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Abstract: Extrahepatic cholangiocarcinoma (EHCC) is a rare malignant tumor, and current

treatment methods are also relatively limited. Radical surgery is the only potentially curative

method for the long survival time. However, despite undergoing radical resection, prognosis

remained poor due to the high recurrence rate and distant metastasis. Therefore, adjuvant

chemotherapy and radiotherapy should be offered to patients who have undergone surgery.

Unfortunately, the low incidence of this disease has resulted in a lack of high-level evidence

to confirm the importance of adjuvant chemotherapy or radiotherapy. At present, it is still

controversial whether adjuvant therapy can prolong the survival of patients after operation,

especially patients with negative margins or lymph nodes. Furthermore, standard regimens of

adjuvant have not been identified. This review summarizes the currently available evidence

of the effect of adjuvant therapy in the management of EHCC. Ultimately, we concluded that

adjuvant therapy may improve survival in high-risk (positive margin or lymph node or

advanced stage) patients and adjuvant concurrent chemoradiotherapy followed by che-

motherapy may be the optimum selection for them. This needs to be verified by randomized

prospective clinical trials.

Keywords: extrahepatic cholangiocarcinoma, adjuvant chemotherapy, adjuvant radiotherapy,

adjuvant chemoradiotherapy

Introduction
Cholangiocarcinoma (CC) is a rare malignancy which arises from the epithelium of

bile ducts, and it has a tendency to extend along the biliary tract.1 It accounts for about

3% of gastroenteric tumors and is the second most common primary hepatic

neoplasm.2,3 CC is generally categorized as either intrahepatic or extrahepatic

based on the anatomic location with respect to the second-order bile ducts. This

article mainly discusses the effect of postoperative treatment in EHCC which is

further divided into hilar cholangiocarcinoma (HCC) (Klastskin tumors) and distal

cholangiocarcinoma (DCC).4 The HCC which arises from malignant proliferation of

epithelium of bile ducts is the most common type of CC (50–60%). It is located

between the second-degree bile ducts and insertion of cystic duct into the common

bile duct.5,6 DCC is defined as bile duct tumors arising between the cystic duct and

the ampulla of Vater (except Klastskin tumors and ampulla of Vater cancer).7 Radical

resection with negative surgical margins is the most effective and only potential

curative treatment.8 However, only approximately 20% of biliary tract tumor could

be considered resectable, and the prognosis of this disease is even poor.9

Furthermore, only 5–10% of patients would be alive 5 years after surgery.2 Despite

undergoing a complete resection, the reported 5-year survival rate of patients with
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HCC and DCC is in the range of 20% to 42% and 16% to

52%, respectively.10,11 This may be attributable to the high

rate of recurrence (60–75%).12 Due to these poor outcomes,

adjuvant therapy (AT), including chemotherapy, radiother-

apy and chemoradiotherapy, should be considered for post-

operative patients. To our knowledge, the role of adjuvant

chemotherapy or radiotherapy after resection of EHCC is

just uncertain for the lack of high-level evidence. The

current data are mainly based on several retrospective and

prospective studies with certain limitations. The purpose of

this review is to summarize the effect of adjuvant che-

motherapy and radiation therapy in EHCC, and to seek the

best postoperative treatment regulations. Furthermore, we

try to point out possible future research directions. Some

studies of AT in EHCC and details about ongoing clinical

trials can be seen in Tables 1 and 2, respectively.

Adjuvant Chemotherapy
EHCC is intrinsically a chemo-resistant malignancy.13 The

purpose of adjuvant chemotherapy is to improve the poor

prognosis of this disease after radical surgery. According

to National Comprehensive Cancer Network (NCCN)

guidelines, the chemotherapy protocol mainly includes

fluoropyrimidine-based or gemcitabine-based chemother-

apy, but they are based on the extrapolation of data from

studies of patients with advanced disease.14 There are

a few data evaluating the role of adjuvant chemotherapy

in EHCC,15,16 and only three prospective studies could be

found so far.17–19

A retrospective study in a Japanese center was published

in 2009.20 The study included 103 patients with HCC, DCC,

ampullary carcinoma and gallbladder cancer (GBC) who

underwent aggressive surgical resection. Of these, 50

patients received 10 cycles of adjuvant gemcitabine plus

s-1 chemotherapy and the other 53 patients had postoperative

observation only. In the report, the patients who received

adjuvant chemotherapy showed a better 5-year survival rate

than the observation group (57% vs 24%, P<0.001). And the

toxicity during chemotherapy was controllable.

Similarly, another Japanese study published in 2009 con-

cluded that postoperative adjuvant gemcitabine-based che-

motherapy may improve survival after surgical resection for

HCC.21 This study appraised 38 eligible patients with HCC

who completed surgical resection. In this study, 18 patients

received postoperative adjuvant chemotherapy (gemcitabine

or gemcitabine plus S-1), while the other 20 patients were

treated with surgery alone. The 5-year survival rates of these

two groups of patients were 57% and 23%, respectively

(P=0.026).

A third retrospective study, published on the use of

adjuvant chemotherapy by Wirasorn et al, was a cohort

from Thailand.22 The study included 263 postoperative CC

patients with a clear margin (R0) or microscopic margin

(R1). Of these, 138 patients underwent gemcitabine-based

or 5-fluorouracil (FU)-based adjuvant chemotherapy, and

the other 125 patients were treated with surgery alone. The

result showed that patients who received postoperative

chemotherapy had significantly longer median overall sur-

vival (OS) (21.6 vs 13.4 months, P=0.01). And the report

indicated that the combination of gemcitabine and capeci-

tabine made the longest survival time (median OS time of

gemcitabine and capecitabine 31.5 months; 5-FU and

mitomycin C 17.3 months; 5-FU alone 22.2 months; cape-

citabine alone 21.6 months; gemcitabine alone 7.9 months,

respectively, P=0.02). But, the baseline characteristics

between the two groups may be an imbalance. The group

that received adjuvant chemotherapy was younger than the

surgery alone group (mean age 57.7 vs 60.4 years,

P=0.01), and fewer had serum albumin<3g/dl (11.6% vs

20.8%, P=0.04). Furthermore, this study concluded that

the patients who had high-risk features, including high

level of CA19-9, T4 stage, lymph node involvement, and

R1 margin, were more likely to get benefits from adjuvant

chemotherapy.

In contrast, a retrospective study authored by Bergeat

et al from a French center in 2018 did not draw the same

conclusion23 The study included 178 patients with DCC

who underwent pancreaticoduodenectomy, of whom 56

patients were treated with adjuvant chemotherapy (mostly

based on gemcitabine regimen). After propensity score

(PS) matching, the median time of OS and disease-free

survival (DFS) in the adjuvant chemotherapy group and

surgery alone group were comparable (26.27 months vs

43.33 months, P=0.34; and 15.47 vs 14.70 months,

P=0.79, respectively). In the entire cohort, there was no

evidence of improvement of the OS of those treated with

adjuvant chemotherapy. On univariate analysis, adjacent

organ resection (P<0.01), perineural infiltration (P=0.01),

microvascular invasion (P=0.01), tumor size >2cm

(P=0.04), positive margin resection (P=0.01), AJCC clas-

sification ≥II (P=0.01), and number of involved nodes ≥4

(P=0.07) were associated with a poor OS. The multivariate

analysis indicated that adjacent organ resection (HR=4.17,

95% CI 1.87–9.29, P<0.01) and AJCC classification ≥ II
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(HR=3.34, 95% CI 1.50–7.43, P < 0.01) was independent

risk factors for OS.

Another retrospective study from South Korea included

a series of 153 patients with gallbladder, intrahepatic, hilar,

and distal bile ducts cancer between March 1999 and

December 2013.24 All of them were treated with microsco-

pically margin negative (R0) resection. Compared with the

observation group, the cohort of patients (N=89) that

received fluoropyrimidine-based adjuvant chemotherapy

showed no significant differences in 5-year OS rates

(48.4% vs 39.6%, P=0.439) or 3-year recurrence-free survi-

val (RFS) rates (49.1% vs 39.5%, P=0.299). In the subgroup

analysis, the patients with stage I and IV disease who

received adjuvant chemotherapy did not show any survival

benefit compared with observation group, whereas the

patients with stage II and III disease who received che-

motherapy had a higher 5-year OS rate (52.4% vs 35.6%,

P=0.002) and 3-year RFS (55.5% vs 39.1%, P=0.021) than

observation group.

Recently, a retrospective cohort study from a Chinese

center evaluated the efficacy of adjuvant chemotherapy

and discussed the regimen choice in biliary tract cancer.

This report analyzed 80 patients after curative-intent R0

resection from 2008 to 2016.25 Among them, 40 patients

received adjuvant chemotherapy and the others in the

observation group were 1:1 matched by clinical character-

istics including gender, age, tumor stage, and ECOG per-

formance status score. Mean survival time showed no

significant difference between AT group and the observa-

tion group (33.72±5.02 months vs 21.05±4.12 months,

respectively, P=0.114). But the mean DFS time of patients

with chemotherapy was longer than the observation group

(18.63±3.63 months vs 10.36±1.67 months, respectively,

P=0.029). On multivariate analysis, adjuvant chemother-

apy and N factor were significant factors for OS. The

chemotherapy protocol included gemcitabine or S-1 or

capecitabine only or combination. Subgroup analysis illu-

strated that the combination of chemotherapy regimens

containing oral drugs prolonged DFS and improved OS

of patients.

In the last 2 years, three randomized clinical trials were

published. The first of them is BCAT trial. In this study, 225

patients were divided into gemcitabine group and observa-

tion group with well-balanced baseline characteristics.17

Both median OS (HR=1.01, 95% CI 0.70–1.45, P=0.964)

and relapse-free survival (HR=0.93, 95% CI 0.66–1.32,

P=0.693) were not significantly different. Another rando-

mized Phase III study (PRODIGE 12-ACCORD) compared

the effect of gemcitabine and oxaliplatin (Gemox) che-

motherapy with observation group.18 Similarly, there were

no benefits of adjuvant Gemox in OS (HR=1.08, 95% CI

0.70–1.66, P=0.74) and RFS (HR=0.88, 95% CI 0.62–1.25,

P=0.48). In the BILCAP study, which is from England in

2019, 447 patients with completely excisional CC or GBC

were randomized to receive either adjuvant capecitabine or

observation.19 In the intent-to-treat analysis, the difference

Table 2 Ongoing Studies of Adjuvant Therapy in Biliary Tract Cancer

Clinical Trials.

Gov Identifier

Condition or Disease Study Start

Date

Primary

Completion

Date

Phase Treatment Arms

NCT02170090 Cholangiocarcinoma, gallbladder

carcinoma

April 2014 April 2023 III Gemcitabine + cisplatin vs

capecitabine

NCT03079427 Cholangiocarcinoma, biliary tract

cancer

May 2017 April 2022 II Gemcitabine + cisplatin vs

capecitabine

NCT03779035 Cholangiocarcinoma, gallbladder

carcinoma

December 2018 December 2023 III Gemcitabine + capecitabine vs

capecitabine

KHBO 1208 Biliary tract cancer NA August 2019 II Gemcitabine vs S-1

NCT02798510 Malignant neoplasm other

gallbladder/extrahepatic bile duct

April 2016 April 2019 III Adjuvant chemotherapy followed by

concurrent chemoradiotherapy vs

adjuvant chemotherapy alone

NCT02836847 Extrahepatic bile duct, gallbladder

carcinoma

July 2016 December 2020 II Gemox + target agents vs gemox
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between the study arms for median OS was not statistically

significant (51.1 months vs 36.4 months, respectively,

HR=0.81, 95% CI 0.63–1.04, P=0.097). In contrast,

the difference was statistically significant in the per-

protocol analysis (HR=0.75, 95% CI, 0.58–0.97, P=0.028)

and protocol-specified sensitivity analysis (HR=0.71, 95%

CI, 0.55–0.92, P=0.010).

From the above discussion, there are limited clinical trial

data to define a standard regimen or definitive benefit. The

present studiesmostly concentrate on gemcitabine or 5-FU or

capecitabine or S-1 alone or combination. Adjuvant che-

motherapy may be advantageous to patients with positive

resection margin or advanced stage tumor, when combina-

tion chemotherapy regimens, which contain oral medication,

are used. Some other protocols, such as gemcitabine/cispla-

tin, gemcitabine/oxaliplatin (Gemox), gemcitabine/albumin-

bound paclitaxel and fluoropyrimidine/oxaliplatin or

cisplatin, were supported in some clinical trials for patients

with advanced biliary tract cancers.26–31 Besides, capecita-

bine should be considered as first-line standard of adjuvant

chemotherapy. As a result, it is essential to conduct more

clinical trials to find out which is the best adjuvant che-

motherapy regimens for postoperative patients.

Adjuvant Radiotherapy
As mentioned above, complete resection of EHCC is the

only potentially curative treatment. Nevertheless, the exci-

sion rate of the disease is low, with a range from 10% to

47%.32 Even though the patients have been treated with

radical surgery, the local recurrence rate is very high, and

many cases of close resection margins may remain.33,34

A study reviewed a series of 189 patients who underwent

resection for primary CC but did not receive radiation

therapy between 1999 and 2014.35 Of these 145 had

enough follow-up, with 86 (59%) documented recurrence,

and 44 (51%) had loco-regional component. The major

areas of locoregional recurrence are the biliary anastomo-

sis/cut liver surface, portal lymph nodes, and retroperito-

neal lymph nodes. Based on this, adjuvant radiotherapy, as

a local treatment, should be considered as a useful ther-

apeutic modality for residual tumor, ultimately to lower

the risk of loco-regional recurrence and maximize the

survival rate.36 Unfortunately, the role of radiotherapy as

a sole adjuvant modality has not been published in any

prospective clinical trials. The studies about relative effec-

tiveness of adjuvant radiotherapy are found only in a few

retrospective series and population-based registry analyses

with conflicting results.37–41

A retrospective series of patients treated with adjuvant

radiotherapy for HCC from a Japanese center was reported

in 2005.38 The study reviewed 69 patients who underwent

surgery for HCC between June 1980 and April 1998. Of

the 69 patients, 39 received adjuvant external beam radio-

therapy (EBRT) with or without intraluminal beam radio-

therapy (ILRT), and the remaining 30 patients were treated

with surgery alone. Ages, sex, pathological stage, and the

presence of residual tumors had no statistically significant

difference between these two groups. The 3-year survival

time of adjuvant radiotherapy group and surgery alone

group were 40.9% and 33.3% (HR=0.847, 98% CI,

0.488–1.470, P=0.554), respectively. The result did not

show an increase in OS for patients who underwent adju-

vant radiotherapy. On subgroup analysis, however, we

found a longer survival time for patients who received

curative resection for p-stage III or IVa disease followed

by radiotherapy (HR=0.081, 95% CI, 0.007–0.914,

P=0.042). But the data of the study were insufficient

owing to the small number of patients included.

The Surveillance Epidemiology and End Results

(SEER) analysis formed the basis of a large series, in

which patients were examined for the effect of adjuvant

radiotherapy in resected EHCC, reported by Vern-Gross

et al in 2011.39 The records for 2322 patients were

obtained between 1973 and 2003, and 1491 patients were

eligible for analysis. Of these 473 patients had adjuvant

radiotherapy. The patients were divided into two groups

due to changes in the database during the period. One

group had localized disease (stage T1-T2), and the other

group had regional disease (stage T3 or greater with or

without node positive). Margin status and adjuvant che-

motherapy were not mentioned. In the localized disease

group, the patients treated with and without adjuvant

radiotherapy had a median OS time of 28 months and 36

months (P=0.038), respectively. The cause-specific survi-

val time were 46 months and 33 months (P=0.057),

respectively. In the regional disease group, both the med-

ian OS and the cause-specific survival time had no sig-

nificant difference among the patients who underwent

postoperative radiotherapy and those who did not. The

value of adjuvant radiotherapy was not shown through

univariate analysis (HR=0.89, 95% CI, 0.785–1.010,

P=0.074). On multivariate analysis, adjuvant radiotherapy

made a positive effect on survival in the short term

(P<0.001), whereas it suggested a negative effect in the

long term (P<0.001).
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A third retrospective study compared the effect of

postoperative radiation therapy with surgery alone in 78

patients with extrahepatic bile ducts cancers (EHBDC)

from 1997 to 2005.40 These patients were stratified by

the absence of adjuvant radiotherapy (n=47, group I) ver-

sus adjuvant radiotherapy (n=31, group II) after surgery.

The primary endpoints were OS, DFS, and prognostic

factors. There were no statistically significant differences

in 5-year survival rates between group I and group II

(11.6% vs 21.0%, respectively, P>0.5). However,

a significant difference in DFS could be seen in incomplete

resection case in subgroup analysis (4.1% vs 13.9%,

respectively, P=0.042). On multivariate analysis, resection

margin status, tumor differentiation, and lymph node status

were significant prognostic factors for DFS (P=0.039,

P=0.005, P=0.018, respectively). Based on the prognostic

factor analysis, 5-year DFS of the patients with a positive

resection margin and lymph node metastasis who under-

went adjuvant radiation therapy might be higher than those

without postoperative radiotherapy (12.5% vs 6.3%,

respectively). Finally, the report concluded that postopera-

tive adjuvant radiotherapy might be useful in patients with

EHBDC to decrease local failure, especially for those with

residual tumors and positive lymph nodes.

To sum up, the correlative data are insufficient conclu-

sive evidence to favor the use of adjuvant radiotherapy for

all patients who underwent surgery. Postoperative radia-

tion therapy is more likely to ameliorate the local control

rate for patients with advanced stage, residual tumor, or

positive lymph nodes. On the other hand, the disparity of

radiation techniques and quality control level, the different

dose fraction, the discrepancy of target range, the distinc-

tion of patients’ characteristics and the heterogeneity of

tumors from current studies led to the controversial con-

clusions. So, we need multicenter cooperation to explore

appropriate standards of adjuvant radiotherapy.

Adjuvant Chemoradiotherapy
There are several studies investigating the effect of systemic

chemotherapy combined with local radiotherapy as

a modality of AT for patients after radical surgery.42–46

Most studies are retrospective and remained controversial,

because of the small size, the lack of correction for multiple

comparisons, heterogeneity in terms of patients’ characteris-

tics and so on.14 Furthermore, the combined patterns of

chemoradiotherapy, the technologies of radiotherapy, and

the regimens of chemotherapy have not been confirmed.

One of those studies was reported from a Korean cen-

ter in 2011 with 168 patients who had extrahepatic biliary

tract cancer (EHBTC) and curative resection between

2001 and 2009.45 Of these, 115 received adjuvant chemor-

adiotherapy (CRT group) and 53 did not (no-CRT group).

All the CRT group patients received four fields (antero-

posterior, posteroanterior, and both lateral fields) EBRT

and concurrent 5-FU-based chemotherapy. The median

radiation dose was 45Gy (range 45–55.8Gy) in 25 frac-

tions at 1.8Gy/fraction daily. The chemotherapy drugs

were 5-FU and leucovorin for 3 days in the first and fifth

week of radiotherapy or capecitabine twice daily during

radiotherapy. The 5-year local recurrence control (LRC)

and 5-year DFS rates in the CRT group were significantly

better than those in the no-CRT group (LRC: 58.5% vs

44.4%, P=0.007; DFS: 32.1% vs 26.1%, P=0.041, respec-

tively). Also, the 5-year OS rate of the CRT was higher

than that of the no-CRT group (36.5% vs 28.2%, P=0.049,

respectively), even though the stages were more advanced

(P=0.041) and the ages were much younger (P=0.007) in

the CRT group. On multivariate analysis, N stage, peri-

neural invasion, and the use of adjuvant CRT were sig-

nificantly associated with LRC, while N stage, histologic

differentiation, resection margin, vascular invasion, peri-

neural invasion, and the use of adjuvant CRT were sig-

nificantly associated with OS and DFS (P<0.05).

Conversely, a retrospective series of 105 patients with

EHCC following surgical resection betweenMarch 2008 and

December 2013 indicated that ATwas not significantly asso-

ciated with improved OS (HR=0.87, 95% CI, 0.52–1.44,

P=0.57).42 In the study, a total of 32 patients received AT

(18 patients chemotherapy, 11 patients radiotherapy, and 3

patients chemoradiotherapy). On subgroup analysis, the

patients with pathological lymphatic metastasis demon-

strated AT group had a better survival than non-adjuvant

therapy group (median OS, 21.6 months vs 10.4 months;

and 3-year OS, 16.6% vs 0%, respectively, P=0.02). The

different outcomes are attributable to the imbalance in base-

line characteristics, such as age, AJCC stage, lymphatic

metastasis, surgical margin, and treatment modality. On mul-

tivariate analysis, lymph node metastasis (HR=2.185, 95%

CI 1.215–3.931, P=0.009), positive surgery margin

(HR=1.893, 95% CI 1.131–3.171, P=0.015), and AT

(HR=0.451, 95% CI 0.244–0.834, P=0.011) remained inde-

pendently associated with OS.

A similar conclusion reported in another retrospective

study which examined the role of AT in HCC.44 It

included 224 patients after resection between 2000 and
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2015 from ten institutions in the US There were 129

patients receiving AT (89 patients [chemoradiotherapy],

35 patients [chemotherapy], and 5 patients [radiation ther-

apy]). The results suggested no statistical difference

between AT group and non-AT group in OS (median OS,

21.9 months vs 20.0 months; 5-year OS rate, 14.2% vs

21.3%, respectively, P=0.25). The improvement of OS for

AT group could only be seen in the lymph node-positive

patients. In addition, after propensity matching of AT and

non-AT groups, the patients who received AT had signifi-

cantly improved OS (21.5 months vs 13.5 months,

HR=0.660, P=0.033). However, we could not confirm

which combination of AT offers more benefits from the

above reports.

In 2015, Hoehn et al made comparisons between a large

series of patients who received adjuvant chemoradiother-

apy, adjuvant chemotherapy and surgery alone.47 This reg-

istry analysis identified patients with EHCC between 1998

and 2006 from the American College of Surgeons National

Cancer Data Base (NCDB). These patients were classified

into three cohorts: surgery alone (S) (n=5739), surgery plus

adjuvant chemotherapy (AC) (n=444), and surgery plus

adjuvant chemotherapy and radiation therapy (ACR)

(n=1902). The patients of AC-group and ACR-group were

more likely to have positive lymph nodes and positive

surgical margins. In that case, the median survival of these

three groups were 2.80 years (S), 2.07 years (AC), 2.76

years (ACR) (P=0.011). Patients receiving adjuvant che-

motherapy showed the worst survival. Nevertheless, con-

sidering the patients with positive lymph nodes or positive

surgical margins, ACR group had better survival than AC

group or S group (node-positive median: S 1.56 years, AC

1.85 years, ACR 2.28 years, respectively, P<0.001; posi-

tive-margin survival: S 1.11 years, AC 1.86 years, ACR

1.86 years, respectively, P<0.001).

A more recent propensity-matched study published in

2018 further analyzed the effect of adjuvant chemotherapy

and chemoradiotherapy.48 The study investigated 1846

patients with HCC from NCDB, of whom 1053 patients

were postoperative observation (OB) group and 793 were

in the AT group. The OB and AT groups were matched by

propensity score in a 1:1 ratio to balance baseline character-

istics. The AT group had a better OS than the OB group

(HR=0.73, 95% CI 0.64–0.83, P<0.01). On subgroup analy-

sis, AT demonstrated a special benefit to patients with posi-

tive margin (HR=0.53, 95% CI 0.42–0.67, p<0.01). When

comparing adjuvant chemotherapy (ACT) with adjuvant che-

moradiotherapy (ACRT), ACRT group also showed a longer

median survival time than ACT group (31months vs 25

months, respectively, HR=0.80, 95% CI 0.64–0.99,

P=0.04). As a result, adjuvant chemoradiotherapy was asso-

ciated with survival benefit when compared to chemotherapy

and observation, especially in positive-margin patients.

In another retrospective research the role of adjuvant

chemoradiotherapy and radiotherapy was further

clarified,49 with a total of 84 EHCC patients who under-

went radical resection. Of these, 52 patients with negative

resection margins were put in observation after surgery

(R0+S group), while the other 32 patients with microsco-

pically positive resection margins were treated with either

adjuvant concurrent chemoradiation therapy (R1+CCRT

group, n=19) or adjuvant radiation therapy alone (R1+RT

group, n=13). Regardless of 2-year DFS and 2-year OS,

the R1+CCRT group did not show any benefits compared

with R0+S group (2-year DFS: 57.8% vs 62.6%, respec-

tively, P=0.139; 2-year OS: 57.9% vs 61.5%, respectively,

P=0.148). The 2-year DFS and 2-year OS for R1+RT

group was significantly lower than both R0+S group

(2-year DFS: 9.6% vs 62.6%, respectively, P=0.002;

2-year OS: 15.4% vs 61.5%, respectively, P<0.001) and

R1+CCRT group (2-year DFS: P=0.005; 2-year OS:

P=0.017). Therefore, it was obvious that adjuvant concur-

rent chemoradiotherapy may have a greater advantage for

controlling microscopic residual tumor and thus is superior

to adjuvant radiotherapy alone.

The most influential reports regarding adjuvant chemor-

adiotherapy were from a meta-analysis authored by Horgan

et al in 2012.50 The study included 20 eligible studies

between 1960 and November 2010 and analyzed 6712

patients with gallbladder, and intrahepatic, perihilar, and

distal bile ducts. There were 4915 patients undergoing

surgery alone and 1797 patients receiving AT. On overall

analysis, AT failed to show a significant enhancement in

survival compared with surgery alone (OR=0.74, 95% CI

0.55–1.01, P= 0.06). When studies that reported nodal or

margin positive only were analyzed, significant benefits of

AT in node-positive disease (OR=0.49, 95% CI 0.3–0.8,

P=0.004) and R1 disease (OR=0.36, 95% CI 0.19–0.68,

P=0.002) was seen. Besides, the evidence from R1 studies

supports radiotherapy as an adjuvant approach (OR=0.33,

95% CI 0.14–0.81, P=0.01), but the role in R0 disease was

uncertain (OR=1.26, 95% CI 0.88–1.79, P=0.20). This

report drew the conclusions that AT was beneficial to

patients with LN-positive or R1 disease and adjuvant che-

motherapy or adjuvant chemoradiotherapy derived greater

benefit than adjuvant radiotherapy alone. Unfortunately, the
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best treatment for low-risk patients was not to be found for

the lack of data.

As has been noted, adjuvant chemoradiotherapy should

be recommended to node-positive or margin-positive EHCC

patients, and adjuvant chemotherapy combined with radio-

therapy may show even better survival than chemotherapy or

radiotherapy alone. Yet now the detailed rules for adjuvant

chemoradiotherapy have not been constituted. Some studies

examined patients with EHCC that received AT, without

comparison to groups treated with surgery alone.51–53

Based on these studies, concurrent chemoradiotherapy with

or without following chemotherapy was used in the patients

after radical resection. Total dose of radiotherapy ranged

from 40Gy to 60Gy, and concomitant chemotherapy regi-

mens were 5FU, or 5FU-leucovorin, or 5FU-cisplatin, or

cisplatin. A nonrandomized study published in 2009 that

comes from a Korean center explored which modality of

adjuvant chemoradiotherapy can be more beneficial to

patients with radically resected EHBTC.54 A total of 120

patients, divided into two groups, were reported with 30 of

them receiving concurrent chemoradiation therapy (CCRT)

alone. The remaining 90 patients underwent CCRT followed

by adjuvant chemotherapy. The CCRT followed by adjuvant

chemotherapy group had not only a longer 3-year median

DFS than CCRT group (29.9 months vs 17.7 months, respec-

tively, P=0.04) but also a higher 3-year OS (62.6% vs 30.8%,

respectively, P<0.01). Thus, comparing with CCRT alone,

adjuvant CCRT followed by adjuvant chemotherapy may

prolong DFS and OS for patients with curative resection.

So far, the highest level of evidence for adjuvant che-

moradiotherapy has come from the Phase II SWOG 0809

which was published in 2015.55 It was eligible for patients

with pathological diagnosis of EHCC or GBC after com-

plete resection. Treatment consisted of four cycles of che-

motherapy with gemcitabine (1000mg/m2 intravenously

on day 1 and 8) and capecitabine (1500mg/m2 per day

on days 1 to 14, in divided doses twice daily) every 21

days. And then, patients without progression were treated

with capecitabine (1330mg/m2 per day, in divided doses

twice daily, 7 days per week) concurrent with EBRT (once

daily, 5 days per week). The clinical target volumes

included regional lymph nodes (retropancreaticoduodenal,

celiac, and portal vein nodes) and preoperative tumor bed,

which were based on review of preoperative scans, post-

operative scans, markers placed by the surgeon, and sur-

gery summary notes. The dose of regional lymph was

45Gy, while preoperative tumor bed received irradiation

with a range of 54–59.4Gy. Both three-dimensional

radiotherapy (3D-CRT) and intensity-modulated radiother-

apy (IMRT) were allowed. A series of 79 eligible patients

(EHCC 68%, GBC 32%) were involved in the analysis.

2-year survival rate of all patients was 65% (95% CI,

53–74%), and median OS was 35 months. Grade 3 and

grade 4 adverse effects were observed in 52% and 11%,

respectively. Despite lack of a control group, this study

offered a safe and feasible AT regimen to patients with CC

or GBC after surgery.

As elaborated above, we can reach the conclusions that

patients with positive margins or lymph nodes should be

recommended to receive AT, and concurrent chemora-

diotherapy followed by adjuvant chemotherapy may be

the best treatment pattern for them. The role of AT in R0

or negative lymph node patients needs to be further

explored through more multicenter prospective rando-

mized clinical trials.

Prognostic Factors
Complete surgical resection with histologically negative

(R0) margins is currently considered to be the most important

prognostic factor.56 Other prognostic factors including age,

lymph node status, TNM or tumor stage, tumor differentia-

tion, perineural and vascular invasion, and hepatic resection

have also been pointed out in many reports.7,15,57–61 Negative

histologic margins, concomitant partial hepatectomy and

portal vein resection, and well-differentiated tumor histology

are associated with improved outcome after surgery, while

increasing T-stage significantly correlated with reduced R0

resection rate, higher distant metastasis rate, and lower med-

ian survival. In addition, advanced age, lymph node involve-

ment microvascular or perineural invasion and poor

differentiation are poor prognosis factors.62,63 The prognostic

factors for survival are summarized in Table 3.

Guidelines and Future Direction
TheNCCN guideline for EHCC suggests that patients with R0

margins, negative regional nodes or carcinoma in situ at mar-

gin should only be observed or be offered fluoropyrimidine

chemoradiation or fluoropyrimidine- or gemcitabine-based

chemotherapy, while fluoropyrimidine- or gemcitabine-based

chemotherapy or adjuvant fluoropyrimidine-based chemora-

diation followed or not by additional fluoropyrimidine- or

gemcitabine-based chemotherapy is recommended for patients

with R1 margins or positive regional nodes.14 From the

American Society of Clinical Oncology (ASCO) Clinical

Practice Guidelines, patients who have been treated with

resection should receive adjuvant capecitabine chemotherapy
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for 6 months and a microscopically positive surgical margin

resection (R1) may be offered adjuvant chemoradiotherapy.64

The regimens of chemoradiotherapy were based on the

SWOG trial. In the absence of data from randomized trials,

prospective clinical trials participation should be encouraged.

There are several ongoing clinical trials further appraising the

effect of AT in CC. Two prospective randomized trials

(NCT02170090 and NCT03079427) aim to compare adjuvant

chemotherapy with gemcitabine plus cisplatin vs capecitabine

in EHCC and GBC. A phase III trial (NCT03779035) is

ongoing with the purpose of examining the effect of adjuvant

chemotherapy between gemcitabine plus capecitabine and

capecitabine alone in CC and GBC. Another phase II trial

(KHBO 1208) is exploring gemcitabine versus S-1 after

major hepatectomy for biliary tract cancer.65 In addition,

a randomized phase III trial (NCT 02798510) has been

designed to determine whether adjuvant concurrent chemor-

adiotherapy improves OS in EHBTC/GBC. The study rando-

mized patients to adjuvant chemotherapy (gemcitabine plus

capecitabine) followed by concurrent chemoradiotherapy

(capecitabine alone) or adjuvant chemotherapy (gemcitabine

plus capecitabine) alone. The primary outcome is 2-year over

survival, and the result is promising.

In recent years, immunotherapy has transformed the

treatment paradigm for tumors such as melanoma, lung

cancer, and renal cell carcinoma. The efforts are ongoing

to explore whether a benefit can also be seen in other solid

tumors. There are studies indicating that dMMR tumors are

sensitive to PD-1 blockade, and the outcomes have been

published from a study of patients with dMMR tumors of

twelve different cancer types.66,67 In the study, four patients

with dMMR CC received pembrolizumab, and one of them

had a complete response while the other three patients had

stable disease. Based on this background, pembrolizumab

(for MSI-H/dMMR tumors) as an alternative treatment

option was recommended for patients with advanced or

metastatic disease. Furthermore, the role of target therapy

is being considered. A phase II trial (NCT02836847) ran-

domized patients with advanced or recurrent EHCC and

GBC into two arms to evaluate the feasibility, efficacy and

safety of this target therapy. The arm-1 were treated with

chemotherapy (gemcitabine and oxaliplatin) combined with

target agents (cetuximab, trastuzumab, gefitinib, lapatinib,

everolimus, sorafenib, crizotinib). The arm-2 only received

conventional chemotherapy (Gemox). The results of the

experiment are also noteworthy. Therefore, we consider

that the use of adjuvant target therapy should be explored.

Summary
EHCC is associated with a poor prognosis even after under-

going radical surgery. Based on the present evidences, AT

demonstrates a tendency to prolong survival in high-risk

(positive margin or lymph node or advanced stage) patients.

Adjuvant concurrent chemoradiotherapy followed by che-

motherapy is probably the optimum choice of postoperative

treatment. Capecitabine should be considered as standar-

dized adjuvant drug, and the radiotherapy scheme could

refer to the SWOG trial. However, owing to the low inci-

dence of the disease and the heterogeneity of tumors, many

studies have a mixture of intrahepatic cholangiocarcinoma

(ICC) or GBC and the baselines between each group of

patients are usually imbalance. They are unfavorable fac-

tors to define a standard regulation or definitive benefit.

Consequently, it is integral to spare every effort to conduct

well-designed multicenter clinical trials. In that way, stan-

dard regimens of AT for EHCC will be found in the future.

Table 3 Prognostic Factors for Survival

Studies Age Resection

Margin

Lymph

Node

Status

Differentiation TNM or

Tumor

Stage

Hepatectomy Perineural

Invasion

Vascular

Invasion

Serum

CA19-9

Kim et al7 NA - + + NA NA NA NA NA

Jan et al56 - NA NA NA + + NA NA +

Kwon et al57 - + + - + NA + + -

Jarnagin et al58 NA + - + – + NA + NA

Mao et al59 - + + + + NA - - NA

Hu et al60 NA + + + - NA - + +

Lurje et al61 - - + + + NA NA + NA

Matsuo et al62 NA + + + NA + NA + NA

Mckenna et al63 + + + + + + + + -

Notes: +, significant related factor; -, non-significant related factor.

Abbreviations: NA, not applicable; TNM, tumor, lymph node and metastasis.
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