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Approach and Results: This randomized, double-blind, placebo-controlled,
adaptive design phase 2/3 trial (NCT04066491) included adults who are treat-
ment-naive with locally advanced/metastatic biliary tract cancer. Patients (N =
297) were randomized to receive an |V infusion of BA (2400 mg once/3 wk) plus
GemCis (gemcitabine 1000 mg/m?+cisplatin 25 mg/m? on days 1 and 8/3 wk; 8
cycles) (BA group, n = 148) or placebo+GemCis (placebo group, n = 149).
The primary end point was overall survival (OS). For adaptation analysis (phase
2-phase 3; data cutoff: May 20, 2021), efficacy was assessed in the first 150
patients who were antibiotic-naive when 80 progression-free survival events
had occurred and > 19 weeks of follow-up had been completed (BA, n = 73;
placebo, n = 77). Median OS (95% ClI) for the BA (11.5 mo [9.3—not estimable])
and placebo (11.5 mo [10.0—not estimable]) groups was comparable (hazard
ration 1.23 [95% CI 0.66-2.28]; p = 0.7394); OS data maturity was 27.2% (41
events/151 patients). The most common grade > 3 treatment-related adverse
event was anemia (BA, 26.0%; placebo, 22.8%). Bleeding adverse events were
reported more frequently in the BA group (28.8%) versus the placebo group
(7.4%). Deaths within 60 days of the first dose were reported in 7.5% and 1.3%
of patients in the BA and placebo groups, respectively.

Conclusions: BA+GemCis did not provide a clinically meaningful benefit
compared with GemCis alone as first-line treatment for biliary tract cancer, and

INTRODUCTION

Biliary tract cancers (BTCs) are a rare, heterogeneous
group of aggressive hepatic and perihepatic malig-
nancies that include gallbladder cancer, cholangiocar-
cinoma of the intrahepatic and extrahepatic bile ducts,
and cancers of the ampulla and the papilla of Vater.[".2]
The incidence of BTC is higher in Asian and Latin
American countries than in the United States and the
European Union!3-5: however, prognosis remains poor
across geographies, with an average 5-year survival
rate of ~10% in advanced-stage disease.[®! Most
patients present with advanced-stage disease at
diagnosis due to a delay in clinical manifestation of
BTCs, thereby precluding the option of curative
surgical resection.l'! Moreover, even in patients who
undergo surgery, high rates of metastasis and tumor
recurrence have been reported.l’l Hence, palliative
chemotherapy with gemcitabine+cisplatin (GemCis)
has remained the first-line standard of care for locally
advanced/metastatic disease for over a decade.l®
However, the median overall survival (OS) in patients
treated with GemCis is < 1 year,['% which highlights
the need for improving patient outcomes using more
effective treatment strategies.

Until recently, the potential of immune checkpoint
inhibitors for treating BTCs had not been extensively

the study was discontinued early (terminated: August 20, 2021).

explored, and the few early-phase clinical trials for which
data were available had shown limited efficacy. In the
first-line setting, a phase 1 study of nivolumab plus
GemCis in patients with unresectable and recurrent BTC
reported a median progression-free survival (PFS) of
4.2 months (90% CI, 2.8-5.6) and median OS of
15.4 months (90% ClI, 11.8—not estimable [NE]).['" Only
recently have immune checkpoint inhibitors, especially
programmed death-ligand 1 (PD-L1)/programmed death-
1 blockers such as durvalumab and pembrolizumab,
shown promising outcomes as first-line treatment for
advanced BTCs.['214 After the completion of the study
described here, the US Food and Drug Administration
approved durvalumab plus GemCis for the treatment of
locally advanced/metastatic BTC (September 2022)
based on the encouraging survival benefits observed in
the first-line setting of the TOPAZ-1 study,!'2% while
pembrolizumab plus GemCis was approved by the Food
and Drug Administration for locally advanced unresect-
able or metastatic BTC (October 2023) based on the
KEYNOTE-966 trial.l'418! Furthermore, both durvalumab
plus GemCis and pembrolizumab plus GemCis have
been included as the preferred treatment options for
advanced/metastatic BTC in the most recent version of
the National Comprehensive Cancer Network (NCCN)®
guidelines,® thus providing additional support for the use
of immunotherapy in such patients.
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Transforming growth factor-beta (TGF-f) has been
shown to modulate immune responses in the tumor
microenvironment (TME) and has been linked to immune
evasion and immune checkpoint inhibitor resistance.['7-21]
In late-stage cancers, TGF-f signaling has been implicated
in inducing epithelial-mesenchymal transition, thereby
promoting tumor metastasis.'® Moreover, TGF-p signaling
is one of the primary pathways associated with cholangio-
carcinoma progression.[zzl Thus, the simultaneous block-
ade of TGF-p and programmed death-1/PD-L1 may
constitute an important therapeutic strategy for BTC.

Bintrafusp alfa is a first-in-class bifunctional fusion
protein that is composed of the extracellular domain of
the TGF-p Rl receptor (a TGF-p trap) fused to a human
IgG1 monoclonal antibody blocking PD-L1. In a phase 1
trial of patients with refractory BTC, bintrafusp alfa
showed a promising objective response rate (ORR) of
20% and an OS of > 1 year (12.7 mo [95% CI
6.7—15.7]) when used as monotherapy.?®l Additionally,
the encouraging clinical efficacy signals observed in the
second-line setting indicated that treatment with bin-
trafusp alfa, in combination with chemotherapy, had the
potential to improve standard first-line treatment in BTC.
Thus, we conducted a phase 2/3 adaptive study to
compare the safety and efficacy of bintrafusp alfa in
patients with advanced BTC who were chemotherapy-
and immunotherapy-naive in combination with GemCis
versus that of GemCis alone. After the completion of our
study, results from a phase 2 ftrial of bintrafusp alfa
monotherapy in patients with locally advanced/meta-
static BTC were published—the trial did not meet its
prespecified primary end point of ORR being > 10% as
the lower bound of the 95% CI was < 10% (reported
ORR: 10.7% [95% CI: 6.4—16.6%]).124

METHODS
Study design and participants

This multicenter study was conducted at 113 sites
across 15 countries (United States, Argentina, Austra-
lia, Brazil, Chile, China, France, Germany, Italy, Japan,
Republic of Korea, Poland, Spain, Taiwan, and the
United Kingdom) and included an open-label, safety
run-in phase followed by a randomized, double-blind,
placebo-controlled phase 2/3 (phase 2/3). Adults with
histologically or cytologically confirmed, locally
advanced/metastatic BTC (including intrahepatic and
extrahepatic cholangiocarcinoma, gallbladder cancer,
and cancers of the ampulla and the papilla of Vater)
who had not undergone chemotherapy, immuno-
therapy, or interventional radiological treatment, were
included. Additional eligibility criteria were the presence
of at least 1 measurable lesion according to the
Response Evaluation Criteria in Solid Tumors version
1.125] (not required in the safety run-in phase), Eastern

Cooperative Oncology Group performance status
(ECOG PS) of 0 or 1, life expectancy of at least 12
weeks, and adequate hematological, hepatic, and renal
function at baseline. The study did not enroll patients
with previous and/or intercurrent cancers; exceptions
were those with curatively treated cancers and no
recurrence in > 3 years or early cancers with curative
intent. Additionally, patients who used systemic anti-
biotics during the screening period, that is, within
30 days before randomization, were deemed ineligible.
In a few recent studies, the use of antibiotics before
immune checkpoint inhibitors has been associated with
worse treatment response and survival outcomes,
possibly due to modulation of the gut microbiota.[26:27]
Consequently, the original study protocol was amended
to exclude patients treated with systemic antibiotics at
screening, and the criterion of being “antibiotic-naive”
was added to the definition of the efficacy analysis set
used for the expansion decision from phase 2 to phase
3 to have a patient population that was more repre-
sentative of the anticipated population in phase 3. Full
details of the study design, interventions, inclusion/
exclusion criteria, guidelines for treatment discontin-
uation, and dose reductions to manage adverse events
are in the protocol (appendix).

This study was conducted in accordance with the
ethical principles of the International Council for Harmo-
nization Guideline for Good Clinical Practice, the Council
for International Organizations of Medical Sciences, the
Japanese ministerial ordinance on Good Clinical Prac-
tice (study centers in Japan only), and the Declaration of
Helsinki, as well as applicable local regulations. All
patients provided written informed consent before
screening. The study was approved by the Institutional
Review Board/Independent Ethics Committee before
initiation. The complete study protocol is available as
Supplemental Material, http://links.lww.com/HEP/I511.

Randomization and masking

During phase 2/3 of the study, patients were randomly
assigned 1:1 to receive either bintrafusp alfa combined
with GemCis (bintrafusp alfa+GemCis; bintrafusp alfa
group) or placebo combined with GemCis (placebo
+GemCis; placebo group). Randomization was stratified
according to type of BTC (intrahepatic cholangiocarci-
noma, extrahepatic cholangiocarcinoma including can-
cers of the ampulla of Vater, and gallbladder cancer),
disease status at diagnosis (metastatic versus locally
advanced), and Asian versus non-Asian sites. An
interactive response system was used for random-
ization and was based on a computer-generated
randomization list. In addition to patients and investiga-
tors, the entire study team, including sponsor personnel,
were blinded to the administration of bintrafusp alfa or
placebo; in contrast, chemotherapy was open-label.
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Procedures

During the safety run-in phase, patients received an IV
infusion of bintrafusp alfa (2400 mg) once every 3
weeks, in combination with gemcitabine (1000 mg/m?)
and cisplatin (25 mg/m?) on days 1 and 8 of the 3-week
cycle, for a maximum of 8 cycles. The same dosing
regimen was used in phase 2/3, with matched placebo
administration. Both phases included a 28-day screen-
ing period, a treatment period, along with long-term
survival follow-up. Treatment was continued until either
disease progression or unacceptable toxicity occurred.
In patients with complete response, bintrafusp alfa/
placebo was to be continued for 2 years after the onset
of the first complete response.

An Independent Review Committee evaluated tumor
response according to Response Evaluation Criteria in
Solid Tumors 1.1. All patients in the randomized phase 2/
3 of the study who received any dose of any study
intervention were included in the safety analysis set; the
severity of adverse events and laboratory results were
graded using the National Cancer Institute-Common
Terminology Criteria for Adverse Events 5.0. Any
adverse event that was potentially immune- or TGF--
related was classified as an adverse event of special
interest (infusion-related reactions including immediate
hypersensitivity, immune-related adverse events, TGF-§
inhibition mediated skin reactions, anemia, and bleeding
adverse events). Immune-related adverse events were
identified using a 2-level approach that was based on a
preselected list of terms from the Medical Dictionary for
Regulatory Activities (version 23.1).

Outcomes

The primary end point of the safety run-in phase of the
study was the occurrence of dose-limiting toxicities
(DLTs), which was evaluated in the first 21 days after
the first dose of bintrafusp alfa. The secondary end
points included safety assessment, clinical laboratory
parameters, vital signs, physical examination, electro-
cardiogram parameters, and ECOG PS.

The primary efficacy end point of phase 2/3 was OS;
secondary efficacy end points included PFS, ORR,
response duration, durable response rate (Response
Evaluation Criteria in Solid Tumors 1.1 and Independent
Review Committee), and safety.

Statistical analyses

The study aimed to enroll a total of 524 patients (12—24
patients in the open-label, safety run-in phase and up to
300 or 500 patients in phase 2/3, if expanded). The
sample size for the randomized, double-blind phase of
the study was calculated to provide an overall power of

90% in phase 3 and 67% in phase 2 to achieve a
hazard ration (HR) of 0.70 (corresponding to an
increase in median OS from 11.7 months in the placebo
group to 16.7 mo in the bintrafusp alfa group, with an
expected dropout rate of 5% at 40 mo) and a 1-sided a-
level of 0.025.

Efficacy analyses were to be conducted in the intent-
to-treat population, which included all patients random-
ized to any study intervention and when the last patient
in the open-label phase of the study had reached a
minimum follow-up time of 12 months. The DLTs in the
safety run-in phase of the study were assessed in the
DLT analysis set, which included all patients who
completed the safety run-in, that is, the 21-day
evaluation period (without missing a dose or withdrawal
during this period for reasons other than toxicity). DLTs
were evaluated separately in the Asian and the non-
Asian cohorts. Safety analyses were performed in the
safety run-in analysis set and the safety analysis set
(randomized phase 2/3).

An Independent Data Monitoring Committee (IDMC)
analyzed the data for potential adaptation from phase
2 to 3 in the first 150 patients who were antibiotic-naive
when 80 PFS events had occurred and > 19 weeks of
follow-up had been completed. Expansion into phase
3 was planned if the OR of a confirmed ORR was >
1.6 or PFS HR was < 0.75 and if the probability of the
trial being successful exceeded 60%; trial success
was defined as the predictive probability of observing
an OS HR of < 0.70 at primary analysis (when 334
deaths from 500 patients were observed). The IDMC
determined that the study did not meet these protocol-
specified expansion criteria and the trial was
discontinued early.

Survival analyses were performed using Kaplan-
Meier curves and are presented as median PFS and OS
duration (95% Cl). ORRs are expressed as a percent
change in tumor diameter from baseline, and two-sided
95% Cls were calculated using the Clopper—Pearson
method. Subgroup analyses were conducted for OS,
PFS, and ORR. Adverse events are summarized as the
number and proportion of patients reporting each event.

Analyses were performed using the statistical software
SAS® (Statistical Analysis System, SAS-Institute, Cary
NC, USA, Windows Version 9.4 or higher). The study was
registered at ClinicalTrials.gov (NCT04066491).

RESULTS

Between September 20, 2019, and May 20, 2021, 309
patients were enrolled in the study; of these, 12 patients
were included in the safety run-in phase, while 297
patients were randomly assigned to 1 of 2 groups during
phase 2/3, that is, bintrafusp alfa (n = 148) or placebo
(n = 149; Figure 1). As the study did not meet its
prespecified expansion criteria and was discontinued
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77 included in
intention-to-treat
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FIGURE 1

early, we report here the results of the interim analysis
conducted for adaptation from phase 2 to phase 3 (data
cutoff: May 20, 2021).

In the open-label run-in phase, the median age of
patients was 68.0 years (range: 39.0-80.0), 5 (41.7%)
were women and 4 (33.3%) had an ECOG PS of 1. In
phase 2/3, median age was 65.0 years (range:
29.0-84.0), and demographic characteristics were
generally well-balanced between the treatment groups
(Table 1). The median duration of bintrafusp alfa
treatment in the open-label run-in phase was 19.5
weeks (range: 3.0-84.3), with a relative dose intensity
(RDI) of >90% reported in 7 (58.3%) patients. For
gemcitabine and cisplatin, the median duration of
exposure was 18.0 weeks (range: 3.0-51.1) and 19.5
weeks (range: 3.0-51.1), respectively, with an RDI of >
75% reported in 5 (41.7%) and 6 (50.0%) patients,
respectively. In phase 2/3, the median duration of
treatment was lower for bintrafusp alfa than for placebo
(121 wk [range: 3.0-59.9] versus 17.9 wk [range:
3.0-60.0]) and a similar proportion of patients in both
groups exhibited an RDI of > 90% (79.5% vs. 81.2%).
The median treatment duration was lower in the
bintrafusp alfa group than in the placebo group for both

Trial profile. Abbreviations: AE, adverse event; GemCis, gemcitabine+cisplatin; PD, progressive disease.

gemcitabine (12.1 wk [range: 3.0-35.6] vs. 18.0 wk
[range: 2.9-36.0]) and cisplatin (12.1 wk [range:
3.0-35.6] vs 16.6 wk [range: 2.9-36.0]), respectively.
A similar proportion of patients had an RDI of > 75% for
gemcitabine (65.1% vs 64.4%) and cisplatin (60.3% vs
67.1%) in both groups.

The primary end point analysis in the safety run-in
phase did not reveal any DLTs in either the Asian or the
non-Asian patient cohorts. Median OS was estimated to
be 11.6 months (95% CIl 6.0—not estimable) during a
median follow-up duration of 18.7 months (range: 1.3 —
19.4).

In phase 2/3, efficacy data were assessed for the first
150 antibiotic-naive patients when > 19 weeks of
follow-up had been completed and when 80 PFS events
had occurred (bintrafusp alfa, n = 73; placebo, n = 77).
The primary end point of median OS (95% CI) in the
bintrafusp alfa (11.5 mo [9.3—not estimable]) and
placebo (11.5 mo [10.0-not estimable]) groups was
comparable (HR 1.23 [95% CI, 0.66—2.28; p = 0.7394];
Figure 2, Table 2); however, OS data maturity was
27.2% (41 events/151 patients). The median follow-up
duration for OS was 8.4 months (range: 0.2—13.9) and
7.6 months (range: 0.9-15.2) in the bintrafusp alfa and



828

HEPATOLOGY

TABLE 1 Baseline patient and disease characteristics

Randomized phase 2

Safety run-in phase

Characteristic® (n = 12)
Gender

Male 7 (58.3)
Geographic region

Asia 6 (50.0)

Europe 2 (16.7)

Latin America 0 (0.0)
Race

Asian 6 (50.0)

White 6 (50.0)

Others/data not collected 0 (0.0)
Age (y)

Median (min, max) 68.0 (39.0, 80.0)

> 65y 8 (66.7)
ECOG PS

0 8 (66.7)

1 4 (33.3)
BTC subtype classification

Intrahepatic cholangiocarcinoma 5 (41.7)

Extrahepatic cholangiocarcinoma 3 (25.0)

Gallbladder cancer 4 (33.3)

Cancer of the ampulla of Vater 0 (0.0)
Extent of disease

Metastatic NA

Locally advanced NA
Histology grade

Well-differentiated 1(8.3)

Moderately differentiated 3 (25.0)

Poorly differentiated 5(41.7)
Time since documented, locally advanced or metastatic disease (mo)

Median (range) 1.2 (0.6-20.6)

Placebo plus GemCis Bintrafusp alfa plus GemCis

(n = 149) (n = 148)
71 (47.7) 80 (54.1)
91 (61.1) 90 (60.8)
24 (16.1) 24 (16.2)
18 (12.1) 23 (15.5)
93 (62.4) 90 (60.8)
51 (34.2) 51 (34.5)
5 (3.4) 7 (4.8)

65.0 (34.0, 81.0) 64.0 (29.0, 84.0)

79 (53.0) 70 (47.3)
64 (43.0) 72 (48.6)
85 (57.0) 76 (51.4)
65 (43.6) 67 (45.3)
34 (22.8) 32 (21.6)
39 (26.2) 39 (26.4)
11(7.4) 10 (6.8)
102 (68.5) 101 (68.2)
47 (31.5) 47 (31.8)
12 (8.1) 6 (4.1)
61 (40.9) 59 (39.9)
29 (19.5) 32 (21.6)
1.3 (0.0-13.1) 1.2 (0.2-178.8)

@Unless otherwise specified, all data are presented as n (%).

Abbreviations: BTC, biliary tract cancer; ECOG PS, Eastern Cooperative Oncology Group Performance Status; GemCis, Gemcitabine + Cisplatin.

placebo groups, respectively. The OS results in the
various subgroups (defined based on BTC subtypes,
disease status at study entry, ECOG PS at baseline,
etc.) were consistent with the overall results (Supple-
mental Figure S2, http://links.lww.com/HEP/I511).

Median PFS for the bintrafusp alfa and placebo
groups was comparable (5.5 mo [95% Cl 2.8-6.7]
versus 5.6 mo [95% CIl 4.2-6.9]; HR 1.08 [95% CI
0.70-1.66], p > 0.05) (Figure 3, Table 2). The results of
the PFS subgroup analyses supported overall findings
and are summarized in Supplemental Figure S3, http://
links.lww.com/HEP/1511.

ORR was higher in the bintrafusp alfa group (31.5%
[95% CI 21.1-43.4]) than in the placebo group (19.5%
[95% CI 11.3-30.1]; OR: 2.01 [0.90—4.47]; Figure 4,
Table 2); similarly, partial response was observed in a

greater proportion of the patients in the bintrafusp alfa
group (31.5% vs 18.2%). One patient in the placebo
group achieved a complete response, while there were
none in the bintrafusp alfa group. Compared to the
placebo group, the proportion of patients with stable
disease was lower (30.1% vs. 57.1%), while that of
patients with progressive disease was higher (27.4% vs
19.5%) in the bintrafusp alfa group. Subgroup analysis
showed that patients with a baseline ECOG PS > 1
who received bintrafusp alfa had higher odds of
response compared to those who received placebo
(OR, 345 [95% Cl 1.16-10.29]; Supplemental
Figure S4, http://links.lww.com/HEP/1511).

Disease control rate was 61.6% (95% Cl 49.5-72.8)
and 76.6% (95% Cl 65.6-85.5) in the bintrafusp alfa
and placebo groups, respectively (Table 2), but more
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FIGURE 2 Overall survival (primary end point)—randomized double-blind phase. Abbreviations: GemCis, gemcitabine+cisplatin; NE, not

estimable; OS, overall survival.

patients in the bintrafusp alfa group showed both
confirmed and ongoing responses than those in the
placebo group (60.9% vs. 53.3%).
bintrafusp alfa group had a shorter median duration of

TABLE 2 Summary of efficacy analyses

Outcome measure
oS
Median (95% CI), mo
HR® (95% Cl)
p value
PFS
Median (95% CI), mo
HR® (95% Cl)
p value
Objective response
Best overall response, n (%)
CR
PR
Stable disease
Non-CR/non-PD
PD
Nonevaluable
ORR, n (%)

Common OR adjusted by strata (95% CI)

DCR, n (%)
Duration of response
Median (range), mo

However, the

confirmed response (7.0 mo [range: 1.4-8.3]) than the
placebo group (12.5 mo [range: 2.7-12.5]).

Data from 295 (99.3%) patients were included in the
safety analysis set (n

= 146 and n = 149 in the

Randomized phase 2

Placebo plus GemCis (n=77)

11.5 (10.0-NE)

5.6 (4.2-6.9)

1(1.3)
14 (18.2)
44 (57.1)
0 (0.0)
15 (19.5)
3(3.9)
15 (19.5)

59 (76.6)

12.5 (2.7-12.5)

Bintrafusp alfa plus GemCis (n=73)

115 (9.3-NE)
1.23 (0.66, 2.28)
0.7394

5.5 (2.8-6.7)
1.08 (0.70-1.66)
0.6378

0 (0.0)
23 (31.5)
22 (30.1)
1(1.4)
20 (27.4)
7 (9.6)
23 (31.5)
2.01 (0.90-4.47)
45 (61.6)

7.0 (1.4-8.3)

@Stratified.

Abbreviations: Cl, confidence interval; CR, complete response; DCR, disease control rate; GemCis, Gemcitabine + Cisplatin; NE, not estimable; OS, overall survival;

ORR, objective response rate; PD, progressive disease; PR, partial response; PFS, progression-free survival.
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FIGURE 3 Progression-free survival according to RECIST v1.1 (as adjudicated by the IRC). Abbreviations: GemCis, gemcitabine+cisplatin;

IRC, Independent Review Committee; RECIST, Response Evaluation Criteria in Solid Tumors.

bintrafusp alfa and placebo groups, respectively). A
similar proportion of patients discontinued the study in
both groups (26.4% vs 25.5%; Figure 1), and death was
the most frequently reported reason (18.9% vs 16.8%).
A higher proportion of patients discontinued treatment in
the first 60 days in the bintrafusp alfa group than in the
placebo group (Supplemental Figure S1, http://links.
lww.com/HEP/I511), and the primary reasons for
discontinuation included progressive disease (13%),
adverse events (4.8%), and death (2.7%).

The safety findings, including most common adverse
events and grade > 3 adverse events (Supplemental
Tables 1 and 2, http://links.lww.com/HEP/I511), treat-
ment-related adverse events (both bintrafusp alfa/
placebo-related and chemotherapy-related adverse
events; Table 3, Supplemental Table 2, http:/links.
lww.com/HEP/I511), and adverse events of special
interest (Supplemental Table 2, http:/links.lww.com/
HEP/I511, Supplemental Table 3, http://links.lww.com/
HEP/1511) have been summarized in tabular form. All
12 patients in the safety run-in phase experienced at
least 1 adverse event, with bintrafusp-related adverse
events reported in 9 (75%) patients. During phase 2, the
most common adverse events in the bintrafusp alfa
group included anemia (53.4%), nausea (44.5%),
constipation (27.4%), pyrexia (24.7%), fatigue (20.5%),
pruritus (24.0%), rash (24.7%), and decreased appetite
(21.2%) (Supplemental Table 1, http://links.lww.com/
HEP/I511). Grade > 3 adverse events were reported in
68.5% and 74.5% of patients in the bintrafusp alfa and
the placebo groups, respectively. Overall, the incidence
of treatment-related adverse events was similar in the
bintrafusp alfa and the placebo groups (91.1% vs.
91.3%; Table 3; Supplemental Table 2, http://links.lww.

com/HEP/I511); however, bintrafusp alfa-related
adverse events were observed more frequently than
placebo-related adverse events (67.8% vs. 52.3%)
(Supplemental Table 2, http://links.lww.com/HEP/I511).
The most common treatment-related adverse events in
the bintrafusp alfa and the placebo groups were anemia
(47.9% vs. 50.3%), nausea (37.7% vs. 45.0%), and
decreased neutrophil count (19.2% vs. 40.3%)
(Table 3). The most common grade >3 treatment-
related adverse events in the bintrafusp alfa and the
placebo groups were anemia (26.0% vs. 22.8%),
neutropenia (11.6% vs. 16.8%), and decreased
platelet (7.5% vs. 12.1%) and neutrophil counts
(13.7% vs. 34.2%) (Table 3).

A higher rate of bleeding events was reported in the
bintrafusp alfa group than in the placebo group (28.8%
vs. 7.4%; Supplemental Table 3, http://links.lww.com/
HEP/I1511). Any TGF-p inhibition mediated skin
reactions occurred in 5 (3.4%) patients in the bintrafusp
alfa group, with 2 patients requiring surgical interven-
tion. Thirty patients (20.5%) in the bintrafusp alfa group
experienced immune-related adverse events, and most
of them required steroid treatment for resolution.

Permanent treatment discontinuations were more
frequently observed due to bintrafusp alfa-related
adverse events compared to placebo-related adverse
events (6.8% vs. 2.0%; Supplemental Table 2, http:/
links.lww.com/HEP/I1511). More patients died in the
bintrafusp alfa group within 60 days of the first treatment
dose than in the placebo group (7.5% vs. 1.3%);
however, all the 11 deaths in the bintrafusp alfa group
were either unrelated to the drug (n = 6) or caused by
progressive disease and/or a disease-related condition
(n = 5).
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FIGURE 4 Waterfall plot (A and B) and Spider plot (C and D) of percent change (from baseline) in the sum of diameters of all target lesions.
Abbreviations: CR, complete response; GemCis, gemcitabine+cisplatin; IRC, Independent Review Committee; NE, not estimable; PD, progressive
disease; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors.

Based on the IDMC review, the study was discon-
tinued early (August 20, 2021) as the results of the
efficacy and safety data analyses did not meet the
IDMC-recommended prespecified expansion criteria.

DISCUSSION

This study investigated the efficacy of bintrafusp alfa
plus GemCis treatment in chemotherapy- and immuno-
therapy-naive, patients with locally advanced/metastatic
BTC. At the time the study was recommended for
discontinuation, both bintrafusp alfa and placebo groups
exhibited similar median OS; however, the OS data
were immature. Although the ORR was higher with
bintrafusp alfa than with placebo, it was primarily driven
by higher partial responses and did not translate into
better PFS.

Recently, a phase 2 trial of bintrafusp alfa mono-
therapy in 149 patients with locally advanced/metastatic
BTC who had failed first-line standard chemotherapy
reported an ORR of 10.7% (95% CI 6.4-16.6) and a
median OS of 7.6 months (95% CI 5.8-9.7); however,
this study too did not meet its prespecified primary end
point.24l The limited efficacy of bintrafusp alfa reported in
our study could be partly attributed to a higher rate of
early treatment discontinuation observed in this group.
Further, the lower disease control rate observed with
bintrafusp alfa compared to placebo (61.6% vs. 76.6%)
suggests that, in certain patients, bintrafusp alfa may
have led to the worsening of the disease. Hyper-
progressive disease, characterized by accelerated tumor
growth during immune checkpoint inhibitor therapy, has
been reported in 3.8% to 37% of patients treated with
immune checkpoint inhibitors28l: however, a recent study
suggested that that bintrafusp alfa exposure does not
drive hyperprogression.?¥l Interestingly, the same study
showed that the effect of bintrafusp alfa exposure had a
significant effect on tumor shrinkage in a BTC model.
Given the pleiotropic effects of TGF-p signaling in the
TME, wherein it can act as both a tumor suppressor and
a tumor promotor in a cell type-dependent and context-
dependent manner, 292" our study highlights the need to
identify effective biomarkers that can reliably predict a
robust response with immunotherapies that block TGF-f
signaling. The use of TGF-§ itself as a biomarker to
predict treatment response is constrained by challenges
in assessing active levels of the cytokine within the
TME.[30.31]

Due to the early termination of the study and the
immaturity of OS data, a full biomarker analysis was not
performed. A recent review described the importance of

predictive biomarkers in immune checkpoint inhibitor
therapy and showed that analyzing tumor mutational
burden, patterns of tumor immune infiltration, along with
transcriptomic profiling of tumors at baseline could
provide additional information on the immunophenotype
of the tumors—an important factor influencing immuno-
therapy response rates.®? In addition, a longitudinal
analysis of ctDNA could be used to monitor tumor
responses and the evolution of tumor mutations during
treatment while also assessing the impact of these
changes over time on the treatment response rates.[3?!

The immaturity of the OS data was a major limitation
of this study. Despite the ORR being higher with
bintrafusp alfa (OR 2.01) and meeting the study
expansion criteria (OR > 1.6), immaturity of OS data
meant that the decision to not expand the study to
phase 3 had to be primarily based on the limited PFS
efficacy outcomes (HR 1.08), which did not meet the
specified expansion criteria (HR < 0.75). Other impor-
tant limitations include restricted follow-up and the small
number of patients included for analysis of the
prespecified efficacy criteria for study expansion. As
the study was discontinued early, further analysis
involving other secondary end points, such as pharma-
cokinetic profile and immunogenicity of bintrafusp alfa,
as well as exploratory end points, such as biomarker
analyses and patient reported outcomes, were not
performed.

Efficacy assessments included only the first 150
patients that are antibiotic-naive who had completed >
19 weeks of follow-up and had experienced 80 PFS
events, while the safety set included all 297 patients
enrolled in phase 2/3. Our approach of including only
patients who were antibiotic-naive for efficacy analyses
was validated by an ad hoc analysis of the recently
published phase 2 trial of bintrafusp alfa as a second-line
therapy in patients with locally advanced/metastatic
BTC24 wherein better survival was observed in the
antibiotic-naive population than in the patients treated
with antibiotics (data not shown). Considering the impor-
tance of TGF-p in angiogenesis and vasculogenesis,?®*!
bleeding events are recognized as important identified
risks with bintrafusp alfa treatment. In the phase 2 study of
bintrafusp alfa monotherapy in the second-line setting in
BTC, treatment-related bleeding events were reported in
5.7% of patients.?¥ In this study, bleeding events were
reported in ~30% of patients in the bintrafusp alfa group;
however, most events were grade 1/2, with grade > 3
events reported in 7.5% of patients. Anemia was reported
in 53.4% of patients treated with bintrafusp alfa and 53.7%
of patients in the placebo group, with grade > 3 events
reported more frequently in the bintrafusp alfa group
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TABLE 3

Incidence of treatment-related adverse events occurring in > 10% of patients in any treatment group

Randomized phase 2

Safety run-in phase

Placebo plus GemCis Bintrafusp alfa plus GemCis

(n = 12) (n = 149) (n = 146)
Preferred term Any grade Grade > 3 Any grade Grade > 3 Any grade Grade > 3
Any treatment-related 11 (91.7) 10 (83.3) 136 (91.3) 101 (67.8) 133 (91.1) 79 (54.1)
adverse event
Anemia 5 (41.7) 4 (33.3) 75 (50.3) 4 (22.8) 70 (47.9) 38 (26.0)
Neutropenia 1(8.3) 1(8.3) 41 (27.5) 25 (16.8) 25 (17.1) 17 (11.6)
Thrombocytopenia 2 (16.7) 2 (16.7) 12 (8.1) 2 (1.3) 14 (9.6) 4 (2.7)
Constipation 0 (0.0) 0 (0.0) 28 (18.8) 0 (0.0) 18 (12.3) 0 (0.0)
Nausea 5 (41.7) 0 (0.0) 67 (45.0) 2 (1.3) 55 (37.7) 4 (2.7)
Stomatitis 0 (0.0) 0 (0.0) 4(2.7) 0 (0.0) 16 (11.0) 1(0.7)
Vomiting 0 (0.0) 0 (0.0) 30 (20.1) 0 (0.0) 26 (17.8) 3(2.1)
Asthenia 2 (16.7) 0 (0.0) 9 (6.0) 0 (0.0) 19 (13.0) 1(0.7)
Fatigue 4 (33.3) 0 (0.0) 29 (19.5) 4 (2.7) 24 (16.4) 2(1.4)
Pyrexia 1(8.3) 0 (0.0 6 (4.0) 1(0.7) 18 (12.3) 2(14)
Neutrophil count decreased 5 (41.7) 5 (41.7) 60 (40.3) 51 (34.2) 28 (19.2) 20 (13.7)
Platelet count decreased 3 (25.0) 2 (16.7) 39 (26.2) 18 (12.1) 33 (22.6) 11 (7.5)
White blood cell count 3 (25.0) 1(8.3) 36 (24.2) 10 (6.7) 19 (13.0) 3 (2.1)
decreased

Decreased appetite 2 (16.7) 0 (0.0) 25 (16.8) 0 (0.0) 23 (15.8) 2(1.4)
Dysgeusia 2 (16.7) 0 (0.0) 3 (2.0) 0 (0.0) 6 (4.1) 0 (0.0)
Pruritus 4 (33.3) 0 (0.0) 10 (6.7) 0 (0.0) 30 (20.5) 1(0.7)
Rash 6 (50.0) 0 (0.0) 18 (12.1) 0 (0.0) 33 (22.6) 1(0.7)

Abbreviation: GemCis, Gemcitabine + Cisplatin.

(31.6% VS. 25.5%). Chemotherapy-associated
myelosuppressioni®3 appeared to be less severe in the
bintrafusp alfa arm compared to the placebo, as
evidenced by the lower incidence of neutropenia (17.1%
vs. 27.5%), which was likely due to the shorter duration of
treatment in this group. Thus, the impact of grade > 3
bleeding events on the incidence of anemia seems to be
more pronounced in the bintrafusp alfa group. Notably, the
safety findings of this study were consistent with the
known safety profile of bintrafusp alfa, and no new safety
signals were identified.

Overall, the addition of bintrafusp alfa to GemCis did
not show a clinically meaningful benefit over GemCis
alone when used as a first-line treatment for patients
with BTC. The hypotheses proposed for bintrafusp alfa
not being effective in the first-line setting include: (1)
simultaneous inhibition of TGF-f and anti-PD-L1 may
modify the TME in some patients, which results in faster
tumor growth due to the activation of oncogenic
signaling®®%!; (2) TGF-p plays a critical role in epithelial-
mesenchymal transition; however, administering anti—
TGF-p therapies in advanced cancers where circulating
tumor cells may have already undergone epithelial-
mesenchymal transition could block one of the most
critical molecular pathways that sustain the

mesenchymal phenotype of cancer cells, thus, inducing
mesenchymal-to-epithelial transition and facilitating the
growth of secondary/metastasized tumors®”; (3) as the
ratios of TGF-f and PD-L1 moieties are fixed within the
bifunctional fusion molecule, the optimal dosage for
both moieties may not have been achieved. Nonethe-
less, results from our study do not preclude the
exploration of other immunotherapies in this patient
population. Several recent studies have supported the
use of chemoimmunotherapy as a first-line treatment
option in patients with locally advanced/metastatic BTC.
Results of the phase 3 TOPAZ-1 trial, which reported a
median OS of 12.8 months (95% CI: 11.1-14.0) with
durvalumab plus GemCis versus 11.5 months (95% ClI:
10.1-12.5) with GemCis alone, have prompted an
update in the most recent NCCN treatment
guidelines.®'2l The addition of pembrolizumab to
GemCis in the first-line setting in patients with
advanced/unresectable BTC in phase 3 KEYNOTE-
966 trial significantly improved OS (12.7 mo [95% ClI
11.5-13.6] vs. 10.9 mo [95% CI 9.9-11.6]; HR 0.83; p
< 0.02). The regimen has since been added to NCCN
treatment guidelines.®14l These encouraging results
emphasize the potential of immunotherapy in patients
with advanced/metastatic BTC and highlight the need to
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investigate newer immune modulators in this population
while simultaneously aiming to identify optimal bio-
markers of response to immunotherapy.
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