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At a Glance Commentary

Scientific Knowledge on the Subject

IPF is characterized by excessive type 1 collagen deposition in the lungs via elevated 

transforming growth factor-beta (TGF-β) signaling. 68Ga-CBP8 is a positron emission 

tomography (PET) probe that binds to type 1 collagen and has demonstrated increased 

uptake in the lungs of patients with IPF compared with healthy patients. Bexotegrast 

(PLN-74809) is an oral, once-daily, investigational drug that blocks the activation of 

TGF-β through the inhibition of αvβ6 and αvβ1 integrins. 
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What this study adds to the field

This PET imaging study suggests that changes in pulmonary type 1 collagen deposition 

can be monitored longitudinally in patients with IPF using 68Ga-CBP8, and that 

bexotegrast demonstrated antifibrotic effects after 12 weeks of treatment. Similar 

changes in lung dynamic contrast-enhanced magnetic resonance imaging parameters 

were also observed. Improvements in forced vital capacity and cough severity occurred 

alongside the observed reductions in type 1 collagen, suggesting the potential of 

bexotegrast for disease modification.

Artificial Intelligence Disclaimer: No artificial intelligence tools were used in writing this 

manuscript.

This article is open access and distributed under the terms of the Creative Commons 

Attribution Non-Commercial No Derivatives License 4.0 

(http://creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage and reprints 

please contact Diane Gern (dgern@thoracic.org).

This article has an online data supplement, which is accessible at the Supplements tab. 
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ABSTRACT

Rationale: Idiopathic pulmonary fibrosis (IPF) is characterized by excessive deposition 

of type 1 collagen. 68Ga-CBP8, a type 1 collagen positron emission tomography (PET) 

probe, measures collagen accumulation and shows higher collagen deposition in 

patients with IPF. Bexotegrast (PLN-74809) is an oral, once-daily, dual-selective 

inhibitor of αvβ6 and αvβ1 integrins under late-stage evaluation for treatment of IPF. 

Objectives: Evaluate changes in type 1 collagen in the lungs of participants with IPF 

following treatment with bexotegrast. 

Methods: In this Phase 2 (NCT05621252), single-center, double-blind, placebo-

controlled study, adults with IPF received bexotegrast 160mg or placebo for 12 weeks. 

Primary endpoint was the change in whole-lung standardized uptake value (SUV) of 

68Ga-CBP8 PET. Changes in lung dynamic contrast-enhanced magnetic resonance 

imaging (DCE-MRI) parameters, forced vital capacity (FVC), cough severity, and 

biomarkers of collagen synthesis and progressive disease were also assessed. 

Measurements and Main Results: Of 10 participants, 7 received bexotegrast and 3 

placebo. At Week 12, mean change from baseline in top quartile of 68Ga-CBP8 whole-

lung SUV was −1.2% with bexotegrast vs 6.6% with placebo; greatest mean changes 

were observed in subpleural lung regions in both groups (bexotegrast, −3.7%; placebo, 

10.3%). DCE-MRI demonstrated numerically increased peak enhancement and faster 

contrast washout rate in bexotegrast-treated participants, suggesting improvements in 

lung microvasculature and decreased extravascular extracellular volume. Bexotegrast 
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treatment resulted in numerical improvements in FVC, cough severity, and biomarker 

levels. 

Conclusions: The reduced uptake of 68Ga-CBP8 in the lungs of participants with IPF 

indicates an antifibrotic effect of bexotegrast, suggesting the potential for favorable lung 

remodeling.

Trial registration number: NCT05621252

Keywords (3-5 max): IPF, PET imaging, bexotegrast, collagen type 1, fibrotic disease

Primary source of funding: Pliant Therapeutics, Inc.

Abstract word count: 250 words max; current: 250
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease of 

unknown cause that is ultimately fatal(1, 2). IPF is characterized by a maladaptive 

response to lung injury that results in excessive type 1 collagen deposition and 

replacement of healthy tissue with collagen-rich scar tissue(3-5). Ongoing collagen 

deposition and crosslinking result in increasing extracellular matrix thickness and 

contribute to the distinctive expansive pulmonary fibrosis of IPF(6, 7). Progressive 

disease results in lung architectural distortion, worsening cough and dyspnea, and loss 

of lung function(2, 3). IPF is a heterogenous disease. Disease progression is highly 

variable and is not readily associated with characteristics such as age, sex, and 

baseline forced vital capacity (FVC)(8-10). Therapeutic options for patients with IPF are 

limited. Current approved treatments for IPF include pirfenidone and nintedanib, which 

slow disease progression but do not consistently improve symptom burden, lung 

function, or quality of life(11, 12).

Elevated transforming growth factor-beta (TGF-β) signaling is a hallmark of IPF; 

TGF-β activation mediates fibrosis through fibroblast activation and proliferation, which 

drive collagen synthesis and result in tissue stiffness(13-16). αv integrins such as αvβ6 

integrin, expressed by lung epithelial cells, and αvβ1 integrin, expressed by lung 

fibroblasts, are overexpressed in the lungs of patients with IPF and can convert latent 

TGF-β into its active form(17-19). As TGF-β is involved in multiple biological functions, 

systemic inhibition carries safety risks(14, 20). Specific targeting of αvβ6 and αvβ1 

integrins may therefore provide a localized, safer approach to TGF-β inhibition in the 

fibrotic lung.
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Bexotegrast (PLN-74809) is an oral, once-daily, dual-selective inhibitor of αvβ6 

and αvβ1 integrins and is in late-stage development for the treatment of IPF (BEACON-

IPF; NCT06097260). Studies in animal models and precision-cut lung slices from 

explanted tissue of patients with IPF suggest that bexotegrast can reduce collagen 

deposition and collagen gene expression by as much as 50%(19). In a Phase 2 study of 

participants with IPF (INTEGRIS-IPF; NCT04396756), treatment with bexotegrast for 

≤40 weeks demonstrated a favorable safety profile with suggested improved lung 

function based on FVC and antifibrotic effects based on quantitative lung fibrosis 

imaging and circulating biomarkers(21). After 12 weeks, treatment with bexotegrast 160 

or 320 mg improved FVC compared with placebo in a participant population in which 

≈80% were receiving pirfenidone or nintedanib background therapy(21). Quantitative 

assessment of lung imaging using high-resolution computed tomography (HRCT) 

demonstrated no or limited fibrotic progression in participants receiving bexotegrast 160 

or 320 mg compared with progression observed with placebo(21). However, current 

imaging approaches only visualize the result of collagen deposition (eg, reticular 

opacities and honeycombing) and do not provide clear insight into ongoing, new 

collagen deposition in the lung.

68Ga-CBP8 is a positron emission tomography (PET) probe that binds to type I 

collagen in fibrotic lung tissue(22-24). In mouse models of pulmonary fibrosis, 68Ga-

CBP8 correlated with levels of fibrosis following injury and revealed a response to 

antifibrotic therapy with an antibody targeting αvβ6 integrin(23, 24). In a 

noninterventional study, 68Ga-CBP8 showed higher collagen levels in patients with IPF 

compared with healthy individuals, particularly in the subpleural region of the lung where 
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the disease is most prominent(22). 68Ga-CBP8 PET was assessed using standardized 

uptake values (SUVs), which measure the uptake or signal intensity of the probe in 

tissue; a higher SUV reflects a higher concentration of the probe and, thus, more 

collagen. 68Ga-CBP8 PET showed increased uptake in areas that appeared normal 

(prior to architectural distortion) on HRCT in patients with IPF, suggesting that it may be 

more sensitive than HRCT in detecting active or early fibrosis(22).

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) using an 

extracellular fluid, gadolinium-based contrast agent can provide functional and 

anatomical information on the lung. The percentage peak signal enhancement following 

contrast administration and the washout rate (kwashout) of contrast from the lung 

parenchyma can provide key information on microvascular function and extravascular 

extracellular volume, respectively(25-27). In non-interventional studies in patients with 

IPF, lower peak enhancement and slower kwashout rates were observed compared with 

healthy volunteers(28). Slower kwashout is likely due to one of several processes that 

expand the extravascular extracellular volume, including edema, inflammation, and 

fibrosis. Using 68Ga-CBP8 PET combined with DCE-MRI allows for multimodal direct 

and indirect assessments of lung collagen and fibrosis in a single examination. 

The primary objective of this study was to quantify changes in type 1 collagen in 

the lungs of participants with IPF following 12 weeks of treatment with bexotegrast 160 

mg using 68Ga-CBP8 PET combined with DCE-MRI. Safety, tolerability, efficacy, effect 

on cough, and biomarkers of collagen synthesis and disease progression were also 

assessed. A portion of these results have been previously published in the form of an 

abstract.(29)
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METHODS

Study design

This Phase 2a, single-center, randomized, double-blind, placebo-controlled study 

(NCT05621252) was conducted at Massachusetts General Hospital, Boston, MA, USA. 

The treating physician, those acquiring the images, the image analysts and patients 

were all blinded in this study. Participants were randomized 2:1 to receive once-daily 

oral bexotegrast 160 mg or placebo for 12 weeks, with 2 weeks of follow-up (Fig 1A). A 

dose of 160 mg is expected to achieve the target 50% inhibitory concentration (≈500 

ng/mL) for αvβ6 and αvβ1 integrin–mediated TGF-β activation for 24 hours(21). No dose 

modifications were permitted for bexotegrast. This study was conducted in accordance 

with the Declaration of Helsinki, the study protocol, and the International Council on 

Harmonization Good Clinical Practice regulations. The Mass General Brigham 

Institutional Review Board approved the study. All participants provided written informed 

consent.

Study population

The study enrolled participants aged ≥40 years with a diagnosis of IPF within 8 years 

prior to screening, according to the American Thoracic Society/European Respiratory 

Society/Japanese Respiratory Society/Latin American Thoracic Society 2018 Clinical 

Practice Guideline(30), with forced vital capacity percent predicted (FVCpp) of ≥45%, 

hemoglobin-adjusted diffusing capacity for carbon monoxide of ≥30%, and an estimated 

glomerular filtration rate of ≥50 mL/min. If IPF diagnosis was >3 years prior to 
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screening, the participant must have a decline in FVCpp ≥5% within the prior 24 

months. Background therapy for IPF with pirfenidone or nintedanib was permitted but 

not mandated, provided these drugs had been given at a stable dose for ≥3 months 

prior to screening. Key exclusion criteria included receiving any non-approved agent 

intended to treat IPF, a forced expiratory volume during the first second (FEV1)/FVC 

ratio of <0.7, and known or suspected acute IPF exacerbation within 6 months of 

screening.

Study objectives

The primary endpoint was the quantification of type 1 collagen in the lung, which was 

assessed using changes from baseline in 68Ga-CBP8 PET SUV following 12 weeks of 

bexotegrast treatment. The key secondary endpoint was the safety and tolerability of 

bexotegrast. Key exploratory endpoints were the change from baseline in DCE-MRI 

contrast peak enhancement and washout rate, change from baseline in absolute FVC 

and FVCpp, change from baseline in cough severity, and plasma and serum biomarker 

analysis for type III collagen synthesis neoepitope (PRO-C3) and progressive fibrosing 

interstitial lung disease biomarker integrin beta-6 (ITGB6). 

Procedures

Participants underwent a combined PET/MRI scan within 7 days prior to baseline (Day 

1) and within 7 days prior to Week 12. Full details are in the supplemental methods.

Statistical analysis
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Given the limited sample size, only descriptive statistics were planned for this study. No 

statistical comparison was planned. For PET, SUV summary metrics, including the 

mean (mean of all SUVs by voxel within a region), maximum (maximum SUV by voxel 

within a region), and top quartile SUV (mean of highest 25% SUVs by voxel within a 

region) change from baseline, were reported. The top quartile metric was selected as 

the primary endpoint to capture areas of most active disease within each region. For 

DCE-MRI, contrast peak enhancement, time to peak, and kwashout change from baseline 

were reported. Incidence and severity of treatment-emergent adverse events (TEAEs) 

were summarized using count and proportion of participants. Absolute FVC and FVCpp 

change from baseline values are presented using least-squares means to adjust for 

differing baseline levels. The patient-reported outcome of cough severity as assessed 

on a 100-mm linear visual analog scale (VAS) from 0 mm (no cough) to 100 mm (most 

severe cough) was completed at screening, baseline, and Weeks 2, 3, 6, 12, and 14 

and summarized as change from baseline. 

Correlations between changes in top-quartile SUV, FVC, FVCpp, and biomarkers 

were described using the Spearman correlation coefficient. Frequency counts and 

percentages were used for categorical variables, and medians (IQRs), means, SDs, and 

SEs were used for continuous variables. Further details are in the online supplement. 

RESULTS

Study participants

A total of 10 participants met the eligibility criteria. Participants were randomized to 

once-daily bexotegrast 160 mg (n=7) or placebo (n=3) (Fig 1A). All participants 
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completed 12 weeks of treatment (Fig 1B). Mean (SD) age (bexotegrast vs. placebo) 

was 69.1 (8.3) vs. 74.0 (2.0) years, 85.7% vs. 100% of participants were male, and 

85.7% vs. 100% were White (Table 1). Eight participants (80.0%) received background 

therapy; 6 (60.0%) received nintedanib and 2 (20.0%) pirfenidone. The median (IQR) 

time since diagnosis was 50 (22.0-70.0) months and 9 (7.0-72.0) months in the 

bexotegrast and placebo groups, respectively. Baseline median (IQR) percent predicted 

FVC (FVCpp) was 66.0% (56.0%-92.0%) with bexotegrast and 58.0% (49.0%-69.0%) 

with placebo. The median (IQR) baseline cough severity in bexotegrast- and placebo-

treated participants were 28.0 (5.0-66.0) mm and 19.0 (0-45.0) mm, respectively. 

Lung collagen deposition 

After 12 weeks of treatment, the numerical directionality favored a mean (SE) [%] 

decrease of −0.015 (0.038) [−1.2%] from baseline in the whole-lung top quartile of 

SUVs for bexotegrast 160 mg (Fig 2A, 2B, 2C, and E1A), indicating a reduction in total 

lung collagen. Four of 7 participants in the bexotegrast 160-mg group had a stable or 

reduced top quartile SUV change from baseline (Fig 2B and 2C), ranging from −15.6% 

to 0% (Fig E1A). Two participants demonstrated a 1.3% to 3.1% increase. Notably, 1 

bexotegrast-treated participant had a numerically large increase from baseline (17.4%), 

which may have resulted from non-adherence to the study drug (65% study drug 

adherence with <80% compliance each month on study) and contracting COVID-19 in 

the first month of treatment. 

The SUV changes at Week 12 were largest in the subpleural lung regions. Mean 

(SE) [%] change from baseline in the subpleural top quartile SUV in the bexotegrast 
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group was −0.051 (0.056) [−3.7%] (Fig 3A and E1B). Five of 7 participants had a 

reduced top quartile SUV, ranging from −19.6% to −4.0%; 1 participant demonstrated a 

small increase (1%), while the participant who was non-adherent to the study drug 

demonstrated a 19.0% increase. The reduction in SUVs in the subpleural regions was 

generally consistent across treated participants, with 5 of 7 showing decreases in the 

upper and middle regions and 4 of 7 showing decreases across all 3 subpleural regions 

(Fig 3B). 

Conversely, the placebo group had numerical directionality that favored a mean (SE) 

[%] increase of 0.074 (0.068) [6.6%] from baseline in the top quartile SUV (Fig 2B, 2C 

and E1A) of the whole lung and 0.128 (0.079) [10.3%] (Fig 3A and E1B) in the 

subpleural whole lung. Two of 3 placebo-treated participants had increases in both the 

whole-lung and subpleural region top quartile SUVs (Fig 2B, 2C,and Fig E1). One 

placebo-treated participant had a slight reduction (−1%). 

Changes in the central lung region in both treatment groups were less pronounced 

and less consistent than those in the subpleural region (Fig 3A and 3B). The mean 

(SE) [%] change from baseline in the central region was −0.003 (0.026) [−0.2%] and 

0.020 (0.050) [2.0%] in the bexotegrast and placebo group, respectively (Fig 3B and 

E1B). Two participants in the bexotegrast group showed reductions in the central whole 

lung (−15.4% and −11.6%), and 5 showed increases (1.1%-8.2%) (Fig E1B). Two 

participants in the placebo group showed reductions in the central whole lung (−5.7% 

and −1.6%), and 1 showed increases (13.7%) (Fig E1B).

DCE-MRI showed changes in peak contrast enhancement and kwashout in the whole 

lung over 12 weeks of treatment with bexotegrast. Absolute median (IQR) [%] change in 
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peak enhancement increased from baseline by 12.0% (−2.00%, 29.00%) [10.0%] (Fig 

4A), consistent with increased pulmonary perfusion and/or decreased vascular 

permeability. The peak enhancement in 4 of 6 participants either remained stable or 

increased (Fig 4A and 4B), ranging from 6.0% to 53.0%. The bexotegrast-treated 

participant with study drug non-adherence and COVID-19 had a large decrease from 

baseline (−69.0%). 

Participants in the bexotegrast group demonstrated an absolute median (IQR) [%] 

change from baseline in kwashout of −1.06% (−1.50%, −0.72%) [31.7%] per minute (Fig 

4C), indicating faster washout after treatment with bexotegrast and consistent with a 

reduction in the extravascular extracellular volume of the lung. Of the 7 participants, 5 

had a faster rate compared with baseline (Fig 4C and 4D), while the participant with 

study drug non-adherence and COVID-19 had a slower rate (3.38% per minute) 

compared with baseline.

 Similar to the pattern observed with SUVs where placebo showed more collagen 

deposition compared with baseline, the placebo group had an absolute median (IQR) 

[%] change from baseline in peak enhancement of −21.0% (−24.0%, −19.0%) [−16.1%], 

(Fig 4A). All 3 placebo-treated participants had decreased peak enhancement ranging 

from −24.0% to −19.0% (Fig 4A and 4B). Participants in the placebo group 

demonstrated an absolute median (IQR) [%] change from baseline in kwashout of 0.07% 

(−0.69%, 1.63%) [0.8%] per minute (Fig 4C), indicating slower washout after placebo 

treatment and suggesting an increase in extravascular extracellular volume. Of the 3 

participants, 2 had kwashout values ranging from 0.07 to 1.63% per minute compared to 

baseline (ie, slower washout compared to baseline) (Fig 4C and 4D). Representative 
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DCE-MRI lung maps for peak enhancement and kwashout at baseline and Week 12 from 

participants in the bexotegrast and placebo groups are shown in Fig 4E and 

demonstrate the heterogeneity in these parameters throughout the lung and how they 

change with treatment.

Exploratory endpoints

Treatment with bexotegrast resulted in numerically reduced FVC decline over 12 weeks, 

with the bexotegrast group maintaining a clear separation from the placebo group at all 

time points. At Week 12, the least-squares mean (SE) change from baseline in FVC 

was 14.5 (46.30) mL and −91.5 (73.98) mL in the bexotegrast and placebo groups, 

respectively (Fig 5A). The least-squares mean (SE) change from baseline in FVCpp 

was 1.4% (1.53%) and −2.6% (1.89%) in the bexotegrast and placebo groups, 

respectively (Fig 5B). Changes in top quartile SUV were moderately negatively 

correlated with changes in FVC and FVCpp: −0.57 and −0.63, respectively. Participants 

in the bexotegrast group reported decreased cough severity across all on-treatment 

time points compared with the placebo group (Fig 5C). Individual FVC and cough 

severity data are presented in Fig E2. Circulating-biomarker analysis revealed 

decreases in markers of collagen synthesis, represented by PRO-C3 (Fig 6A and Fig 

E3) and ITGB6 (Fig 6B and Fig E3), in the bexotegrast vs placebo group after 12 

weeks of treatment. 

Safety
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Overall, bexotegrast demonstrated a favorable safety and tolerability profile over 12 

weeks of treatment (Table 2). Six bexotegrast-treated participants (85.7%) and 1 

placebo-treated participant (33.3%) reported ≥1 TEAE. The most frequently reported 

on-treatment TEAE in the bexotegrast group was diarrhea (3 participants, 42.9%). All 

events of diarrhea were considered mild; all participants in the bexotegrast group who 

had diarrhea were receiving concomitant nintedanib treatment. Most TEAEs were mild 

to moderate in severity. No serious AEs occurred in the study. One participant in the 

bexotegrast group receiving background therapy with nintedanib had asymptomatic 

Grade 3 TEAEs of increased amylase and increased lipase. One participant in the 

bexotegrast group had a TEAE of COVID-19 that led to an interruption of the study 

drug; this participant did not withdraw or terminate the study early. No deaths occurred 

during the study.

DISCUSSION

Collagen accumulation in the lungs of patients with fibrotic lung disease, particularly 

those with IPF, is the hallmark of disease progression. Current imaging modalities only 

detect pathological structural abnormalities resulting from aberrant collagen deposition. 

Changes in lung uptake of the type I collagen PET probe 68Ga-CBP8 correlated with 

lung collagen content and may be a more sensitive measure of active disease and a 

tool to assess the early therapeutic effects of antifibrotic drugs(23, 31). The results from 

this study support the detection of less total lung collagen using 68Ga-CBP8 PET 

imaging, after 12 weeks of bexotegrast 160 mg treatment, suggesting the potential of 

bexotegrast to substantially reduce the fibrotic accumulation process. 
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To our knowledge, this is the first interventional Phase 2 study to evaluate type 1 

collagen deposition in the lungs of participants with IPF. Previous studies have 

demonstrated the use of molecular imaging for the characterization and localization of 

fibrosis-related processes(22, 23, 32, 33); however, these were either conducted in 

preclinical mouse models or in human participants who underwent imaging at a single 

time point. A unique aspect of this study was the ability to follow disease progression in 

participants over 12 weeks. In this study, collagen deposition increased from baseline in 

placebo-treated participants, consistent with increases in fibrotic reticular patterns seen 

in participants with IPF in other Phase 2 or 3 studies(21, 34, 35), whereas collagen 

deposition decreased from baseline in bexotegrast-treated participants. These results 

suggest that changes in pulmonary collagen deposition can be monitored longitudinally 

in patients with IPF using 68Ga-CBP8 PET imaging and provide important information on 

early treatment effects. 

IPF is a disease that predominately affects the subpleural lung regions(2). Prior 

use of 68Ga-CBP8 PET in participants with IPF demonstrated that probe uptake was 

greatest in the subpleural regions(22). Our findings also corroborated this, as we saw 

that SUV levels in participants were numerically higher in all subpleural regions than in 

the central region. Additionally, the effect of bexotegrast appeared to be predominant in 

the subpleural regions, as the 68Ga-CBP8 SUVs in bexotegrast-treated participants 

decreased in each subpleural region, whereas it increased in placebo-treated 

participants over 12 weeks. For this study we utilized mean of the top quartile of SUVs 

within each region of interest as our primary PET measurement. Presently, there are no 

established PET imaging measurements for use in lung studies. Current imaging 
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modalities (eg, computed tomography) only detect pathological structural abnormalities 

resulting from aberrant collagen deposition. Given the heterogeneity of the diseased 

lung in IPF, the use of top quartile SUV presents an opportunity to more accurately 

represent the probe uptake within regions with a greater extent of fibrosis thereby 

maximizing the ability to measure change over a short period of time.

The reduction of lung 68Ga-CBP8 uptake with bexotegrast treatment provides 

evidence of the pharmacodynamic effect and potential efficacy of bexotegrast in 

participants with IPF and supports the role of non-invasive imaging of type 1 collagen as 

an important biomarker of disease activity. Bexotegrast blocks the activation of TGF-β 

by inhibiting αvβ6 and αvβ1 binding to latent TGF-β(19). The PET data from this study 

are consistent with preclinical findings suggesting that bexotegrast interrupts the fibrotic 

process by blocking TGF-β activation and subsequent type 1 collagen deposition. Our 

study supports the hypothesis that bexotegrast reduces collagen deposition in the lungs 

of participants with IPF and builds on previous evidence of bexotegrast’s antifibrotic 

mechanism of action using quantitative lung imaging (21). 

Changes in DCE-MRI measurements of contrast peak enhancement and 

washout rates after treatment with bexotegrast mirrored our PET imaging data. Patients 

with IPF have reduced lung peak enhancement(22), suggesting leakage of capillaries 

within the lung and worsening perfusion(36, 37). These data add to this body of 

knowledge. Participants treated with placebo had decreased peak enhancement over 

12 weeks, suggesting that lung perfusion decreased over time, consistent with prior 

results(37). Additionally, the rate of contrast washout from the lungs has been shown to 

be slower in patients with IPF compared with healthy controls, reflecting the larger 
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amount of matrix accumulating in extravascular extracellular space and consistent with 

the replacement of lung cells by abnormal, collagen-rich extracellular matrix in IPF(28, 

38). DCE-MRI methods are established in other organs such as the heart and liver for 

quantification of the extravascular volume as an indirect measurement of fibrosis(39, 

40). An interesting observation from our study is that treatment with bexotegrast led to 

increased peak enhancement (improved perfusion and decreased microvascular 

permeability) and faster contrast washout rate (decreased extracellular extravascular 

volume). These findings, in combination with the PET data, suggest the potential for 

favorable lung remodeling resulting from decreased deposition of new collagen, and 

restoration of the homeostatic balance between collagen synthesis and 

degradation(41). Together, the multimodal data corroborate an antifibrotic mechanism 

of bexotegrast and support continued clinical development. 

Consistent with other Phase 2 data in a larger patient population (n=120)(21), the 

exploratory efficacy and biomarker results provide evidence of a treatment effect of 

bexotegrast in participants with IPF. The results from this study were consistent with 

improvements in quantitative lung fibrosis and FVC, and further supported by reductions 

in known biomarkers of IPF progression(21). A separation in FVC between bexotegrast 

and placebo groups was observed as early as Week 4 and at all measured time points 

through Week 12. Additionally, participants treated with bexotegrast self-reported 

improved cough severity compared with those who received placebo at each on-

treatment time point over 12 weeks of treatment. Once treatment ended, cough events 

returned, which may be an indicator of disease progression(42). While the pathogenesis 

of cough in IPF is poorly understood and no treatments are available(43), the 
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overexpression of TGF-β in airway epithelial cells in patients with chronic cough may be 

associated with a common pathobiology(43, 44). Therefore, these results suggest that 

TGF-β pathway inhibition by bexotegrast may play a role in decreasing cough in 

patients with IPF. By Week 12, improvements in cough in the bexotegrast-treated group 

were approaching clinical meaningfulness(45). PRO-C3 has been shown to be elevated 

in patients with IPF and is associated with progressive disease, and elevated ITGB6 

plasma levels are associated with interstitial lung disease progression(46-48). At the 

end of the study, bexotegrast-treated participants showed decreases in the prognostic 

biomarkers PRO-C3 and ITGB6. These correlated functional and symptom changes, 

combined with evidence of reduced lung collagen and extracellular volume, suggest the 

potential of bexotegrast for disease modification. 

Taken together, the efficacy and biomarker data presented in this study and the 

previous INTEGRIS-IPF study illustrate potential treatment effects. Late-stage 

evaluation of bexotegrast will further explore its efficacy and safety in participants with 

IPF (BEACON-IPF; NCT06097260).

This study should be interpreted in the context of some limitations, most notably the 

small sample size of the treatment sample. Due to the small size, disease 

characteristics were not completely balanced. Given only n=3 participants were in the 

placebo group, it is expected that there will be differences in percentages in categorical 

baseline characteristics (eg, sex, race, and background therapy) compared with the 

bexotegrast group (n=7); a single participant could change the percentage by 33%. 

Correspondingly, imbalances in continuous variables (eg, age, FVC, FVCpp) are 

expected given the heterogeneity in the IPF sample where a single participant could 
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change the mean or median value by a large margin. Previous subgroup analyses have 

found limited differences in treatment effect in baseline characteristics such as sex, 

race, age, or FVC(49-51). Differences in patient baseline FVC values may have 

contributed to any changes from baseline observed in this study. To account for this, we 

reported the relative changes observed in the imaging measurements.

Participants treated with bexotegrast in this study had lower FVCpp and longer 

disease duration than other bexotegrast-treated Phase 2 participants(21). Due to the 

small participant sample size, disease characteristics were not completely balanced. 

One bexotegrast-treated participant also had COVID-19 and low adherence to the study 

drug (65% adherence) during the treatment period, both of which may have confounded 

results as worsening interstitial lung disease and reduced pulmonary perfusion have 

been described in some patients after COVID-19(25, 52). 

In conclusion, 68Ga-CBP8 PET detected antifibrotic effects and potential 

favorable lung remodeling with bexotegrast. This study used a complementary 

approach to evaluate the effect of bexotegrast on both lung structure and function using 

multimodal PET and DCE-MRI. This approach detected improvements in quantifiable 

structural changes that may lead to clinically meaningful effects in patients with IPF. 

Treatment with bexotegrast improved FVC, cough severity, and prognostic biomarkers, 

suggesting its potential for disease modification. Late-stage evaluation of bexotegrast is 

currently underway in the enrolling BEACON-IPF study (NCT06097260).
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Figure Legends

Figure 1. Overview of (A) Study Design and (B) Participant Disposition. 

Figure 2.  (A) Representative PET Images of Total Lung Collagen at Baseline and 

Week 12 and (B) Absolute and (C) Individual Change From Baseline in Top Quartile 

SUV of Whole Lung at Week 12. 

PET, positron emission tomography; SUV, standardized uptake value. The length of the 

box represents the range between the 25th and 75th percentiles, the whiskers represent 

the maximum and minimum, and the horizontal line in the box represents the median. 

All individual data points are displayed. The nonadherent/COVID-19 participant in the 

bexotegrast group is indicated by red circle. Baseline FVC and FVCpp values for 

representative bexotegrast and placebo images were 2400 mL and 66% and 1700 mL 

and 49%, respectively. 

Figure 3. Absolute Change From Baseline in the Top Quartile SUV of (A) Collective 

Subpleural and Central Regions of the Lung and (B) Individual Lung Regions.

SUV, standardized uptake value. The values for lower subpleural, middle subpleural, 

upper subpleural, lower central, middle central, and upper central are the average of the 

left and right values for each region. The length of the box represents the range 

between the 25th and 75th percentiles, the whiskers represent the maximum and 

minimum, and the horizontal line in the box represents the median. All individual data 
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points are displayed. The nonadherent/COVID-19 participant in the bexotegrast group is 

indicated by red circle.

Figure 4. (A) Absolute and (B) Individual Change From Baseline in Peak Enhancement 

and (C) Absolute and (D) Individual Change From Baseline in kwashout in Whole Lung at 

Week 12. (E) Representative Parametric Maps of Peak Enhancement and kwashout at 

Baseline and Week 12.

The length of the box represents the range between the 25th and 75th percentiles, the 

whiskers represent the maximum and minimum, and the horizontal line in the box 

represents the median. All individual data points are displayed. The 

nonadherent/COVID-19 participant in the bexotegrast group is indicated by red circle. 

Baseline FVC and FVCpp values for the representative bexotegrast and placebo 

images were 4500 mL and 92% and 2640 mL and 69%, respectively.

Figure 5. LS Mean (SE) Change From Baseline in (A) FVC (B) FVCpp and (C) Mean 

(SE) Change From Baseline in Cough Severity at Week 12.

*One placebo-treated participant did not have acceptable quality spirometry post 

baseline. FVC, forced vital capacity; FVCpp, percent predicted forced vital capacity; LS, 

least squares; VAS, visual analog scale.

Figure 6. LS Mean (SE) Change From Baseline in (A) PRO-C3 and (B) ITGB6 at Week 

12. 
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ITGB6, integrin beta-6; LS, least squares; PRO-C3, type III collagen synthesis 

neoepitope. 
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Table 1. Baseline Demographics and Disease Characteristics (Safety Population)

Characteristic
Bexotegrast 160 mg

(n=7)

Placebo

(n=3)

Age, mean (SD), years 69.1 (8.3) 74.0 (2.0)

Male, n (%) 6 (85.7) 3 (100)

Race, n (%)

White 6 (85.7) 3 (100)

Asian 1 (14.3) 0

BMI, mean (SD), kg/m2 26.9 (3.9) 26.9 (3.2)

Time since IPF diagnosis, 

median (IQR), months
50.0 (22.0-70.0) 9.0 (7.0-72.0)

Standard of care use, n 

(%)
6 (85.7) 2 (66.7)

Nintedanib 5 (71.4) 1 (33.3)

Pirfenidone 1 (14.3) 1 (33.3)

FVC

Median (IQR), mL
2750.0

(2400.0-3080.0)

2410.0

(1700.0-2640.0)

Percent predicted, 

median (IQR)
66.0 (56.0-92.0) 58.0 (49.0-69.0)

Cough severity, median 

(IQR), mm
28.0 (5.0-66.0) 19.0 (0.0-45.0)
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GAP stage, n (%)

I 4 (57.1) 0

II 2 (28.6) 2 (66.7)

III 1 (14.3) 1 (33.3)

68Ga-CBP8 top quartile 

SUV, mean (SD)

Whole lung 0.888 (0.138) 0.977 (0.142)

Subpleural 1.123 (0.208) 1.193 (0.150)

Central 0.709 (0.112) 0.817 (0.071)

BMI, body mass index; FVC, forced vital capacity; GAP, gender-age-physiology; IPF, idiopathic 

pulmonary fibrosis.
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Table 2. Nature and Frequency of TEAEs Over 12 Weeks of Treatment (Safety 

Population)

TEAE, n (%) of participants Bexotegrast 160 mg

(n=7)

Placebo

(n=3)

TEAE 6 (85.7) 1 (33.3)

TEAE related to study drug 5 (71.4) 1 (33.3)

Serious TEAE 0 0

Grade ≥3 TEAE 1 (14.3)* 0

Grade ≥3 TEAE related to study 

drug

1 (14.3)* 0

TEAE leading to interruption of 

study drug

1 (14.3)† 0

TEAE leading to withdrawal of 

study drug

0 0

TEAE leading to early 

termination from study

0 0

TEAE leading to death 0 0

Most frequent TEAEs (n>1)

Cough 4 (57.1)‡ 0

Diarrhea 3 (42.9)§ 1 (33.3)

TEAE, treatment-emergent adverse event.

*Participant experienced Grade 3 TEAEs of increased amylase and increased lipase.

†Participant with COVID-19.
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‡All cough events occurred post Week 12 (end of treatment) during the 14-day follow-up period.

§All events of diarrhea were considered mild. The 3 participants were taking nintedanib, which was listed 

as an alternative cause.
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Dual αvβ6 and αvβ1 Inhibition Over 12 Weeks Reduces Active Type 1 Collagen 
Deposition in Individuals with Idiopathic Pulmonary Fibrosis: A Phase 2, Double-
Blind, Placebo-controlled Clinical Trial
Sydney B. Montesi, Gregory P. Cosgrove, Scott M. Turner, Iris Y. Zhou, Nikos 
Efthimiou, Antonia Susnjar, Ciprian Catana, Caroline Fromson, Annie Clark, Martin 
Decaris, Chris N. Barnes, Éric A. Lefebvre, Peter Caravan

ONLINE DATA SUPPLEMENT
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Supplemental Methods

Procedures

68Ga-CBP8 positron emission tomography (PET) and magnetic resonance imaging 

(MRI) of the thorax were performed simultaneously on a Siemens Biograph mMR 

scanner (Siemens Healthineers, Erlangen, Germany). All PET was performed after 

intravenous injection of the collagen-targeted probe, 68Ga-CBP8, at a mean (range) 

radiochemical dose of 197 MBq (125-295 MBq) per administration. The average PET 

start time was 44 minutes post-injection, with an average acquisition time of 35 minutes. 

The PET data were reconstructed in a 2.1 × 2.1 × 2.0 mm3 voxel size using the ordered 

subset expectation maximization algorithm with 21 subsets and 3 iterations. All 

corrections, per the manufacturer’s settings, were applied. The images were filtered 

post-reconstruction with a 2 × 2 × 2 mm3 Gaussian filter. The MRI-based attenuation 

correction maps were manually corrected for any artifacts.

 A 3D whole-lung region of interest (ROI) was defined over the lung parenchyma 

across all imaging slices, excluding the heart, pulmonary artery, descending aorta, large 

hilar vessels, and large airways. The whole-lung ROI was divided into 12 regional ROIs 

by segmenting each lung (left and right) into 3 parts with equal lengths along the axial 

direction (upper, middle, and lower). Additionally, each lung was divided into subpleural 

(outer 1.6 cm of the lung) and central regions, similar to prior studies (1). Summary 

standardized uptake value (SUV) metrics for each region included mean SUV, the mean 

of all SUVs within a region, maximum SUV, single maximum SUV within a region, top 

quartile SUV, and the mean of the top 25% SUVs within a region.
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DCE-MRI was performed using a radial sampling sequence: 15° flip angle, 1.0-

ms echo time, 3.4-ms repetition time, field of view of 410 × 410 mm2, voxel size of 2.1 × 

2.1 × 2.5 mm3, and 72 slices. Serial volumetric pulmonary images were acquired during 

free breathing and reconstructed to a temporal resolution of 2.75 seconds (2). Imaging 

acquisition started 60 seconds prior to the injection of gadoterate meglumine 0.05 

mmol/kg (Guerbet, Villepinte, France) at a rate of 4 mL/s and continued for 360 seconds 

after the start of contrast injection. Due to technical problems, DCE-MRI data was not 

available for 1 participant. The same 3D whole-lung ROI used for PET analysis was 

used for DCE-MRI analysis. The dynamic curve of the ROI was calculated as the 

percentage of signal intensity change over baseline, where baseline signal intensity was 

calculated by averaging the dynamic acquisitions before the bolus of contrast arrived in 

the pulmonary artery. Parameters of interest were extracted from the dynamic curve of 

the ROI, including peak enhancement, the maximum percentage of relative signal 

intensity change over baseline, and late-phase washout slope (kwashout), calculated by 

linear fitting of the points between 60 seconds post-injection and the last acquisition.

For other exploratory endpoints, FVC was assessed by spirometry at Baseline 

and Weeks 4, 8, and 12. Cough severity was assessed by patient-reported visual 

analog scale at Baseline and Weeks 2, 4, 8, and 12. Plasma and serum biomarkers 

were collected at Baseline, Week 4, and Week 12. 

Statistical analysis

A sample size of approximately 12 participants (8 receiving bexotegrast 160 mg, 4 

receiving placebo) was expected to provide a meaningful evaluation of the safety, 
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tolerability, and pharmacodynamics of bexotegrast in participants with IPF. Two analysis 

populations were included: a safety population (all randomized participants who 

received ≥1 dose of study drug) and a pharmacodynamic population (all randomized 

participants who received the study drug and had results from baseline and the post-

baseline PET/MRI scan).

Given the small sample size anticipated in this study, all comparisons are 

descriptive and focus primarily on change from baseline. While several summary 

metrics have been used for SUVs (eg, mean and maximum) (3,4), this study used the 

top quartile SUV, which is the mean SUV for the highest 25% of SUVs within a region. 

The top quartile was identified as a relevant measurement for detecting active disease 

given the heterogeneity of fibrosis in each lung region; the mean SUV could be 

attenuated by areas that lack fibrosis, and the maximum may only apply to a very small 

region within the lung. Values for subpleural whole lung and central whole lung were 

calculated by averaging SUV summary metrics across both lungs and individual regions 

(upper, middle, and lower regions) as applicable.

For forced vital capacity (FVC), a repeated-measures mixed model was used to 

assess the difference between treatment groups with respect to change from baseline to 

Weeks 4, 8, and 12. Fixed effects in the model were treatment group, visit, treatment-by-visit 

interaction term, background therapy status (pirfenidone or nintedanib; yes or no), and baseline 

FVC. An unstructured covariance was used as the within-participant covariance structure. 

Separate models were conducted for absolute FVC and forced vital capacity percent 

predicted (FVCpp) analyses.
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Supplemental Figures

Figure E1. Individual Observed Percent Change From Baseline in the Top Quartile 

SUV of (A) Whole Lung and (B) Subpleural and Central Lung Regions*

SUV, standardized uptake value. *The values for lower subpleural, middle subpleural, 

upper subpleural, lower central, middle central, and upper central are the average of the 

left and right values for each region. The length of the box represents the range 

between the 25th and 75th percentiles, the whiskers represent the maximum and 

minimum, and the horizontal line in the box represents the median. All individual data 

points are displayed. Change was of smaller magnitude in the central region than in 
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subpleural regions. The nonadherent/COVID-19 participant in the bexotegrast group is 

indicated by red circle.   
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Figure E2: Individual Change From Baseline in (A) FVC*, (B) FVCpp*, and (C) Cough 

Severity at Week 12

*One placebo-treated participant did not have acceptable quality spirometry post 

baseline.

FVC, forced vital capacity; FVCpp, percent predicted forced vital capacity VAS, visual 

analog scale.
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Figure E3: Individual Change From Baseline in (A) PRO-C3 and (B) ITGB6 at Week 12

ITGB6, integrin beta-6; PRO-C3, type III collagen synthesis neoepitope. 

The nonadherent/COVID-19 participant in the bexotegrast group is indicated by red 

circle.
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