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Abstract

Background: The rationale for the evaluation of trametinib in advanced biliary cancer (BC) is
based on the presence of mitogen-activated protein kinase alterations and on earlier promising
results with MEK inhibitors in BC.

Methods: Patients with histologically proven BC who progressed on gemcitabine/platinum were
randomised to trametinib daily (arm 1) versus fluoropyrimidine therapy (infusional 5-fluorouracil
or oral capecitabine, arm 2). The primary end-point was overall survival (OS). Secondary end-
points included progression free survival (PFS) and response rate. A planned interim futility
analysis of objective response was performed on the first 14 patients registered to the trametinib
arm.

" Corresponding author: Department of Gastrointestinal Oncology, H. Lee Moffitt Cancer Center and Research Institute, 12902
Magnolia Drive, Tampa, FL 33612, USA. Fax: +813 745 7229., Richard.Kim@moffitt.org (R.D. Kim).

Conflict of interest statement
SM, GPK, AB, SG, MJ and HH declare no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al. Page 2

Results: The study was stopped early based on the lack of measurable response in the trametinib
arm. A total of 44 eligible patients were randomised (24 patients in arm 1 and 20 patients in arm
2). Median age was 62 years and the primary sites of tumour were cholangiocarcinoma (68%) and
gallbladder (32%). The overall response rate was 8% (95% CI 0%—-19%) in arm 1 versus 10%
(95% CI1 0%—-23%) in arm 2 (p > .99) Median OS was 4.3 months for arm 1 and 6.6 months for
arm 2. The median PFS was 1.4 months for arm 1 and 3.3 months for arm 2.

Conclusions: This is the first prospective randomised study of a targeted agent versus
chemotherapy for the second-line treatment of BC. In this unselected population, the interim
analysis result of unlikely benefit with trametinib resulted in early closure.
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1. Introduction

Biliary cancer (BC) includes intra- and extrahepatic cholangiocarcinoma (EHCCA) and
cancers of the gallbladder. In the United States of America (USA), an estimated 42,000
cases of liver and intrahepatic cholangiocarcinoma were diagnosed in 2017 [1], and
annually, about 12,000 cases of extrahepatic bile duct cancer are diagnosed, of which two-
thirds are gallbladder cancers [1]. Unfortunately, two-thirds of patients have unresectable/
advanced disease at presentation, and those who undergo surgery often relapse [2]. ABC-02,
a randomised phase 111 study of more than 400 patients, demonstrated an overall survival
(OS) benefit for the combination of gemcitabine plus cisplatin compared to gemcitabine
alone [3]. However, the survival for advanced BCs still rarely exceeds 1 year, and the 5-year
survival is less than 10%.

The most commonly used second-line regimens in patients who have been previously treated
with gemcitabine- or platinum-based chemotherapy are fluoropyrimidinesd—5-fluorouracil
(5-FU) with leucovorin (LV) or capecitabine based on limited prospective data. The activity
of these agents was only reported in several small trials that were primarily in first-line
settings, either given as single agents or in combination chemotherapy [4,5]. Large
retrospective series also reported very poor outcomes for second-line chemotherapy with
median OS of around 6 months and progression free survival (PFS) ranging from 2 to 3
months [6,7]. However, in highly selected patients who were treated at academic medical
centres, median OS was 11 months from the start of the second-line therapy [8]. It is also
important to point out that there are prognostic model and scoring system that can identify
patients who will unlikely benefit from second-line therapy such as peritoneal disease, poor
baseline ECOG status or elevated CA 19/9 [9].

In the recent ABC-06 study, FOLFOX (fluorouracil + oxaliplatin with LV) was evaluated as
second-line treatment after progression on gemcitabine plus cisplatin, and it demonstrated
modest 1 month survival benefit over active symptom control [10].

Trametinib is a bioavailable, potent, and specific allosteric inhibitor of MEK 1/2. Aberrant
activation of the Ras/Raf/mitogen-activated protein kinase (MAPK) pathway occurs in more
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than 60% of BCs, indicating the importance of these pathways in biliary carcinogenesis [11].
Comprehensive genomic profiling of biliary tract cancers revealed that the KRAS mutation
can be as high as 42% in EHCCA compared to 22% in intrahepatic cholangiocarcinoma and
11% in gallbladder cancer. On the other hand, BRAF mutation can be found in 5% of the
intrahepatic cholangiocarcinoma compared to 3% in EHCCA and 1% in gallbladder cancer
[12]. Downstream of BRAF, the MAPK pathway appears active in 75% of BCs, as
evidenced by phospho-MAPK immunostaining [13]. Furthermore, expression profiling
across a panel of seven human BC cell lines demonstrated a number of RAS/MAPK
pathway components and sensitivity to MEK inhibitors [14]. However, it is important to note
that BC represents a heterogeneous group of tumours with variable frequency of alterations
in specific molecular pathways based on site of origin (intrahepatic versus extrahepatic
versus gallbladder cancer).

Given the important role of the MAPK pathway in biliary carcinogenesis and its relevance
for the clinical activity of MEK inhibitors in small studies, the authors conducted a
randomised phase |1 study of trametinib versus 5-FU/LV or capecitabine in refractory BC
patients.

Patients and methods

2.1. Study design and patients

This was a multicentre, open-label randomised phase Il trial comparing single-agent
trametinib (arm 1) versus infusional 5-FU/LV or capecitabine (arm 2) in refractory BC
patients completed within the National Cancer Institute’s National Clinical Trials Network
groups SWOG, ECOG-ACRIN, and Alliance. If the patient was randomised to arm 2, then
the patient and physician were able to choose between arms 2A (infusional 5-FU/LV) and
2B (capecitabine). Twenty-five US institutions participated, with SWOG being the coordin-
ating group. The participating sites obtained institutional review board’s approval, and
informed, written consent was obtained from all patients before enrolment.

Eligible patients were required to have histologically or cytologically documented
carcinoma primary to the intra- or extrahepatic biliary system or gall bladder, with clinical
and/or radiologic evidence of unresectable, locally advanced, or metastatic disease. Patients
with ampullary carcinoma were not eligible. Patients had to be = 18 years of age, have
Eastern Cooperative Oncology Group performance score of 0 or 1, and have adequate bone
marrow, renal and hepatic functions. All patients had to have measurable disease according
to Response Evaluation Criteria in Solid Tumours version 1.1. All patients had to have
experienced disease progression after no more than one prior regimen of systemic
chemotherapy for advanced BC, have completed any prior chemotherapy at least 21 days
before registration, and have recovered from any side-effects. Patients who had received
adjuvant chemotherapy were allowed to participate if there was evidence of disease
recurrence within 6 months of completion of the adjuvant treatment. Prior treatment with
MEK inhibitors was not allowed. Prior 5-FU or capecitabine treatment was allowed only if
given as a radiosensitiser concurrently with radiation therapy or if given as part of any
adjuvant therapy regimen at least 12 months before study enrolment. The trial was registered
with the National Cancer Institute (www.clinicaltrials.gov identifier NCT02042443.)
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2.2. Treatment and assessment plan

Patients were randomised to either 2 mg oral trametinib once a day (arm 1), 2400 mg/m?
infusional 5-FU over 46 h + optional bolus 5-FU and LV every 2 weeks (arm 2A), or 1000
mg/m? oral capecitabine on days 1-14 twice daily (arm 2B). One treatment cycle was 21
days for arms 1 and 2B and 28 days for arm 2A. Patients were seen and evaluated every
cycle with appropriate laboratories, including complete blood count, complete metabolic
panel and physical examination. Serum CA 19-9 was checked every 6 weeks. Toxicities
were graded as per the National Cancer Institute Common Terminology Criteria for Adverse
Events version 4.0. Patient response was assessed every 6 weeks with computed tomography
of chest/abdomen/pelvis or magnetic resonance imaging using the Response Evaluation
Criteria in Solid Tumours Classification 1.1. Treatment was continued until documented
disease progression, development of unacceptable toxicity, withdrawal at the discretion of
the treating investigator or withdrawal of consent. The full assessment schedule is provided
in the trial protocol.

2.3. End-points and statistical analyses

The primary end-point was OS in patients with refractory advanced BC randomised to arm 1
compared to those randomised to arm 2. Secondary end-points were PFS and response rate
(RR), which included complete response, partial response, unconfirmed complete response
and unconfirmed partial response.

Approximately, 80 eligible patients (40 each for arms 1 and 2 [2A and 2B combined]) were
required to detect an improvement in median OS from 5 months to 8.25 months (hazard ratio
[HR] for experimental versus control 0.61), assuming a one-sided type-1 error of 10%, 80%
power, 2 years of accrual and an additional year of follow-up. Accounting for the possibility
of a 10% ineligibility rate, the study planned to accrue approximately 89 patients to achieve
80 eligible patients. Ran-domisation was stratified by planned chemotherapy (5-fluorouracil
with LV versus capecitabine) and disease site (cholangiocarcinoma versus gallbladder).

An interim futility assessment was planned when the first 14 patients registered to the
trametinib arm had been assessed for disease response. If none of these first 14 patients
responded to treatment (corresponding to 95% confidence that the true RR was less than
20%), then the study would be closed to further accrual and the agent declared to be of no
interest for further development in this setting. The trial allowed accrual to continue while
the interim analysis was being conducted.

The primary analysis of OS was conducted in all eligible patients according to a modified
intent-to-treat principle. Probabilities of OS and PFS were estimated using the Kaplan-
Meier method. Statistical differences in event rates between treatment arms were assessed
via stratified Cox regression model. RR was compared by treatment arm via chi-squared test.
The significance of associations between high serum CA 19-9 decrease from baseline and
RR, within each treatment arm, was also assessed by chi-squared test. Associations of high
CA 19-9 decrease from baseline with OS, by treatment arm, were assessed via stratified Cox
regression model. Statistical tests are reported as two-sided, and p < .05 is considered
significant.
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3. Results

3.1. Patients and treatment

A total of 53 patients (27 in arm 1 and 26 in arm 2) were randomised to the trial between
February 2014 and March 2015 (Fig. 3 Consort diagram). Seven patients were ineligible for
various reasons, including having received more than one prior line of chemotherapy and
having no evidence of measurable disease. An additional two patients were excluded from
analyses because they withdrew consent before starting protocol therapy. Patient
characteristics are provided in Table 1. The median age was 62 years and 66% of patients
were female. Fourteen patients (70%) who were randomised to chemotherapy received
capecitabine and six (30%) received 5-FU/LV. All patients had previously failed one line of
systemic therapy. Most patients (59%) had a diagnosis of intrahepatic cholangiocarcinoma,
and 32% had a diagnosis of gallbladder cancer.

As of 1st April 2016, all patients had discontinued protocol treatment. The primary reason
for treatment discontinuation was disease progression (88% in arm 1 and 85% in arm 2).

3.2. Efficacy

3.3. Safety

The planned interim analyses performed on 24th April 2015 showed that a lack of
measurable response in the trametinib arm ruled out the prespecified treatment benefit with
high confidence. Fifteen eligible patients in the trametinib arm were evaluated for disease
response and none achieved partial response. The study perma-nently closed to accrual on
15th May 2015, with 53 patients enroled.

The observed hazard rates for mortality and disease progression were higher for patients
who received trametinib versus those who received chemotherapy (Figs.1 and 2). Median
OS was 4.3 months in arm 1 and 6.6 months in arm 2 (HR 1.92, 95% confidence interval
[CI]1 0.98-3.77; p=.06). Median PFS was 1.4 months in the trametinib arm and 3.3 months
in the chemotherapy arm (HR 2.77, 95% CI 1.30-5.92; p=.01).

The overall RR was 8% (95% CI-19%) in arm 1 versus 10% (95% CI 0-23%) inarm 2 (p
>.99). The two unconfirmed partial responses in arm 1 were seen after the first 15 patients
were evaluated. In arm 1, two patients (8%) had stable disease compared to nine patients
(45%) in arm 2. Thus, the disease control rate was 17% in arm 1 versus 55% in arm 2. There
were no complete responses in either group.

Twenty-three patients in arm 1 and 20 patients in arm 2 were assessed for adverse events
(AEs; Table 2). More patients experienced serious treatment-related AEs in arm 1 than arm
2. There was one treatment-related death in arm 1 because of cardiac arrest; two patients
experienced grade 4 events, including bilirubin increase and sepsis; and five additional
patients experienced grade 3 events. In arm 2, seven patients (35%) experienced treatment-
related grade 3 AEs, and there were no grade 4 or 5 AEs.

Eur J Cancer. Author manuscript; available in PMC 2020 October 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 6

The most common AEs, affecting at least 20% of patients by arm, were anaemia, rash,
thrombocytopenia, fatigue, nausea and vomiting in arm 1 and anaemia, diarrhoea, dry skin,
fatigue, hand-foot skin reaction, nausea and thrombocytopenia in arm 2.

AE-related treatment discontinuations occurred in 8% versus 5% of patients in arms 1 and 2,
respectively, and other AE-related dose modifications were required in 26% versus 50% of
patients in arms 1 and 2, respectively.

3.4. Correlative studies: CA 19-9

Carbohydrate antigen 19-9 (CA 19-9) levels were checked at baseline and every 6 weeks.
The maximum allowable percentage decrease in CA 19-9 from baseline was defined as high
(=50%) versus low (<50%). Of the 19 patients in arm 1 for whom follow-up data were
available, one (5%) had a high decrease in CA 19-9. A high decrease was not associated
with overall response (p=.11) or OS (p = .75). Of the 17 patients in arm 2 with follow-up
data, four (24%) had high decreases in CA 19-9. High decreases were associated with
overall response (p = .04) but not OS (p = .20).

4. Discussion

Currently, there is no standard treatment available for advanced BC after progression on
standard first-line treatment even though FOLFOX may be an alternative option based on a
recent phase Il study (ABC-06) [10]. Furthermore, because there is no randomised trial, it is
unclear if doublet of FOLFOX is better than single-agent fluoropyrimidine. However, based
one large retrospective study, there was no PFS or OS benefit of fluoropyrimidin—eplatinum
combination compared to fluoropyrimidine alone [15]. In this randomised phase Il study, the
authors explored the efficacy of MEK inhibitor trametinib as a treatment for refractory BC
compared with fluoropyrimidine therapy (physician’s choice of the most commonly used
second-line treatments, 5-FU or capecitabine).

This study was based on the hypothesis that targeting the RAS/RAF/MAPK (MEK)/
extracellular signal-related kinase (ERK) pathway would result in superior survival and anti-
tumour activity given the reported presence of MAPK alterations in BC. Furthermore, early
phase trials with other MEK inhibitors had shown preliminary clinical activity in BC
[16,17]. The first reported trial with selumetinib included 28 patients, 39% of whom had
received one prior line of therapy [16]. Results were promising, as 12% of patients had a
confirmed objective response that included one complete response. A second trial of another
MEK inhibitor, binimetinib, demonstrated 10% objective response in BC [17].

This study was closed after the interim futility analysis, which showed that the trametinib
arm failed to meet the predetermined criteria for efficacy based on RR. No responses were
seen in the first 15 patients randomised to the trametinib arm. Two responses that were seen
after the first 15 patients were both unconfirmed and lasted less than 2 months. The median
PFS and OS of the trametinib arm were inferior to those of the control arm. Only 8% of
patients achieved stable disease in the trametinib arm, compared to 45% in the
chemotherapy arm.
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The results of this study stand in stark contrast to those of a phase Il study of MEK inhibitor
selumetinib in the setting of metastatic BC, in which 68% of patients achieved stable disease
with PFS of 3.7 months and OS of 9.8 months [16]. The differences may be due to lines of
therapy (treatment in the SWOG 1310 study was second-line therapy) or possible inherent
differences between the agents. In the selumetinib study, no clear molecular biomarkers
were identified for response as none of the responders harboured RAS or RAF mutations.
These biomarker-related findings were similar to those of a BC study of binimetinib, also a
MEK inhibitor, as only one of the three patients who responded harboured an RAS mutation
[17]. One hypothesis is that the patients who responded may have harboured MEK
mutations, which have no correlations with RAF or RAS mutations [18,19]. Furthermore, it
is notable that responses to MEK inhibitors as single agents are very rare, other than when
they are used to treat melanoma [20,21].

MEK inhibitors, including binimetinib, have been studied with chemotherapy agents
gemcitabine and cisplatin for the treatment of BC in the first-line setting, with encouraging
results that included OS of 21 months and RR of 36% [22]. Furthermore, in a xenograft
model, combination of an MEK inhibitor and gemcitabine was highly schedule dependent
and more effective when the drugs were given sequentially then simultaneously [23].
However, a randomised Il study of selumetinib with different schedule and cisplatin/
gemcitabine in advanced BC did not demonstrate a significant benefit for the addition of
selumetinib to the combination chemotherapy [24]. There were no treatment-group
differences in RR, PFS or OS, but there was added toxicity with selumetinib. Another small
study using binimetinib in combination with capecitabine has been reported, with median
OS of 8 months and RR of 18% [25]. In this study, the patients with aberrations in the
RAS/RAF/MEK/ERK pathway showed longer PFS and OS than those without such
aberrations.

Several challenges may have influenced the results of this study. Cancers of the biliary tract
and gallbladder represent a heterogeneous group of tumours with variable frequency of
alterations in specific molecular pathways based on site of origin (intrahepatic versus
extrahepatic versus gallbladder cancer) [26]. In addition, the population included in this
study was not selected or enriched based on specific molecular alterations because there
were no established predictive biomarkers of trametinib. It has become evident in several
solid tumours that the usage of single agents to target RAF or MEK does not yield
significant anti-tumour activity because of the induction of alternative signalling pathways.
In advanced colon cancer, single-agent RAF or MEK inhibitors have failed to demonstrate
activity in KRAS or BRAF mutant tumours [27,28]. The data suggest that RAF or MEK
inhibitors alone cannot sustain MAPK pathway inhibition likely due to feedback signals
which can reactivate MAPK pathway. The major limitation to our trial was lack of
correlatives. The lack of significant clinical activity and the small accrual numbers prevented
the authors from being able to obtain funding for the correlatives. Although molecular
profiling of these tumours may have helped the authors with the interpretation of the results,
it is also important to note that it would have been unlikely to reach definitive conclusions
related to biomarkers and activity given the heterogeneity of the disease, the small number
of responders and the small accrual overall.
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The control arm in this study manifested a level of activity that is comparable to published
reports. For example, the largest series from Korea which included 255 patients evaluating
fluoropyrimidine monotherapy after failure of gemcitabine and cisplatin, demonstrated PFS
of 1.8 months and OS of 6.5 months [6].

In conclusion, S1301 was the first randomised study in refractory BC after failure of first-
line systemic chemotherapy. In an unselected population of patients with BCs, trametinib
was generally well tolerated but did not demonstrate clinical activity. However, in BC, we
now have series of successful trials demonstrating success of molecular-guided personalised
therapy. For example, in the MOSCATO-01 trial, molecular analyses were performed on
biopsies to drive the administration of molecular-targeted agents [29]. Based on molecular
profiling, 53% of patients in the study were found to have actionable mutations such as
fibroblast growth factor receptor (FGFR) fusions, IDH 1 mutations and ERBB
amplifications and derived clinical benefit. Recently, encouraging results have been observed
in tyrosine kinase inhibitors targeting FGFR receptors in patients who harbour FGFR
fusions including RR up to 25% [30,31].

Therefore, a further exploration of biomarkers is needed to identify a group of BC patients
who may benefit from MEK inhibitors, and to develop potential rational combinations.
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Fig. 1.
Overall survival by treatment arm.

Eur J Cancer. Author manuscript; available in PMC 2020 October 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kim et al.

100% 1 Median
At Risk  Failed  in Months
Trametinib 24 24 1.4
Chemotherapy 20 3.3
80% 1
B0% 1
40% -
20% 1
0% 1
| | | |
0 2 4 5
Maonths After Registration
N= Trametinib 5 3 0
N= Chemotherapy 11 9 7

Fig. 2.

Progression-free survival by treatment arm.
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53 patients randomized

27 patients assigned to Arm 1

26 patients assigned to Arm 2

2 patients ineligible
1 patient withdrew consent

5 patients ineligible
1 patient withdrew consent

24 patients analyzed

20 patients analyzed

24 discontinued
21 Disease progression

20 discontinued
17 Disease progression

2 Adverse event
1 Death

Fig. 3.
CONSORT flow diagram.

1 Adverse event
1 Patient refusal
1 Other/unknown
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Patient characteristics.

Table 1

Baseline characteristic

Trametinib (n = 24)

Chemotherapy (n = 20)

Age, years
Median (range)
Sex, n (%)
Female
Male
Hispanic, n (%)
Yes
No
Unknown
Race, n (%)
White
Black
Asian

Unknown

Planned chemotherapy, n (%0)

5-FU + leucovorin

Capecitabine

Zubrod performance status

0
1

Primary site, n (%)
Gall bladder

Extrahepatic biliary system

Intrahepatic biliary system

Serum CA 19-92 U/mL, n (%)

<37
=37
Median (range)

Prior treatment for biliary cancer

Adjuvant therapy
Local therapy

Single-agent chemotherapy

Multiple-agent chemotherapy

Surgery

63 (40-78)

18 (75)
6 (25)

3(13)
20 (83)
1(4)

16 (67)
5 (21)
2(8)
1(4)

7 (29)
17 (71)

8 (33)
16 (67)

8 (33)
2(9)
14 (58)

6 (25)
17 (71)
1238 (44-36,911)

14 (58)
0(0)
2(8)
13 (54)
9 (38)

61 (41-81)

11 (55)
9 (45)

1(5)
19 (95)
0(0)

15 (75)
2 (10)
3(15)
0(0)

6 (30)
14 (70)

6 (30)
14 (70)

6 (30)
2 (10)
12 (60)

7 (35)
13 (65)
260 (45-66,010)

8 (40)
0(0)

2 (10)
12 (60)
5 (25)

FU, fluorouracil.

a . o .
One patient missing baseline serum CA 19-9.
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Selected treatment-related adverse events.

Table 2

Adverse events

Trametinib (n = 23)
All grades; n (%)

Grades = 3; n (%)

Chemotherapy (n = 20)

All grades; n (%) Grades = 3; n (%)

Rash acneiform
Fatigue

Vomiting

Anaemia

Nausea

Platelet count decreased
Anorexia

Diarrhoea
Papulopustular rash
Hand-foot syndrome
Pruritus

ALT increased

AST increased
Alopecia
Constipation

Dry mouth

Epistaxis

Blurred vision

14 (61)
7 (30)
6 (26)
5(22)
5(22)
5(22)
4(17)
3(13)
2(9)
2(9)
3(13)
2(9)
2(9)
2(9)
2(9)
2(9)
2(9)
14

Maximum grade any adverse event 21 (91)

0(0)
0(0)
14
1(4)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
14
1(4)
0(0)
0(0)
0(0)
0(0)
0(0)
8 (35)

1(5) 0(0)
8 (40) 1(5)
3(15) 0(0)
6 (30) 0(0)
6 (30) 0(0)
5 (25) 0(0)
3(15) 0(0)
7(35) 0(0)
1(5) 0(0)
8 (40) 1(5)
0(0) 0(0)
0(0) 0(0)
2 (10) 0(0)
0(0) 0(0)
2 (10) 0(0)
2 (10) 0(0)
0(0) 0(0)
0(0) 0(0)
18 (90) 7(35)

ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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