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Abstract: Biliary tract carcinoma (BTC) has a poor prognosis and is increasing in incidence. Although
surgery, chemotherapy and other treatment modalities have improved, surgery remains the only potential
curative treatment and is appropriate for only those few patients who present with localized, resectable
disease. However, for the majority of patients, unresectable disease is evident at diagnosis and about 95% of
patients die within 10 years, despite the majority receiving chemotherapy. Long-term survival is significantly
greater for patients with resected BTC compared to those with unresectable disease. In unresected disease,
life expectancy is limited, with first-line gemcitabine/cisplatin (GEM/CIS) accepted as standard of care.
Currently no standard second-line regimen which provides significant improvement of clinical outcomes
exists for those who present with refractory disease or who relapse after first-line treatment. Of particular
importance is establishing the impact of best supportive care (BSC) as a benchmark for survival outcomes
to which the impact of treatment modalities can be compared. Survival outcome often differs significantly
for patients with different prognostic factor profiles even when receiving the same therapy so that it can be
difficult to predict which patient subgroup might benefit most from which therapy. Therefore, the influence
of prognostic factors on survival under different therapies as well as under BSC needs to be further assessed
in order to arrive at truly evidence-based, best therapeutic decisions for individual patients. Encouraging
new research into the genomic landscape of BT'C may help to further subdivide the BT'C population into
molecular-genetic clusters likely to be sensitive to different targeted therapy approaches leading to further
improvements in survival. Consequently, an unmet need exists not only to develop new and more effective
therapies for this devastating disease, but also to integrate original research findings into a more complex,
dynamic, individualized therapeutic decision model to aid clinicians in making evidence-based, best

therapeutic decisions for individual patients.
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Introduction countries at 0.2-3.5 per 100,000 (1,3,4). BTC incidence and

o ) mortality are increasing, making it one of the fastest rising
Biliary tract carcinoma (BTC), also termed cancers worldwide (4-7).

cholangiocarcinoma (CCA), is a rare malignant disease CCAs are classified as intrahepatic (iCCA), perihilar

comprising less than 1% of all cancers (1), but up to 30% of
all primary liver tumors (2). Incidence is highest in South-
East Asia (87.7/100,000) (2). Rates are low in Western
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(pCCA), and distal (dCCA); the latter two are grouped
as “extrahepatic” (eCCA), while pCCA is also known as
“Klatskin Tumor” (4,5,8,9). Gallbladder carcinomas (GBCs)
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are distinct but often grouped with CCA (10).

While surgery is the only cure (11), about 60-85% of
patients present with unresectable, or metastatic disease
(4,5); thus, prognosis is poor, with 5-year survival rates of
4.1% for unresectable and 33.3% for resectable tumors (12).
The final cure rate after surgery is 14.5% after 9.5 years
(13,14) equating to an overall cure rate of only about 4.1%
of the initial diagnosed population after 10 years.

Treatment strategies, including systemic chemotherapy
as the most important therapy backbone, have improved
over time. However, due to disease rarity there is a lack
of randomized controlled trials (RCTs) and studies
comparing treatments to best supportive care (BSC),
while most evidence originates from retrospective studies.
Therefore, study outcomes vary greatly and are not directly
comparable; this creates uncertainty among clinicians and
researchers who should make evidence-based decisions in
this heterogeneous disease area.

"This article reviews current treatment practices, focusing
on systemic therapy and associated outcomes in CCA
at important clinical decision points, it summarizes key
findings from the literature, and draws valuable conclusions
for future research and clinical practice.

Natural course of disease under BSC

The clinical course of BT'C varies depending on disease and
patient condition as assessed by the Eastern Cooperative
Oncology Group (ECOG) performance status (PS). In
cases of metastatic BT'C and good PS, patients are deemed
“fit-for-chemotherapy”; for patients with metastatic disease
and poor PS, BSC is usually preferred (15). BSC is also
commonly used for management of refractory disease,
relapse following first-line therapy, or recurrence after
surgery; these all constitute different decision points along
the collective patient treatment pathway with potentially
different treatment outcomes, even under the same
therapy (16).

The impact of BSC on overall survival (OS) following the
natural disease course has not been widely studied; this is
particularly true for the “fit-for-chemotherapy” population
not having received chemotherapy (15). Understanding how
outcomes are associated with prognostic factors throughout
the natural disease course (i.e., without therapeutic
interventions except BSC), may help to inform treatment
decisions and improve patient survival. Key literature points
for the natural disease course under BSC include.
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Historically, median OS under BSC was estimated to be
about 3-6 months

While studies with a BSC arm are rare, median overall
survival (mOS) in patients receiving BSC historically ranges
from 2.5 to 5.7 months (CI: 0.2-9.6) (13,17-23). However,
due to the mainly retrospective nature of studies and diversity
of patients included, a selection bias may have assigned “older,
sicker” patients who have a higher risk of premature death
to BSC, which in turn leads to underestimation of survival,
especially for patients deemed “fit-for-chemotherapy”.

Median OS under BSC in treatment-naive patients is up
to 7.1 months

Only two retrospective studies have focused exclusively on
natural disease outcome in treatment-naive patients with
BTC (15,24). In the first study (n=204, PS 0-2), mOS was
7.1 months (range, 0.2-46.9 months) (15); however, in the
second study [n=330, TNM (Tumor, Node, Metastasis)
stage I-IV patients], mOS was only 3.9 months (range,
0.2-67.1 months) (24). This variation in mOS is best
explained by the different study populations. In the first
study, patients were exclusively “fit-for-chemotherapy”
(PS 0-2, with 60% of patients PS 0 or 1, all anatomical
subtypes); however, the second study included a sicker
population (mainly stage III/IV patients, the majority
iCCA cases, known to have shorter OS). These survival
differences highlight the potential effect of selection bias
and importance of comparing similar study populations
when evaluating studies.

Median OS under BSC is strongly prognostic
factor-dependent

Prognostic factors influence survival in patients receiving
BSC. For example, in the first study above, mOS was
shorter for women compared to men: 5.6 months (CI: 3.9-
7.3) versus 8.3 months (CI: 6.8-9.9), P=0.315 (15). Other
factors statistically significantly influencing mOS included:
locally advanced versus advanced disease (13.8 versus
6.2 months, P=0.001), anatomic subtype [GBC 4.4 months,
iCCA 4.7 months, eCCA 9.7 months, Ampulla of Vater
(AoV) carcinoma 11.2 months, P=0.015], carcinoembryonic
antigen (CEA) (24 ng/mL 5.8 months, <4 ng/mL
10.6 months, P=0.006) and carbohydrate antigen (CA) 19-9
(2100 U/mL 6.0 months, <100 U/mL 10.6 months,
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Figure 1 Median survival (months) for biliary tract carcinoma patients receiving single- or multi-modal treatment (32).

P=0.001) (15). In the retrospective study discussed above,
survival differences were associated with anatomic subtype
(iCCA versus pCCA), localized versus metastatic disease,
albumin levels, TNM staging, CEA and bilirubin (24).

Importantly, surgery is not only a potential cure for
BTC, but also a powerful prognostic factor leading to
a median recurrence-free survival (mRFS) in patients
receiving BSC of 18 months (CI: 13-28) (25) and 22 months
(CI: 13.6-38.3) (26), with an additional mOS of 8.0 months
for patients receiving BSC after recurrence (27). This adds
up to a total mOS of 26-30 months for resected patients
receiving BSC compared to 3-7 months for unresected
treatment-naive patients.

In rare cases, survival in patients receiving BSC is up to

5.5 years

Rare BTC cases have survived up to 37.7 months (24),
46.9 months (15) and 67.1 months (24) i.e., 3-5.5 years
whilst receiving BSC only. While patients demonstrating
such relatively long survival exist in almost every trial, the
reasons for these long survival times, in the absence of
therapies, remain unclear and warrant further investigation.

Treatment outcome for patients with resectable
BTC

Surgery is the only potential cure for TNM RO resected
patients without lymph node metastases (11); however, even
with surgery, life expectancy remains limited. While an
extensive liver resection is almost always required to achieve
RO (28), liver transplantation is only performed in 2.2% (29)
of patients. Therefore, this review focuses only on outcomes
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following standard resection surgery. Key literature points
for surgical treatment are:

The majority of newly diagnosed CCA cases remain
unresectable

Only 15-40% of newly diagnosed patients progress to
surgery (4,5,30,31), preferably performed at expert centers,
while 60-85% of patients remain unresectable.

Survival for resected patients is significantly longer
compared to unresected patients

A retrospective study (n=242) showed resected patients
have better OS than unresected patients independent of
additional treatments (Figure I) (32). Another study reported
significantly longer mOS in resected compared with
unresected patients (37 versus 14 months, P<0.001) (31),
while a third study showed superior mOS in patients who
underwent surgery with curative intent (26.3 months)
when compared with patients who underwent palliative
surgery (7.3 months; P<0.001) or no surgery (2.6 months,
P<0.001) (33). Therefore, unsurprisingly, resected patients
survive significantly longer than unresected patients.

Surgically pre-treated patients bave a longer survival
compared to unresected patients even when receiving the
same therapy

In BT-22, mOS for resected patients was compared to
unresected patients when receiving the same treatment
[gemcitabine/cisplatin (GEM/CIS): 16.1 versus 9.4 months,
GEM: 12.7 versus 7.4 months] (34). Two recent large
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Table 1 Overall survival rates for all anatomical biliary tract carcinoma subtypes after resection (37)

OS (year) All BTC subtypes (%) iBTC (%) pBTC (%) dBTC (%)
OS at 1 year 78 85 70 83
OS at 3 years 49 52 45 47
OS at 5 years 31 34 28 23

dBTC, distal biliary tract carcinoma; iBTC, intrahepatic biliary tract carcinoma; OS, overall survival; pBTC, perihilar biliary tract carcinoma.

RCTs [BILCAP (25,35) and PRODIGE-12 (26)], which
investigated the effects of adjuvant chemotherapy, also
reported longer survival times for resected patients
compared with unresected patients who were receiving the
same treatment [BILCAP: capecitabine mOS 51 months,
BSC 36 months; PRODIGE-12: mRFS of 30.4 months
for gemcitabine/oxaliplatin (GEMOX), BSC 22 months],
compared to mOS of 11.7 months for GEM/CIS (36)
and 7.1 months for BSC (15) in unresected patients.
Other studies also support these findings, with surgery
improving outcomes in both early and advanced stages
of disease (32). Thus, as could be anticipated, resected
patients have longer survival than unresected patients
when treated with the same therapy. In order to allow a
full and fair assessment of different treatment regimens,
studies should ideally not enroll a mixed population of
resected and unresected patients.

After adjustment for baseline characteristics, there is no
difference in long-term survival after surgery between
BTC anatomical subtypes

Studies have revealed that after adjusting for baseline
characteristics, there are no significant differences in post-
surgical long-term survival between different anatomical
subtypes of BT'C (P=0.127, Table 1) (32,37).

Surgical and other treatment outcomes bave improved over
time

In a retrospective study, 144 iCCA patients were divided
into two groups: Period 1 [1993-2006] prior to new
therapies (adjuvant chemotherapy, multimodal therapy
after recurrence), and Period 2 [2006-2014] after the
arrival of new therapies (38). Survival improvements were
evident from Period 1 to 2 with mOS increasing from 21.4
to 57.7 months (P<0.001), median disease-free survival
(mDFS) from 12.2 to 16.6 months (P=0.027), survival after
recurrence from 8.0 to 22.3 months (P<0.001), and survival

© Journal of Gastrointestinal Oncology. All rights reserved.

with Node-positive (N1) status from 12.4 to 26.0 months
(P=0.0012). The advent of structured GBC staging was also
associated with improved survival (39).

Even with curative intent surgery, the actual overall cure
rate remains very low at 4.1%

Using a “cure-fraction-model”, Spolverato et 4. showed
a surgical cure probability of only 14.5% (CI: 8.7-23.2)
with a time to cure of 9.5 years; mOS for not cured
patients was 21.6 months (1.8 years) (40). Therefore,
even with surgery, 50% of patients die within 2 years and
71% of the remaining 50% of patients die within the next
8 years. Patients who survive the first 2 years post-surgery,
therefore, still have only a 29% chance of cure. Assuming a
surgical exploration rate of 45%, of which 63% of surgeries
are resections (31), leads to an estimated overall cure rate of
only 4.1% (45/100 x 63 x 14.5/100 =4.1%); thereby, 95.9%
of patients die within 10 years.

Survival outcomes after surgery differ significantly in the
literature

There is a confusingly wide range of post-surgical survival
estimates in the literature. Overall, 5-year survival
rates range from 13-63% and mOS from 9-69 months
(<1-5.75 years) (1able 2). Improved survival over time
and differences in prognostic factor distribution of
study populations may explain this variability. However,
contemporary mOS may range from 36.4 months (in
patients receiving BSC) to 51.1 months (for patients
treated with capecitabine), as observed in the BILCAP
study (25,35).

Survival after surgery varies depending on prognostic
factor profile

While surgery strongly influences the outcome of
subsequent treatment, variations in survival post-
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Table 2 Studies providing survival estimates for cholangiocarcinoma patients after surgery

Study Study details mOS (months)

1-year OSrate 3-year OSrate  5-year OS rate

Yamamoto et al. (41) Review; 23 studies

Mavros et al. (42) Review; 57 studies

Lubezky et al. (43) Review; iCCA -

Bhardwaj et al. (44) Review; 26 studies, pCCA -

Ercolani et al. (37) 479 mixed subtypes 23 months

Yoh et al. (38) 144 iCCA, mOS

improvement over time

Hu et al. (33) 814 pCCA 26.3 months

Spolverato et al. (40) 576 pCCA and GBC 22.8 months

Primrose et al.
(BILCAP) (25)

2006: 57.7 months (P<0.001)

Range 12.4-52.9 months - - 17.4-42.9%
28 months (range, 9-53 months) - - 30-35%
- 40-50% 14-63%
- 36-65% 13-40%
78% 49% 31%
Before 2006: 21.4 months; after - - -
80% 43% 28%
- - 23.9%

RCT, 447 mixed subtypes Capecitabine: 51 months; - - -
BSC: 36 months

BSC, best supportive care; dCCA, distal cholangiocarcinoma; GBC, gall bladder carcinoma; iCCA, intrahepatic cholangiocarcinoma; m,
months; mOS, median overall survival; OS, overall survival; pCCA, perihilar cholangiocarcinoma; RCT, randomized controlled trial.

surgery have been observed. In a retrospective study in
pCCA patients (n=814), surgical margin, lymph node
metastases, tumor differentiation and vascular invasion
were independent prognostic factors for OS (33). In these
patients, variation in baseline prognostic factors altered
median OS (26.3 months) from 12.4 months (-52.9%) to
54.1 months (+105.7%) (1able 3) (33), and these changes
may have been independent of treatment. In another meta-
analysis (23 studies, 2,063 dCCA patients) prognostic
factor-dependent 5-year survival ranged from 15.1% to
65.7%. Negative resection margin, absence of lymph
node metastases and absence of perineural invasion were
associated with longer survival (7able 4) (45).

Independent prognostic factors for better outcome,
including no lymph node metastasis and CA-19-9
<50 U/mL, were also identified for 576 patients with
eCCA (40). Patients with CA-19-9 <50 U/mL and no
lymph node metastases had a shorter modelled cure
fraction of 39% after 4.1 years compared to 5.1% after
6.8 years for patients with a CA-19-9 level >50 U/mL
and lymph node metastases (40). Furthermore,
post-surgical OS is influenced by TNM stage at
diagnosis (32): stage I (23 months), II (25 months), III
(14 months), IV (4.5 months). Survival after surgery
therefore varies widely between prognostic factor subgroups
and patients benefit differently from surgery depending on
their individual prognostic factor profile.

© Journal of Gastrointestinal Oncology. All rights reserved.

Adjuvant chemotherapy and radiotherapy after surgery

The rationale for adjuvant therapy is high recurrence and
poor survival after surgery (46), despite safety concerns after
hepatectomy, as standard doses of chemotherapy are not
well tolerated; conversely dose reduction limits efficacy (47).
Key literature findings for adjuvant therapy are:

Adjuvant therapy is controversial and prognostic factor
dependent

Adjuvant therapy is controversial (48). A systematic review
and meta-analysis (20 studies, n=6,712) showed a trend
towards statistically non-significant improvement in OS
with any adjuvant therapy compared to surgery alone
[pooled odds ratio (OR) 0.74, P=0.06] (49). However,
benefit was significantly greater for chemotherapy alone
(OR =0.39, P<0.001) and chemoradiotherapy (OR =0.61,
P=0.049) versus radiotherapy alone (OR =0.98, P=0.90).
Node positive (N1) (OR =0.49, P=0.004) or resection
margin positive (R1) (OR =0.36, P=0.002) high-risk patients
demonstrated a significantly greater benefit following
adjuvant therapy than RO patients (OR =1.26, P=0.20) (49).
Thus adjuvant therapy is often recommended in patients
with a less favorable prognostic factor profile (48,49).

In contrast, another systematic review (57 studies,
n=4,756) in iCCA patients, showed adjuvant chemotherapy
or radiotherapy as not having a beneficial effect, with
vascular invasion and lymph node metastasis associated with
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Table 3 Prognostic factors for OS after surgery in hilar biliary tract carcinoma patients (33)

OS (months) and percent decrease or increase from overall median OS of 26.3 months

Prognostic factor P value
oS Percent decrease (OR] Percent increase

Tumor size >3 cm <3 cm

14.7m -441% 35.2m +33.8% <0.001
Surgical procedure BDR BDR + hepatectomy

20.8 m -20.9% 27.6m +4.9% 0.072
Lymph nodes N1/2 NO

15.7m -40.3% 39.9m +51.7% <0.001
Tumor differentiation Poor Well

13.56m -48.7% 541m +105.7% <0.001
Resection margin R1/R2 RO

124 m -52.9% 352 m +33.8% <0.001
Vascular invasion Yes No

209 m -20.5% 26.3m +0.0% 0.009
Caudate lobe resection No Yes

214 m -18.6% 35.7m +35.7% 0.040
CA 19-9 level >100 U/L Yes No

23.0m -12.6% 39.7m +60.0% 0.039
Perineural infiltration Yes No

20.8 m -20.9% 27.3m +3.8% 0.084
T stage T3/4 T1/2

25.7m -2.3% 27.6m +4.9% NS

BDR, hilar bile duct resection; CA 19-9, carbohydrate antigen 19-9; OS, overall survival.

Table 4 Influence of prognostic factors on 5-year survival after surgery in distal biliary tract carcinoma patients (45)

5-year survival
Factor Relative risk (RR) 95% Cl P value
Factor present Factor absent

Factors without influence on survival

Gender Male, 38.8% Female, 35.0% 0.95 0.68-1.32 0.76
Age, years <65, 35.6% >65, 34.4% 1.31 0.82-2.12 0.26
Adjuvant chemotherapy 34.0% 34.5% 0.71 0.21-2.36 0.57

Factors with influence on survival

Perineural invasion 31.3% 65.7% 0.51 0.40-0.64 <0.00001
Lymph node metastases 23.7% 47.2% 0.51 0.38-0.70 <0.0001
Negative resection margins 40.8% 15.1% 2.1 1.36-3.3 0.001

Tumor differentiation Well diff, 54.6% Not well diff, 30.8% 1.77 1.39-2.25 <0.00001

Cl, confidence interval; diff, differentiated; RR, relative risk.
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Table 5 Overview of studies providing median recurrence-free survival (mRFS) time and recurrence rates for biliary tract carcinoma after surgery

Recurrence percentage after number of years

Study Study details Median RFS (months)
1 2 3 4 5 8 9.5 10
Spolverato et al. (40) N=576 pCCA 85%
and GBC (77-91%)
Hu et al. (33) N=814 pCCA  18.1 months 22% 82% 90%
Groot Koerkamp N=306 pCCA  26.0 months (Cl: 21-31) 42% 67% 76% 86%
etal. (51)
Spolverato et al. (27) N=563 iCCA 71%
Komaya et al. (52) N=389 dCC 54.3%
Edeline et al. RCT N=196 Chemo: 30.4 months (Cl: 15.4-43.0); Chemo: 64%;
(PRODIGE-12) (53)  (mixed) BSC: 18.5 months (Cl: 12.6-38.2) BSC: 67%
Primrose et al. RCT N=447 Chemo: 25 months (Cl: 19-37);
(BILCAP) (25) (mixed) BSC: 18 months (Cl: 13-28)
Doussot et al. (54) N=188 iCCA 21 months (Cl: 11.8-30.1)
Reames et al. (55) N=1087 iCCA 14-14.7 months
Lubezky et al. (43) Review, iCCA  14-26 months
Miyazaki et al. (56) iBTC: 27.6 months; pBTC: 12.0 months;
dBTC: 15.6 months; GBC: 22.8 months
Luvira et al. (57) N=50 iCCA 6.3 months (Cl: 5-10) 84% 95% 97%
(Thailand)

BSC, best supportive care; Cl, confidence interval; dBTC, distal biliary tract carcinoma, gall bladder cancer; iBTC, intrahepatic biliary tract
carcinoma; m, months; pBTC, perihilar biliary tract carcinoma; RFS, recurrence-free survival; RCT, randomized controlled trial.

shorter OS (42). Other retrospective studies also present
conflicting viewpoints, with some demonstrating (14,47,50)
and others not showing a benefit with the use of adjuvant
therapy compared with BSC (40,45).

Results of RCTs (PRODIGE-12, BILCAP) continue
the controversy of adjuvant therapy

PRODIGE-12 reported no statistically significant difference
in mRFS for GEMOX (30.4 months, CI: 15.4-43.0)
compared to BSC (18.5 months, CI: 12.6-38.2) (26).
Moreover, BILCAP (IT'T population) showed a statistically
non-significant survival trend in mOS for capecitabine
(51.1 months, CI: 34.6-59.1) over BSC (36.4 months, CI:
29.7-44.5) (35). However, sensitivity analyses for BILCAP’s
per-protocol population, adjusting for gender, disease grade,
and nodal status demonstrated a statistically significant OS
advantage for capecitabine (HR =0.71, CIL: 0.55-0.92), and
a statistically significant difference in mOS for capecitabine
(53 months) compared with BSC (36 months; HR =0.75,
CI: 0.58-0.97, P=0.028) (25). Nevertheless, capecitabine

© Journal of Gastrointestinal Oncology. All rights reserved.

was not associated with a statistically significant increase
in mRFS (24.4 months, CI: 18.6-35.9) versus BSC
(17.5 months, CI: 12.0-23.8) (35). While the BILCAP
authors concluded that “Capecitabine can improve OS
in BTC when used as adjuvant chemotherapy following
surgery and should be considered as standard of care” (35),
the majority of data derived from RCTs suggest an overall
non-statistically significant trend in favour of adjuvant
chemotherapy; it is therefore possible that this treatment
approach may benefit only certain patient subgroups.

Recurrence-free survival (RFS) and disease-free survival
(DFYS) after resection

Median RFS is 12-30 months with highest recurrence
risk within the first 2 years

Median RFS after resection is 12-30 months (7able 5).
Most recurrences happen within 5 years, the first 2 years
conferring highest risk (Figure 2); mRFS was independent
of BTC location (27).
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RFS and DFS improve over time and are prognostic
factor dependent

A study in iCCA patients (1993-2006, n=65; 2007-2014,
n=79), observed a marked improvement in post-surgical
mDFS post-2006 (16.6 months) with the introduction of
adjuvant chemotherapy versus pre-2006 (12.2 months;
P=0.027) (38). Furthermore, another retrospective study in
389 dCCA patients identified the following independent
prognostic factors for time to recurrence and RFS:
perineural invasion (P=0.001 and P=0.009), pancreatic
invasion (both P<0.001) and lymph node metastases (both
P<0.001). Rates for 5-year RFS worsened with an increasing
number of risk factors (70.6%, 50.3%, 31.8% and 13.4% for
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0, 1, 2, 3 factors present, respectively) (52); thus, it would
appear that prognostic factor combinations have an additive
effect and RFS is dependent upon risk factor profile. Several
models to estimate patient prognosis exist (54).

Treatment of post-surgical recurrence

The majority of relapse patients receive liver-directed
therapy including surgery

In a study of 563 iCCA patients with post-surgical
recurrence, 47.5% received therapy and 52.5% BSC; of
those with therapy, the majority (75.8%) received repeat
liver-directed therapy (intra-arterial therapy, repeat
resection, ablation) + chemotherapy, while only 24.2%
received chemotherapy alone (27).

Outcomes with liver-directed therapy may be better
than chemotherapy alone or BSC

A study of 563 iCCA patients with post-surgical relapse
demonstrated that the mOS from time of recurrence was
11.1 months (BSC 8.0 months, chemotherapy 16.8 months,
liver-directed-therapy 18 months, P<0.001; Figure 3) (27).
In another retrospective study, 107 recurrent patients
received either surgery (n=14), chemotherapy (n=45),
or BSC (n=48) (56). Five-year survival was significantly
better after surgery versus chemotherapy or BSC: 19%
versus 5.3% versus 0%, respectively (P<0.0001). Factors
influencing outcomes included: residual primary tumor
status (HR =1.58, CI: 1.00-2.44, P=0.047), time to
recurrence >1 year (HR =0.62, CI: 0.39-0.97, P=0.037), and
surgery for recurrence (HR =0.32, CI: 0.14-0.62, P<0.001).
Furthermore, in 220 patients undergoing surgery for
recurrent BTC (systematic review, 10 studies), median mOS
was 26.1 months (range, 10.0-66.6 months), with 3-year
and 5-year survival rates after recurrence of 51.4% (range,
29-100%) and 29% (range, 0-51.4%), respectively (56).
Therefore, repeat therapy including surgery may offer a
better choice for recurrent BT'C than chemotherapy alone.

First-line systemic chemotherapy in mainly
unresected patients

Gemcitabine plus cisplatin (GEM/CIS) is the accepted
standard for first-line therapy

In the absence of an established first-line standard of care
treatment, due to a lack of evidence from RCTs, Eckel et al.
published a pooled analysis of 161 published trials (58).
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The findings from this pooled analysis demonstrated that
the best outcomes were achieved in those patients treated
with a GEM/platinum combination, resulting in the
recommendation of triple-agent chemotherapy consisting
of a GEM/platinum/fluoropyrimidine combination as
provisional first-line standard of care therapy. In 2010, the
ABC-02 trial (36) established the superiority of GEM/
CIS over GEM alone (n=410) resulting in the recognition
of GEM/CIS as standard of care first-line therapy for
locally advanced unresectable and metastatic BTC (59).
For GEM/CIS and GEM, respectively, mOS was 11.7
months (CI: 9.5-14.3) versus 8.1 months (CI: 7.1-8.7),
median progression-free survival (PFS) was 8.0 months
(CI 6.6-8.6) versus 5.0 months (CI: 4.0-5.9), and disease
control rate (DCR) was 81.4% versus 71.8% (36). Findings
from the BT-22 study (n=84) supported the use of GEM/
CIS combination therapy (34). For GEM/CIS and GEM,
respectively, mOS was 11.2 months (CI: 9.1-12.5) versus
7.7 months (CI: 6.1-11.0), median PFS was 5.8 months
(CI: 4.1-8.2) versus 3.7 months (CI: 2.1-5.3), and DCR
was 68.3% versus 50.0% (34). A meta-analysis of both
studies confirmed the superiority of GEM/CIS over GEM
and concluded that GEM/CIS reduced death/progression
risk by 35% compared with GEM (60). These findings
were further supported by RCT5, retrospective studies
and prospective observational studies (61,62); importantly,
however, none of these studies included BSC as a reference
point.

GEMOX was also identified as a first-line standard
of care, with better outcomes (mOS 9.5 months; mPFS
8.5 months) versus 5-fluorouracil/folinic acid (5-FU/FA)
(mOS 4.6 months; mPFS 3.5 months) and BSC (mOS
4.5 months; mPFS 2.8 months) (18). However, a systematic
review (n=1,470), found a weighted median of mOS of
9.7 months for GEM/CIS and 9.5 months for GEMOX,
with GEM/CIS having greater toxicity (63). Sensitivity
analysis of the six studies using the ABC-02 CIS dose
revealed small improvement in mOS to 11.7 months, with
an increased toxicity (63). Therefore, GEM/CIS (with
standard CIS) may exhibit an OS advantage of 2 months but
at the cost of higher toxicity (63).

Variable outcomes with GEM/CIS treatment have been
reported

GEMY/CIS outcome varies with some more recent studies,
including large sample size reviews, supporting a shorter

mOS of about 9.5 months (range, 8.4-10.5 months) (Tuble 6)

© Journal of Gastrointestinal Oncology. All rights reserved.

(59,63,65-69), versus 11.7 months (CI: 9.5-14.3) in
ABC-02 (36). Eckel et al. were the first to suggest the use of
GEM/CIS as standard of care in 2007 (58), deriving a mOS
of 9.5 months for GEM/CIS in their second pooled analysis
conducted in 2014 (69); this currently remains the largest
available study.

The treatment advantage gap for GEM/CIS over BSC in
all patients is converging

A 2010 review of BTC treatment suggested that no survival
benefit for chemotherapy compared with BSC alone had
been shown (70). Results from the randomized Phase
III ABC-02 study demonstrated a survival advantage of
cisplatin and gemcitabine doublet-chemotherapy over
gemcitabine monotherapy; GEM/CIS thus became accepted
as first-line standard of care therapy (36). Whilst there have
been suggestions that the outcomes for GEM/CIS observed
in ABC-02 may represent the top end of the range, with
real-world mOS likely to be around 9.5 months (range,
8.4-10.5 months) and mPFS about 5-6 months (Table 6),
outcomes for BSC have historically been underestimated
with more recent data showing mOS with BSC of
7.1 months for “fit-for-chemotherapy” patients (15), and
around 26-36 months for resected patients (15,25,27).
As previously discussed, differences in survival between
adjuvant chemotherapy and BSC observed in the
PRODIGE-12 (26) study were not statistically significant.
The latest published findings from the second-line ABC-
06 study (23) further support this, with mOS in those from
the control arm who received active symptom control
(ASC) noted as 5.3 months compared to 6.2 months with
chemotherapy.

Therefore, in the absence of RCTs directly comparing
first-line GEM/CIS to BSC in a purely unresected, “fit-
for-chemotherapy” population, it is possible to hypothesize
that, at least for certain patient subgroups, there may
be very little, if any, benefit when treating with GEM/
CIS compared to BSC. Given the potential impact of
chemotherapy on patient quality of life, the question of
clinical relevance of such a blanket treatment approach
seems warranted in this era of personalized medicine.

Best therapy decisions strongly depend on an individual’s
clinical profile

Evidence suggests that GEM/CIS may be more effective in
certain BTC subgroups. For example, in treatment-naive
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patients with metastatic BT'C, the overall mOS for those
receiving BSC was 7.1 months; however, for GBC mOS
was only 4.4 months (CI: 2.9-5.9) (15). In contrast, mOS
for GBC under GEM/CIS in BT-22 was 9.1 months (CI:
6.9-11.6) versus an overall mOS of 11.2 months (CI:
9.1-12.5) (34). A systematic review of data from studies
examining GEM/CIS in the treatment of BTC confirmed
these findings and suggested that GEM/CIS may be
effective in GBC compared to BSC (11,63,68).

Furthermore, according to a recent analysis pooling all data
for iCCA from the ABC trials, the mPFS and mOS of iCCA
in patients treated with GEM/CIS were 8.4 months (CI:
5.9-8.9) and 15.4 months (CI: 11.1-17.9) respectively (71).
Therefore, a superior outcome in terms of OS was observed
in patients with iCCA treated with GEM/CIS compared
with the outcomes observed in patients with subtypes of
eCCA, findings that should be considered for future clinical
trial design. However, it should be noted that a short mOS
has previously been observed in iCCA patients receiving
BSC (4.7 months, CI: 3.54-5.87) (15), suggesting that
GEM/CIS should remain the first-line treatment choice for
patients with iCCA.

However, for patients who have extrahepatic CCA
subtypes, constituting the majority of cases (60-95%)
(5,8-10), the advantage of GEM/CIS over BSC is less clear.
Under BSC, mOS for eCCA was 9.7 months (CI: 6.49—
12.91) and for AoV CCA 11.2 months (CI: 5.1-17.3) (15).
These BSC survival data are similar to the corrected
mOS of 9.5 months (range, 8.4-10.5 months) for GEM/
CIS (Table 6). Furthermore, for eCCA and AoV, a clear
survival benefit for standard GEM/CIS over BSC cannot
be confidently assumed, unless additional factors further
influence outcomes. Therefore, chemotherapy-containing
regimens are not the only option for consideration. Instead,
factors such as locally advanced versus metastatic disease,
luminal versus liver metastases, bilirubin >1.5x ULN (upper
limit of normal), CEA >4 ng/mL, CA-19-9 (elevated versus
normal), ECOG PS (2 versus 0-1), RECIST criteria (versus
non-measurable), previous surgery and associated factors,
molecular genetic profile and other factors depending
on the specific decision point along the collective patient
treatment pathway all modify outcomes and should be
considered in treatment decisions (15,16,34,66).

For BSC versus GEM/CIS, prognostic factors have
the potential to increase or decrease survival significantly
(15,16,34,66), and it is possible that the effect of multiple
factors may be additive (52,59). This impact on survival
was evident in a small retrospective study of 26 patients
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receiving GEM/CIS (59). The presence of three risk
factors (PS >2, CEA >3 ng/mL, Stage IVb) resulted in a
72% decrease in mOS from 10.5 to 2.9 months; conversely,
a 71% increase in mOS from 10.5 to 18 months was
observed in the absence of all three prognostic factors (59).
Therefore, for a patient in whom the presence of all three
factors has been identified, the value of additional treatment
with chemotherapy, even in those considered to still be “fit-
for-chemotherapy”, should be queried.

Overall, this leads to a complex evidence-based
therapeutic decision model for CCA, where static average
survival figures for different therapy options are no longer
the only consideration, but the influence of prognostic
factors on outcome should also be considered in order to
arrive at truly evidence-based therapeutic decisions for
individual patients.

GEMU/CIS is effective in patients who present with signs
of biliary tract obstruction due to luminal disease despite
optimal stenting

Another consideration is biliary tract obstruction, present
in 70-84% of patients (16), and associated complications.
The ABC trials excluded such patients; however, a benefit
of chemotherapy has been shown in this patient group (16).
Bilirubin normalized in 64% of patients during/after
chemotherapy, with toxicity/outcomes comparable to ABC-
02 [mPFS: 6.9 months (CI: 4.4-9.0); mOS 9.5 months (CI:
5.7-12.8)] (16,36). Patients whose bilirubin normalized
during/after chemotherapy had a significantly higher DCR
compared to patients whose levels did not (86% versus
30%, P=0.004) (16). While baseline bilirubin had no
impact on PFS or OS, bilirubin normalization during/after
chemotherapy was related to longer mOS compared to levels
that did not normalize (11.4 versus 2.9 months, HR =0.49,
CI: 0.2-1.1, P=0.08) (16). Moreover, patients with luminal
disease-related obstruction (76%) had better outcomes than
patients with liver metastases (24%): mPFS 7.0 months
versus 2.6 months (P=0.1633), mOS 9.8 months versus
4.4 months (HR =0.74, P=0.465) (16). These data suggest
that GEM/CIS is an appropriate treatment approach for
patients with advanced BTC (PS 0-1) and high bilirubin due
to luminal disease despite optimal stenting (16).

Other potentially more effective combinations than GEM/
CIS bave been identified

Potentially more effective combination chemotherapies have
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been identified (68,69); these include GEM/platinum/5-
FU (mOS 12.5 months) or a GEM/epidermal growth factor
receptor (EGFR) targeted therapy combination (mOS
12.7 months), which have been suggested as new standards
for patients with good PS (69). Better outcomes for
GEM/5-FU versus GEM/platinum were also demonstrated:
mOS 12.5 versus 9.5 months, P=0.047 (68,69).

Second-line chemotherapy

Outcome of second-line chemotherapy is poor—mPFS
2-3 months, mOS 6-7 months

No standard second-line therapy for BTC currently exists,
and no clear advantage of one regimen over another has
yet been established (72-74). In a retrospective study
(n=603), 196 patients (32.5%) received second-line
chemotherapy, of which 43% (14% of original cohort) also
received third-line chemotherapy (72). The most common
second-line regimens used were FOLFIRI (folinic acid,
fluorouracil and irinotecan) and XELIRI (irinotecan and
capecitabine) (n=64), followed by 5-FU or capecitabine
(n=40), 5-FU plus cisplatin (n=38), and FOLFOX (folinic
acid, fluorouracil and oxaliplatin) or XELOX (oxaliplatin
and capecitabine; n=21) (72). mPFS for second-line
therapy was 3.2 months (CI: 2.8-4.0) and mOS 6.7 months
(CI: 5.6-7.8), with no significant difference between
regimens (72). Two retrospective studies of capecitabine
+ cisplatin demonstrated similar outcomes: n=40, mPFS
2.3 months, mOS 6.3 months (75); and n=294,
mPFS 2.8 months, mOS 7.7 months (76). In
addition, a recent prospective Phase III trial of
capecitabine + oxaliplatin (n=108) noted mPFS
5.3 months, mOS 10.6 months (77). Furthermore, a
systematic review of 20 studies produced a weighted mOS
of 7.2 months (CI: 6.2-8.2) (78) and a meta-analysis of
23 prospective Phase II trials plus 9 retrospective studies,
involving a total of 1,391 patients, demonstrated a weighted
mPFS of 2.6 months and weighted mOS of 6.5 months (79).
Treatment using a platinum + gemcitabine combination has
also been shown to be superior to monotherapy (mOS 7.1
versus 5.0 months, P=0.006) (73). Overall, however, patients
demonstrate poor outcomes with no clear advantage shown
for one therapeutic regimen over another.

Prognostic factors for better outcomes following
second-line therapy included CA-19-9 (<157 versus
>157 U/mL, and <400 versus >400 U/mL), ECOG PS
(0 versus 1-2/2-3), bilirubin (<17 versus >17 pmol/L),

© Journal of Gastrointestinal Oncology. All rights reserved.

781

absence of distant metastases, and disease control during
first-line therapy (72,73).

Recent developments in second-line chemotherapy

Prolongation of first-line therapy may prolong survival

Another consideration for improving patient outcomes is
first-line chemotherapy duration. While the ABC-02 study
limited treatment to 8 cycles, a retrospective institutional
database study showed that patients receiving >9 cycles
had significantly improved outcomes when compared
with those who received 2-8 cycles (n=382; mPFS 13.3
versus 4.1 months, P<0.001; mOS 22.1 versus 9.2 months,
P<0.001) (80). These observations suggest the potential for
continuation of first-line chemotherapy to improve survival.
However, this study does not differentiate those patients
receiving 8 cycles or less than 8 cycles from those receiving
>9 cycles, which could constitute significant bias.

ABC-06 results for a modified FOLFOX regimen in
second-line therapy

First preliminary results from the ABC-06 randomized
clinical trial, which compared modified FOLFOX
(mFOLFOX) + ASC with ASC alone in patients who had
failed first-line GEM/CIS treatment (n=162, PS 0-1),
showed a modest advantage of mFOLFOX + ASC versus
ASC alone: mOS 6.2 versus 5.3 months, 6-month OS rate
50.6% versus 35.5%, and 12-month OS rate 25.9% versus
11.4% (adjusted HR 0.69, CI: 0.50-0.97, P=0.031) (23).
The ABC-06 authors propose mFOLFOX as the new
second-line standard of care treatment on the basis of a
clinically meaningful increase in 6- and 12-month OS rates.
However, given the similarity of these results to other
second-line regimens, it could be argued that the most
appropriate second-line regimen still remains to be defined.

Etoposide-based regimens

Although not commonly used, etoposide-based regimens
were initially amongst the most promising options
for the treatment of patients with BTC. For example,
the etoposide/5FU/leucovorin (LV) combination was
the first treatment regimen to demonstrate a survival
advantage over BSC: mOS 6.0 versus 2.5 months (21).
Another study compared etoposide/5SFU/LV (FELV)
and epirubicin/CIS/5-FU (ECF) for the first-line
treatment of BTC (81); unfortunately, targets for patient
recruitment were not met due to the rarity of the
disease, and it is likely that the small patient numbers
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underlie the observed statistically non-significant
group differences (n=54, FELV: mOS 12.03 months
(CI: 9.3-14.7), 1 year OS 50.2% (CI: 30.0-67.3) vs. ECF:
mOS 9.02 months (CI: 6.46-11.51), P=0.2059; 1 year
OS 21% (CI: 7.8-38.6). Furthermore, these results were
achieved despite a known high prevalence of multi-drug
resistance for etoposide in CCA (82-84) leading to further
potential survival benefits if multi-drug resistance can be
overcome. CAP7.1, a new drug that is converted to active
etoposide by carboxylesterase-2 (CES-2), demonstrated
a 1,000-fold higher cytotoxicity compared to etoposide
(85,86). In a Phase I trial conducted in 19 patients
with advanced refractory solid tumors, median OS was
6.5 months (range, 2.5-25.63 months) with a stage IV GBC
patient experiencing an OS of 25.6 months and a CCA
patient experiencing a PFS of 5.4 months (87). A subsequent
randomized, BSC-controlled, Phase II second-line trial in
27 patients with crossover to etoposide toniribate permitted
for BSC patients upon disease progression, showed favorable
outcomes for etoposide toniribate versus BSC: DCR 55.6%
(CI: 21.2-86.3) versus 20% (CI: 2.5-55.6), P=0.13; mPFS
3.4 versus 1.3 months, P=0.006, and mOS for CAP7.1
7.5 months (CI: 1.7-15.8) (88). Estimated 1-year survival for
patients receiving etoposide toniribate was 44% (88).

First Phase II modified FOLFIRINOX study in BTC

Further data has emerged from a Phase II study of
FOLFIRINOX (irinotecan, leucovorin, fluorouracil and
oxaliplatin) in second-line treatment of BTC (n=30, two-stage
Simon’s design) (89). The observed partial response rate was
10%, DCR 67%, mOS 10.7 months and PFS 6.2 months,
with an acceptable safety profile. Modified FOLFIRINOX
is currently under investigation as first-line treatment in the

Phase II/T AMEBICA trial NCT02591030).

Targeted therapies, immunotherapy and beyond

Currently, targeted therapies show no to only marginal
survival benefit

A review by Sahu et al. reported no to marginal survival
benefits for targeted therapies (monoclonal antibodies,
tyrosine kinase inhibitors) mostly in combination with
GEM-based regimens (mOS range 4.4-12.9 months;
mPFS range 1.7-9.7 months), with variability likely due
to undifferentiated patient populations (mixed molecular/
genetic profiles) (90). In a review by Chong and Zhu, mPFS
was 1.6-8.8 months, mOS was 4.4-15.7 months (except
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for one study), with some marginal improvements in mOS
of 13.5-15.7 months achieved with a variety of first-line
combinations: GEM = platinum plus cetuximab (three
trials), sorafenib (one trial), or cediranib (one trial) (90).
Only one Phase II study of GEMOX + panitumumab in
preselected Kirsten ras (KRAS) wild type patients reached
a considerably longer mPFS of 10.6 months and mOS of
20.3 months (91). These figures compare to mPFS of
8.0 months and mOS of 11.7 months observed in
ABC-02 (36).

In a third review, mPFS was 2—-8 months and mOS
4.4-20.0 months, mainly for GEM = platinum + targeted
therapy trials (bevacizumab, sorafenib, vandetanib) (92).
Finally, the benefits of targeted therapy in combination
with GEM-based chemotherapy (mTTP 7.1 months, mOS
12.7 months), or GEM/platinum/FU (mTTP 9.0 months,
mOS 12.5 months) over GEM/platinum (mTTP 5.3 months,
mOS 9.5 months) have been demonstrated, suggesting
EGFR-targeted therapy added to GEM-based regimens or
GEM/platinum/FU as a new first-line standard for good PS
patients (69).

Many new genetic aberrations and thus potential targets
for therapy bave been identified

Recently, potential new drug targets were discovered
through identification of genetic aberrations in anatomical
subtypes (Table 7) (90-92). Typically, however, a large patient
percentage does not exhibit specific genetic aberrations,
which may explain the observed limited effects of targeted
therapy. Thus, a need exists for future studies to preselect
patients through genetic profiling (92,94).

Four distinct molecular genetic clusters with different
etiology, targets for potential therapy, and survival/
prognosis exist. Anatomic subtypes, however, do not differ
in genetic background

Four distinct genetic BTC clusters were recently identified
through a whole-genome and epigenomic analysis of 489
BTC cases from 10 different countries (133 liver fluke-
positive and 356 fluke-negative cases) (Figure 4) (95).
While Cluster 1 was mainly comprised of fluke-positive
tumors, Cluster 2 had a fluke-positive/negative mix, and
Clusters 3 and 4 were predominantly fluke-negative (95).
These findings confirm genetically different molecular
signatures indicating different carcinogenesis mechanisms
for fluke-positive (extrinsic carcinogen) and -negative
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Table 7 New drug targets for genomic aberrations of biliary tract carcinoma anatomical subtypes and GBC

Molecular spectrum (93)

BTC Genetic aberration -
subtype/GBC (91,92)" Genetlg Prevalence Targeted therapy/targeted therapies under development
aberration
iBTC FGFR2 fusion gene FGFR2 fusions 10-20% BGJ398, Ponatinib, JNJ425756493, PRN1371, TAS-120,
FGFR antibodies, FGFR trap molecules
IDH1/2 mutations  IDH1/2 22-28% AG-120, AG-881
- BAP1 15-25% Histone deacetylase (HDAC) inhibitors, e.g., vorinostat and panobinostat
TP53* - 3-36%* None reported
ARID1A* - 19-36%*  Histone deacetylase (HDAC) inhibitors, e.g., vorinostat and panobinostat
eBTC - HER2/neu 11-20% Tyrosine kinase inhibitors, e.g., afatinib, neratinib and dacomitinib
(mutation)
PRKACA and PRKACA and 9% Protein kinase A inhibitors under development
PRKACB fusion PRKACB
- ARID1A 5-12% Histone deacetylase (HDAC) inhibitors, e.g., vorinostat and panobinostat
KRAS mutations* - 40%* None reported
TP53* - 45%* None reported
pBTC KRAS mutations - - None reported
GBC EGFR EGFR 4-13% Erlotinib, cetuximab
HER2/neu 10-15% Trastuzumab, lapatinib, pertuzumab, T-DM1
(amplification)
ERBB2 and ERBB3 ERBB3 0-12% Seribantumab (MM-121), pertuzumab, trastuzumab, T-DM1
PTEN (inactivated) PTEN 0-4% mTOR inhibitors, e.g., everolimus, AKT inhibitors, e.g., MK2206, PI3K
inhibitors, e.g., BKM120, BYL719 and SF1126
PIK3CA 6-13% mTOR inhibitors, e.g., everolimus, AKT inhibitors, e.g., MK2206, PI3K

TSC1 (inactivated)

inhibitors, e.g., BKM120, BYL719 and SF1126

- None reported

ARID1A, AT-rich interactive domain-containing protein 1A; AKT (also known as protein kinase B); BAP1, BRCA1-Associated Protein
1; dBTC, distal biliary tract carcinoma; EGFR, epidermal growth factor; ERBB2, erb-b2 receptor tyrosine kinase 2; ERBB3, erb-b3
receptor tyrosine kinase 3; FGFR2, fibroblast growth factor receptor 2; GBC, gall bladder cancer; HER2, human epidermal growth
factor; iBTC, intrahepatic biliary tract carcinoma; IDH1/2; isocitrate dehydrogenase 1 and 2; KRAS, Kirsten rat sarcoma viral oncogene
homolog; mTOR, mammalian target of rapamycin; pBTC, perihilar biliary tract carcinoma; PI3K, phosphoinositide 3-kinase; PIK3CA,
phosphoinositide-3-kinase catalytic alpha polypeptide; PRKACA/B; protein kinase cAMP-activated catalytic subunit alpha/beta; PTEN,
phosphatase and tensin; T-DM1, trastuzumab emtansine; TP 53, tumor protein p53; TSC1, tuberous sclerosis protein 1.

(intrinsic genetic alteration) tumours (95). This study also
disproved the theory of different anatomic BTC subtypes
having distinct molecular-genetic backgrounds. Tumors
at the same anatomical site exhibited profound molecular
profile differences, while tumors at different anatomical
sites displayed molecular profile similarities, thereby
confirming that anatomical site is not a driver of molecular
subtypes (95). However, the majority of Clusters 1/2 were
pCCA and dCCA, while Clusters 3/4 were composed

© Journal of Gastrointestinal Oncology. All rights reserved.

mostly of iCCA. While survival trends do not differ for
anatomical subtypes (32,37), for genetic clusters survival
advantages are evident: Clusters 3/4 (mainly iCCA)
demonstrated moderate significantly longer survival
compared with Clusters 1/2 (mainly pCCA and dCCA,
P<0.001 (Figure 5) (95).

Molecular-genetic profiling, therefore, highlights
distinct targeted therapy opportunities for each cluster
with, e.g., Clusters 1/2 potentially being susceptible to
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Cluster
Highest SNV burden
Genetic Enriched in TP53, ARID1A, T
) BRCA1/2 mutations e
alterations mutations

Enriched in H3K27me3-assoc.
promoter mutations

Enriched in BAP1 and
IDH1/2 mutations

Enriched in FGFR alterations

Highest CNA burden
Copy—number ERBB2 amplification 1p, 2p, 2q, 7p, 1
alterations 16p, 199, 20q
ereB2 4 | FGFR1
Gene Immune-related pathways FGFR2
expression et § CTNNBT, WNTSB, PD1, PDL2, and BTLA FGFR3
Ezrz 4 AKT1 FGFR4
Methylation CpG island CpG shore
phenotype hypermethylated hypermethylated
Prognosis Poorer prognosis | | Better prognosis

AKT (also known as protein kinase B); ARID1A, AT-rich interactive domain-containing protein 1A; BAP1, BRCA1-Associated Protein 1;

BRCA1/2, breast cancer genes 1/2; BTLA, B and T lymphocyte attenuator; CNA, copy number alteration; CNV, copy-number variants;
CpG, cytosine base followed by a guanine base; CTNNB1, cadherin-associated protein beta 1; ERBB2, erb-b2 receptor tyrosine kinase 2;
EZH2, enhancer of zeste homolog 2; FGFR, fibroblast growth factor receptor; IDH1/2; isocitrate dehydrogenase 1 and 2;

PD1, programmed cell death 1; PDL2; programmed cell death ligand 2; SNV, single-nucleotide variants; TET1, Tet Methylcytosine dioxygenase 1;

TP53, tumor protein p53

Figure 4 Distinct genetic biliary tract carcinoma clusters (95).

human epidermal growth factor receptor 2 (ERBB2/HER?2)
targeting, Cluster 3 to immunotherapy (e.g., programmed
cell death protein 1 (PD-1)-Inhibitors) and Cluster 4 to
isocitrate dehydrogenase 1 (IDH) inhibitors or fibroblast
growth factor receptor (FGFR)-targeting agents (90). These
findings also highlight the potential benefit and limitations
of novel PD-1-inhibitors (96,97), as only Cluster 3 (a small
subgroup) seem susceptible.

Currently, there are numerous ongoing Phase II and
III trials evaluating targeted therapies, particularly in
second-line (98). Some include antiangiogenic therapy
[e.g., apatinib targeting vascular endothelial growth
factor receptor 2 (VEGFR2)], epidermal growth factor
receptor (EGFR) and HER? inhibitors (e.g., trastuzumab
+ chemotherapy), FGFR inhibitors (derazantinib,
erdafitinib), IDHI and tyrosine receptor kinase (TRK)
inhibitors, and other inhibitors including olaparib
and niraparib [targeting poly ADP ribose polymerase
(PARP)]. Advanced BTC remains a challenge, and at
present no targeted therapies have been validated for this
disease (93,98).

© Journal of Gastrointestinal Oncology. All rights reserved.

Conclusions and future directions

A high unmet need exists not only to develop effective
therapies for BT'C, but also to identify relevant prognostic
factors and investigate their impact on treatment outcomes.
Different treatment pathways exist within the collective
patient journey, each associated with different survival
outcomes, representable in a decision tree. As a patient
moves through these decision points along their personal
patient journey, the survival outcome changes even for the
same treatment and patient; with the survival benefit of a
particular treatment for a particular patient at a particular
point in time depending not on the treatment itself, but also
on the decision point and further individual patient/tumor
specific prognostic factors.

In such a prognostic-factor driven model, mOS is
a dynamic variable with an effect size range changing
significantly around an overall median for a specific
treatment at a particular decision point along the collective
patient journey. Therefore, the classical approach of
prescribing “one-chemotherapy-for-all-patients” on the
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Figure 5 Differences in survival for the four different biliary tract

carcinoma molecular clusters (95).

basis of results derived from summary statistics of one
single mixed patient study may not be meaningful to an
individual patient. For practical reasons many studies have
enrolled resected and unresected patients and arrived at
median survival figures for this patient mix. Clinically,
however, these study results are not altogether meaningful
at the individual patient level, as resected and unresected
patients represent two distinct patient groups on completely
different and no longer interchangeable treatment pathways
within the treatment network. Furthermore, since resected
patients generally have better outcomes, results are biased
for both groups and therefore not directly transferable to
clinical practice.

Thus, a paradigm shift is needed moving therapeutic
decision-making more towards a personalized medicine
approach. It is likely that future therapies will be developed
for highly selected patient subgroups rather than for all
CCA patients, while another part of future research will
likely come from international, prospective studies in
these subgroups. Future systemic therapy may be based
on the combination of two separate treatment pillars, one
“generalized-chemotherapeutic-pillar” as a treatment
backbone for all patients (currently GEM/CIS in first-
line), and one “individualized-targeted-therapy-pillar”
utilizing targeted therapies, immunotherapies and/or other
personalized medicines in highly pre-selected patient
subgroups only. Thus, how original research is integrated
and used by clinicians in a novel, dynamic and complex
individualized therapeutic decision model is key to better
treatment outcomes for this devastating disease.

© Journal of Gastrointestinal Oncology. All rights reserved.
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