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ORIGINAL RESEARCH
PF-06952229, a selective TGF-b-R1 inhibitor: preclinical development and a
first-in-human, phase I, dose-escalation study in advanced solid tumors
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Background: PF-06952229 is a selective small-molecule inhibitor of transforming growth factor-b (TGF-b) receptor 1.
We evaluated its antitumor activity in preclinical studies and its safety, tolerability, pharmacokinetics, and
pharmacodynamics in a phase I study (NCT03685591).
Patients and methods: In vitro and in vivo preclinical studies were conducted. Patients (aged �18 years) received PF-
06952229 monotherapy [20-500 mg, oral b.i.d., 7 days on/7 days off, 28-day cycles, Part 1A (P1A)] for advanced/
metastatic solid tumors and combination therapy [250/375 mg with enzalutamide, Part 1B (P1B)] for metastatic
castration-resistant prostate cancer (mCRPC). Primary endpoints were dose-limiting toxicity (DLT), adverse events
(AEs), and laboratory abnormalities. Efficacy, pharmacokinetic parameters, and biomarker modulation were assessed.
Results: PF-06952229 showed activity in preclinical murine tumor models including pSMAD2 modulation in tumors. The
study (NCT03685591) enrolled 49 patients (P1A, n ¼ 42; P1B, n ¼ 7). DLTs were reported in 3/35 (8.6%) P1A patients
receiving PF-06952229 375 mg (anemia, intracranial tumor hemorrhage, and anemia and hypertension, all grade 3, n ¼ 1
each). The most frequent grade 3 treatment-related AEs (TRAEs) were alanine aminotransferase increased and anemia
(9.5% each). There were no grade 4-5 TRAEs. Plasma PF-06952229 exposures were dose proportional between 80 and
375 mg. Pharmacodynamic studies confirmed target modulation of pSMAD2/3 (peripheral monocytes). One P1A patient
with prostate cancer receiving PF-06952229 375 mg monotherapy achieved confirmed partial response (31-month
duration of response). A total of 8 patients (P1A, n ¼ 6; P1B, n ¼ 2) achieved stable disease.
Conclusions: Antitumor activity of PF-06952229 was observed in preclinical studies. PF-06952229 was generally well
tolerated with manageable toxicity; a small group of patients achieved durable responses and/or disease stabilization.
Key words: TGF-b-R1 inhibitor, advanced solid tumors, TGF-b signaling, epithelialemesenchymal transition, metastatic
castration-resistant prostate cancer
INTRODUCTION

Elevated transforming growth factor-b (TGF-b) expression
and activation of TGF-b receptor (TGF-b-R) intracellular
signaling are observed in multiple cancers.1 TGF-b pathway
activation in cancer cells can induce epitheliale
mesenchymal transition (EMT), which is linked to tumor
ondence to: Prof. Timothy A. Yap, The University of Texas MD
ancer Center, 1515 Holcombe Blvd., Unit 455, Houston, TX 77030,
1 713 563 1784
Yap@mdanderson.org (T. A. Yap).

on when the study was carried out.
29/© 2024 The Authors. Published by Elsevier Ltd on behalf of Eu-
iety for Medical Oncology. This is an open access article under the CC
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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cell evasion of immune surveillance and critical in the
transdifferentiation of solid tumors.2,3 High-level gene
expression of TGF-b signatures and EMT are found in can-
cers.4-8 TGF-b signaling is a key therapeutic target in cancer
medicine, and several inhibitors of TGF-b signaling have
been developed.9-12 Nevertheless, therapeutic targeting of
the TGF-b pathway has been severely limited by on-target
toxicities and the inability to identify clinical dosing regi-
mens that balance safety and efficacy.13-15

PF-06952229 is a selective, orally bioavailable, small-
molecule inhibitor of the serine/threonine kinase receptor
TGF-b receptor 1 (TGF-b-R1) with the potential for an
improved therapeutic index and a favorable safety profile
(M Guha et al., unpublished data).16 Here we describe the
ability of PF-06952229 to inhibit pSMAD2 in tumor and
https://doi.org/10.1016/j.esmoop.2024.103653 1
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immune cells resulting in dampening of TGF-b signaling and
reverse EMT in vitro, modulate the tumor immune micro-
environment, and have antitumor activity in mouse tumor
models. In the clinical study, we aimed to evaluate the
safety, tolerability, pharmacokinetics (PK), and pharmaco-
dynamics (PD) of PF-06952229 as a monotherapy to treat
patients diagnosed with advanced/metastatic solid tumors
and as a combination therapy with enzalutamide to treat
patients diagnosed with metastatic castration-resistant
prostate cancer (mCRPC).

PATIENTS AND METHODS

Study design

This was a phase I, open-label, multicenter, dose-escalation,
safety, tolerability, PK, and PD study (NCT03685591) of PF-
06952229 in previously treated patients with advanced/
metastatic cancers with high TGF-b signatures and EMT
expression. The study was designed to include dose-
escalation [Parts 1A (P1A; single-agent PF-06952229) and
1B (P1B; PF-06952229 combined with enzalutamide)] and
dose-expansion parts (Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2024.103653).

Tumor hemorrhage and other bleeding events were
identified as potential risks during study conduct (see ‘Re-
sults’ section), and the protocol was amended (1 year after
first patient first visit) to include increased baseline and on-
treatment monitoring of patients and added exclusion
criteria. On 28 September 2021, the study sponsor stopped
further enrollment owing to strategic considerations; we
did not initiate dose-expansion parts.

The protocol was approved by the institutional review
board or independent ethics committee. This study was
conducted in accordance with the Declaration of Helsinki
and International Council of Harmonisation Good Clinical
Practice Guidelines, and other applicable guidelines, laws,
and regulations. All participating patients signed informed
consent before enrollment.
Treatment

PF-06952229 was administered orally twice daily (b.i.d.)
7 days on/7 days off in 28-day cycles at 20, 40, 80, 150, 250,
375, and 500 mg in P1A. In P1B, PF-06952229 250 and
375 mg was given in combination with enzalutamide
[160 mg once daily (q.d.)]. On day 1 of cycles 1 and 2 (C1D1
and C2D1) in P1B, only a single dose of PF-06952229 was
given to evaluate PF-06952229 PK sampling up to 24 h (i.e.
predose on C1D2 and C2D2). Treatment continued for up to
2 years until disease progression, patient refusal, or unac-
ceptable toxicity, whichever occurred first.
Patient population

Eligible patients were adults (aged �18 years) with Eastern
Cooperative Oncology Group (ECOG) performance status
0 or 1; adequate renal, bone marrow, and liver function;
and archival (within 6 months of screening) tumor tissue
who were intolerant to standard treatment or resistant to
2 https://doi.org/10.1016/j.esmoop.2024.103653
standard therapy, or for whom no standard therapy was
available.

For P1A, eligible patients had histological or cytological
diagnosis of advanced/metastatic solid tumor. For mCRPC,
castration was defined as having a serum testosterone level
<50 ng/dl owing to medical or surgical castration. For P1B,
eligible patients had histological or cytological diagnosis of
mCRPC.

Patients who had other active malignancy (except for
adequately treated basal cell or squamous cell skin cancer
or carcinoma in situ) <3 years, radiation therapy <4 weeks,
last anticancer therapy (excluding hormonal therapy,
including investigational drugs) within 28 days (or 5
half-lives, whichever was shorter), or cardiovascular or
cerebrovascular events <6 months before study entry;
coagulopathy or arterio-venous malformations or aneu-
rysms; major surgery <4 weeks before first dose; inade-
quate heart function; hypersensitivity to active ingredient/
excipients of PF-06952229 or enzalutamide; or autoimmune
diseases were not eligible. Patients with a tumor that was
compressing or invading major blood vessels, a history of
clinically significant tumor bleeding, liver metastases >1 cm
or likely to bleed, and central nervous system metastases
were excluded in the amended protocol.

For P1B, patients who had current or prior treatment
with enzalutamide within 24 days before first dose were
excluded.
Endpoints and assessments

The primary endpoints were first-cycle dose-limiting toxicity
(DLT, definition given in Supplementary Material, available
at https://doi.org/10.1016/j.esmoop.2024.103653) in P1A
(PF-06952229 monotherapy) and P1B (PF-06952229 in
combination with enzalutamide in patients with mCRPC),
and adverse events (AEs) and laboratory abnormalities
graded using the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (CTCAE) v5.0.

Safety assessments included collection of AEs, serious
AEs (SAEs), vital signs and physical examination, electro-
cardiogram [ECG (12-lead)], and laboratory assessments
including pregnancy tests and concomitant treatments.

The efficacy endpoints included the rate of patients with
prostate cancer who achieved a decline in prostate-specific
antigen (PSA) of >50% from baseline (PSA50) and response
assessments based on Prostate Cancer Working Group 2
criteria for prostate cancer and RECIST v1.1 for other
tumors.

Disease assessments included computed tomography/
magnetic resonance imaging (MRI) scans. Tumor assess-
ments were carried out at screening and every 8 weeks
(�7 days) for the first year, then every 12 weeks (�7 days),
and at end of treatment (EOT). For patients with mCRPC,
bone scans were carried out every 8 weeks for the first
24 weeks, then every 12 weeks up to 2 years, and then
every 16-24 weeks (�14 days); PSA assessment was carried
out at screening; C1D1 (�14 days); C4D1, C7D1, C10D1, and
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every second (P1A) or third (P1B) cycle thereafter; and at
EOT.

PK parameters of PF-06952229 were analyzed using
validated analytical methods. See Supplementary Material,
available at https://doi.org/10.1016/j.esmoop.2024.
103653, for PK sampling.

Modulation of pSMAD2/3 in blood was assessed, as
SMAD2/3 are phosphorylated by TGF-b-R1, and pSMAD2
has been used as a responsive and predictive PD biomarker
of TGF-b-R1 inhibition.17,18 Sample collection timepoints
and methods of measuring pSMAD2/3 modulation from
peripheral monocytes are provided in Supplementary
Material, available at https://doi.org/10.1016/j.esmoop.
2024.103653.
Statistical analyses

Dose escalation in Part 1 started with an accelerated titra-
tion design19 followed by a standard escalation phase using
a modified target probability interval (mTPI) approach.20,21

During the accelerated phase, initial cohorts started with
one patient until the first instance of a first-cycle CTCAE
grade �2 toxicity. The maximum tolerated dose (MTD) was
defined as the highest dose yielding a target of w27.5%
probability of DLT considering the probability of DLT in the
interval (equivalence interval) of (22.5%, 32.5%). Approxi-
mately 6-12 patients were enrolled at a dose level that was
predicted to be the MTD as per the mTPI method. Only
patients enrolled under the amended protocol were
considered. The maximum sample size was approximately
40 patients for P1A and 20 patients for P1B.

Binary endpoints were summarized with descriptive sta-
tistics and the corresponding two-sided 95% confidence
intervals using an exact method; for continuous endpoints,
descriptive statistics were presented.
RESULTS

Preclinical findings

PF-06952229 is a potent, selective, small-molecule inhibitor
of TGF-b-R1, sparing TGF-b-R2, and has minimal activity
toward most of the human kinome when profiled in a
diverse 408-kinase panel of biochemical enzyme assays (M
Guha et al., unpublished data). The 50% inhibitive
concentration (IC50) for TGF-b-R1, activin A receptor type
1B, and mitogen-activated protein kinase 4 was 0.8, 3.1,
and 4.5 nM, respectively (Figure 1A). Methods for
preclinical investigation are provided in Supplementary
Material, available at https://doi.org/10.1016/j.esmoop.
2024.103653.

PF-06952229 inhibited TGF-b signaling and EMT in vitro.
PF-06952229 demonstrated potent inhibition of TGF-b-
stimulated phosphorylation of SMAD2 Ser465/467 by TGF-
b-R1 in tumor cells (mouse mammary 4T1 and human
breast carcinoma MDA-MB-231) and human immune cells
(primary human peripheral blood mononuclear cell; total
and unbound IC50: 46-151 and 17-56 nM). In expanded pan
Volume 9 - Issue 9 - 2024
T cells from a healthy human donor, PF-06952229 reversed
TGF-b-mediated suppression of interleukin 2 production
(dose-dependent), and the total and unbound half maximal
effective concentrations were 31 and 12 nM, respectively
(Table 1, Figure 1).

PF-06952229 demonstrated stronger inhibition of TGF-b
and EMT pathways when administered with enzalutamide
under androgen stimulation compared with either agent
alone. In the human prostate cancer cell line VCaP,
PF-06952229 potently inhibited TGF-b1-induced pSMAD2
independent of dihydrotestosterone, and blocked enzalu-
tamide induction of N-cadherin protein (without
dihydrotestosterone) or pSMAD2 (high-concentration dihy-
drotestosterone) (Figure 1D). RNA sequencing confirmed
PF-06952229 blocking enzalutamide-induced gene signa-
tures associated with TGF-b signaling and EMT under
androgen deprivation (Supplementary Figure S2, available
at https://doi.org/10.1016/j.esmoop.2024.103653). Using a
mouse prostate organoid model, PF-06952229 inhibited
pSMAD2 alone and with enzalutamide. In combination
therapy, PF-06952229 blocked enzalutamide induction of
pSMAD2 and the EMT markers vimentin and SNAI2; this
combination robustly inhibited an androgen receptor target
gene FKBP5 (Figure 1E).

PF-06952229 demonstrated antitumor activity in vivo. PF-
06952229 was evaluated in the 4T1 spontaneous metastatic
syngeneic mouse model to assess efficacy. PF-06952229
monotherapy at 30 mg/kg orally b.i.d. did not significantly
inhibit primary tumor growth but significantly reduced the
volume of lung metastatic lesions compared with vehicle
(P ¼ 0.0005) (Figure 1F).

PF-06952229 (oral suspension) at 10, 30, and 100 mg/kg
b.i.d. for 1 day (b.i.d.1) or 30 mg/kg for 6 days followed by
a single dose on day 7 (b.i.d.6 þ q.d.1) were given to
tumor-bearing (80-120 mm3) mice (4T1 model). Following
b.i.d.1 dosing, PF-06952229 time to maximum plasma
concentration (Tmax) was 1-3 h post-first dose; PF-
06952229 exposure increased with increasing dose.
Dose-dependent inhibition of pSMAD2 (normalized to
vehicle) was evident within 1 h, and maximum inhibition
was observed 3-8 h post-first dose. The average normalized
pSMAD2 inhibition over 0-8 h post-first dose was 23%,
63%, and 82%; and the maximum inhibition relative to
vehicle was 36%, 79%, and 93% for 10, 30, and 100 mg/kg,
respectively (Figure 1G).

Following b.i.d.6 þ q.d.1 dosing, no systemic accumula-
tion of PF-06952229 was observed. The average normalized
pSMAD2 inhibition 0-8 h post-final dose was 60%. The
maximum normalized pSMAD2 inhibition was 70% (at 3 h
postdose), and pSMAD2 inhibition at steady state for the
24-h period postdose was 42%, reflecting that the normal-
ized pSMAD2 inhibition returned to near baseline (15%) at
24 h postdose (Figure 1G).

PF-06952229 exhibited significant antitumor activity in
the MC38 model (M Guha et al., unpublished data). The
average pSMAD2 inhibition (normalized to vehicle) over
0-8 h post-first dose was 29%, 56%, and 64% for 10, 30, and
https://doi.org/10.1016/j.esmoop.2024.103653 3
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Figure 1. Preclinical findings of PF-06952229. (A) Structure and biochemical IC50 activity of PF-06952229. (B) Inhibition of cellular SMAD2 phosphorylation. (C)
Reversal of TGF-b-mediated IL-2 production in human T cells. (D) Inhibition of TGF-b signaling and enzalutamide-induced EMT in prostate cancer VCAP cell line (left)
and mouse prostate organoid culture (E). (F) In vivo efficacy in 4T1 metastatic models. (G) Plasma exposure and pSMAD2 inhibition in 4T1 tumor-bearing mice
following twice daily dosing for 6 days and one dose on day 7. (H) Ceff modeling based on MC38 (left) and 4T1 (right) models.
ACVR1B, activin A receptor type-1B; AR, androgen receptor; Cave, u, unbound average concentration; Ceff, efficacious concentration; Combo, Enza þ PF-2229 com-
bination therapy; CR, complete response; DHT, dihydrotestosterone; DMSO, dimethyl sulfoxide; EMT, epithelialemesenchymal transition; Enza, enzalutamide; MW,
molecular weight; IC50, 50% inhibitive concentration; IL-2, interleukin 2; PF-2229, PF-06952229; TGF, transforming growth factor; TGF-b-R1, transforming growth
factor-b receptor 1.
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100 mg/kg, respectively. PF-06952229 30 mg/kg b.i.d.
resulted in 86% tumor growth inhibition associated with
�70% complete response (CR) and significantly improved
survival (M Guha et al., unpublished data); therefore, the
efficacious concentration (Ceff) of PF-06952229 was
23 nM (Figure 1H, Supplementary Tables S1 and S2 and
Figure S3, available at https://doi.org/10.1016/j.esmoop.
2024.103653).

EMT signature inhibition and increase in interferon-g
signature in MC38 and 4T1 tumors were observed
(Supplementary Figure S4, available at https://doi.org/10.
1016/j.esmoop.2024.103653). PF-06952229 treatment
(30 mg/kg b.i.d. for 7 days, followed by a 4-day dose holiday
period) significantly increased tumor CD8þ cells and
4 https://doi.org/10.1016/j.esmoop.2024.103653
decreased immunosuppressive granulocyte myeloid-derived
suppressor cells and monocyte-derived suppressor cells
(Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2024.103653).

According to the predicted human PK parameters and the
unbound Ceff defined in the 4T1 and MC38 syngeneic tumor
models, the efficacious oral dose of PF-06952229 in humans
was projected to be 225 mg b.i.d. (Supplementary
Figure S5, available at https://doi.org/10.1016/j.esmoop.
2024.103653). Preclinical findings (Figure 1D and E,
Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2024.103653) formed the basis for further
investigation of PF-06952229 in combination with enzalu-
tamide in mCRPC.
Volume 9 - Issue 9 - 2024

https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653
https://doi.org/10.1016/j.esmoop.2024.103653


MC38 PF-2229 30 mg/kg monotherapy 
Maximal 7/10 CRs

R
es

po
ns

e
(%

)

Concentration (nM, free)

0.01
0

10

20

30

40

50

60

70

80

90

100

0.1 1.0 10.0 100 1000

In vitro pSMAD2
IC50 = 5.3 ± 0.9 nM

Ceff = 0.023 μM (Cave,u)

0.001

0.01

0 4 8 12 16 20 24

0 4 8 12 16 20 24

0 4 8 12 16 20 24

0 4 8 12 16 20 24

0 8 12 144156 168 180 192

144156 168 180 192

24

0 8 12 24

0.1

1

10

100

1000

P
la

sm
a

co
nc

, u
nb

ou
nd

(n
M

)

0.01

0.1

1

10

100

1000

P
la

sm
a

co
nc

, u
nb

ou
nd

(n
M

)

0.1

1

10

100

1000

P
la

sm
a

co
nc

, u
nb

ou
nd

(n
M

)

0

20

40

60

80

100

pS
M

A
D

2 
/ t

ot
al

S
M

A
D

2
(%

of
 v

eh
ic

le
)

0

20

40

60

80

100

pS
M

A
D

2 
/ t

ot
al

S
M

A
D

2
(%

of
 v

eh
ic

le
)

0

20

40

60

80

100

pS
M

A
D

2 
/ t

ot
al

S
M

A
D

2
(%

of
 v

eh
ic

le
)

Time (h)

Time (h)

Time (h)

Time (h)

Time (h)

Time (h)

10 mg/kg 30 mg/kg 100 mg/kg

F

G

H

Vehicle PF-06952229
(30 mg/kg)

Vehicle PF-06952229

0

20 000

40 000

60 000

80 000
P = 0.0005

Av
er

ag
e

ar
ea

of
 m

et
as

tic
 le

si
on

(μ
m

2 )

In vitro pSMAD2 (4T1)
IC50 = 10.3 ± 2.19 nM

IC50 = 8.1 ± 1.1 nM 
In vitro mouse splenocytes

Figure 1. Continued.
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Clinical findings

Patients. P1A enrolled 42 patients with advanced solid tu-
mors and P1B enrolled 7 patients with mCRPC. All 49 pa-
tients had �1 prior anticancer systemic therapyd21 (50%)
in P1A and 2 (28.6%) in P1B had �6, and 5 (71.4%) in P1B
had 3-5 (Table 2).
Volume 9 - Issue 9 - 2024
All enrolled patients were treated. The median (range)
duration of treatment was 2 (1-25) cycles of PF-06952229
monotherapy for P1A and 2 (1-7) cycles of PF-06952229
plus enzalutamide combination therapy for P1B. All pa-
tients discontinued the 2-year treatment phase. The most
common primary reason for study discontinuation
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Table 1. PF-06952229 pharmacological activity in vitro

Total drug Unbound druga n

IC50 for inhibition of SMAD2 phosphorylation in tumor cell lines and human
PBMC, nM
MDA-MB-231 46.09 � 2.05 17.28 � 0.77 3
4T1 66.73 � 11.52 25.02 � 4.32 3
Human PBMC 151.4 � 20.62 56.78 � 7.73 4

EC50 for reversal of TGF-b-mediated suppression of IL-2 production, nM
Human T cells 30.90 � 11.96 11.59 � 4.49 3

Values are presented as mean � standard deviation.
EC50, concentration corresponding to 50% of the maximum effect; FBS, fetal bovine
serum; IC50, 50% inhibitory concentration; IL-2, interleukin 2; PBMC, peripheral
blood mononuclear cells; TGF, transforming growth factor.
aUnbound IC50 or EC50 (IC50,u or EC50,u) concentrations were calculated using the
formula: IC50,u ¼ IC50 � fumedia or EC50,u ¼ EC50 � fumedia, where fumedia is the
unbound fraction in 10% FBS-containing media. The measured fumedia value for
PF-06952229 was 0.375.

ESMO Open T. A. Yap et al.
was disease progression [P1A: 17 (40.5%); P1B: 3 (42.9%)];
other reasons included global health deterioration, AEs
[P1A: 6 (14.3%); P1B: 2 (28.6%)], other, and patient
withdrawal.

Safety. All treated patients (49, 100%) had �1 all-causality
AE. Of 35 patients in P1A assessable for DLTs, 3 (8.6%)
experienced DLTs (all received PF-06952229 375 mg). One
patient had grade 3 anemia (days 28-41) leading to treat-
ment interruption. Another patient had grade 3 intracranial
tumor hemorrhage (days 7-19) leading to study withdrawal.
The third patient had grade 3 anemia (days 21-25) and
grade 3 hypertension (days 21-25) leading to study with-
drawal. No obvious bleeding was noted for these two pa-
tients with anemia. All patients recovered from the DLTs.
No DLTs were reported for P1B.

In P1A, 30 (71.4%) patients had treatment-related AEs
(TRAEs); the most frequent TRAEs (�20% of patients, all
grades) were alanine aminotransferase (ALT)/aspartate
aminotransferase (AST) increases (23.8% each). Overall, the
most frequent grade 3 TRAEs were ALT increased and anemia
(9.5% each), and no grade 4-5 TRAEs. Four (9.5%) patients had
treatment-related SAEs including anemia, hepatic hemorrhage,
hypotension, intracranial tumor hemorrhage, and pyrexia
(Table 3). Compared with other treatment cohorts, treatment-
related ALT/AST increases appeared to be more frequent in
the PF-06952229 375-mg (both: 6/17, 35.3%) and 500-mg
(both: 3/4, 75.0%) cohorts, and treatment-related nausea
(3/4, 75.0%) and headache (2/4, 50.0%) were more frequent
in the PF-06952229 500-mg cohort. See Supplementary
Material, available at https://doi.org/10.1016/j.esmoop.2024.
103653, for more information on ALT/AST increase. In P1B,
two (2/7, 28.6%) patients experienced TRAEs with most of the
TRAEs being grade 1-2; no SAEs were reported.

Tumor hemorrhage events were reported. In P1A, one
patient with metastatic pancreatic cancer and no known
liver conditions at baseline receiving PF-06952229 250 mg
had hepatic hemorrhage (grade 3, days 10-13, treatment-
related SAE). Another patient in the 375-mg cohort had
intracranial tumor hemorrhage (grade 3, days 7-19,
treatment-related SAE). In addition, one patient
(250-mg cohort) had treatment-related grade 1 epistaxis
6 https://doi.org/10.1016/j.esmoop.2024.103653
(days 15-26), and one patient (150-mg cohort) experienced
a non-treatment-related SAE of oral hemorrhage (grade 2,
days 41-46). These tumor hemorrhage events led to pro-
tocol amendment including updated exclusion criteria and
close on-treatment monitoring of patients. Details of these
bleeding events and the highlights of protocol changes are
provided in Supplementary Material, available at https://
doi.org/10.1016/j.esmoop.2024.103653.

After the protocol amendment, for P1A, epistaxis (one
patient, grade 1), gingival bleeding (one patient, grade 1),
hematuria (two patients, grades 1 and 2 each), hematem-
esis (one patient, grade 3, SAE), and laryngeal hemorrhage
(one patient, grade 3, SAE) were reported in the PF-
06952229 375-mg cohort; epistaxis, oral hemorrhage, and
hemorrhoidal hemorrhage (one patient each, all grade 1)
were reported in the PF-06952229 500-mg cohort. For P1B,
one patient (PF-06952229 250-mg plus enzalutamide
cohort) had grade 1 hematuria, and one patient (PF-
06952229 375-mg plus enzalutamide cohort) had grade 1
hematuria and rectal hemorrhage.

Overall, 11 (26.2%) patients in P1A experienced all-
causality anemia, 6 (14.3%) were grade 3 and none was
grades 4 or 5; 8 (19.0%) patients had treatment-related
anemia, 4 (9.5%) were grade 3. SAEs of anemia were re-
ported in two (4.8%) patients (one each in the PF-06952229
150- and 375-mg cohorts). Two (4.8%) patients discontinued
treatment due to treatment-related anemia, both in the PF-
06952229 375-mg cohort. Bleeding was reported in 4 of the
11 patients; 2 were non-treatment-related grade 1 epistaxis
(1 each in the PF-06952229 375-mg and 500-mg cohorts), 1
was non-treatment-related grade 1 hematuria (PF-
06952229 375 mg), and 1 was treatment-related grade 3
hepatic hemorrhage (PF-06952229 250 mg). For P1B, all-
causality anemia was reported in two (28.6%) patients,
one each received PF-06952229 250 mg plus enzalutamide
(grade 2) and PF-06952229 375 mg plus enzalutamide
(grade 1). Neither event was an SAE or treatment-related,
and neither patient had bleeding events.

No patients met Hy’s law criteria. No clinically meaningful
findings in the measurements of vital signs, ECGs, echo-
cardiograms, and ECOG performance status were observed.

PK and biomarker modulation. For P1A (Figure 2A),
following single doses (20-500 mg) on C1D1, PF-06952229
was rapidly absorbed across the dose levels except for the
40-mg dose (slightly delayed). PF-06952229 plasma expo-
sure (AUC0-6; AUC, area under the plasma concentration
versus time curve) on C1D1 increased in a less than dose-
proportional manner at 20-80 mg and 500 mg, and in a
dose-proportional manner at 80-375 mg. After multiple
dosing, PF-06952229 plasma exposure showed a similar
pattern. Rac,Cmax was <2.3 across all dose levels except for
the 150-mg dose (Rac,Cmax ¼ 2.949).

For P1B, PF-06952229 plasma exposure (AUCinf) after
multiple dosing with enzalutamide on C2D1 was w30%-
40% of that on C1D1 (Figure 2B).

Dose-dependent pSMAD2/3 inhibition (30%-94%)
was observed at 1-4 h after single and multiple doses of
Volume 9 - Issue 9 - 2024
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Table 2. Demographic and baseline characteristics

PF-06952229, mg Part 1A, PF-06952229 monotherapy Part 1B, PF-06952229 plus Enza

20 n ¼ 1 40 n ¼ 1 80 n ¼ 1 150 n ¼ 5 250 n ¼ 13 375 n ¼ 17 500 n ¼ 4 Total n ¼ 42 250 plus Enza n ¼ 4 375 plus Enza n ¼ 3 Total n ¼ 7

Age, years
18-44 0 0 0 0 1 (7.7) 0 0 1 (2.4) 0 0 0
45-64 0 0 0 2 (40.0) 2 (15.4) 7 (41.2) 0 11 (26.2) 3 (75.0) 1 (33.3) 4 (57.1)
�65 1 (100.0) 1 (100.0) 1 (100.0) 3 (60.0) 10 (76.9) 10 (58.8) 4 (100.0) 30 (71.4) 1 (25.0) 2 (66.7) 3 (42.9)
Mean (SD) 79 (d) 74 (d) 73 (d) 65.6 (8.9) 65.5 (12.9) 67.7 (9.4) 75.3 (2.5) 68.0 (10.2) 62.8 (6.0) 65.3 (6.4) 63.9 (5.8)
Median (range) 79 (79-79) 74 (74-74) 73 (73-73) 65 (53-75) 69 (26-76) 67 (54-88) 76 (72-78) 71 (26-88) 62 (57-71) 69 (58-69) 63 (57-71)

Sex
Male 1 (100.0) 1 (100.0) 1 (100.0) 4 (80.0) 10 (76.9) 16 (94.1) 4 (100.0) 37 (88.1) 4 (100.0) 3 (100.0) 7 (100.0)
Female 0 0 0 1 (20.0) 3 (23.1) 1 (5.9) 0 5 (11.9) 0 0 0

Race
White 1 (100.0) 1 (100.0) 1 (100.0) 4 (80.0) 11 (84.6) 14 (82.4) 3 (75.0) 35 (83.3) 3 (75.0) 2 (66.7) 5 (71.4)
Black or African American 0 0 0 1 (20.0) 0 1 (5.9) 0 2 (4.8) 1 (25.0) 1 (33.3) 2 (28.6)
Asian 0 0 0 0 0 2 (11.8) 0 2 (4.8) 0 0 0
Not reported 0 0 0 0 2 (15.4) 0 1 (25.0) 3 (7.1) 0 0 0

BMI (kg/m2), mean (SD) 25.5 (d) 28.4 (d) 28.4 (d) 27.7 (4.9) 28.3 (6.3) 29.5 (7.3) 28.0 (2.1) 28.6 (6.0) 33.9 (10.1) 26.4 (3.4) 30.7 (8.4)
Primary diagnosis
Breast cancer 0 0 0 0 1 (7.7) 0 0 1 (2.4) 0 0 0
Colorectal cancer 0 0 0 1 (20.0) 2 (15.4) 2 (11.8) 0 5 (11.9) 0 0 0
Mesothelioma 0 0 0 1 (20.0) 0 0 0 1 (2.4) 0 0 0
Pancreatic carcinoma 0 0 0 1 (20.0) 1 (7.7) 1 (5.9) 0 3 (7.1) 0 0 0
Prostate cancer 1 (100.0) 1 (100.0) 1 (100.0) 1 (20.0) 8 (61.5) 14 (82.4) 4 (100.0) 30 (71.4) 0 0 0
Prostate cancer metastatic 0 0 0 0 0 0 0 0 4 (100.0) 3 (100.0) 7 (100.0)
Squamous cell carcinoma of
head and neck

0 0 0 1 (20.0) 1 (7.7) 0 0 2 (4.8) 0 0 0

Extent of disease
Locally advanced 0 0 0 1 (20.0) 0 0 0 1 (2.4) 0 0 0
Metastatic 1 (100.0) 1 (100.0) 1 (100.0) 4 (80.0) 13 (100.0) 17 (100.0) 4 (100.0) 41 (97.6) 4 (100.0) 3 (100.0) 7 (100.0)

Prior anticancer treatment
�1 systemic therapy
Yes 1 (100.0) 1 (100.0) 1 (100.0) 5 (100.0) 13 (100.0) 17 (100.0) 4 (100.0) 42 (100.0) 4 (100.0) 3 (100.0) 7 (100.0)

�1 radiotherapy
Yes 1 (100.0) 0 1 (100.0) 3 (60.0) 9 (69.2) 11 (64.7) 1 (25.0) 26 (61.9) 3 (75.0) 2 (66.7) 5 (71.4)
No 0 1 (100.0) 0 2 (40.0) 4 (30.8) 6 (35.3) 3 (75.0) 16 (38.1) 1 (25.0) 1 (33.3) 2 (28.6)

�1 anticancer surgeries
Yes 1 (100.0) 0 1 (100.0) 3 (60.0) 13 (100.0) 16 (94.1) 4 (100.0) 38 (90.5) 4 (100.0) 1 (33.3) 5 (71.4)
No 0 1 (100.0) 0 2 (40.0) 0 1 (5.9) 0 4 (9.5) 0 2 (66.7) 2 (28.6)

Number of anticancer systemic
therapy regimens
Missing 0 0 0 0 0 0 0 0 0 0 0
1 0 1 (100.0) 0 1 (20.0) 0 0 0 2 (4.8) 0 0 0
2 0 0 0 1 (20.0) 0 1 (5.9) 1 (25.0) 3 (7.1) 0 0 0
3-5 0 0 0 1 (20.0) 7 (53.8) 8 (47.1) 0 16 (38.1) 2 (50.0) 3 (100.0) 5 (71.4)
�6 1 (100.0) 0 1 (100.0) 2 (40.0) 6 (46.2) 8 (47.1) 3 (75.0) 21 (50.0) 2 (50.0) 0 2 (28.6)
Median (range) 6.0 (6-6) 1.0 (1-1) 10.0 (10-10) 3.0 (1-10) 5.0 (3-20) 5.0 (2-9) 6.0 (2-8) 5.5 (1-20) 5.5 (3-6) 5.0 (3-5) 5.0 (3-6)

Values are presented as n (%) unless otherwise stated.
BMI, body mass index; Enza, enzalutamide; SD, standard deviation.
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Table 3. Most frequent (in ‡5% of patients) TRAEs and treatment-related SAEs in Part 1A

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

By preferred term
Most frequent TRAEs (�5% of patients)
With any adverse event (worst grade) 10 (23.8) 8 (19.0) 12 (28.6) 0 0 30 (71.4)
Alanine aminotransferase increased 4 (9.5) 2 (4.8) 4 (9.5) 0 0 10 (23.8)
Aspartate aminotransferase increased 6 (14.3) 4 (9.5) 0 0 0 10 (23.8)
Anemia 0 4 (9.5) 4 (9.5) 0 0 8 (19.0)
Nausea 4 (9.5) 3 (7.1) 0 0 0 7 (16.7)
Headache 5 (11.9) 1 (2.4) 0 0 0 6 (14.3)
Blood alkaline phosphatase increased 4 (9.5) 0 0 0 0 4 (9.5)
Decreased appetite 3 (7.1) 1 (2.4) 0 0 0 4 (9.5)
Fatigue 3 (7.1) 0 1 (2.4) 0 0 4 (9.5)
Vomiting 4 (9.5) 0 0 0 0 4 (9.5)
Diarrhea 3 (7.1) 0 0 0 0 3 (7.1)
Myalgia 2 (4.8) 1 (2.4) 0 0 0 3 (7.1)
Rash 3 (7.1) 0 0 0 0 3 (7.1)

Treatment-related SAEs
With any adverse event (worst grade) 0 0 4 (9.5) 0 0 4 (9.5)
Anemia 0 0 2 (4.8) 0 0 2 (4.8)
Hepatic hemorrhage 0 0 1 (2.4) 0 0 1 (2.4)
Hypotension 0 0 1 (2.4) 0 0 1 (2.4)
Intracranial tumor hemorrhage 0 0 1 (2.4) 0 0 1 (2.4)
Pyrexia 0 1 (2.4) 0 0 0 1 (2.4)

Values are presented as n (%) of patients.
SAE, serious adverse event; TRAE, treatment-related adverse event.
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150-500 mg PF-06952229 monotherapy, consistent with
the dose-dependent increase in exposure. The level of
pSMAD2/3 inhibition at PF-06952229 250 and 375 mg as
monotherapy and in combination with enzalutamide (53%-
81%) was in line with the 60%-70% inhibition that corre-
lated with antitumor activity/inhibition of lung metastasis in
mouse models. Nearly 90% inhibition of pSMAD2/3 was
achieved at PF-06952229 500 mg (Figure 2C and D).

Efficacy. In P1A, no patient achieved confirmed CR
(Supplementary Figure S6, available at https://doi.org/10.
1016/j.esmoop.2024.103653). One 70-year-old patient
with prostate cancer receiving PF-06952229 375 mg ach-
ieved confirmed partial response (PR) (duration of
response: 31 months). This patient had previously received
leuprorelin acetate, bicalutamide, docetaxel, enzalutamide,
abiraterone, avelumab, investigational drug/PT-112 (phos-
platin), and radium-223 dichloride; tumor genomic profiling
showed mutations in genes of the SMAD family (a frame-
shift deletion mutation and single-nucleotide variants)
including a loss-of-function mutation of SMAD4 and a
potentially loss-of-function frameshift deletion in the APC
gene (Supplementary Table S4, available at https://doi.org/
10.1016/j.esmoop.2024.103653). Six patients achieved sta-
ble disease (SD; evaluation time: 35-283 days): one with
squamous cell carcinoma of head and neck receiving PF-
06952229 150 mg and five with prostate cancer receiving
PF-06952229 250 (n ¼ 1), 375 (n ¼ 3), and 500 mg (n ¼ 1).
All six patients achieved SD for target response with absent
morphologic response when new lesion progression was
assessed (Supplementary Figure S7, available at https://doi.
org/10.1016/j.esmoop.2024.103653).

In P1B, no patients achieved confirmed CR or PR. Two
patients achieved SD (evaluation time: 55 and 124 days),
8 https://doi.org/10.1016/j.esmoop.2024.103653
and both were treated with PF-06952229 250 mg plus
enzalutamide.

PSA response was evaluated in 30 patients with prostate
cancer in P1A; 2 had confirmed PSA50 response and both
received PF-06952229 375 mg. No PSA50 responses were
observed in P1B. In addition, one patient receiving
PF-06952229 250 mg monotherapy had a 48.9% decrease
and one receiving PF-06952229 250 mg plus enzalutamide
had a 45.9% decrease in PSA.
DISCUSSION

The in vitro data generated in both human and mouse
prostate models confirm the ability of PF-06952229 to
modulate TGF-b signaling and EMT in prostate cancer tissue
and provide support for the combination of PF-06952229
with enzalutamide. In this clinical study, efficacy was
demonstrated by preliminary antitumor activity in patients
with mCRPC treated with PF-06952229 monotherapy and
when combined with enzalutamide. In particular, one pa-
tient with mCRPC treated with PF-06952229 at 375 mg
monotherapy achieved a confirmed RECIST v1.1 PR and a
long duration of response (31 months), while two patients
had confirmed PSA50 responses, also in the PF-06952229
375-mg monotherapy cohort. The only patient with dura-
ble response had a SMAD4 frameshift deletion mutation
(G386fs) and missense mutations of SMAD2 (T324M) and
SMAD3 (R14C; S311L) in the tumor (Supplementary
Table S4, available at https://doi.org/10.1016/j.esmoop.
2024.103653). This case suggests a potential synthetic
lethality mechanism; when TGF-beSMAD4 signaling is
compromised, cancer cells may be more vulnerable toward
TGF-b inhibition.22
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Figure 2. PK and biomarker modulation in humans. (A) Concentrationetime profiles of PF-06952229 as monotherapy after first and multiple doses. (B) Effect of
multiple-dose enzalutamide on PF-0695229 exposure due to CYP3A-mediated drugedrug interactions. (C) Biomarker (pSMAD2/3) modulation from peripheral
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In this study, clinical activity of PF-06952229 was
observed but limited. While single-agent activity was
demonstrated in nonclinical models (MC38 and 4T1), and
>60% pSMAD2/3 inhibition was observed at doses
�250 mg, this exposure was not sufficient to lead to robust
clinical responses or PSA responses in patients with mCRPC,
who represented most patients enrolled in this clinical
study. The reasons for this may include the inability to
continue to dose escalate beyond the highest tested dose
owing to elevations in liver function tests (LFTs), the on-off
nature of dosing or limitations of TGF-b pathway inhibition
alone for detecting a clinical or biochemical response in the
context of heavily pretreated patients that is typical of a
phase I study, or the lack of a robust predictive biomarker
for TGF-b inhibitors.
Volume 9 - Issue 9 - 2024
Tumor hemorrhage and anemia (most patients with
anemia did not report bleeding) were noted as potential
risks for PF-06952229 during this study. Owing to emerging
data on tumor hemorrhagic AEs, the study protocol was
updated 1 year after first enrollment. Consequently, pa-
tients were not eligible if they had tumors compressing or
invading major blood vessels, a history of clinically signifi-
cant bleeding, liver metastases >1 cm or being likely to
bleed, or central nervous system metastases. MRI brain
scans were added at screening and every 8 weeks, the tu-
mor assessment schedule for all patients was adjusted to
every 8 weeks, and treatment discontinuation was required
if hemorrhages occurred during the study. Notably, in
nonclinical toxicology studies, PF-06952229 did not
decrease platelet counts or inhibit the coagulation pathway
https://doi.org/10.1016/j.esmoop.2024.103653 9
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and showed no hemorrhagic effects at the doses evaluated
(the AUCunbound in rat and monkey models was 2.8 and
7.3 times higher than the exposure in the patient with the
intracranial hemorrhage, respectively). Bleeding (including
intratumoral bleeding) has been observed in clinical studies
of other TGF-b inhibitors including fresolimumab and bin-
trafusp alfa.23-25 TGF-b is found to be angiogenic and
angiostatic for different tumors and at different tumor
stages.26,27 Knockout studies in mice of various components
of the TGF-b signaling pathway demonstrated impaired
vascular development including dilated and leaky blood
vessels.28,29 Further preclinical studies suggested that the
effects of TGF-b receptor signaling inhibition on tumor
neovasculogenesis are influenced by the tumor model and
origin and may not be generalizable across all tumors.30

Therefore, the impact of PF-06952229 on tumor blood
vessel architecture may be context-dependent, relying on
the tissue of origin and the tumor microenvironment.

AST and ALT increases were also identified as drug-
related toxicities for PF-06952229 with a significant
exposureeresponse relationship observed across the dose
levels evaluated (up to 500 mg). In repeat-dose toxicity
studies in rats (M Guha et al., unpublished data), minimal to
slight hepatocellular hemorrhage, necrosis, mixed cell
inflammation in the liver, and ALT increases (�1.94-fold)
were observed at PF-06952229 doses �20 mg/kg b.i.d.
(corresponding to a human equivalent dose of 194 mg
b.i.d.). The LFT increases in patients could potentially be a
result of the direct effects of PF-06952229 on the liver.
However, given the incidence of LFT increases, other con-
founding individual patient characteristics cannot be ruled
out. Nevertheless, other small-molecule inhibitors of TGF-b-
R1 kinase (galunisertib, LY3200882, vactosertib) have
interestingly not demonstrated severe LFT elevations at the
dose levels evaluated in the clinic.31-33

Over the past decade, different approaches have been
used to target the TGF-b pathway34,35 with limited success
in clinical development across various tumors. The pleio-
tropic nature of this cytokine, context-dependent local
mechanism of action, and roles that span from tumor
suppressor to tumor promotor across the stages of
carcinogenesis present multiple challenges. Alternative ap-
proaches being explored in the clinic include the Golgi-
associated retrograde protein (GARP) complex antibodies
that inhibit the release of active TGF-b (e.g. anti-GARP
monoclonal antibody ABBV-15136) and avb8 antagonist of
integrin PF-06940434.37 Other approaches include anti-
sense oligonucleotides targeting the TGF-b pathway (e.g.
AP12009,38 ISTH0047,39 NVP-1340) and vaccine-based
agents modulating TGF-b signaling (e.g. gemogenovatucel-
T,41,42 tecemotide, GVAX, belagenpumatucel-L34,35,43).

PD analysis confirmed dose-dependent pSMAD2/3 inhi-
bition in periphery monocytes at various PF-06952229 dose
levels (e.g. 75% inhibition of pSMAD2/3 at PF-06952229
375 mg), which confirmed the potent inhibition of TGF-b
signaling of PF-06952229 in patients, at least in the pe-
riphery. Such observations have not been reported for other
small-molecule TGF-b-R inhibitors. However, in combination
10 https://doi.org/10.1016/j.esmoop.2024.103653
with enzalutamide, decreased plasma exposure AUC and
increased clearance of PF-06952229 were observed. These
findings indicated the strong cytochrome P450 3A4
(CYP3A4) enzyme induction effect of coadministered
enzalutamide, a potent CYP3A4 enzyme inducer, on
PF-06952229. While >50% pSMAD2/3 inhibition was
observed in combination with enzalutamide (Figure 2D),
achieving PF-06952229 exposures adequate for sustained
response would require a dose higher than the potential
MTD as monotherapy, thereby creating a challenging clinical
development path ahead.

Conclusions

The antitumor activity of PF-06952229 was observed in
preclinical studies. In this phase I study in patients with
advanced or metastatic cancers enriched for mCRPC, PF-
06952229 showed an acceptable safety profile after pro-
tocol amendment at doses up to 375 mg, and a small group
of patients achieved durable radiological or biochemical
responses and/or disease stabilization. PK analysis found
that plasma PF-06952229 exposures were dose proportional
between 80 and 375 mg oral b.i.d., and PD studies in blood
confirmed target modulation of pSMAD2/3. Although clin-
ical development of this investigational agent was dis-
continued for strategic reasons, the data provide useful
guidance for future development of related compounds.
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