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ABSTRACT
◥

Purpose: Bintrafusp alfa, a first-in-class bifunctional fusion
protein composed of the extracellular domain of TGFb receptor
II (a TGFb “trap”) fused to a human IgG1 mAb blocking pro-
grammed death-ligand 1 (PD-L1), was evaluated as treatment in
patients with locally advanced or persistent, recurrent, or meta-
static (P/R/M) cervical cancer.

PatientsandMethods: In thismulticenter, open-label, phase Ib trial
(NCT04551950), patients with P/R/M cervical cancer received bin-
trafusp alfa 2,400 mg once every 3 weeks plus cisplatin or carboplatin
plus paclitaxel with (Cohort 1A; n¼ 8) or without (Cohort 1B; n¼ 9)
bevacizumab; patients with locally advanced cervical cancer received
bintrafusp alfa 2,400 mg every 3 weeks plus cisplatin plus radiation,
followed by bintrafusp alfa monotherapymaintenance (Cohort 2; n¼
8). The primary endpoint was safety; secondary endpoints included
efficacy (including objective response rate) and pharmacokinetics.

Results: At the data cutoff of April 27, 2022, patients in Cohorts
1A, 1B, and 2 had received bintrafusp alfa for a median duration of
37.9, 31.1, and 16.7 weeks, respectively. Two dose-limiting toxicities
(grade 4 amylase elevation and grade 3 menorrhagia) unrelated to
bintrafusp alfa were observed in Cohort 1B and none in other
cohorts. Most treatment-emergent adverse events of special interest
were grades 1–2 in severity,most commonly anemia (62.5%–77.8%)
and bleeding events (62.5%–77.8%). Objective response rate was
75.0% [95% confidence interval (CI), 34.9–96.8], 44.4% (95% CI,
13.7–78.8), and 62.5% (95%CI, 24.5–91.5) in Cohorts 1A, 1B, and 2,
respectively.

Conclusions: Bintrafusp alfa had manageable safety and dem-
onstrated clinical activity, further supporting the investigation of
TGFb/PD-L1 inhibition in human papillomavirus–associated can-
cers, including cervical cancer.

Introduction
Persistent human papillomavirus (HPV) infection is implicated in

99% of cervical cancers and is linked to activation of TGFb and
programmed death-ligand 1 (PD-L1) signaling pathways (1–3). The
standard-of-care treatment for locally advanced cervical cancer,
defined as IB3-IVA by the International Federation of Gynecology
and Obstetrics (FIGO 2018), is concurrent chemoradiation with
weekly cisplatin (4), with newer treatment approaches failing to
improve current long-term outcomes (5, 6). Both the OUTBACK trial
(for adjuvant chemotherapy after chemoradiation; NCT01414608)
and the CALLA trial (for durvalumab, a mAb targeting PD-L1, in
combinationwith concurrent chemoradiotherapy;NCT03830866) did
not demonstrate improved long-term clinical outcomes for these

therapies (5–8). However, the KEYNOTE-A18 trial (NCT04221945)
for the anti-PD-1 therapy pembrolizumab with concurrent chemor-
adiotherapy demonstrated an improvement in progression-free
survival (PFS) versus concurrent chemoradiotherapy in an interim
analysis (9).

For recurrent, persistent, and metastatic cervical cancer, the stan-
dard-of-care treatment is platinum-based chemotherapy with or with-
out bevacizumab, with a median overall survival (OS) of 16.8 months
and 13.3 months, respectively, in a clinical trial setting (1). Pembro-
lizumab in combination with platinum-based chemotherapy, with
or without bevacizumab, is also approved for patients whose tumors
express PD-L1 [combined positive score (CPS) ≥1; ref. 10]. Approval
was based on the results of the phase III KEYNOTE-826 trial
(NCT03635567), which demonstrated significantly longer PFS and
OS with pembrolizumab than with placebo (11, 12).

With anti-PD-1 and PD-L1 therapies demonstrating mixed
results, limited improvements in OS and PFS, and treatment
eligibility being restricted to PD-L1 expression in first-line therapy,
there remains significant unmet clinical needs for patients with
locally advanced and metastatic cervical cancer. Recent studies have
investigated the potential of dual-inhibition approaches and bis-
pecific immunotherapies (13–16). TGFb has been shown to pro-
mote epithelial–mesenchymal transition and angiogenesis as well as
immune escape of tumor cells (2, 17–20), suggesting that simulta-
neous inhibition of two nonredundant immunosuppressive path-
ways (TGFb and PD-L1) might improve outcomes in cancers with
increasedTGFb activation, such as those associatedwithHPV (13–16).
Bintrafusp alfa is a first-in-class bifunctional fusion protein composed
of the extracellular domain of the human TGFb receptor II (TGFbRII
or TGFb “trap”) fused via a flexible linker to the C-terminus of each
heavy chain of an IgG1 antibody blocking PD-L1 (13, 14). By blocking
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both the immunosuppressive TGFb and the cell-intrinsic PD-L1
interaction, bintrafusp alfa is hypothesized to enhance the anticancer
effect observed with agents targeting either pathway alone or in
combination. In a pooled analysis of patients fromphase I (INTR@PID
001; NCT02517398) and phase II (NCI 012; NCT03427411) studies,
bintrafusp alfa demonstrated clinical activity andmanageable safety in
patients with HPV-associated malignancies, with a confirmed objec-
tive response rate (ORR) of 30.5%, including 30% for 33 patients with
heavily pretreated recurrent/metastatic cervical cancer (21, 22). Most
bintrafusp alfa–associated adverse events (AE) were mild to moderate
in severity (16, 22).

This phase Ib open-label study evaluated the safety and tolerability
of bintrafusp alfa in combination with other anticancer therapies in
patients with locally advanced or persistent, recurrent, or metastatic
cervical cancer.

Patients and Methods
Study design

This study (NCT04551950) was a multicenter, open-label, phase
Ib trial evaluating the safety of first-line bintrafusp alfa according to
the following treatment groups: patients in Cohort 1A were treated
with bintrafusp alfa 2,400 mg once every 3 weeks plus cisplatin or
carboplatin plus paclitaxel plus bevacizumab; patients in Cohort 1B
were treated with bintrafusp alfa 2,400 mg every 3 weeks plus
cisplatin or carboplatin plus paclitaxel; and patients in Cohort 2
were treated with bintrafusp alfa 2,400 mg every 3 weeks plus
cisplatin plus radiation, followed by maintenance with bintrafusp
alfa monotherapy (2,400 mg every 3 weeks). This dose was deter-
mined to be the recommended phase II dose of bintrafusp alfa in
combination with chemotherapies that are administered every
3 weeks based upon population pharmacokinetics (popPK) model-
ing of data from two phase I studies of bintrafusp alfa (23).

Patients continued treatment until confirmed disease progression
per RECIST 1.1, death, unacceptable toxicity, or study withdrawal. In
Cohort 1, patients continued chemotherapy until complete response
(CR; as clinically indicated) and/or unacceptable toxicity due to
chemotherapy, after which, bintrafusp alfa (plus bevacizumab in
Cohort 1A) may have been continued until 2 years or unacceptable
toxicity; in Cohort 2, patients continued maintenance treatment

(bintrafusp alfa) for amaximum of 2 years (or beyond at the discretion
of the investigator).

The study included a 28-day screening period and a dose-limiting
toxicity (DLT) observation period of 4 weeks. Safety follow-up visits
occurred at 28 days and 12 weeks after the last dose of study
intervention; long-term follow-up was performed every 12 weeks after
the safety follow-up.

This study was conducted at 13 sites across three countries (United
States: five sites; Japan: five sites; Spain: three sites).

Patient eligibility criteria
Key inclusion criteria for Cohort 1 (A and B) included adult

patients with documented persistent, recurrent, or metastatic squa-
mous cell carcinoma, adenosquamous carcinoma, or adenocarci-
noma of the cervix; no prior treatment with systemic chemotherapy
(including neoadjuvant and adjuvant regimens); and tumors not
amenable to curative treatment (such as with surgery and/or
radiation). Prior radiation with or without radiosensitizing chemo-
therapy was allowed in Cohort 1 (A and B). Documented evidence
of cervical adenocarcinoma, squamous cell carcinoma, or adenosqua-
mous carcinoma FIGO 2018 stages IB2 to IVA and no prior chemo-
therapy or radiotherapy for cervical cancer were inclusion criteria for
Cohort 2. Key exclusion criteria included patients with active central
nervous system metastases causing clinical symptoms or metastases
that required therapeutic intervention.

The protocol was reviewed and approved by the Institutional
Review Board/International Ethics Committee before the study was
initiated, and it was conducted in accordance with the Declaration of
Helsinki, Council for International Organisations of Medical Sciences,
International Ethical Guidelines, applicable International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use Guideline for Good Clinical Practice (GCP), the Japanese
Ministerial Ordinance on GCP, and other applicable laws and regula-
tions. All patients provided written informed consent before enrolling
in the study.

Outcomes
Primary study endpoints included occurrence of a DLT within the

DLT period (within 4 weeks after first administration of bintrafusp
alfa) and AEs. DLTs were assessed by the investigator and/or sponsor
according to NCI Common Terminology Criteria for Adverse Events
version 5.0 and judged to be related to study intervention and
confirmed by the safety monitoring committee. The full definition of
DLTs is presented in the Supplementary Materials and Methods and
includes grade 4 nonhematologic toxicity or hematologic toxicity
lasting ≥7 days despite medical intervention, grade ≥3 bleeding events
occurring within 5 days of bintrafusp alfa treatment (regardless of
causality), and grade 5 toxicity. Secondary study endpoints included
pharmacokinetics, and tertiary/exploratory endpoints included OS,
PFS, ORR, and duration of objective response (DOR); disease control
rate (DCR) was also analyzed.

Statistical analyses
The data cut-off date was April 27, 2022. For ORR and DCR, 95%

confidence intervals (CI) were calculated using the Clopper–
Pearson method. Median OS, PFS, and DOR (and 95% CIs) were
calculated according to the Brookmeyer and Crowley method and
Kaplan–Meier analyses. Continuous variables were summarized
using number, mean, median, SD, minimum, and maximum, and
categorical variables were summarized using frequency counts and
percentages.

Translational Relevance

Bintrafusp alfa, a first-in-class bifunctional fusion protein com-
posed of the extracellular domain of TGFb receptor II (a TGFb
“trap”) fused to a human IgG1 mAb blocking programmed death-
ligand 1 (PD-L1), has demonstrated clinical activity and manage-
able safety in patients with human papillomavirus (HPV)-associ-
ated malignancies, including cervical cancer. This phase Ib study
evaluated the safety of bintrafusp alfa in combination with che-
motherapy � bevacizumab in 17 patients with persistent, recur-
rent, or metastatic cervical cancer or in combination with chemor-
adiotherapy in 8 patients with locally advanced cervical cancer.
Bintrafusp alfa had a manageable safety profile with no new safety
signals and demonstrated clinical activity. The clinical activity seen
in these settings further supports the efficacy of bintrafusp alfa
demonstrated in previous studies with HPV-associated cancers
andmay reflect the underlying role ofTGFb in the pathophysiology
of cervical cancer.
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Data availability
Any requests for data by qualified scientific and medical

researchers for legitimate research purposes will be subject to the
Data Sharing Policy of the healthcare business of Merck KGaA,
Darmstadt, Germany. All requests should be submitted in writing to
the data sharing portal of the healthcare business of Merck KGaA,
Darmstadt, Germany (https://www.emdgroup.com/en/research/
our-approach-to-research-and-development/healthcare/clinical-trials/
commitment-responsible-data-sharing.html). When the healthcare
business of Merck KGaA, Darmstadt, Germany has a co-research,
co-development, or co-marketing or co-promotion agreement, or when
the product has been out-licensed, the responsibility for disclosure
might be dependent on the agreement between parties. Under these
circumstances, the healthcare business of Merck KGaA, Darmstadt,
Germany will endeavor to gain agreement to share data in response to
requests.

Results
As of April 27, 2022, 8 patients in Cohort 1A, 9 in Cohort 1B, and 8

in Cohort 2 received bintrafusp alfa for amedian duration of 37.9, 31.1,
and 16.7 weeks, respectively (Supplementary Table S1). All patients
completed the DLT period, and 12.5%, 11.1%, and 12.5% of patients in
Cohorts 1A, 1B, and 2 (n¼ 1 for each cohort), respectively, remained
on bintrafusp alfa treatment at data cutoff (Fig. 1).

Demographic and baseline disease characteristics were mostly well
balanced across the three cohorts (Table 1). Squamous cell carcinoma
wasmost common inCohort 1A (50%) and Cohort 1B (55.6%), and all
patients treated in Cohort 2 had squamous cell carcinoma. Median

time since initial cancer diagnosiswas 3.3 and 19.6months inCohort 1A
and Cohort 1B, respectively; median time since initial diagnosis in
Cohort 2 was 1.1 months (Supplementary Table S1). The study repre-
sentativeness with respect to patients with cervical cancer is presented in
Supplementary Table S2.

Cohort 2
Treated patients (n = 8)

1 (12.5)
7 (87.5)

1 (12.5)
2 (25.0)
1 (12.5)
3 (37.5)

1 (11.1)
5 (55.6)
3 (33.3)
2 (22.2)
1 (11.1)

Screened (N = 28)
Rescreened (n = 2)

Excluded (n = 3)
Patients did not meet all eligibility criteria (n = 1)•
Withdrawn informed consent (n = 1)•
Other (n = 1)•

Treated patients (N = 25) 

Cohort 1B
Treated patients (n = 9)

1 (12.5)
5 (62.5)
2 (25.0)
0 (0.0)

2 (25.0)

Cohort 1A
Treated patients (n = 8)

1 (11.5)
8 (88.9)

5 (55.6)
3 (33.3)
0 (0.0)
0 (0.0)

End of treatment status, n (%)

End of treatment status, n (%)

Ongoing bintrafusp alfa 1 (12.5)

Completed/discontinued bintrafusp alfa 7 (87.5)

Primary reason for discontinuation
Progression of disease 3 (37.5)
Adverse event 3 (37.5)
Protocol non-compliance 0 (0.0)
Withdrew consent

End of treatment status, n (%)
Ongoing bintrafusp alfa 
Completed/discontinued bintrafusp alfa
Primary reason for discontinuation

Progression of disease
Adverse event
Protocol non-compliance
Withdrew consent

End of treatment status, n (%)
Ongoing bintrafusp alfa 
Completed/discontinued bintrafusp alfa
Primary reason for discontinuation

Progression of disease
Adverse event
Protocol non-compliance
Withdrew consent1 (12.5)

Treatment ongoinga 1 (12.5)

Study discontinued/completed

b 5 (62.5)Off treatment and in follow-up
2 (25.0)

Death• 2 (25.0)
Withdrawal by patient•

End of treatment status, n (%)
Treatment ongoinga

Off treatment and in follow-up
Study discontinued/completed

b

Death•
Withdrawal by patient•

End of treatment status, n (%)
Treatment ongoinga

Off treatment and in follow-upb

Study discontinued/completed
Death•
Withdrawal by patient•0 (0.0)

Figure 1.

Patient disposition. aAt least one study intervention ongoing. bAll treatments either completed, discontinued, or patients received no treatment.

Table 1. Baseline patient demographics and disease
characteristics (N ¼ 25).

Cohort 1A Cohort 1B Cohort 2
n ¼ 8 n ¼ 9 n ¼ 8

Age, median (range), years 43 (34–63) 47 (39–63) 49 (26–70)
Geographic region, n (%)

Asia 3 (37.5) 3 (33.3) 3 (37.5)
North America 3 (37.5) 1 (11.1) 3 (37.5)
Europe 2 (25.0) 5 (55.6) 2 (25.0)

ECOG performance status, n (%)
0 8 (100.0) 6 (66.7) 5 (62.5)
1 0 3 (33.3) 3 (37.5)

Histology, n (%)
Squamous cell carcinoma 4 (50.0) 5 (55.6) 8 (100.0)
Adenocarcinoma 3 (37.5) 4 (44.4) 0
Othera 1 (12.5) 0 0

Concurrent chemoradiation,
n (%)

1 (12.5) 2 (22.2) 0

Months since initial cancer
diagnosis, median (Q1–Q3)

3.3 (1.0–27.8) 19.6 (11.9–43.2) 1.1 (0.9–1.8)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
aThis patient had poorly differentiated adenocarcinoma and histology was
described as “other”.
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Safety
NoDLTwas observed in Cohort 1A or Cohort 2; twoDLTs (grade 4

amylase elevation related to carboplatin and paclitaxel and grade 3
menorrhagia unrelated to study intervention) unrelated to bintrafusp
alfa treatment were observed in Cohort 1B, neither of which led to
treatment discontinuation. No new safety signals were observed in any
cohorts (Fig. 2).

Bintrafusp alfa–related AEs of any grade occurred in 87.5%,
100.0%, and 87.5% of patients in Cohorts 1A, 1B, and 2, respec-
tively. The most common bintrafusp alfa–related AEs in Cohorts
1A, 1B, and 2, respectively, were anemia (37.5%, 22.2%, and
12.5%), diarrhea (25.0%, 55.6%, and 25.0%), stomatitis (37.5%,
33.3%, and 0%), amylase increased (12.5%, 33.3%, and 12.5%),
lipase increased (37.5%, 22.2%, and 12.5%), hematuria (37.5%, 0%,
and 0%), pruritus (25.0%, 33.3%, and 12.5%), and rash maculo-
papular (12.5%, 33.3%, and 37.5%; Fig. 2A). No treatment-related
deaths occurred.

Treatment-emergent AEs led to permanent discontinuation of
bintrafusp alfa in 37.5%, 33.3%, and 12.5% of patients in Cohorts
1A, 1B, and 2, respectively. The most common AEs that led to
permanent discontinuation of bintrafusp alfa in Cohort 1A were small
intestinal hemorrhage (12.5%), hematuria (12.5%), and pelvic pain
(12.5%). The most common AEs that led to permanent discontinu-
ation of bintrafusp alfa inCohort 1Bwere vaginal hemorrhage (22.2%),
anemia (11.1%), and squamous cell carcinoma (11.1%). The most

common AE that led to permanent discontinuation of bintrafusp alfa
in Cohort 2 was acute kidney injury (12.5%).

Treatment-emergent serious AEs (SAE) were reported in 87.5%,
44.4%, and 75.0% of patients in Cohorts 1A, 1B, and 2, respectively
(Supplementary Table S3), of which 50%, 44.4%, and 37.5% of SAEs in
Cohorts 1A, 1B, and 2, respectively, were considered by the investi-
gator as related to bintrafusp alfa. The most common SAEs were
hematuria (25.0%, Cohort 1A), urinary tract infection (25.0%, Cohort
1A; 11.1%, Cohort 1B; 12.5%, Cohort 2), and vaginal hemorrhage
(25.0%, Cohort 1B).

The most common treatment-emergent AEs of special interest
(AESI) were anemia (75.0%, 77.8%, and 62.5% in Cohorts 1A,
1B, and 2, respectively) and bleeding events (75.0%, 77.8%, and
62.5% in Cohorts 1A, 1B, and 2, respectively), and most AESIs were
grade 1–2 in severity (Fig. 2B). Bleeding events were managed
and resolved with standard treatment (Supplementary Table S3).
Immune-related AEs (irAE) occurred in 50.0%, 44.4%, and 50.0% in
Cohorts 1A, 1B, and 2, respectively. The most common irAEs were
rash maculopapular, which occurred in 1 patient in each cohort,
and hypothyroidism, which occurred in 1 patient in Cohorts 1A and
1B. Two patients in Cohort 2 reported rash. In Cohort 1A, 1 grade 3
irAE was observed (rash maculopapular), grade 3 secondary adre-
nocortical insufficiency in 1 patient was the only grade 3 irAE in
Cohort 1B, and 1 patient in Cohort 2 reported grade 3 irAEs
(pruritus and rash maculopapular). TGFb inhibition–mediated skin

B

A

Endocrinopathiesb

Rashb

Bleeding eventsa

Anemiaa 75
50

75
50

37.5
12.5

12.5

100 20 30 40 50 60 70 80

Patients, %

Cohort 1A

Stomatitis

Diarrhea

Gingival bleeding

Hematuria

Lipase increased

Pruritis

Rash maculopapular

Anemia

Amylase increased 12.5

37.5

25

12.5

12.5

12.5
12.5

37.5

37.5

37.5

25

25

25

100 20 30 40 50 60

Patients, %

Cohort 1A

77.8
55.6

33.3

22.2

22.2
77.8

11.1

11.1

11.1
11.1

11.1

100 20 30 40

Patients, %

50 60 70 80

Keratoacanthomac

Endocrinopathiesb

Rashb

Bleeding eventsa

Anemiaa

Cohort 1B

Stomatitis

Diarrhea

Gingival bleeding

Lipase increased

Pruritis

Rash maculopapular

Anemia

Amylase increased

22.2

33.3

33.3

33.3

33.3

33.3

11.1
11.1

22.2
11.1

55.6

100 20 30 40 50 60

Patients, %

Cohort 1B

62.5

62.5

25

12.5

12.5

50

Keratoacanthomac

Rashb

Bleeding eventsa

Anemiaa

100 20 30 40 50 60 70 80

Patients, %

Cohort 2

Diarrhea

Gingival bleeding

Lipase increased

Pruritis

Rash maculopapular

Anemia

Amylase increased 12.5

12.5

25

12.5

12.5

12.5
12.5

12.5
37.5

100 20 30 40 50 60

Patients, %

Cohort 2

Any grade
Grade ≥ 3
Grade ≥ 4

Figure 2.

Bintrafusp alfa-related AEs occurring in ≥20% of patients (A) and AESIs (B). aBintrafusp alfa–related AE. birAE related or unrelated to bintrafusp alfa and/or other
study drugs. cTGFb inhibition–mediated skin AE related or unrelated to bintrafusp alfa and/or other study drugs.
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AEs occurred in 1 patient in Cohorts 1B and 2 (11.1% and 12.5%,
respectively) and was keratoacanthoma in both.

Efficacy
Exploratory endpoints included evaluation of efficacy (ORR, DOR,

OS, and PFS); DCR was also analyzed. ORR was 75.0% (95% CI, 34.9–
96.8), 44.4% (95% CI, 13.7–78.8), and 62.5% (95% CI, 24.5–91.5) in
Cohort 1A, Cohort 1B, and Cohort 2, respectively (Table 2; Supple-
mentary Figs. S1A, S1B, and S2); DCR was 87.5% (95% CI, 47.3–99.7),
66.7% (95% CI, 29.9–92.5), and 62.5% (95% CI, 24.5–91.5), respec-
tively. Median DORwas 7.4months [95%CI, 4.2– not evaluable (NE)]
in Cohort 1A and not reached in Cohort 1B and Cohort 2. DOR rate at
6months was 66.7% (95%CI, 19.5–90.4) in Cohort 1A and 100% (95%
CI, 100.0–100.0) in Cohorts 1B and 2. At data cutoff, 2/6 (33%), 1/4
(25%), and 3/5 (60%) responders had ongoing responses in Cohorts
1A, 1B, and 2, respectively.

At data cutoff, median OS was not reached in Cohorts 1A or 1B
(Fig. 3A); OS rate at 12 months was 75.0% (95% CI, 31.5–93.1) and
76.2% (95% CI, 33.2–93.5) in Cohorts 1A and 1B, respectively. Median
PFS was 12.4 months (95% CI, 6.2–NE) and 12.4 months (95% CI, 1.4–
NE) in Cohorts 1A and 1B, respectively (Fig. 3B), and the PFS rate at
12 months was 57.1% (95% CI, 17.2–83.7) and 63.5% (95% CI, 23.8–
86.6) in each cohort. Median OS and PFS were not reached in Cohort 2
(Fig. 4A and B). In Cohort 2, the OS and PFS rates at 12 months were
100% (95%CI, 100.0–100.0)and83.3%(95%CI, 27.3–97.5), respectively.

Pharmacokinetic profile
The pharmacokinetic profile was assessed in 7 patients in Cohort 1A,

8 inCohort 1B, and 2 inCohort 2 at Cycle 1 up to the 504-hour (21 days)
sampling timepoint and at day 43. Following a single dose, the geometric
mean AUC0–504 reached 159,000 mg*hour/mL [32.2% coefficient of
variation (CV)], and the geometric mean concentration at end of
infusion (Ceoi) was 849 mg/mL (17.0% CV). Overall, observed exposure
ranges were consistent with those predicted using the phase I popPK
model, developed with monotherapy data (23). The pharmacokinetic
parameters following a single dose are shown in Supplementary
Table S4, and individual exposures at day 1 are shown in Supplementary
Fig. S3. The target concentration at the end of dosing interval (geometric
mean Ctrough of >100 mg/mL) was achieved by day 43.

Discussion
Bintrafusp alfa demonstrated a manageable safety profile with

chemotherapy with or without bevacizumab in patients with per-
sistent, recurrent, or metastatic cervical cancer and with concurrent

chemoradiotherapy in patients with locally advanced cervical can-
cer. There were no new safety signals and no treatment-related
deaths. The ORR with bintrafusp alfa was 75.0%, 44.4%, and 62.5%
for Cohorts 1A, 1B, and 2, respectively. Median OS was not reached
in the three cohorts and median PFS was 12.4 months, 12.4 months,
and not reached in Cohorts 1A, 1B, and 2, respectively.

Bintrafusp alfa in combination with platinum-based chemotherapy
has shown clinical activity in patients with locally advanced or
persistent, recurrent, or metastatic cervical cancer. This study dem-
onstrated efficacy outcomes with bintrafusp alfa that are in line with
historical data in these settings, with observed ORRs of 44.4%–75.0%,
median PFS of 12.4 months–not reached, and median OS not reached
across all cohorts. We would note that the follow-up duration was too
short to provide a meaningful comparison for PFS and OS, but this
does help to establish the clinical activity of bintrafusp alfa in locally
advanced or persistent, recurrent, or metastatic cervical cancer.

Regarding the frontline setting, the phase III KEYNOTE-826 trial
(NCT03635567) showed that the addition of pembrolizumab to
chemotherapy, with or without bevacizumab, improved clinical out-
come in patients with persistent, recurrent, or metastatic cervical
cancer compared with those who received chemotherapy with or
without bevacizumab (ORR 66% vs. 51% for intention-to-treat pop-
ulation; median PFS 10.4 vs. 8.1 months; and median OS 29.6 vs.
17.4 months) for the CPS ≥ 10 group (11, 12). Moreover, clinical
benefit was observed in the pembrolizumab þ chemotherapy arm
compared with the placebo þ chemotherapy arm, regardless of
bevacizumab use (11, 12).

In the CheckMate 358 study (NCT02488759), nivolumab, an anti-
PD-1 antibody, was studied in combination with ipilimumab, an anti–
CTL-associated antigen-4 (CTLA-4) antibody, for patients with recur-
rent or metastatic cervical cancer. An interim analysis of patients
without prior systemic therapy found themedianPFS tobe 13.8months
and 8.5 months with nivolumab every 2 weeks plus ipilimumab every
6 weeks and nivolumab plus ipilimumab every 3 weeks for four doses
followed by nivolumab every 2 weeks, respectively. Median OS was not
reached for either cohort after a median follow-up of 10.7 months and
13.9 months, respectively (24). Several ongoing clinical trials are
studying immune checkpoint inhibitors in the frontline setting for
recurrent or metastatic cervical cancers, such as the FERMATA phase
III trial (anti-PD-1 BCD-100 in combination with platinum-based
chemotherapy with and without bevacizumab, NCT03912415) and the
BEATcc phase III trial (platinum chemotherapy plus paclitaxel with
bevacizumab and anti-PD-L1 atezolizumab, NCT03556839); results
from these trials will help determine the potential benefits of these
newer immune checkpoint inhibitors in this setting (25).

Table 2. Tumor response.

Cohort 1A Cohort 1B Cohort 2
n ¼ 8 n ¼ 9 n ¼ 8

Best overall response, n (%)
Complete response 1 (12.5) 2 (22.2) 3 (37.5)
Partial response 5 (62.5) 2 (22.2) 2 (25.0)
Stable disease 1 (12.5) 2 (22.2) 0 (0.0)
Progressive disease 0 (0.0) 2 (22.2) 1 (12.5)
Not evaluable 1 (12.5) 1 (11.1) 2 (25.0)

Confirmed ORR, % (95% CI) 75.0 (34.9–96.8) 44.4 (13.7–78.8) 62.5 (24.5–91.5)
Confirmed DCR, % (95% CI) 87.5 (47.3–99.7) 66.7 (29.9–92.5) 62.5 (24.5–91.5)
Median DOR, % (95% CI) 7.4 (4.2–NR) NR (10.4–NR) NR (NR–NR)

Abbreviations: CI, confidence interval; DCR, disease control rate; DOR, duration of response; NR, not reached; ORR, objective response rate.
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In patients with locally advanced cervical cancer, the phase III
OUTBACK trial (NCT01414608) found that the addition of adjuvant
chemotherapy to chemoradiation did not significantly improve OS or
PFS over chemoradiation alone (5-year OS rate 72% vs. 71%, respec-
tively, HR: 0.90; 95% CI, 0.70–1.17; P ¼ 0.81; 5-year PFS rate 63% vs.
62%, respectively, HR: 0.86; 95% CI, 0.69–1.08; P¼ 0.58), highlighting
the unmet need in patients with locally advanced cervical cancer (6).

In another recent trial in patients with locally advanced cervical
cancer, the phase III CALLA trial (NCT03830866) found that durva-
lumab plus chemoradiotherapy did not significantly improve PFS over
placebo plus chemoradiotherapy (24-month PFS rate 65.9% vs. 62.1%,
respectively, HR: 0.84; 95% CI, 0.65–1.08; P ¼ 0.174; ORR 82.6% vs.
80.5%, respectively; ref. 5). However, the phase III KEYNOTE-
A18/ENGOT-cx11/GOG-3047 trial (chemoradiotherapy with or
without pembrolizumab; NCT04221945) met its primary endpoint

of significantly superior PFS for the chemotherapyþ pembrolizumab
arm versus chemotherapy alone at an interim analysis (9). Results are
pending from other ongoing trials in patients with locally advanced
cervical cancer, such as the phase II ATEZOLACC trial (for atezoli-
zumab; NCT03612791) and the phase II ATOMICC trial [anti-PD-1
dostarlimab (TSR-042) as maintenance therapy for patients at high
risk after chemoradiation; NCT03833479; ref. 25]. The results from
these studies will help define the role of immunotherapy in the
management of patients with locally advanced cervical cancer. Simul-
taneous blockade of complementary immunosuppressive pathways
such as the TGFb pathway [which leads to resistance to anti-PD-(L)1
immunotherapy) alongwith the PD-L1 pathwaymay also have clinical
potential in these patients. The manageable safety of bintrafusp alfa
demonstrated in this study warrants further exploration of these dual-
targeted therapies.

B

A

20 531
0

No. at risk
Cohort 1A
Cohort 1B

No. of events
Median, months
95% CI

2
NE

Cohort 1B
(n = 9)

3.2-NE

2
NE

Cohort 1A
(n = 8)

7.4-NE

90

80

70

60

50

40

30

20

10

100

64 8 97
Months

O
S,

 %

1110 12 1413 15 1716 18

0147888
0357899

20 531
0

No. at risk
Cohort 1A
Cohort 1B

No. of events
Median, months
95% CI

5
12.4

Cohort 1B
(n = 9)

1.4-NE

4
12.4

Cohort 1A
(n = 8)

6.2-NE

90

80

70

60

50

40

30

20

10

100

64 8 97
Months

PF
S,

 %

1110 12 1413 15 1716 18

0124778
0033669

Figure 3.

OS (A) and PFS (B) for Cohort 1A and Cohort 1B. NE, not evaluable; OS, overall survival; PFS, progression-free survival.
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Further studies are also necessary to better understand the perfor-
mance of immune checkpoint inhibitors in the subgroup of patients
with CPS <1% in the recurrent/metastatic setting. Bintrafusp alfa may
represent an attractive therapeutic approach to overcome the immu-
nosuppressive tumormicroenvironment with scarce T-cell infiltration
that characterizes this particular subgroup of patients with CPS <1%.
Further investigations are also needed to investigate the efficacy and
safety of bintrafusp alfa in the post-immunotherapy setting.

Overall, observed exposure ranges in this study were consistent with
those predicted using the phase I popPK model, which was developed
based on monotherapy data (23, 26). In addition, pharmacokinetic
profiles were similar with and without bevacizumab, confirming low
victim drug–drug interaction potential for bintrafusp alfa with small-

molecule drugs and protein therapeutics, which support identical
dosing regimen for all cohorts used in this study (27). The target
Ctrough associated with target occupancy for all four targets of bin-
trafusp alfa (TGFb1, TGFb2, TGFb3, and PD-L1; ref. 23) has been
reached in this study, similar to other studies with bintrafusp alfa. The
previous report also suggested a lowperpetrator drug–drug interaction
potential of bintrafusp alfa toward substrates of CYP3A4 (27), which
includes chemotherapies (such as paclitaxel used in this study) and
commonly used concomitant medications.

The incidence of bleeding AEs in this study was relatively high
(75.0%, 77.8%, and 62.5% for Cohorts 1A, 1B, and 2, respectively),
consistent with the previously reported association between the cervical
cancer type and probability of bleeding (28). The higher incidence of
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OS (A) and PFS (B) for Cohort 2. NE, not evaluable; OS, overall survival; PFS, progression-free survival.
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bleeding events observed with bintrafusp alfa in the current study has
been seen in other clinical studies of bintrafusp alfa as well, in which a
higher frequency of low-grade bleeding events has been observed than
with immune checkpoint inhibitors or targeted agents (29–31). More-
over, exposure-safety relationship for bleeding AEs was established in
previous studies and this analysis suggested that the cervical cancer
tumor type was associated with a higher probability of AEs in addition
to exposure (31). Mechanistically, the association of TGFb inhibition
with bleeding events may be related to the inhibition of the TGFb2
isoform, a hematopoietic regulator (31). As bintrafusp alfa has a higher
affinity for the TGFb1 andTGFb3 isoforms (23), dose reductionmay be
a feasible management approach to reduce the probability of bleeding
events while retaining pharmacologic activity (31).

Also, because bintrafusp alfa was combined with bevacizumab (and
bleeding is a known AE with this antiangiogenic agent), there was a
possibility of additive toxicity of the two drugs. However, the bleeding
events in the bintrafusp alfaþ chemotherapy arm were similar to those
in the bintrafusp þ chemotherapy þ bevacizumab arm in this study.
Other clinical studies that combine blockade of VEGF/VEGFR, TGFb,
and PD-L1 have also not demonstrated an additive toxicity with anti-
VEGF/VEGFR and anti-TGFb agents (32). However, this should be
interpreted with caution due to the small number of patients, lack of
randomized clinical trials, and limited published data on the combina-
tion of these two agents. The clinical activity seen with bintrafusp alfa, in
combination with bevacizumab without additive toxicity, suggests that
perhaps the colocalized inhibition of TGFb and PD-L1 is not poten-
tiating the antiangiogenic activity of bevacizumab, but is instead result-
ing in effects within the tumor microenvironment (33).

Limitations of this study include its open-label design, which may
have influenced investigators’ judgment in evaluating safety events and
treatment discontinuation, the small number of patients, and the
absence of a comparator arm.

Conclusion
In conclusion, this phase I study of bintrafusp alfa identified no new

safety signals with first-line bintrafusp alfa plus chemotherapy with or
without bevacizumab in patients with persistent, recurrent, or met-
astatic cervical cancer or bintrafusp alfa plus chemoradiotherapy in
locally advanced cervical cancer. Despite this being a phase Ib clinical
trial with a small sample size, bintrafusp alfa was efficacious in this
patient population. The clinical activity observed here may reflect the
underlying role of TGFb in the pathophysiology of cervical cancer,
particularly the relationship betweenHPV, TGFb, and cervical cancer.
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