
Functional xenon-129 magnetic resonance imaging response to
antifibrotic treatment in idiopathic pulmonary fibrosis

To the Editor:

Progression of idiopathic pulmonary fibrosis (IPF) is highly variable [1] and it is clinically challenging to
effectively manage care and tailor treatment regimens using antifibrotic medications, such as nintedanib
and pirfenidone, on a patient-specific basis [2]. Clinical evaluation of the functional response to these
treatments is limited largely to pulmonary function tests (PFTs) (e.g. forced vital capacity (FVC),
percentage predicted forced expiratory volume in 1 s (FEV1), diffusing capacity of the lung for carbon
monoxide (DLCO) [3] and/or progression-free survival [4]). The development of more sensitive biomarkers
that can provide longitudinal evaluation of regional treatment response would have meaningful clinical
utility. Hyperpolarised (HP) xenon-129 (129Xe) magnetic resonance imaging (MRI) has shown potential
for evaluating both regional ventilation and gas exchange, with a strong focus on applications in IPF [5–7].
Specifically, HP 129Xe MRI spectroscopy measures of red blood cell (RBC) 129Xe uptake across the lung
tissue and plasma barrier (hereafter “membrane”) from the alveolar space, called the RBC-to-membrane
ratio, has been shown to be a possible biomarker of future IPF disease progression [8].

In this work, we investigate our hypothesis that IPF patients treated with antifibrotic medications will show
improved longitudinal trajectories in this candidate biomarker over the course of 1 year. These results have
been introduced previously in abstract form [9]. The study was Health Insurance Portability and
Accountability Act compliant and informed consent was obtained in accordance with approved institutional
review board (UW IRB 2013-0266 and UW IRB 2014-1572) and investigational new drug (United States
Food and Drug Administration IND# 118077) protocols. 25 participants with IPF were recruited
prospectively, 21 of whom (19 males, mean±SD age 70.1±8.5 years) underwent HP 129Xe MRI ventilation
and spectroscopic imaging at baseline and at 1-year follow-up. Criteria for study inclusion were outpatients
aged >18 years with clinical diagnosis of IPF by established means. Potential participants were excluded
for any of the following reasons: respiratory illness within 30 days of MRI; oxygen saturation on room air
<90%; history of ventricular cardiac arrhythmia; cardiac arrest within the past year; pregnancy; or unable
to maintain 15-s breath-hold. All 21 participants underwent treatment for IPF according to the standard of
care such that a subgroup was treated with antifibrotic medication (“antifibrotic” group; n=12, 11 males,
age 68.1±7.7 years), while the remaining patients were treated with alternative therapies (“no-antifibrotic”
group; n=9, eight males, age 72.8±9.2 years). Participants were considered part of the antifibrotic group if
they received antifibrotic medication at any point during the study (pirfenidone: n=8 for full year, n=2 for
part of year; nintedanib: n=1 for full year, n=1 for part of year). Patients receiving only partial treatment
were medicated as follows: two were treated at baseline, but stopped antifibrotic treatment before 1 year
(one after 3 months; one after 6 months), while one patient began antifibrotic treatment 9 months after
baseline. Potential comorbidities in this population include history of smoking (n=10), COPD (n=1),
emphysema (n=1), coronary artery disease (n=7) and hypertension (n=8). PFT measurements (single-breath
method) of FEV1 % pred and FVC % pred by spirometry and DLCO % pred were obtained immediately
prior to imaging. Percentage predicted values for PFT measures were calculated based on reference values
of the Global Lung Function Initiative [10].

Ventilation and gas-exchange HP 129Xe MRI were acquired and processed according to previously
described protocols [11, 12]. Gas-exchange spectropic MRI was decomposed into images of HP 129Xe
residing in the RBCs, lung tissues and plasma (membrane) and airspaces (gas), then converted to the ratios
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FIGURE 1 Plots of a and b) baseline and c and d) change in b and d) red blood cell (RBC)-to-membrane ratio
and a and c) ventilation defect percentage (VDP). RBC-to-membrane ratio significantly improved in the
antifibrotic (AF) group over 1 year (p=0.002) and increased over that time in 11 out of 12 patients receiving
antifibrotic medication. Also shown are images of f ) RBC-to-membrane ratio and e) ventilation from an
idiopathic pulmonary fibrosis (IPF) patient not taking antifibrotic medication (no-AF) (male, age 65 years) and
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of RBC:gas, membrane:gas and RBC:membrane for analysis. Voxel-wise ventilation within the lung was
automatically classified into four ventilation metrics: ventilation defect percentage (VDP), low ventilation
percentage, medium ventilation percentage and high ventilation percentage, where percentage refers to the
percentage of total lung volume containing each classification. Statistical comparisons across groups are
made using the Wilcoxon rank-sum tests (unpaired), and comparisons across time (within individuals of
each group) are made using the Wilcoxon signed-rank tests (paired).

Baseline disease was more severe, by certain measures, in the antifibrotic group (lower DLCO:
no-antifibrotic mean±SD 68±14% pred, antifibrotic 52±8.4% pred, p=0.025; and tending to lower FVC:
no-antifibrotic 89±16% pred, antifibrotic 76±17% pred, p=0.070). However, no significant difference in
gender–age–physiology score was found between groups at baseline (no-antifibrotic 3±1, antifibrotic 3.5
±0.7; p=0.16). For imaging measures at baseline, the RBC-to-membrane ratio was comparable in both
groups (no-antifibrotic 0.248±0.045, antifibrotic 0.245±0.066; p=0.86) (figure 1a and b). By 1 year, DLCO

(no-antifibrotic 63±19% pred, antifibrotic 51±11% pred; p=0.21) and FVC (no-antifibrotic 88±15% pred,
antifibrotic 73±19% pred; p=0.11) were statistically equivalent, and there were no changes in PFT
measures within each patient between baseline and 1 year in either treatment group (DLCO: no-antifibrotic
−3.7±7.1% pred, p=0.25; antifibrotic 0.8±6.7% pred, p=0.63; FVC: no-antifibrotic −1.5±3.3% pred,
p=0.27; antifibrotic −3.0±11.5% pred, p=1).

The RBC-to-membrane measure of gas exchange showed an absolute improvement within each patient
after 1 year in the antifibrotic group (ΔRBC:membrane 0.046±0.042, p=0.001) and did not change in the
no-antifibrotic group (ΔRBC:membrane −0.010±0.028, p=0.30) (figure 1d). Consistent with individual
improvement in gas exchange compared to baseline, the RBC:membrane for the antifibrotic group
increased on a per-patient basis compared to no-antifibrotic treatment (p=0.002). For ventilation on MRI,
no significant changes within each patient were observed for VDP within the antifibrotic group (ΔVDP 1.4
±8.7, p=0.38) (figure 1c). Overall, change in VDP within individual patients over 1 year was comparable
between treatment groups (p=0.46). Regional maps of these HP 129Xe measurements from representative
subjects are provided in figure 1e and f.

A notable finding was that DLCO did not respond to treatment, while RBC-to-membrane ratio did, despite
previous work demonstrating a strong association between DLCO and RBC-to-membrane ratio in healthy
and IPF patients and similar reported variability in the repeatability of each measurement [13]. This
finding suggests improved sensitivity to treatment response from regional data provided by HP 129Xe MRI
versus the global changes reported by DLCO % pred. The physiological basis for the improvement in RBC-
to-membrane ratio in the antifibrotic treatment group is unclear. There could be preservation of vascular
reserve that enables more robust response to the disease process, and/or suspension of structural
remodelling leading to more efficient gas-diffusion across the alveolar–capillary membrane. It is worth
noting that ventilation defects did not respond to treatment, despite differing slightly between the treatment
groups at baseline, with the no-antifibrotic group showing more ventilation abnormalities. It is possible that
ventilation differences were driven by comorbid obstructive disease that is minimally affected by
antifibrotic treatments.

There were limitations to this study. The small sample size and baseline differences in the disease severity
of the antifibrotic versus no-antifibrotic groups are important limitations. However, it is worth noting that
baseline severity was greater in the antifibrotic group, possibly resulting in a larger potential for
improvement irrespective of treatment regimen. This seems unlikely to fully explain the observed results,
given that IPF lung disease typically stabilises or progresses under non-antifibrotic therapy [1]. The fact
that three patients were only treated for part of the year with antifibrotic medication is a further limitation
of this work. It is difficult to determine the effect this might have and could potentially have a meaningful
influence on these findings. Finally, the presence of comorbidities in this cohort could influence the
interpretation of these findings as well. While no clinical record of pulmonary hypertension (which can
affect gas exchange measures) was noted, specific investigations were not made to rule out its presence.
Additionally, the high incidence of smoking could be associated with emphysema without physiological
obstruction, again potentially influencing these results.

an IPF patient treated with antifibrotics (male, age 60 years) at baseline and after 1 year. e) VDP is higher in
the no-AF case relative to the patient treated with antifibrotic medication. f ) RBC-to-membrane ratio appears
to decrease over time in the no-AF patient, and recovers in the patient taking antifibrotics. LVP: low ventilation
percentage; MVP: medium ventilation percentage; HVP: high ventilation percentage.
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In conclusion, a regional HP 129Xe MRI biomarker of gas exchange improved in IPF patients undergoing
antifibrotic therapy compared to those on alternative therapies, while clinical PFT measures did not. The
RBC-to-membrane ratio, a regional measure of gas-exchange efficiency, improved significantly after 1 year
in patients undergoing antifibrotic treatment, suggesting promise as a biomarker of early-stage response.
Larger prospective studies investigating ventilation, perfusion and gas exchange in IPF progression and
treatment are needed.

Andrew D. Hahn1,2, Katie J. Carey1, Gregory P. Barton 1,3, Luis A. Torres1, Jeff Kammerman1,
Robert V. Cadman1,4, Kristine E. Lee 5, Mark L. Schiebler6, Nathan Sandbo4 and Sean B. Fain 4,1,2

1Department of Medical Physics, UW-Madison, Madison, WI, USA. 2Department of Radiology,
University of Iowa, Iowa City, IA, USA. 3Department of Medicine, UT Southwestern Medical Center,
Dallas, TX, USA. 4Department of Medicine, UW-Madison, Madison, WI, USA. 5Department of
Biostatistics and Medical Informatics, UW-Madison, Madison, WI, USA. 6Department of Radiology, UW-
Madison, Madison, WI, USA.

Corresponding author: Sean B. Fain (sean-fain@uiowa.edu)

Provenance: Submitted article, peer reviewed.

Conflict of interest: A.D. Hahn reports support for the present manuscript from the NIH/NHLBI, American Lung
Association and GE Healthcare; and grants or contracts and consulting fees from Polarean PLC outside the
submitted work. K.J. Carey reports grants or contracts and consulting fees from Imbio Inc., and stock options in
Imbio Inc.; and is an employee of Imbio Inc. (all disclosures made outside the submitted work). G.P. Barton
reports support for the present manuscript from NIAID T32AI007635. L.A. Torres reports support for the present
manuscript from Flywheel. J. Kammerman reports grants or contracts from Polarean PLC outside the submitted
work; and patents planned, issued or pending with the Wisconsin Alumni Research Foundation (coinventor on
patent related to xenon MRI held by WARF). M.L. Schiebler reports support for the present manuscript from the
NIH/HLBI; and grants or contracts from the DHHS, PHS, NIH and NIH/NHLBI, outside the submitted work; is the
deputy editor of Radiology; and is a shareholder in X-Vax, Inc., Elucent Medical, Inc. and Elucida Oncology, Inc.
S.B. Fain reports support for the present manuscript from the NIH/NHLBI, American Lung Association and GE
Healthcare; grants or contracts from Polarean PLC outside the submitted work; consulting fees from Sanofi/
Regeneron and Polarean PLC, outside the submitted work; and payment or honoraria for lectures, presentations,
speakers’ bureaus, manuscript writing or educational events from Sanofi/Regeneron and Polarean PLC. The
remaining authors have nothing to disclose.

Support statement: This study was supported by the University of Wisconsin, Department of Radiology and
Medical Physics, Research and Development Fund, WARF, Pulmonary Imaging Center NIH/ORIP S10 OD016394, NIH/
NHLBI R01HL126771, R01 EB021314 and research support from GE Healthcare. Funding information for this article
has been deposited with the Crossref Funder Registry.

References
1 Ley B, Collard HR, King TE. Clinical course and prediction of survival in idiopathic pulmonary fibrosis. Am J

Respir Crit Care Med 2011; 183: 431–440.
2 Finnerty JP, Ponnuswamy A, Dutta P, et al. Efficacy of antifibrotic drugs, nintedanib and pirfenidone,

in treatment of progressive pulmonary fibrosis in both idiopathic pulmonary fibrosis (IPF) and non-IPF:
a systematic review and meta-analysis. BMC Pulm Med 2021; 21: 411.

3 Schmidt SL, Tayob N, Han MK, et al. Predicting pulmonary fibrosis disease course from past trends in
pulmonary function. Chest 2014; 145: 579–585.

4 Raghu G, Brown KK, Collard HR, et al. Efficacy of simtuzumab versus placebo in patients with idiopathic
pulmonary fibrosis: a randomised, double-blind, controlled, phase 2 trial. Lancet Respir Med 2017; 5: 22–32.

5 Mammarappallil JG, Rankine L, Wild JM, et al. New developments in imaging idiopathic pulmonary fibrosis
with hyperpolarized xenon magnetic resonance imaging. J Thorac Imaging 2019; 34: 136–150.

6 Stewart NJ, Leung G, Norquay G, et al. Experimental validation of the hyperpolarized 129 Xe chemical shift
saturation recovery technique in healthy volunteers and subjects with interstitial lung disease. Magn Reson
Med 2015; 74: 196–207.

7 Mata JF, Guan S, Qing K, et al. Evaluation of regional lung function in pulmonary fibrosis with xenon-129 MRI.
Tomography 2021; 7: 452–465.

8 Hahn AD, Carey KJ, Barton GP, et al. Hyperpolarized 129Xe MR spectroscopy in the lung shows 1-year reduced
function in idiopathic pulmonary fibrosis. Radiology 2022; 305: 688–696.

https://doi.org/10.1183/23120541.00080-2023 4

ERJ OPEN RESEARCH RESEARCH LETTER | A.D. HAHN ET AL.

https://orcid.org/0000-0001-7471-5488
https://orcid.org/0000-0002-9102-4627
https://orcid.org/0000-0001-5461-0646
mailto:sean-fain@uiowa.edu
https://www.crossref.org/services/funder-registry/


9 Hahn AD, Carey KJ, Sandbo N, et al. Response of hyperpolarized 129Xe MRI measures of ventilation and
gas-exchange to anti-fibrotic treatment in idiopathic pulmonary fibrosis. Proc Soc Magn Res Med 2021; 0591.

10 Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for spirometry for the 3–95-yr age
range: the global lung function 2012 equations. Eur Respir J 2012; 40: 1324–1343.

11 Kaushik SS, Robertson SH, Freeman MS, et al. Single-breath clinical imaging of hyperpolarized 129Xe in the
airspaces, barrier, and red blood cells using an interleaved 3D radial 1-point Dixon acquisition. Magn Reson
Med 2016; 75: 1434–1443.

12 Zha W, Niles DJ, Kruger SJ, et al. Semiautomated ventilation defect quantification in exercise-induced
bronchoconstriction using hyperpolarized helium-3 magnetic resonance imaging: a repeatability study. Acad
Radiol 2016; 23: 1104–1114.

13 Hahn AD, Kammerman J, Evans M, et al. Repeatability of regional pulmonary functional metrics of
hyperpolarized 129Xe dissolved-phase MRI. J Magn Reson Imaging 2019; 50: 1182–1190.

https://doi.org/10.1183/23120541.00080-2023 5

ERJ OPEN RESEARCH RESEARCH LETTER | A.D. HAHN ET AL.


	Functional xenon-129 magnetic resonance imaging response to antifibrotic treatment in idiopathic pulmonary fibrosis
	References


