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Abstract

Rationale: Asthma and chronic obstructive pulmonary disease (COPD) significantly overlap by conventional diagnostic crite-
ria, yet important treatment differences remain, and people with both asthma and COPD (asthma + COPD) have worse clinical
outcomes than people with a single diagnosis. Hyperpolarized xenon-129 magnetic resonance imaging (**Xe MRI) and pulmo-
nary function tests (PFTs) are sensitive to lung function and structure.

Objective: To determine whether »*Xe MRI alongside PFTs can aid phenotyping of real-world patients with asthma and/
or COPD.

Methods: Patients 216 years with physician-assigned asthma and/or COPD were recruited from primary care. ?*Xe and proton
MRI, multiple-breath nitrogen washout, airwave oscillometry, transfer factor of the lung for carbon monoxide (TLco), body
plethysmography, and spirometry were assessed post-bronchodilator. Differences between diagnostic groups were assessed.

Results: The study assessed 165 patients. 2Xe MRI and PFT metrics differed significantly between diagnostic groups. On >*Xe
MRI, patients with COPD had significantly reduced and more heterogeneous ventilation, greater acinar dimensions, and low-
er gas transfer, in addition to lower spirometry, greater airways resistance and reactance, and more air trapping than patients
with asthma. Similarly, »*Xe MRI metrics demonstrated greater abnormalities in COPD than asthma when comparing only
those with normal forced expiratory volume in 1s or TLco. Lung function and structure were worse in asthma+COPD than
asthma and better than COPD.

Conclusions: *»*Xe MRI alongside PFTs provide phenotypically distinct airway disease signatures to aid diagnosis of asthma
and/or COPD. *Xe MRI is highly sensitive to minimal lung disease and identifies functional/structural phenotypes that may
help to guide treatment decisions.
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At a Glance Commentary

Current Scientific Knowledge on the Subject: Asthma and chronic obstructive pulmonary disease (COPD) significantly overlap by
conventional diagnostic criteria, yet important treatment differences remain. People with both asthma and COPD have worse clinical
outcomes than people with a single diagnosis. Hyperpolarized xenon-129 magnetic resonance imaging (}*Xe MRI) and pulmonary
function tests (PFTs) are sensitive to lung function and structure.

What This Study Adds to the Field: This research shows the utility of xenon-129 magnetic resonance imaging (***Xe MRI) in the
phenotyping of patients with asthma and/or COPD to obtain diagnostic information (and therefore guide appropriate treatment) in-
cluding when conventional lung function tests are normal. In this real-world population of primary care patients with asthma and/or
COPD, lung function was lower and structure more abnormal in asthma+COPD than in asthma, but better than in COPD. Among peo-
ple with normal forced expiratory volume in 1s or transfer factor of the lung for carbon monoxide, patients with COPD had reduced
and more heterogeneous ventilation, greater acinar dimensions, and lower gas exchange on »*Xe MRI than patients with asthma.

Introduction

Asthma and chronic obstructive pulmonary disease (COPD) are
heterogeneous obstructive lung diseases, and some patients have
characteristics of both.? The NOVEL observational longiTudinal
studY (NOVELTY, NCT02760329) has previously demonstrated that
disease characteristics overlap between patients with asthma,
asthma+COPD, and COPD, and that conventional criteria poor-
ly differentiate between these diagnostic groups.® Despite this,
there are important differences in treatment recommendations;
for example, long-acting bronchodilators alone are recommend-
ed for patients with COPD but are contraindicated for patients
with asthma.?

Randomized controlled trials that inform treatment guidelines
generally require patients to satisfy stringent inclusion criteria; the
resulting highly selective patient sample restricts the validity of re-
sults to fewer than 10% of real-world patients.*>* Studies often ex-
clude patients who have features of both diseases, the prevalence
of which is between 15% and 32% of patients who have diagnoses
of asthma or COPD.? These patients exhibit worse quality of life, and
more hospitalizations and exacerbations when compared with those
with a single diagnosis.” Furthermore, patients with asthma+COPD
are more likely to die or be hospitalized if treated with bronchodila-
tors alone, rather than bronchodilators in combination with inhaled
corticosteroids.® Improved characterization of the lung function and
structure of patients with asthma+COPD in order to determine if they
have more asthma-like or more COPD-like disease could help guide
management and treatment.

More extensive multimodal investigation of lung structure and
function that goes beyond diagnostic labels and spirometry may
reveal the presence of phenotypes that will inform our under-
standing of underlying mechanisms and point to potential treat-
ment strategies. Hyperpolarized xenon-129 magnetic resonance
imaging (**Xe MRI) is new to clinical practice, highly sensitive to
regional lung function abnormalities in patients with obstructive
lung disease,” and can provide novel insights for phenotyping ob-
structive lung disease, such as alveolar microstructure and gas
exchange.® Studies utilizing *Xe MRI have observed increased
ventilation heterogeneity in asthma® and in COPD,** and elevated
acinar dimensions* and reduced gas exchange'? in COPD com-
pared with the lungs of healthy volunteers. Pulmonary function
tests (PFTs) such as multiple-breath nitrogen washout (MBNW)
and airwave oscillometry (AOS) have increasing clinical potential
and can provide complementary information about global small

airways obstruction, ventilation heterogeneity, airways resist-
ance, and lung compliance.’**

The Advanced Diagnostic Profiling (ADPro) substudy of
NOVELTY is using *Xe MRI and comprehensive PFT assessments
to phenotype lung disease.” In this work, we aimed to determine:
(1) whether **Xe MRI and comprehensive PFTs, including MBNW
and AOS, can aid in the phenotyping of a real-world population
of patients with physician-assigned asthma and/or COPD; and
(2) whether **Xe MRI could differentiate diagnostic groups when
forced expiratory volume in 1s (FEV,) or transfer factor of the lung
for carbon monoxide (TLco) were within the normal ranges. Some
of the results of this study have previously been reported in con-
gress abstracts.'**®

Methods

Patients =16 years old with a physician-assigned or suspected di-
agnosis of asthma and/or COPD participating in NOVELTY,* were
recruited from 2 primary care centers in York, UK. Patients were
assessed at the University of Sheffield, Sheffield, UK, during a sin-
gle visit between July 2020 and June 2021. The following order
of assessments was performed=20min after the administration
of inhaled salbutamol 400 pg: 12Xe MRI, proton (*H) MRI, MBNW,
AOS, TLco, body plethysmography, and spirometry (~90 min after
salbutamol administration).

Demographics and clinical metrics

Demographic data, Chronic Airways Assessment Test (CAAT),*
St George’s Respiratory Questionnaire (SGRQ),?° and Respiratory
Symptom Questionnaire (RSQ) scores,?! physician-reported exac-
erbations over the previous year, hemoglobin level, and neutro-
phil and eosinophil count were taken from the NOVELTY database
at the timepoint closest to the ADPro visit.

MRI and PFTs

'H (structural proton) and *Xe MRI were acquired supine using
a 1.5T whole-body MRI system. The following MRI metrics were
calculated: ventilation defect percent (VDP; percentage of unven-
tilated lung), ventilation heterogeneity index (VH; the interquar-
tile range of the coefficient of variation of signal intensity within

920z Areniged /g uo 1senb Aq 9ev/€v8/2./1/Z L Z/aI01E/WD.fe/ W0 dNO"D1WaPED.//:SA)Y WOl PAPEOjUMOQ



74

American Journal of Respiratory and Critical Care Medicine, 2026, Vol. 212, No. 1

ventilated regions), mean diffusive length scale (Lm; a measure
of acinar dimension), ratio of ?*Xe dissolved in the red blood cells
to *Xe in the airspaces (RBC/gas), ratio of *Xe dissolved in the
alveolar membrane to *Xe in the airspaces (M/gas), and ratio of

129Xe dissolved in the red blood cells to **Xe in the alveolar mem-
brane (RBC/M; measures of alveolar gas exchange).”® Figure 1
depicts the application of *Xe MRI in assessing lung ventilation,
acinar microstructure, and gas exchange.

Figure 1 Application of 1*Xe MRI to assess functionality of lung ventilation, acinar microstructure, and gas exchange. The patient inhales *Xe and holds
it within their lungs during a short breath-hold. Top: in a }?Xe ventilation image, the signal is proportional to the density of gas, with black depicting
unventilated regions, which could be caused by obstruction of the airways. Middle: in an 2Xe map of acinar dimensions, lighter colors depict enlarged
alveolar spaces which may indicate an emphysema phenotype. In healthy acini, *Xe bounces off the alveolar, duct, and bronchiole boundaries,
diffusing a shorter distance during imaging than in emphysematous acini where airspaces are enlarged and boundaries destroyed. Bottom: in a ***Xe
map of gas exchange, darker colors depict areas of reduced gas transfer which may indicate an emphysema phenotype with reduced xenon dissolved in
M and reduced **Xe bound to the RBCs. A small proportion of inhaled gaseous '*Xe (blue) dissolves into the M (green) and transfers to the RBCs (orange)
allowing measurement of gas exchange. Lm =mean diffusive length scale; M=membrane; M/gas=ratio of ***Xe dissolved in the alveolar membrane to
129Xe in the airspaces; RBC=red blood cell; RBC/gas=ratio of 1**Xe dissolved in the red blood cells to *Xe in the airspaces; RBC/M=ratio of **Xe dissolved
in the red blood cells to '*°Xe in the alveolar membrane; VDP =ventilation defect percent; VH =ventilation heterogeneity index.
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All PFTs were performed after MRI and according to international
guidelines.”* The lung clearance index (LCl) was calculated from
MBNW; AOS was used to measure the resistance and reactance at 5Hz,
the difference between the resistance at 5 and 20Hz (R5-R20), and the
area under the reactance curve (AX); and total lung capacity (TLC), re-
sidual volume (RV), and RV/TLC were measured using body plethys-
mography. TLco was calculated from gas transfer. Spirometry, includ-
ing FEV,, forced vital capacity (FVC), FEV /FVC, and forced expiratory
flow at 25-75% of the FVC (FEF,, .., ) was performed. Measurements
were converted to z-scores (lower limit of normal -1.64).2"°

Statistical analysis

Differences between physician-assigned diagnoses (asthma, asth-
ma+COPD, and COPD) were assessed using Kruskal-Wallis tests
with Dunn’s correction (non-normal data) or analysis of variance
tests with Tukey’s correction (normal data) in GraphPad Prism.
Diagnosis signatures were created to compare differences in key
metrics between diagnosis groups. Spearman’s correlations be-
tween key metrics were performed with Holm-Sidak correction
for multiple comparisons (a=0.05).

Sub-analyses were performed to investigate specific subgroups:
(1) differences in e MRI VDP, VH , and Lm were assessed in pa-
tients with normal FEV, (z-score>-1.64); (2) differencesin ***Xe MRI
RBC/gas, RBC/M, and Lm_ were assessed in patients with normal
TLco (z-score>-1.64); and (3) **Xe MRI, PFT, and clinical metrics
were assessed in age-matched patients.

Methods details and additional exploratory analyses are pre-
sented in the Supplementary Material.

Results

Patient demographics and clinical
characteristics by physician-assigned
diagnosis

Patient demographics and clinical characteristics are summarized
in Table 1. Overall, 165 patients (aged 27-82years) were assessed;
83 patients (50.3%) had a physician-assigned diagnosis of asthma,
55 (33.3%) had a physician-assigned diagnosis of asthma+COPD,
and 27 (16.4%) had a physician-assigned diagnosis of COPD. When
compared with patients with COPD, patients with asthma were
younger (median: 52.8 vs 69.9years) and were less likely to be current
smokers (15.7% vs 48.1%). Similarly, compared with patients with
asthma+COPD, patients with asthma were younger (median: 52.8 vs
61.9years), less likely to be current smokers (15.7% vs 32.7%), and
had lower CAAT scores (median: 10.0 vs 14.0), SGRQ scores (median:
15.4 vs 31.4), and RSQ scores (median: 2.0 vs 4.0), indicating better
health status and fewer symptoms. There was a lower proportion
of female patients in the asthma+COPD group (40.0%) compared
with the COPD group (70.4%), and a higher percentage of patients
with physician-assigned severe disease in the asthma+COPD
group (43.6%) compared with the asthma (21.7%) or COPD (18.5%)
groups. As expected, there were medication differences between
physician-assigned diagnosis groups (Table 1 and Table S1).

129Xe MRI and PFT results by physician-
assigned diagnosis

Figure 2 shows example »°Xe MR images from a patient from each
diagnostic group with normal FEV, and normal TLco.

Among all patients, many MRI and PFT metrics were differ-
ent between patients with COPD versus asthma (P<.001) and
asthma+COPD versus asthma (P<.05) (Figure 3 and Table 2).
VDP, Lm_, RBC/gas, M/gas, and LCl were also different between
COPD versus asthma+COPD (P<.01 or P<.05). Patients with
COPD had worse spirometry (FEV,, FEV /FVC, and FEF, ),
lower gas transfer, more gas trapping, more heterogeneous
ventilation, greater acinar dimensions, higher airways reac-
tance, and higher peripheral airways resistance than patients
with asthma. VDP was abnormal (>2.16%) in 47% of patients
with asthma, 87% of patients with asthma+COPD, and 100%
of patients with COPD. Acinar dimensions (Lm_) were abnor-
mally large (>1.64 z-scores)®! in 55.6% of patients with COPD,
46.3% of patients with asthma+COPD, and 6.2% of patients
with asthma. Considerable heterogeneity was also observed in
some variables within diagnostic groups as seen in the wide
range of data observed, for example, for VDP in COPD and AX
in asthma + COPD. Additional metrics are presented in Table S2
and the numbers of patients with each measurement are sum-
marized in Table S3. The diagnostic signatures of patients with
asthma, asthma+COPD, and COPD are shown in Figure 4.

Abnormalities on anatomical *H MRI were observed in 19.0%
of patients, of which atelectasis was the most common (asth-
ma: 9.6%; asthma+COPD: 14.8%; COPD: 11.1%) (Table S4).
Post-bronchodilator air trapping was present in 3 (3.7%) pa-
tients with asthma, but not in patients with asthma+COPD or
COPD. Emphysema was observed on anatomical *H MRl in one
patient with asthma+COPD and one with COPD.

129Xe MRI metrics in patients with normal
FEV, or normal TLco

In patients with spirometry data, post-bronchodilator FEV,
was normal (z-score>-1.64) in 95.1%, 67.9%, and 46.2% of
patients with asthma, asthma+COPD, and COPD, respective-
ly. In 126 patients with normal post-bronchodilator FEV , ven-
tilation defects were prevalent (Figure 5, Table S5) and 61.1%
had abnormal VDP. In this group of patients, *2*Xe MRI metrics
of ventilation abnormality and acinar dimensions were small-
er (closer to age-matched normal) in asthma than in COPD
or asthma+ COPD groups (P<.0001). Acinar dimensions were
also smaller (closer to age-matched normal) in asthma+ COPD
than in COPD (P<.05). 16.0% of patients had abnormally large
acinar dimensions (Lm_>1.64 z-scores) (Table S5). In patients
with gas transfer data, post-bronchodilator TLco was normal
(z-score>-1.64) in 95.1%, 77.4%, and 46.2% of patients with
asthma, asthma+COPD, and COPD, respectively. In 131 pa-
tients with normal TLco, '?°Xe MRI metrics of gas transfer and
acinar dimensions were worse in COPD than in asthma groups
(RBC/gas, Lm_: P<.001; RBC/M: P<.05) (Figure 5) and 14.6% of
patients had enlarged acinar dimensions.
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Figure 2 Example '*Xe MR images from patients with normal FEV, and TLco; (top) a patient with asthma, (middle) a patient with asthma+COPD,
and (bottom) a patient with COPD. Whole lung values are presented. ***Xe = xenon-129; COPD =chronic obstructive pulmonary disease; Lm = mean
diffusive length scale (acinar dimensions); MR=magnetic resonance; RBC/gas=ratio of 1**Xe dissolved in the red blood cells to }*Xe in the airspaces;
VDP =ventilation defect percent.

Figure 3 Key »Xe MRI and PFT metrics grouped according to physician-assigned diagnosis. Whiskers denote minimum and maximum values. PFTs:

(A) FEV, z-score, (B) TLco z-score, (C) RV/TLC z-score, (D) LCl, and (H) AX z-score. ***Xe MRI: (E) VDP, (F) Lm_ (acinar dimensions), and (G) RBC/gas (gas
transfer). 1°Xe = xenon-129; AX=area under the reactance curve; COPD =chronic obstructive pulmonary disease; FEV =forced expiratory volumein 1s;
LCI=lung clearance index; Lm_ =mean diffusive length scale; MRI=magnetic resonance imaging; ns=not significant; TLco=transfer factor of the lung for
carbon monoxide; PFT =pulmonary function test; RBC/gas=ratio of 12°Xe dissolved in the red blood cells to **Xe in the airspaces; RV=residual volume;
TLC=total lung capacity; VDP =ventilation defect percent.
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Figure 4 Diagnosis '*Xe MRI/PFT signatures in patients with physician-assigned (4) asthma, (B) asthma+COPD, (C) COPD, and (D) in all patients.

The center is at —1.1. Radar plots have been generated from the median values of each metric in each diagnostic group; however, values have been
transformed for the purpose of visual comparison between groups (see the Supplementary Materials for the methodology). Higher scores, toward

the outer edge of the plot, indicate that a higher degree of lung abnormalities has been identified by *Xe MRI and PFTs. 12°Xe = xenon-129; AX=airway
reactance; COPD = chronic obstructive pulmonary disease; LCI=lung clearance index; Lm_=mean diffusive length scale; MRI=magnetic resonance
imaging; PFT=pulmonary function test; RBC/gas=ratio of *Xe in the red blood cells to *Xe in the airspaces; TLco =transfer factor of the lung for carbon

monoxide.

129¥e MRI and PFT metrics in age-matched
patients

The trends observed in the whole dataset remained in the subset
of age-matched patients, albeit with reduced statistical signifi-
cance due to the smaller number of patients included (Table S6;
Figure S1). Differences with a statistical significance of P<.0001
between patients with physician-assigned asthma and COPD re-
mained for VDP, Lm_, LCI, FEV, z-score, and TLco z-score.

Correlations between metrics

There were moderate-strong correlations between *Xe MRI and
PFT metrics (Figure S2). Strong negative correlations were observed
between VDP and FEV,/FVC z-score, VH, and FEV,/FVC z-score, and
Lm, and TLco z-score. VDP and VH, showed moderate positive corre-
lations with Lm_ and LCI. CAAT, SGRQ, and exacerbations in the pre-
vious year had the weakest correlations with MRl and PFT metrics.
Smoking pack-years showed moderate correlation with VDP, VH,
Lm_, RBC/gas, FEV, z-score, TLco z-score, and LCI.

Three-dimensional plots of the relationships between FEV,
z-score, VDP, and LCI (Figure S3A) and TLco z-score, RBC/gas, and
Lm, (Figure S3B) show reasonable separation, and some overlap,
between populations of patients with asthma alone (red dots) and
COPD alone (blue dots). Figure S3B shows the direct influence of
lung microstructure on gas exchange; in patients with increased
acinar dimensions (Lm_), the reduction in gas exchange surface
area was associated with impaired transport of **Xe into the
blood (RBC/gas) and reduced TLco.

Discussion

Among patients with physician-assigned diagnoses of asthma
and/or COPD, '»Xe MRI and PFT metrics provided phenotypical-
ly distinct signatures of airways disease. Patients with COPD had
increased ventilation defects and acinar dimensions and reduced
gas exchange on »Xe MRI when compared to those with asthma,
and increased ventilation heterogeneity, airways resistance, and
lung compliance. Metrics were more similar in asthma+COPD
and COPD, although significant differences in some metrics (VDP,
Lm, RBC/gas, M/gas, and LCI) were observed. Substantial heter-
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Figure 5 Patients with normal FEV, (top row) or normal TLco (bottom row): **Xe MRI metrics for patients with physician-assigned diagnoses of asthma,
asthma+COPD, and COPD. Whiskers denote minimum and maximum values. Top row: patients with normal FEV,; (A) VDP, (B) VH,, and (C) Lm (acinar
dimensions). Bottom row: patients with normal TLco; (D) RBC/gas (gas transfer), (E) RBC/M, and (F) Lm, (acinar dimensions). Differences between

physician-assigned diagnosis groups, presented as MD (Cl); P-value: (A) VDP

(-10.2,-4.3)%; <.0001; (B) VH,__, .. lasthma+COPD

asthma

vs VH =-2.6 (-3.6,-1.7); <.0001, VH

lasthma ICOPD

vsVDP_, .. =-4.9(~6.8,-3.0)%; <.0001, VDP 2

vsVH,_  =-4.3(-5.8,-2.8); <.0001; (C) Lm

asthma vs VDP
vsLm

COPD__7'

Dasthma Dasthma+COPD

-29.8 (-43.9,-15.7) pm; <.0001, Lm,_, vsLm, . =-60.4 (-82.1,-38.7) um;<.0001,Lm__, . vsLm, ., =-30.7 (-54.0,-7.3)um;.0064; (D) RBC/
gas, VSRBC/gas,_ . =0.00066(0.00016,0.00116);.0118, RBC/gas Vs RBC/gas,,,,=0.0012 (0.00042, 0.00198);.0004; (E) RBC/M,, Vs RBC/
M opp =0.070 (0.004, 0.137); .0357; (F) Lm,__, vsLm_ . . =-31.4(-42.3,-20.5)um;<.0001,Lm__, vsLm,. . =-29.3 (-46.8,-11.8)um;.0003.

12%Xe = xenon-129; COPD = chronic obstructive pulmonary disease; FEV, =forced expiratory volume in 1s; Lm =mean diffusive length scale; MD, mean
difference; MRI=magnetic resonance imaging; RBC/gas =ratio of 1*Xe dissolved in the red blood cells to **Xe in the airspaces; RBC/M=red blood cell/
membrane; TLco =transfer factor of the lung for carbon monoxide; VDP = ventilation defect percent; VH =ventilation heterogeneity index.

ogeneity was also seen within diagnostic groups. Of significance,
patients with asthma+COPD or COPD but with a normal FEV,,
had significantly worse !*Xe-ventilation and acinar-dimension
metrics than those with asthma. Similarly, among patients with
normal TLco, ?*Xe MRI gas-transfer and acinar-dimension metrics
were worse in those with COPD versus those with asthma. These
findings, alongside the substantial heterogeneity within diagnos-
tic groups with normal FEV, or TLco, highlight the powerful capa-
bility of 1*Xe MRI to phenotype patients with minimal global and
regional airways disease.

The differences between the diagnostic groups suggest that
there are fundamental structural and functional differences that
can be detected using advanced imaging alongside PFTs. Higher
VDP, indicating that '?°Xe cannot access a greater proportion of
the lung,’**? indicates increased airway obstruction, possibly
due to mucus plugging and destruction of the small airways.*
The median VDP for patients with asthma in this study was low
relative to the upper limit of normal for a healthy population,**
indicating that patients with asthma had, on average, more
preserved lung function with limited ventilation obstruction;
despite this, VDP values of up to 17.4% were observed, which
is similar to the findings of others.***¢ Median VDP was higher,
indicative of less preserved lung function, among patients with

asthma+COPD and COPD versus asthma, and to a lesser extent,
in those with COPD versus asthma+COPD. **Xe diffusion MRI
demonstrated that acinar dimensions (measured by Lm_) were
larger in patients with COPD and asthma+ COPD than those with
asthma, and that more than half of patients with COPD and ap-
proaching half of patients with asthma+COPD had abnormally
large acinar dimensions, indicative of emphysema.'>*" This sug-
gests that the low rate of emphysema detected on anatomical
'H MRI (2 patients in total) is a limitation of *H MRI methods
used in detecting subtle changes in parenchymal tissue density
rather than a genuine reflection of the amount of emphysema
in the study population and that **Xe diffusion MRI is sensitive
to early emphysematous changes that are not evident on 'H
MRI. Furthermore, RBC/gas, a marker of gas transfer efficiency
between the alveoli and the blood, and M/gas, an indicator of
pulmonary tissue density,*® were lower in patients with COPD
compared with those with asthma and asthma+COPD consist-
ent with the presence of emphysema. Overall, these ?°Xe MRI
findings indicate a phenotype of reduced and more heteroge-
neous ventilation (possibly due to a greater extent of small air-
ways disease and/or mucus plugging) and reduced gas exchange
(likely because of emphysema) in COPD, and to a lesser extent in
asthma+COPD, compared with asthma.
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LCI mirrored the '**Xe ventilation MRI results of increased ven-
tilation heterogeneity in COPD compared to asthma+COPD, and
in asthma+COPD compared to asthma. Similarly, TLco matched
129%e MRI results showing greater gas transfer in asthma com-
pared to asthma+COPD and COPD. Patients with asthma had
less air trapping than patients with COPD or asthma+COPD. AOS
found greater airways resistance and increased lung compliance
in COPD than asthma, highlighting differences in underlying lung
mechanics between the diagnoses.

1%%e MRI metrics detected abnormalities in patients with
normal FEV, or TLco, demonstrating the exquisite sensitivity of
functional MRI to identify and phenotype subclinical disease.
Hyperpolarized gas (**Xe or Helium-3) ventilation MRI is known
to be highly sensitive to early-stage obstructive lung disease, for
example detecting ventilation abnormalities in children with
cystic fibrosis with normal spirometry, LCI, and computed tomog-
raphy (CT).*® Hyperpolarized gas MRl measurements of acinar di-
mensions have shown sensitivity to emphysematous changes in
asymptomatic smokers,* while gas transfer (RBC/M and RBC/gas)
measurements have not previously been assessed in clinical pop-
ulations with normal conventional lung function.” Here we high-
light that 12°Xe MRI metrics are often abnormal and phenotypically
different between diagnostic groups in patients where the FEV, or
TLco are normal, thus highlighting the power and sensitivity of
129e MRI to be used to diagnose and phenotype patients with mild
and/or early-stage airways disease.

129%e MRI and PFT metrics reflect the severity and extent of
different lung disease pathophysiology in an individual allowing
personalized assessment and management. For example, assess-
ment of a patient with asthma+COPD in the clinic with 1°Xe MRI
and PFTs would provide a picture of whether the lung pathophys-
iology was more asthma-like or COPD-like and their treatment
could be tailored accordingly. Similarly, ***Xe MRI provides novel
lung physiology signatures allowing greater confidence in the di-
agnosis of airways disease. For example, even in a patient with
normal FEV, and TLco, enlarged acinar dimensions (Lm,), reduced
gastransfer (RBC/gas, RBC/M), and reduced pulmonary tissue den-
sity (M/gas) on »*Xe MRI are indicative of emphysema and COPD.
Distinguishing asthma with persistent airflow limitation from
COPD is important due to differences in the treatment options for
asthma and COPD. **Xe MRI and advanced PFTs can aid in this; a
patient with asthma and persistent airflow limitation could have
ventilation defects, increased LCl, and airways resistance but with
normal acinar dimensions, gas exchange, and reactance. Whereas
a patient with COPD could have ventilation defects, increased LClI,
and airways resistance but also enlarged acinar dimensions, re-
duced gas exchange, and increased reactance.

Forall**Xe and PFT metrics, the extent of lung function or struc-
ture impairments in patients with asthma+COPD was greater
than in patients with asthma and less than in patients with COPD.
Given the poorer clinical outcomes of patients with asthma+ COPD
when compared to patients with a single diagnosis previously re-
ported,® the results of the comparison between asthma+COPD
and COPD are somewhat counterintuitive. The dissonance could
be due to the differences in patient populations studied; howev-
er, in this cohort recruited from primary care, it suggests that any
poorer clinical outcomes experienced by the asthma+COPD pa-
tient group would not be caused by having fundamentally worse
lung function or structure than the COPD patient group.

The assessment of patients post-bronchodilator minimized the
contribution of airflow obstruction due to smooth muscle con-
traction, and bronchodilator responsiveness has been found not
to discriminate between asthma and COPD in the wider NOVELTY
study.* Bronchodilator responsiveness data were not acquired
in this cohort at this timepoint, so differential bronchodilator re-
sponsiveness effects between diagnosis groups cannot be ruled
out. In addition to differences in lung physiology between diag-
noses, as expected, there were differences in clinical variables
between diagnosis groups, such as medications, symptom scores,
and smoking status. However, these clinical variables are intrinsic
to the diagnoses and will have had an unquantifiable contribution
to the differences in lung physiology that were observed.

Earlier studies have shown that *Xe MRI metrics are age de-
pendent: acinar dimensions increase with age®” and gas transfer
reduces with age.”” The age-matched sub-analysis supports the
finding that the differences observed between diagnosis groups
in the whole population were not due to older age in the COPD
versus asthma groups.

There have been limited studies to date investigating the
use of Xe MRI in diagnosing patients with obstructive lung
disease. Existing studies tend to be small, use only 1 or 2 MRI
metrics, are limited to a single patient population, or lack com-
parison between diagnostic groups.}*23234.44 A previous study
reported relationships between hyperpolarized gas MRI VDP and
AOS metrics in patients with asthma and patients with COPD.*
Correlations have been reported between *Xe MRI metrics and
PFTs in some small studies, including: VDP and spirometry in pa-
tients with asthma and COPD,"**>* VDP and RV/TLC, and VH, and
spirometry in patients with asthma,** apparent diffusion coeffi-
cient (ADC) and spirometry in patients with COPD,'! and ADC and
TLco and TLco/alveolar volume in patients with COPD.!*!% |n
this study, we found moderate-strong correlations between 2Xe
MRI and PFT metrics; in particular, strong negative correlations
were observed between VDP and FEV, /FVC z-score, VH, and FEV /
FVC z-score, and Lm_ and TLco z-score.

To the best of our knowledge, this study is the first study to in-
vestigate »Xe MRI and PFT characteristics in a population of pa-
tients with a physician-assigned diagnosis of asthma+COPD and
the largest **Xe MRI study conducted to date. NOVELTY enrolls a
broad patient population by including patients according to their
physician-assigned diagnosis from both primary and secondary
care and by avoiding stringent inclusion criteria. Therefore, find-
ings from the NOVELTY dataset are generalizable to the heteroge-
nous population of patients who present in clinical practice.

Limitations include the uneven sample sizes of the diagnos-
tic groups, particularly the small size of the group of patients
with COPD, and uneven proportions of male and female pa-
tients within each diagnostic group. The higher proportion of
patients with physician-assigned disease severity in the asth-
ma +COPD group may have contributed to the overlap of lung
physiology metrics between the asthma+COPD and COPD
groups. Additionally, during the assessment period, those
with asthma or COPD were advised to “shield” themselves
from COVID-19 and 2 national lockdowns took place in the UK
(November 2020 and January-March 2021); asthma exacerba-
tions were substantially lower than usual over the 18 months
following March 2020 than prior to COVID-19.* Clinical varia-
bles such as symptom scores and exacerbation history were
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acquired on average 7-12months before the MRI and PFTs
were performed, which may have reduced the correlations be-
tween clinical and physiological variables. Although MRI and
PFT data from healthy volunteers are available in the literature,
there was no control group assessed as part of this study. CT
is clinically established for the detection of emphysema and
structural abnormalities in the lung, and whilst *H MRI shows
promise its clinical use and evidence base is limited. CT images
were not acquired due to the associated radiation dose, result-
ing in a lack of gold-standard structural imaging data. Finally,
the attending physician determined the patient’s diagnostic la-
bel and disease severity according to their expertise and judg-
ment, which may not have been in accordance with guideline
recommendations.

129%e MRI and PFTs provide novel signatures of lung physiol-
ogy which are phenotypically different in COPD compared to
asthma. Importantly, 2°Xe MRI metrics were sensitive to lung
function abnormalities and were able to differentiate people
with COPD from those with asthma when conventional lung
function tests were normal. Patients with physician-diagnosed
COPD on *Xe MRI had worse ventilation, greater acinar di-
mensions, and lower gas transfer than patients with asthma,
in addition to worse spirometric limitation, greater airways
resistance and lung compliance, and greater air trapping. Lung
function and structure were worse in asthma+COPD than in
asthma, and better in asthma+ COPD than in COPD. These data
demonstrate the power and sensitivity of !*Xe MRI and PFTs in
identifying phenotypes of airways disease to potentially guide
clinical management, including in patients with otherwise min-
imal evidence of disease.
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