efficacy endpoint of clinical trials investigating novel
chemotherapeutic agents in advanced cancer patients. Therefore, OS is recommended to be
the primary endpoint of perioperative therapy clinical trials in advanced BTC patients. BTC
is relatively rare cancer type for which it is difficult to perform multiple large randomized
trials; however, DFS may be considered as the surrogate endpoint to reduce the sample
size, cost, and duration of clinical trials. Although a previous report has suggested that PFS
may be the valid surrogate endpoint for OS in unresectable or metastatic BTC patients [65],
there are no such data that show the correlation between DFS and OS in resected BTC.
Further investigations are needed to define the optimal surrogate endpoints in the future
clinical trials of perioperative therapy.
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8. Conclusions

A multidisciplinary approach with shared decision-making is essential for the success-
ful management of resectable BTC. With the development and standardization of surgical
strategies for each BTC type (IH-CCA, perihilar CCA, distal CCA, and GBCA), future trials
are needed to focus on specific biliary tract subsites. As novel chemotherapeutic agents and
strategies, including targeted therapy and immunotherapy, have shown promising efficacy,
there is a need for future research incorporating these novel therapies in the perioperative
management of resectable BTC.
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