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Abstract

BACKGROUND: Regorafenib is an oral multikinase inhibitor targeting angiogenesis,
oncogenesis, and cancer proliferation/metastasis. This study evaluated the efficacy of regorafenib
in refractory biliary tract cancer (BTC) in a multi-institutional phase 2 study.

METHODS: Patients with BTC who progressed on at least 1 line of systemic therapy received
regorafenib at 160 mg daily for 21 days on and 7 days off. The primary endpoint was 6-month
overall survival (OS), and the secondary endpoints were median OS, progression-free survival
(PFS), and objective response rates. Pretreatment plasma was collected for cytokine evaluation.

RESULTS: A total of 39 patients were enrolled, and 33 were evaluable for efficacy. The median
PFS and OS were 3.7 and 5.4 months, respectively, with survival rates of 46.2% at 6 months,
35.9% at 12 months, and 25.6% at 18 months for the intention-to-treat population. For the 33
evaluable patients who received regorafenib for at least 3 weeks, the median PFS and OS were 3.9
and 6.7 months, respectively, with survival rates of 51.5% at 6 months, 39.4% at 12 months, and
27.3% at 18 months. The objective response rate was 9.1%, and the disease control rate was
63.6%. Twenty-eight patients (71.8%) experienced grade 3/4 adverse events. Among the 23
cytokines analyzed, elevated baseline vascular endothelial growth factor D (VEGF-D) was
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associated with shorter PFS, whereas elevated baseline interleukin 6 (IL-6) and glycoprotein 130
(GP130) were associated with shorter OS.

CONCLUSIONS: Regorafenib demonstrated modest clinical efficacy in heavily pretreated
patients with BTC. Further exploration of biomarkers is warranted to identify a group of patients
with BTC who may benefit from regorafenib.
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INTRODUCTION

Biliary tract cancer (BTC) arises from the epithelial cells of bile ducts and includes
intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma, and gallbladder cancer.
BTC is a rare disease accounting for approximately 3% of all gastrointestinal cancers.
However, it is a very aggressive malignancy with a 5-year survival rate of 10%.2 Although
local therapy such as surgical resection is effective, most patients have either advanced
disease at presentation or relapse disease despite curative-intent surgery.3 Gemcitabine plus
cisplatin has demonstrated significant anticancer activity as first-line therapy in patients with
advanced BTC, and the recent ABC-06 (Advanced Biliary Cancer-06) study fluorouracil,
folinic acid and oxaliplatin (FOLFOX) as an option for second-line treatment with the
modest improvement of a 1-month survival benefit over active symptom control (6.2 vs 5.3
months).>

Therefore, new effective therapeutic approaches are needed to improve the clinical outcomes
of refractory advanced BTC.

Dysregulation of receptor tyrosine kinases (RTKSs), including fibroblast growth factor
receptor (FGFR), KIT, platelet-derived growth factor receptor (PDGFR), RET, and vascular
endothelial growth factor receptor (VEGFR), and their downstream cell signaling pathways,
such as the RAS/RAF/MEK/ERK pathway and the PI3BK/PTEN/AKT pathway, are
implicated in the development, progression, and metastasis of cancer.® In BTC, aberrant
expression of FGFR, vascular endothelial growth factor (VEGF), and platelet-derived
growth factor (PDGF) and activation of the RAS/RAF/MEK/ERK and PI3K/PTEN/AKT
pathways play essential roles in cancer development, progression, and metastasis.’~®
Furthermore aberrant expressions and activations are associated with a poor prognosis®-12;
indicating potential therapeutic targets in BTC of BTC.

Regorafenib is a novel oral multikinase inhibitor that has shown significant antitumor
activity in diverse gastrointestinal malignancies such as colorectal cancer, gastrointestinal
stromal tumors, and hepatocellular carcinomal3-16 by blocking several angiogenic and
stromal RTKs (FGFR1, PDGFR-B, TIE2, VEGFR1, VEGFR2, and VEGFR3), oncogenic
RTKs (KIT and RET), and their downstream cell signaling pathways (the
RAS/RAF/MEK/ERK pathway and the PI3K/PTEN/AKT pathway).13
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Because regorafenib targets multiple RTKs and cell signaling pathways involved in BTC
development, progression, and metastasis, we conducted a multicenter phase 2 study to
assess the safety and efficacy of regorafenib in patients with advanced and refractory BTC.

MATERIALS AND METHODS

This was a multi-institution, open-label, single-arm phase 2 study designed to evaluate the
safety, tolerability, and efficacy of regorafenib in patients with advanced, refractory BTC.

This study was approved by the local institutional review boards, and all patients provided
written informed consent before enroliment.

Patients Selection and Treatment

All eligible patients were required to have histologically or cytologically documented
unresectable, locally advanced or metastatic cholangiocarcinoma (intrahepatic and
extrahepatic) or gallbladder adenocarcinoma. The ampulla of Vater was excluded. Other
inclusion criteria included an age of 18 years or older, an Eastern Cooperative Oncology
Group performance status of 0 or 1, and adequate organ function. Patients had to have
disease progression on at least 1 line but no more than 2 prior lines of systemic
chemotherapy. All patients received 160 mg of regorafenib daily by mouth (21 days on and 7
days off) until disease progression or unacceptable toxicity occurred.

Evaluation

The tumor assessment was performed with computed tomography and/or magnetic
resonance imaging at the baseline and every 8 weeks until disease progression or treatment
discontinuation. Response and progression were evaluated with the revised Response
Evaluation Criteria in Solid Tumors (version 1.1). Toxicities were monitored according to
the Common Terminology Criteria for Adverse Events (version 4.0).

Cytokine/Chemokine Analysis

Ethylenediaminetetraacetic acid plasma samples were collected from all patients at the
baseline. The plasma levels of 23 biomarkers, including Ang-2, glycoprotein 130 (GP130),
HGF, ICAM-1, interleukin 6 (IL-6), IL-6R, OPN, PDGF-AA, PDGF-BB, PIGF, SDF1,
TGFB1, TGFB2, TIMP-1, TSP-2, VACM-1, VEGF-A, VEGF-D, VEGF-R1, VEGF-R2, and
VEGF-R3, were measured with the CiraScan multiplex platform (Quanterix, Billerica,
Massachusetts),1” whereas BMP-9 and TGFB-R3 were tested as described previously.18

Statistical Analysis

The primary endpoint of the study was overall survival (OS) at 6 months. OS was defined as
the time from starting on the trial to the date of death due to any cause. This study was
designed to test the null hypothesis of <30% OS at 6 months against the alternative of >50%
OS at 6 months (hazard ratio [HR] under exponential model, 0.578). Based on Simon’s 2-
stage minimax design, the experimental treatment was deemed to have good activity if =16
of 39 evaluable patients survived 6 months or longer. Patients were considered to be
evaluable if they had received regorafenib for at least 3 weeks. Among the 39 enrolled
patients, 33 were evaluable. With a 10% significance level and 85% power, the sample size
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was re-evaluated by Simon’s 2-stage minimax design. Twenty-three patients were evaluated
in the first stage. If 7 or more of the 23 patients survived 6 months or longer, then the second
stage would be opened, and an additional 10 patients would be evaluated in the second stage.
The null hypothesis would be rejected if 14 or more of the 33 evaluable patients survived 6
months or longer. The 1-sided P value for the primary endpoint was computed by the
conditional distribution,® and no patient was censored before 6 months. The secondary
endpoints in this study included the disease control rate (DCR), which was defined as the
percentage of patients who achieved a complete response, a partial response, or stable
disease; toxicity; and progression-free survival (PFS). The frequency and severity of adverse
events were summarized with descriptive statistics. PFS and OS were estimated with the
Kaplan-Meier method. For the correlative biomarker analyses, the prognostic value of each
biomarker was tested with the Cox proportional hazards model for both PFS and OS. P
values from the prognostic analysis were adjusted for multiple testing by controlling the
false discovery rate. All statistical analyses were performed with SPSS Statistics 24 (IBM,
Armonk, New York). All statistical tests except the primary endpoint used a 2-sided
significance level of 5%.

Baseline Characteristics

Treatment

Efficacy

Thirty-nine patients were enrolled in this study between June 2014 and October 2017 at 3
institutions. The baseline characteristics are summarized in Table 1. The median age of the
patients was 62 years (range, 27-88 years), and the primary tumor sites were intrahepatic
(69.2%), extrahepatic (15.4%), and the gallbladder (15.4%). Twenty-five patients (64.1%)
received 1 line of systemic therapy, and 14 (35.9%) received 2 lines before regorafenib
treatment. A total of 25 patients (64.1%) were treated with first-line gemcitabine/cisplatin,
and 5 of the 14 patients who had disease progression on 2 lines of systemic treatment
received oxaliplatin-based second-line therapy. Seven patients had received prior local
therapy, including radiation (n = 3), yttrium-90 radioembolization (n = 3), and
radiofrequency ablation (n = 1).

Thirty-nine patients received at least 1 dose of regorafenib. Thirty patients discontinued the
treatment because of radiological or clinical disease progression, 8 patients discontinued
because of an adverse event, and 1 patient discontinued because of consent withdrawal. The
median duration of treatment was 2.1 months (range, 0.5-20.6 months). Dose modifications
were required in 19 of the 39 patients (48.7%) because of adverse events. Thirteen patients
required 1 dose reduction, and 6 required 2 dose reductions. Six patients did not have their
tumor response evaluation because of clinical progression (5 patients) or consent withdrawal
(1 patient).

Response analyses were performed on evaluable patients who received regorafenib for at
least 3 weeks. Six patients were not evaluable: 1 patient withdrew consent, and 5 had rapid
clinical progression within 3 weeks of starting regorafenib. Among the 5 patients with
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clinical progression, 1 died within 1 week, and 4 died within 8 weeks after discontinuation
of regorafenib. Among the 33 evaluable patients, 3 patients (9.1%) achieved a partial
response, including 1 unconfirmed partial response, and 18 patients achieved stable disease
with a DCR of 63.6%. All 3 responders had intrahepatic cholangiocarcinoma, and 2
responders had distant metastatic disease. All of the responders received 1 line of systemic
therapy, and 1 received local radiation to liver lesions before regorafenib. Disease control for
>12 weeks was achieved in 48% of the patients. Among the 3 responders, 2 required 1 dose
reduction, and the other responder required 2 dose reductions. The median PFS and OS were
3.7 months (95% confidence interval [CI], 1.8-5.4 months) and 5.4 months (95% Cl, 3.4-
12.8 months), respectively, with survival rates of 46.2% at 6 months, 35.9% at 12 months,
and 25.6% at 18 months for the intention-to-treat population (Fig. 1). For the evaluable
patients, the median PFS was 3.9 months (95% ClI, 2.1-5.5 months), and the median OS was
6.7 months (95% ClI, 4.5-13.6 months) with survival rates of 51.5% at 6 months, 39.4% at
12 months, and 27.3% at 18 months (Fig. 1). The median PFS and OS of the patients who
received 1 line of therapy before regorafenib were 5.3 months (95% ClI, 2.2—-8.8 months) and
10.5 months (95% ClI, 4.8-19.4 months), respectively (Supporting Fig. 1). The median PFS
and OS of the patients who received 2 lines were 2.0 months (95% ClI, 1.6-5.4 months) and
4.9 months (95% ClI, 2.7-14.2 months), respectively (Supporting Fig. 1). We have not
observed any difference in PFS (HR, 0.51; 95% CI, 0.24-1.07) or OS (HR, 0.53; 95% ClI,
0.25-1.15) between 1 and 2 lines before regorafenib, although the comparison should be
interpreted cautiously because of the limited sample size (Supporting Fig. 1). The median
PFS and OS of the patients with no dose reductions were 4.2 months (95% ClI, 1.8-5.5
months) and 6.2 months (95% CI, 4.8-13.6 months), respectively, and the median PFS and
OS of the patients with dose reductions were 3.9 months (95% ClI, 1.8-12.8 months) and
10.5 months (95% ClI, 2.7-19.4 months), respectively (Supporting Fig. 2). Dose
modifications were not associated with clinical outcomes (HR for PFS, 0.65; 95% ClI, 0.31-
1.38; HR for OS, 1.1; 95% CI, 0.54-2.28; Supporting Fig. 2). However, the study was
underpowered to detect significant differences.

The most common adverse event was fatigue (59%), which was followed by hypertension
(53.8%), aspartate aminotransferase (51.3%)/alanine aminotransferase (43.6%) increases,
thrombocytopenia (38.5%), hand-foot skin reactions (35.9%), anemia (30.8%), and nausea
(30.8%; Table 2). Twenty-eight of the 39 patients (71.8%) experienced grade 3/4 adverse
events. The most common grade 3/4 adverse events were hypertension (30.8%), fatigue
(10.3%), aspartate aminotransferase (10.3%)/alanine aminotransferase (10.3%) elevations,
and hand-foot skin reactions (10.3%; Table 2). There was no treatment-related death.

Angiogenic and Inflammatory Biomarkers

Baseline levels of 23 angiogenic and inflammatory biomarkers were measured in the plasma
of 29 patients (Supporting Table 1). We investigated the association between baseline levels
of all biomarkers and PFS and OS to identify potential prognostic markers. A total of 3
markers were observed to be prognostic for either PFS or OS after correction for multiple
testing. Elevated VEGF-D levels were associated with worse PFS and exhibited an HR of
7.89 (95% Cl, 1.99-31.34). For OS, elevated IL-6 (HR, 1.64; 95% ClI, 1.18-2.27) and
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GP130 levels (HR, 10.49; 95% Cl, 2.16-50.87) were associated with shorter OS times
(Table 3). In all cases, each biomarker was a negative prognostic marker, which indicated
that higher levels of each marker led to an increase in the hazard for either outcome. A
complete listing of all biomarkers and prognostic associations is shown in Supporting Tables
2 (PFS) and 3 (OS).

DISCUSSION

Currently, there is no standard treatment available for advanced BTC after progression on
standard first-line gemcitabine plus cisplatin, even though FOLFOX may be an alternative
option on the basis of a recent phase 3 study (ABC-06).°

In our study, we explored the efficacy of regorafenib in refractory BTC on the basis of the
hypothesis that regorafenib would inhibit multiple pathways, including angiogenic receptors
(VEGFR1, VEGFR2, VEGFR3, and TIE2) and stromal factors receptors (PDGFR-p and
FGFR1), which play significant roles in the tumorigenesis, progression, and metastasis of
BTC.7’9’11’12

In this phase 2 study, regorafenib demonstrated promising anticancer activity in patients with
advanced BTC after progression on first- or second-line systemic therapy.

The study met its primary endpoint with a 6-month survival rate of 51.5% among evaluable
patients, and it showed durable disease control and encouraging long-term survival. Disease
control for 12 weeks or longer occurred in 48% of the patients with a median OS of 6.7
months. The 6- and 12-month OS rates of 46.2% and 35.9% in the intention-to-treat
population of our study are comparable to the findings of the ABC-06 study, in which the 6-
and 12-month OS rates were 50.6% and 25.9%, respectively.> However, a direct comparison
of these studies should be interpreted cautiously because of the different sample sizes,
different primary objectives, and different patient populations.

Furthermore, the results of our study are comparable to those of 2 other studies of
regorafenib in advanced, refractory BTC. The first trial with regorafenib included 43
patients, 34 of whom were evaluable for a response.29 The overall response rate was 11%
with a DCR of 56%, and the median OS was 31.8 weeks with a median PFS of 15.6 weeks.
20 In the other phase 2 study, 66 patients with refractory BTC were randomized to receive
regorafenib or a placebo.?! The study met its endpoint of improving PFS. The median PFS
doubled from 1.5 to 3 months (HR, 0.49; 95% CI, 0.29-0.81; £ =.005), with the regorafenib
arm favored.?! The DCR was 70%.

These phase 2 studies of regorafenib, including our study, have demonstrated encouraging
clinical outcomes for advanced, refractory BTC, particularly when effective treatment is
lacking in the refractory setting.

Another multi-tyrosine kinase inhibitor (cediranib) that blocks VEGFR1, VEGFR2,
VEGFR3, PDGF, and c-KIT was evaluated for patients with advanced, treatment-naive BTC
in a randomized phase 2 study.2? In that study, patients were treated with cediranib or a
placebo in combination with cisplatin plus gemcitabine, and cediranib did not improve PFS
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in combination with cisplatin plus gemcitabine in comparison with the placebo (median
PFS, 8 vs 7.4 months; HR, 0.93; 95% ClI, 0.65-1.35; P =.72).22 However, cediranib in
combination with chemotherapy demonstrated significantly higher toxicities, which led to
discontinuation of the regimen, and this provided an explanation for the disappointing
outcomes in the studies.

Although the safety and toxicity profile of regorafenib in our study was similar to that
reported in previous phase 3 studies,16:23 19 patients (48.7%) required a dose modification;
this rate was higher than that (28%) in Sun et al’s phase 2 study of regorafenib.20 However,
in Sun et al’s study, the starting dose was 120 mg, whereas it was 160 mg in our study; this
explains more dose modifications in our study. Interestingly, we did not observe any
difference in PFS (HR, 0.65; 95% CI, 0.31-1.38) or OS (HR, 1.11; 95% ClI, 0.54-2.28;
Supporting Fig. 2) between patients with dose modifications and those with no
modifications in our study, and the clinical outcomes of our study were similar to those of
Sun et al’s phase 2 study of regorafenib. These findings were supported by a retrospective
study demonstrating that the initial dose of regorafenib had no significant impact on clinical
outcomes in colorectal cancer.24 Recently, the Regorafenib Dose Optimisation Study
(ReDOS) has demonstrated that a weekly dose-escalation strategy from 80 to 160 mg is as
effective as the standard dose of 160 mg with a lower incidence of adverse events in
refractory, metastatic colorectal cancer,?® and this suggests that the dose-escalation strategy
be considered to decrease significant adverse events, improve drug compliance, and
minimize dose interruptions while maintaining efficacy when clinical studies of regorafenib
are designed in the future.

In our study, baseline plasma levels of VEGF-D, IL-6, and GP130 were all identified as
negative prognostic biomarkers in patients with BTC treated with regorafenib. High baseline
expression of all 3 markers was associated with a worse outcome for either PFS or OS. The
negative prognostic value of VEGF-D observed in this study is consistent with other findings
in gastrointestinal cancers. VEGF-D has previously been show to act as a negative
prognostic marker in both metastatic colorectal cancer and pancreatic cancer.26:27
Interestingly, high baseline expression of VEGF-D has been shown to predict a lack of
benefit from bevacizumab in both pancreatic and metastatic colorectal cancers.27:28

IL-6 is another key cytokine that has been shown to have strong negative prognostic value in
gallbladder cancer,2® metastatic colorectal cancer,26 and pancreatic cancer.2” IL-6 exerts its
function via IL-6R and the binding partner GP130.39 Although we observed that GP130 was
associated with OS in this study, GP130 is not as well recognized as IL-6 as a negative
prognostic marker in this population. The unusually high HR of GP130 is intriguing and
raises speculation that GP130 may have alternative functions in addition to its role as an

IL-6 signal transducer. However, because of the limited number of patients and heterogenous
groups of BTC in this study, these data should be considered exploratory and hypothesis-
generating.

There are several limitations to our study. First, this is a single-arm, nonrandomized study.
According to the protocol, we defined evaluable patients as patients who received the study
treatment for at least 3 weeks in order to include patients with reasonable exposure to the
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study treatment to determine the efficacy. We fully acknowledge that this can lead to bias
because the clinical outcome of the intention-to-treat population tends to be worse than
evaluable patients as defined by the protocol. Second, because of our small sample size, we
cannot reach definitive conclusions based on subgroup analysis. Third, BTC represents a
heterogeneous group of tumors with variable frequency of alterations in specific molecular
pathways based on the site of origin (intrahepatic vs extrahepatic vs gallbladder cancer). In
our study, the population included in our study was not selected or enriched on the basis of
specific molecular alterations because there are no established predictive biomarkers of
regorafenib. Fourth, there is a potential selection bias, and this may not reflect the general
population with BTC because this study accrued patients with an Eastern Cooperative
Oncology Group performance status of 0 or 1.

Because regorafenib is a pan-FGFR inhibitor and 10% to 16% of patients with intrahepatic
cholangiocarcinoma have FGFR2 fusion,31:32 FGFR genetic alteration was evaluated with
next-generation sequencing in the patients whose tumor samples were available as a
standard of care. Among the 3 patients who achieved a partial response, none had an FGFR
genetic aberration according to the next-generation sequencing.

In conclusion, our study suggests that regorafenib can provide modest clinical efficacy and a
manageable safety profile in heavily pretreated patients with advanced BTC. Further
exploration of biomarkers is warranted to identify a group of patients with BTC who may
benefit from regorafenib and to develop potential rational combinations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Kaplan-Meier estimates of (A,C) PFS and (B,D) OS in (A,B) the ITT population (n = 39)
and (C,D) the evaluable patients (n = 33). CI, confidence interval; ITT, intention to treat; OS,

overall survival; PFS, progression-free survival.
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TABLE 1.

Patients Characteristics (n = 39)

Variable Value
Age, median (range), y 62 (27-88)
Sex, No. (%)

Male 15 (38.5)

Female 24 (61.5)
Race, No. (%)

White 35 (89.7)

African American 1(2.6)

Asian 1(2.6)

Unknown 2(5.1)
Location, No. (%)

Intrahepatic 27 (69.2)

Extrahepatic 6 (15.4)

Gallbladder 6 (15.4)
Distant metastasis, No. (%)

No 7 (17.9)

Yes 32(82.1)
Previous chemotherapy, No. (%)

1 line 25 (64.1)

2 lines 14 (35.9)
Previous local therapy, No. (%)

None 32(82.1)

Radiation 3(7.7)

Radioembolization 3(7.7)

Radiofrequency ablation 1(2.6)
ECOG PS, No. (%)

0 19 (48.7)

1 20 (51.3)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status.
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TABLE 2.

Treatment-Related Adverse Events (n = 39)

Toxicity All Grades, No. (%) Grade = 3, No. (%)
Fatigue 23 (59) 4(10.3)
Hypertension 21 (53.8) 12 (30.8)
AST increased 20 (51.3) 4(10.3)
ALT increased 17 (43.6) 4(10.3)
Thrombocytopenia 15 (38.5) 2(5.1)
Hand foot skin reaction 14 (35.9) 4(10.3)
Anemia 12 (30.8) 2(5.1)
Nausea 12 (30.8) 1(2.6)
Vomiting 9(23.1) 0
Diarrhea 6 (15.4) 0
Rash, acneiform 3(7.7) 0
Thromboembolic event 2(5.1) 2(5.1)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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TABLE 3.
Prognostic Markers for PFS and OS
Marker ~ Outcome HR 95% ClI P Q
VEGF-D PFS 7.89 1.99-31.34 .0015 0.0344
IL-6 oS 164 1.18-227 .0019 0.0287
GP130 oS 1049 2.16-50.87 .0025 0.0287

Abbreviations: ClI, confidence interval; GP130, glycoprotein 130; HR, hazard ratio; IL-6, interleukin 6; OS, overall survival; PFS, progression-free
survival; VEGF-D, vascular endothelial growth factor D.
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