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Abstract

Rationale: Idiopathic pulmonary fibrosis (IPF) is a chronic and
progressive disease characterized by dyspnea and loss of lung
function. Transforming growth factor-b (TGF-b) activation
mediated by av integrins is central to the pathogenesis of IPF.
Bexotegrast (PLN-74809) is an oral, once-daily, dual-selective
inhibitor of avb6 and avb1 integrins under investigation for the
treatment of IPF. Positron emission tomography (PET) using an
avb6-specific PET tracer could confirm target engagement of
bexotegrast in the lungs of participants with IPF.

Objectives: This Phase 2 study evaluated avb6 receptor occupancy
in the lung as assessed by changes from baseline in avb6 PET tracer
uptake, after single-dose administration of bexotegrast to participants
with IPF.

Methods: In this open-label, single-center study, adults with IPF
received up to two single doses of bexotegrast, ranging from 60 to
320 mg with or without background IPF therapy (pirfenidone or
nintedanib). At baseline and approximately 4 hours after each
orally administered bexotegrast dose, a 60-minute dynamic
PET–computed tomography scan was conducted after
administration of an avb6-specific PET probe ([18F]FP-R01-MG-
F2). avb6 receptor occupancy by bexotegrast was estimated from

the changes in PET tracer uptake after bexotegrast
administration. Pharmacokinetics, safety, and tolerability of
bexotegrast were also assessed.

Results: Eight participants completed the study. Total and
unbound plasma bexotegrast concentrations increased in a
dose-dependent manner, and regional PET volume of
distribution values decreased in a dose- and concentration-
dependent manner. The data for volume of distribution fit a
simple saturation model, producing an unbound bexotegrast
half maximal effective concentration estimate of 3.32 ng/ml.
Estimated maximum receptor occupancy was 35%, 53%, 71%,
88%, and 92% after single 60-, 80-, 120-, 240-, and 320-mg doses
of bexotegrast, respectively. No treatment-emergent adverse
events related to bexotegrast were reported.

Conclusions: Dose and concentration-dependent avb6 receptor
occupancy by bexotegrast was observed by PET imaging,
supporting once-daily 160- to 320-mg dosing to evaluate efficacy
in clinical trials of IPF.

Clinical trial registered with www.clinicaltrials.gov (NCT
04072315).
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Idiopathic pulmonary fibrosis (IPF) is a
chronic, progressive form of fibrotic
interstitial lung disease of unknown cause
(1, 2). IPF is characterized by cough and
dyspnea resulting from scarring of the lungs
caused by excessive extracellular matrix
deposition (1, 3–5). The prognosis of
patients with IPF is poor, with a median life
expectancy of approximately 3 to 4 years
after diagnosis (6, 7).

Transforming growth factor-b (TGF-b)
signaling activated by av integrins is a key
driver of fibrosis in the lungs (8–10).
Increased expression of integrins avb6 on
lung epithelial cells and avb1 on lung
fibroblasts activates latent TGF-b (10–13),
resulting in SMAD2/3 phosphorylation,
profibrotic gene expression, and collagen
deposition in the lungs (8, 12, 14). Elevated
levels of integrins avb6 and avb1 are
detectable in the lungs of patients with IPF
compared with the lungs of healthy people
(12, 15, 16). High levels of integrin avb6

detected within lung tissue biopsies (17) and
elevated integrin subunit b6 (ITGB6) in
plasma (18, 19) are also predictors of
worse prognosis for patients with IPF and
progressive fibrosing interstitial lung diseases.

TGF-b is involved in multiple different
biological functions, and its systemic
inhibition can lead to significant safety
concerns; as such, there is a need for IPF
therapies that inhibit TGF-b signaling
specifically at the site of fibrosis (20, 21).
Because avb6 and avb1 expression levels
closely accompany lung injury and
fibrogenesis (10, 13), it is proposed that
dual-selective inhibition of the avb6/avb1–
TGF-b axis may allow for a localized and,
therefore, potentially safer approach to
reducing TGF-b activation in the fibrotic lung.

Bexotegrast (PLN-74809) is an oral,
once-daily, dual-selective inhibitor of avb6

and avb1 integrins in development for the
treatment of IPF (12). In a Phase 2 study of
participants with IPF, bexotegrast showed a
favorable safety profile up to 40 weeks of
treatment and showed improved lung
function and antifibrotic effects based on
forced vital capacity (FVC), quantitative lung
fibrosis imaging, and circulating levels of
plasma ITGB6 and serum type III collagen
synthesis neoepitope (22).

An avb6 cystine knot peptide
radiotracer known as the Knottin tracer,
[18F]FP-R01-MG-F2, binds specifically to
avb6 and has been used to detect increased
avb6 expression by positron emission
tomography (PET) in the lungs of patients
with IPF (15). Noninvasive imaging studies of
bexotegrast binding to avb6 in fibrotic lungs
using this tracer could assist in dose selection
in future studies, verify access to integrin
targets with orally bioavailable agents in the
architecturally distorted parenchyma with
aberrant pulmonary vasculature in fibrotic
lung, and contribute to a comprehensive
understanding of receptor occupancy in IPF.

The objective of this Phase 2 study
was to evaluate avb6 receptor occupancy by
bexotegrast in the lungs of participants with
IPF, as assessed by changes from baseline in
avb6 PET tracer uptake after a single dose
of bexotegrast. The safety, tolerability, and
pharmacokinetics (PK) of bexotegrast were
also explored. Our hypothesis was that
bexotegrast and the [18F]FP-R01-MG-F2
radiotracer bind to the same target in the
fibrotic lung and that PET imaging with
this radiotracer will noninvasively visualize
disease-related receptors and quantify
receptor occupancy by bexotegrast in
participants with IPF.

A portion of the results of these studies
have been previously published in the form
of abstracts (23, 24).

Methods

Study Population
This Phase 2 open-label, single-site study
(ClinicalTrials.gov ID: NCT 04072315,
PLN-74809-IPF-201) was conducted at
Stanford University. The study enrolled
participants ages 40 years and older with
a diagnosis of IPF within 8 years before
screening, according to the Fleischner Society
White Paper criteria (25), with high-resolution
computed tomography (CT) imaging
showing a typical or probable usual
interstitial pneumonia pattern, FVC percent
predicted>45%, and diffusing capacity
of the lung for carbon monoxide (DLCO)
adjusted for hemoglobin values>30%.
Background therapy for IPF with pirfenidone
or nintedanib was permitted, provided that
these drugs had been given at a stable dose
for 3 months or more before screening.
Key exclusion criteria included receiving
any nonapproved agent intended for the
treatment of pulmonary fibrosis or IPF,
the presence of airway obstruction (ratio
,0.7 for forced expiratory volume during
1 second divided by FVC), and known acute
IPF exacerbation or suspicion of such within
6 months of screening.

All eligible participants were enrolled
in the study and included in the intention to
treat (ITT) population. All participants who
received at least one dose of bexotegrast
were included in the safety population. All
participants dosed with a baseline PET scan
and at least one postbaseline PET scan were
included in the modified ITT (mITT)
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population. The mITT population was used
to assess the primary objective of the study.
All participants who received at least one
dose of bexotegrast and had any measurable
bexotegrast concentration data were
included in the PK concentration population,
and all participants who had sufficient
bexotegrast concentration data for PK
calculation were included in the PK analysis
population.

Study Design
All participants received up to two single oral
doses of bexotegrast as a 60-mg oral solution
or as an 80-, 120-, 240-, or 320-mg tablet
formulation. The planned bexotegrast
single doses for this study were selected to
approximate steady-state concentrations
achieved by daily doses in the Phase 2
INTEGRIS-IPF study (PLN-74809-IPF-202;
NCT 04396756) (22).

Participants underwent dynamic PET
scans for 60 minutes at baseline (Day27)
and on the day of bexotegrast dosing (Day 1)
(Figure 1) after administration of [18F]FP-
R01-MG-F2 for the evaluation of avb6

receptor occupancy by bexotegrast.
Participants were injected with 277.5 MBq
(7.5 mCi6 20%) of [18F]FP-R01-MG-F2.
Postdose imaging for the assessment of
avb6 receptor occupancy was performed
to coincide with the anticipated time
to maximum observed bexotegrast
concentration, approximately 4 hours
after administration. PET data were assessed
using tracer kinetic models, described in the
following text, to determine the total volume
of distribution (VT) in regions of interest
(ROIs) within the lung.

After a>14-day washout period,
participants could receive a second single
bexotegrast dose at a different dose level. If a
participant received two single doses, only
one baseline predose PET scan was obtained.
No more than three PET scans (one at
baseline plus one or two post-dosing scans)
were obtained for any participant.

This study was conducted in accordance
with the study protocol, the Declaration of
Helsinki, and the International Council on
Harmonisation Good Clinical Practice
regulations. The study was approved by
the institutional review board of Stanford
University. All participants provided written
informed consent.

Study Objectives
The primary objective was to evaluate avb6

receptor occupancy by bexotegrast as
assessed by changes from baseline in
[18F]FP-R01-MG-F2 radiotracer uptake in
the lung after a single dose of bexotegrast.
Secondary objectives included the assessment
of safety and tolerability of bexotegrast in
participants, as assessed by incidence and
severity of treatment-emergent adverse
events (TEAEs), as well as clinical safety
laboratory measures, vital signs, and
electrocardiogrammeasures. Exploratory
endpoints included evaluating the
relationship between bexotegrast plasma
concentration and PET imaging parameters,
changes in VT from baseline after single
doses of bexotegrast, and determination
of the unbound plasma concentration of
bexotegrast that corresponds to 50% of
maximal change (EC50) in VT.

PK Assessments
Bexotegrast plasma PK samples were obtained
predose and at 0.5, 1, 2, 3, 4, and 24 hours
postdose for determination of total and
unbound bexotegrast concentrations.
(For details of PK assessments, see the
SUPPLEMENTALMETHODS in the data supplement.)

Image and Data Analysis
PET image processing was performed using
Invicro’s VivoQuant 2020 software. PET
data modeling was performed using Invicro’s
in-houseMIAKAT software package (Version
4.3.25). MIAKAT is implemented using
MATLAB R2022a (TheMathworks Inc.).

ROIs selected for image processing
included the lungs, cardiac blood pool, and
erector spinae muscle. The muscle ROI was
defined as the reference region. Blood pool
and lung ROIs were used for modeling and
analysis. The muscle and cardiac blood pool
regions were delineated using fixed spheres
with radii of 4 and 5 voxels, respectively, in
Invicro’s VivoQuant software. Spheres were
placed manually using the CT scan for
anatomical reference. A semiautomated
method using customMATLAB scripts
was used for segmenting the lung ROIs.
Preliminary segmentation began by isolating
the body in the image from the bed and
background. The lungs were then identified
as the largest connected component of low
attenuation voxels in the body. Morphological
open and close operations were used to
capture higher attenuation tissue in the
lungs. A final quality control, including
manual review and editing, was performed
to complete the lung segmentations. The
segmentation derived from the CT scan was
then applied to the PET image to generate
time-activity curves (TACs), normalized
in standardized uptake value, calculated as
radioactivity concentration (kilobecquerels
per cubic centimeter)/(radioactivity injected
[in megabecquerels] per kilogram of body
weight). The top 25th percentile of lung
signal at 60 minutes was automatically
identified and segmented into a separate
ROI (lung25). The lung25 and whole-lung
ROIs were used in the modeling and analysis.

Arterial Blood Data Processing
The cardiac blood pool region, defined as
the tracer radioactivity in the heart, was used
to derive an input function for the kinetic
models, assuming no metabolism of the
tracer and equal tracer concentration in
plasma and whole blood. The blood TAC
was smoothed postpeak using a triexponential
fit to give the required blood input function.

Figure 1. Study design. Participants could elect to receive a second, different dose of
bexotegrast after a 14-day washout period. Safety was evaluated through 7 (62) days after
dosing. CT=computed tomography; EOS=end of study; PET=positron emission tomography.

ORIGINAL RESEARCH

352 AnnalsATS Volume 22 Number 3 | March 2025



The resulting blood input function was used
as input for the kinetic modeling processes
described in the following text.

Kinetic Modeling
The derived tissue TACs were analyzed using
the one- and two-tissue compartment models
for reversible binding, with fitted blood
volume component (26). The aim of the
kinetic modeling process was to generate
regional estimates of the PET VT. Themost
appropriate model was selected as a balance
betweenmodel parsimony and goodness
of fit, assessed through visual inspection of
model fits to tissue TACs and parameters
such as the Akaike information criterion
and the coefficients of variation associated
with estimated VT values. VT values were
calculated for each participant, scan, and ROI.

Signal Change Evaluation
For each participant, the change in tracer
uptake after the administration of bexotegrast
was calculated from the regional VT estimates
to derive aDVT for each postdose scan (and
ROI) as Equation 1:

DVT %ð Þ5 100
VTbaseline 2VTpostdose

VTbaseline

 !
(1)

whereVTbaseline andVTpostdose are the VT values
calculated for the baseline and the postdose
scan, respectively. The muscle ROI was
included to assess its potential utility as a
reference region.

Analysis of the PK-VT Relationship
The PK-VT relationship in the study
population was explored by plotting the
VT values in lungs against the concentration
of unbound bexotegrast in plasma at the time
of the PET scan for all scans and participants.
These data were fitted with Equation 2:

VT 5VND 1Vs 12
Cp

Cp 1EC50

� �
(2)

where VND is the nondisplaceable volume of
distribution, VS is the specific volume of
distribution, Cp is the (measured) unbound
concentration in plasma of bexotegrast, and
EC50 is the plasma concentration of
bexotegrast that corresponds to 50%
maximal signal change at the time point
being studied. Once an estimate of EC50 was
obtained, estimates of EC80 and EC90 were
calculated using Equation 3:

ECX 5EC50
X

1002X
(3)

where X is the percentage of maximal effect
and ECX is the plasma concentration of

Figure 2. Participant disposition. AE=adverse event; ITT= intention to treat; mITT=modified
intention to treat; PET=positron emission tomography; PK=pharmacokinetics.
*Withdrawal was due to sponsor’s decision to postpone the study.
†One participant who received 320 mg bexotegrast experienced moderate (Grade 2)
treatment-emergent adverse events of hepatic enzyme increased and gamma-glutamyl
transferase increased on Day 2 that led to withdrawal from the study on Day 8 and were
deemed not related to the study drug. The participant had a medical history of
hyperbilirubinemia and was concomitantly receiving nintedanib for treatment of idiopathic
pulmonary fibrosis.

Table 1. Baseline demographics and disease characteristics (safety population)

Characteristic Pooled Bexotegrast (n=9)

Age, yr, mean (SD) 77.6 (4.4)
Sex, n (%)
Male 7 (77.8)
Female 2 (22.2)

Race, n (%)
White 8 (88.9)
Native Hawaiian or other Pacific Islander 1 (11.1)

Weight, kg, mean (SD) 74.6 (13.1)
BMI, kg/m2, mean (SD) 25.2 (2.47)
FVC, ml, mean (SD) 2,967.8 (829.3)
FVC percent predicted, mean (SD) 83.7 (17.7)
FEV1, ml, mean (SD) 2,370.0 (554.3)
FEV1 percent predicted, mean (SD) 98.9 (21.9)
FEV1/FVC, mean (SD) 0.81 (0.07)
DLCO, mean (SD)
ml/mmHg/min 13.9 (4.8)
Adjusted percent predicted 63.1 (17.9)

GAP index stage, n (%)
Stage I 5 (55.6)
Stage II 3 (33.3)
Stage III 1 (11.1)

Time since IPF diagnosis, mo, mean (SD) 43.8 (18.5)
Concomitant standard of care treatment, n (%)*
Nintedanib 7 (77.8)
Pirfenidone 1 (11.1)

Definition of abbreviations: BMI=body mass index; DLCO =diffusing capacity for carbon
monoxide; FEV1= forced expiratory volume in 1 second; FVC= forced vital capacity;
GAP=gender–age–physiology; IPF= idiopathic pulmonary fibrosis.
*Concomitant medications are those ongoing at the date and time of first dose of study drug.
Participants are counted once within each drug class and once for each unique preferred name.
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bexotegrast that corresponds to an effect of
X%. For illustrative purposes, a plot of peak
effect E (as a percentage of maximal effect)
against unbound plasma concentration of
bexotegrast was also produced, using
Equation 4:

E %ð Þ5 100
Cp

Cp 1EC50
(4)

Statistical Analysis
The primary endpoint, change in PET VT,
was summarized using the kinetic modeling
as described previously. PK and laboratory
data were summarized using standard
descriptive statistics. Adverse events data
were summarized using the count and
proportion of participants.

Results

Study Participants
Participant disposition is reported in
Figure 2. A total of 11 participants
underwent screening and were enrolled.
Eight participants (72.7%) completed the
study, and 3 participants (27.3%) withdrew
prematurely—2 before bexotegrast dosing
(1 each for administrative reasons and
withdrawn consent by participant) and 1
after bexotegrast administration.

At baseline, most participants were
male, and the mean age was 77.6 years
(SD=4.4) (Table 1). Overall, 7 participants
(77.7%) were receiving nintedanib and
1 participant (11.1%) was receiving
pirfenidone as background therapy during
the study.

PK Assessments
Mean total and unbound plasma bexotegrast
concentration–time profiles are presented
in Figure 3, indicating dose-dependent
increases in plasma bexotegrast concentration.
Median time tomaximum observed plasma
concentration ranged from approximately
2 hours (60mg) to 3.5 hours (240mg).

PET Imaging Data
The baseline PET scan and at least one
postbaseline PET scan were quantified for 8
study participants (60 mg, n=1; 80 mg, n=2;
120 mg, n=3; 240 mg, n=3; 320 mg, n=4).
Images showed heterogenous PET tracer
signal in the lung tissue. Example baseline
PET, CT, and overlaid PET/CT images
demonstrating increased PET tracer uptake
in areas of fibrosis are shown elsewhere (see

Figure 3. Arithmetic mean (A) total and (B) unbound plasma bexotegrast concentration versus
time profiles after single oral doses of 60 to 320 mg bexotegrast (pharmacokinetic concentration
population) (semilogarithmic scale).

Figure 4. VT values in the lung25 ROI, plotted against dose of bexotegrast (mITT population).
Lung25= the top 25th percentile of lung signal at 60 minutes; mITT=modified intention to treat;
ROI= region of interest; VT=positron emission tomography volume of distribution.
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Figure E1 in the data supplement). Example
regional TACs are also shown elsewhere (see
Figure E2 in the data supplement). In whole
lungs and lung25 ROIs, there was typically
an early peak within the first fewminutes of
the tracer injection, representing distribution
of the radiolabeled tracer, primarily in the
blood volume component of the tissue. This
was followed by a period with slower kinetics
andmarkedly higher signal in the lung25
ROI than in the whole lungs, indicating
significant heterogeneity within the lungs.
Muscle TACs were generally lower and
slower than lung TACs.

Kinetic Modeling
Both PET kinetic (one- and two-tissue
compartment) models produced visually
acceptable model fits to the tissue TACs.
As VT values from both models were similar
and highly correlated, the simpler one-tissue
compartment model was selected as most
appropriate. (For an example of tissue TACs
and corresponding one-tissue compartment
model fits, see Figure E3 in the data
supplement.) For baseline scans, the VT

estimates for the lung25 ROI were markedly
higher (mean=2.43 ml/cm3 [SD=0.909];
range=1.14–3.82 ml/cm3) than for the whole
lungs (mean= 1.42 ml/cm3 [SD=0.639];
range= 0.57–2.73 ml/cm3) or muscle
(mean= 1.22 ml/cm3 [SD=0.500];
range= 0.67–2.00 ml/cm3).

Signal Change Evaluation upon
Bexotegrast Treatment
VT values generally decreased from baseline
after administration of bexotegrast. For all
participants, the lung25 ROI showed a dose-
dependent decrease in VT (Figure 4). This
decrease was observed in the whole lungs
andmuscle ROIs as well. Because the VT

values for the muscle ROI consistently
decreased from baseline after administration
of bexotegrast, its use as a potential reference
region was not explored further. Relative
decreases in VT (DVT) were calculated using
Equation 1 for lung25, and the magnitude
generally increased in a dose-dependent
manner (range ofDVT: 60 mg bexotegrast,
41.0% [n = 1]; 80 mg, 2.0–41.5%; 120 mg,
33.3–61.4%; 240 mg, 44.6–61.0%; 320 mg,
24.3–64.8%).

Analysis of the PK-VT Relationship
PET scans were commenced approximately
4 hours after administration of bexotegrast.
PK data were available for the nominal
4-hour time point for 12 of the 13 postdose

scans. The 3-hour time point was used in
place of the missing 4-hour time point for
1 scan.

VT values for the lung25 ROI are plotted
against unbound plasma concentration values
in Figure 5. Model fit parameters that were
estimated by fitting Equation 2 to the PK
and VT data together are shown in Table 2.
The estimated EC50 for the lung25 ROI was
3.32 ng/ml (95% confidence interval,24.19
to 10.83), corresponding, through Equation 3,
to an EC80 of approximately 13.3 ng/ml and
an EC90 of approximately 29.9 ng/ml.

Receptor occupancy of avb6 by
bexotegrast, suggested by treatment-induced
changes in VT, was observed to be dose and
concentration dependent, with estimated
mean (range) maximum receptor occupancy
of 35% (n=1), 53% (37–63%), 71%
(62–83%), 88% (64–94%), and 92%
(83–96%) after administration of single doses

of 60, 80, 120, 240, and 320 mg bexotegrast,
respectively (Figure 6). Representative PET
images at baseline and after administration
of bexotegrast 320 mg are shown in Figure 7.
Bexotegrast doses of>80 mg resulted in
peak mean unbound concentrations above
the estimated EC50 (see Table E1 in the data
supplement).

Safety
No serious TEAEs were reported, and no
participant experienced a TEAE that was
related to study drug (see Table E2 in the
data supplement). One participant (who
received a single dose of 320 mg bexotegrast)
experienced TEAEs on treatment. These
were moderate (Grade 2) TEAEs of hepatic
enzyme increased and gamma-glutamyl
transferase increased on Day 2 that led to
withdrawal from the study on Day 8 and
were deemed not related to the study drug.

Figure 5. Plot of VT in the lung25 ROI against unbound plasma concentration of bexotegrast,
together with a model fit using Equation 2 (mITT population). Lung25= the top 25th percentile
of lung signal at 60 minutes; mITT=modified intention to treat; ROI= region of interest;
VT=positron emission tomography volume of distribution.

Table 2. Model fit parameters estimated by fitting Equation 2 to the PK and VT data
(mITT population)

ROI

Fitted Model Parameters

EC50 (ng/ml) VND (ml/cm3) VS (ml/cm3)

Lung25 3.32 0.86 1.56
Whole lungs 3.36 0.54 0.87

Definition of abbreviations: EC50=half maximal effective concentration; lung25= the top 25th
percentile of lung signal at 60 minutes; mITT=modified intention to treat; PK=pharmacokinetic;
ROI= region of interest; VND=nondisplaceable volume of distribution; Vs=specific volume of
distribution; VT=positron emission tomography volume of distribution.
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The participant had a medical history of
hyperbilirubinemia, which was considered
an alternative causality. This participant was
concomitantly receiving nintedanib for
treatment of IPF, with known adverse
reactions of liver enzyme elevations (27), and
nintedanib dosing was stopped on Day 8.
Hematology, clinical chemistry, urinalysis,
physical examination findings, and vital sign
parameters remained stable over time,
and there were no clinically significant
echocardiogram changes during the
treatment period. No deaths occurred during
the study.

Discussion

There exists an unmet medical need for a
safe treatment that is capable of inhibiting
and potentially reversing fibrosis in the lungs
of patients with IPF. Currently available IPF
therapies, nintedanib and pirfenidone,
reduce the decline of lung function and
potentially improve survival with continuous
treatment (28–32). However, these drugs do
not inhibit the progression of IPF, and they
do not consistently improve patients’ quality
of life (30, 32). The tolerability of these two
agents also remains a challenge, resulting in

some patients with IPF having to discontinue
treatment or undergo dose reductions (33).

Although TGF-b signaling is an
attractive target for IPF drug development,
safety concerns associated with systemic
TGF-b inhibition highlight the need for
specificity within fibrotic tissue. Localized
TGF-b inhibition in the fibrotic lung,
achieved by inhibiting avb6 and avb1

integrins with bexotegrast, may provide a
novel approach for treating IPF without
affecting TGF-b signaling systemically.

In the present study, we investigated the
dose and exposure response of bexotegrast
with avb6 integrin by performing PET
imaging with a competitive avb6-binding
probe, [18F]FP-R01-MG-F2 (15), at or near
the maximum observed concentration of
bexotegrast (a plain-language infographic
is provided elsewhere; see the data
supplement PDF titled “PLS_Infographic”).
VT values in the lung25 and whole-lung
ROIs decreased in a dose- and concentration-
dependent manner, consistent with
bexotegrast binding to avb6 integrin in the
lungs, suggesting that doses between 120 mg
and 320 mgmay provide optimal receptor
occupancy and providing further support
for the 160-mg and 320-mg doses currently
evaluated in the ongoing Phase 2b/3
BEACON-IPF study (ClinicalTrials.gov ID:
NCT 06097260, PLN-74809-IPF-206). No
corrections for air volume fraction were
made, so the signal in lungs per unit volume
of solid tissue may be more elevated relative
to other tissues than the VT values suggest.
These results support receptor occupancy of
bexotegrast to avb6 integrin present in
fibrotic tissue in the lungs of participants
with IPF. Although not directly assessed in
the present study, we anticipate a similar
rate of receptor occupancy for avb1

integrins, given that the IC50 of bexotegrast

Figure 6. Predicted peak effect after single doses of bexotegrast, based on the mean
unbound Cmax data and the model of Equation 4* (mITT population). Cmax =maximum
observed concentration; mITT=modified intention to treat; PET=positron emission
tomography; ub=unbound bexotegrast.
*Bexotegrast pharmacokinetic data from all participants enrolled in the study were used to
estimate the mean Cmax.

Figure 7. Knottin positron emission tomography (PET) images of the lungs in coronal, axial, and sagittal projections at baseline (A) and
posttreatment with a 320-mg dose of bexotegrast (B) demonstrating decreased tracer uptake by lungs after drug treatment, consistent with
integrin avb6 binding by bexotegrast and competitive inhibition of knottin tracer binding posttreatment.
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is roughly equipotent for avb1 and avb6

integrins in both ligand binding and TGF-b
activation assays (12). Bexotegrast was well
tolerated at the doses administered in the
present study, with no participants
experiencing serious TEAEs or TEAEs
related to bexotegrast treatment.

In a previous Phase 1 study in
participants with IPF that included PET
imaging with an avb6-specific PET ligand
[18F]FB-A20FMDV2, avb6 receptor
occupancy by the integrin inhibitor
GSK3008348 was observed (34). A strength
of both the GSK3008348 study and the
current PET study is the ability to observe
receptor occupancy directly in the affected
fibrotic lung tissue of participants with IPF,
in contrast to other assay systems such as
those using peripheral blood mononuclear
cells. Although PET has not been widely used
to demonstrate receptor occupancy in IPF,
both studies support the further use of PET
in IPF drug development.

Bexotegrast was also evaluated in the
global Phase 2 INTEGRIS-IPF study
(ClinicalTrials.gov ID: NCT 04396756,
PLN-74809-IPF-202) (22). Participants with
IPF who received 40, 80, 160, or 320 mg
bexotegrast for up to 12 weeks experienced a

favorable safety and tolerability profile, with
no dose relationship for TEAEs observed.
Dose-proportional increases in bexotegrast
plasma concentrations were observed, which
were consistent with the present PET results.
Analyses in INTEGRIS-IPF—including FVC,
quantitative lung fibrosis scores, and
circulating levels of fibrosis and IPF
progression biomarkers—suggested an
antifibrotic effect of bexotegrast treatment.

Limitations of this study include the
relatively small sample size of the study,
with only 8 participants completing PET
imaging after bexotegrast treatment.
Although the study population had a mean
age of 77.6 years with relatively well-
preserved FVC and DLCO, the avb6 integrin
binding observed here is expected to be
generalizable across younger patients and
those with worse disease severity. Given the
slow kinetics of the [18F]FP-R01-MG-F2
radiotracer, a longer acquisition time may
have been informative and enabled an
evaluation of optimal scan duration;
however, longer acquisition times may be
uncomfortable for participants with IPF.
Test–retest studies are needed to confirm the
sensitivity of this method for estimating avb6

receptor occupancy.

In summary, after a single dose of
bexotegrast, dose– and concentration-
dependent avb6 integrin receptor occupancy
was observed by means of PET over the
60- to 320-mg dose range. This effect is
consistent with the hypothesis that
bexotegrast engages with avb6 integrin
receptors in the lungs. Bexotegrast was
well tolerated at the administered doses,
with no bexotegrast-related TEAEs or
serious TEAEs reported during this study.
Overall, this study supports the late-stage
evaluation of bexotegrast at 160-mg and
320-mg doses in the ongoing Phase 2b/3
BEACON-IPF trial (ClinicalTrials.gov ID:
NCT 06097260) in IPF.�
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