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Abstract
Objective
We investigated the diagnostic and prognostic value of "8 F-fluorodeoxyglucose positron emission tomography/computed
tomography (SF-FDG PET/CT) for interstitial lung disease (ILD) in patients with microscopic polyangiitis (MPA).

Methods
In this single-centre observational study, 61 patients with MPA who underwent high-resolution computed tomography
(HRCT) and "8F-FDG PET/CT were included. ILD diagnosis was based on HRCT. '8 F-FDG uptake in the lung
parenchyma was assessed as a binary variable (present/absent). Diagnostic performance was evaluated by sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV). The prognostic value was determined
by A (1-year-baseline; positive=improvement) in forced vital capacity (FVC) and diffusing capacity of the lung
for carbon monoxide (DLCO) using multivariable linear regression models.

Results
BF-FDG uptake showed high specificity and PPV (both 1.00) but limited sensitivity (0.63) and NPV (0.26) for ILD
detection. Patients with 'SF-FDG uptake demonstrated significantly greater A in FVC ($=8.26 [2.87-13.64], p=0.004)
and DLCO (=7.38 [0.06-14.69], p=0.048) compared with those without uptake. The prognostic value of **F-FDG
uptake was greater than that of the ILD pattern determined by HRCT (usual interstitial pneumonia [UIP] vs. non-UIP).
While non-UIP patterns were associated with favourable A in FVC ($=8.02 [0.66—15.38], p=0.034), they were not
associated with significant changes in DLCO ($=0.66 [-8.83—-10.16], p=0.885).

Conclusion
BF-FDG PET/CT demonstrated high specificity but limited sensitivity for detecting ILD in MPA, limiting its use as
a screening tool. However, given its prognostic value, "*F-FDG PET/CT could be considered as a complementary

imaging modality may aid prognostic stratification in MPA-associated ILD.
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Introduction

Microscopic polyangiitis (MPA) is a
subtype of antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis,
characterised by necrotising inflamma-
tion of small- to medium-sized vessels,
which can affect multiple organs (1, 2).
Among these, the lungs are commonly
involved, with approximately 50—-65%
of patients experiencing pulmonary
manifestations (3, 4). Specifically, in-
terstitial lung disease (ILD) is the most
frequent type of lung involvement in
MPA, occurring in 25-50% of affected
individuals (3, 5, 6). Importantly, the
presence of ILD in MPA significantly
worsens long-term prognosis, with af-
fected patients having a 2- to 4-fold
higher risk of mortality compared to
those without ILD (5, 7, 8). Therefore,
careful evaluation and management of
ILD are crucial in patients with MPA.
BF-fluorodeoxyglucose positron emis-
sion tomography/computed tomogra-
phy (F-FDG PET/CT) is a non-inva-
sive and sensitive imaging modality that
detects inflammation by capturing in-
creased glucose metabolism in activat-
ed inflammatory cells, such as neutro-
phils, lymphocytes, and macrophages.
While F-FDG PET/CT is widely used
to assess disease activity in large-vessel
vasculitis (9, 10), its utility in ANCA-
associated vasculitis has been less ex-
tensively studied. In a small case series
involving 10 patients with granuloma-
tosis with polyangiitis, 4 with MPA,
and 2 with eosinophilic granulomatosis
with polyangiitis, '*F-FDG PET/CT ac-
curately localised organ involvement in
patients with granulomatosis with poly-
angiitis, except for the nervous system,
eyes, and skin (11). However, due to
the limited number of MPA cases, con-
clusions regarding its clinical utility in
MPA could not be drawn, highlighting
the need for further investigation (11).
In particular, the role of ®F-FDG PET/
CT in evaluating ILD in patients with
MPA remains unclear.

Although high-resolution computed to-
mography (HRCT) is the gold standard
imaging modality for ILD (12), several
studies suggest that *F-FDG PET/CT
may play a complementary role by pro-
viding information on ongoing inflam-
mation and potential prognosis (13-15).

Indeed, 8F-FDG uptake in lung paren-
chyma has been reported in patients
with idiopathic pulmonary fibrosis
(IPF), suggesting a potential diagnos-
tic role of 8F-FDG PET/CT in IPF (16,
17). Regarding systemic sclerosis-asso-
ciated ILD, studies have reported that
BE-FDG uptake in lung parenchyma
was higher in patients with ILD than in
those without ILD (18, 19). Moreover,
a study assessing '*F-FDG PET/CT in
patients with systemic sclerosis-asso-
ciated ILD demonstrated its ability to
differentiate ILD-affected regions from
unaffected lung tissue, suggesting its
potential diagnostic value (20). These
findings support its potential diagnostic
value in systemic sclerosis-associated
ILD 18-20).

Furthermore, studies have shown that
BE-FDG uptake, as assessed by stand-
ardised uptake value (SUV) . and
SUV ... correlated with disease sever-
ity, and high target-to-backgroud ratio
(TBR) was associated with mortality in
patients with IPF, suggesting the role of
BE-FDG PET/CT in evaluating ILD se-
verity and predicting prognosis (21,22).
In patients with systemic sclerosis-as-
sociated ILD, high SUVmax, SUVmin,
and TBR have shown to be associated
with higher risk of mortality, suggesting
the prognostic role of '8F-FDG PET/CT
also in patients with systemic sclerosis-
associated ILD (23).

Given the limited clinical data on the
use of ¥F-FDG PET/CT in MPA and
growing evidence supporting its role in
ILD evaluation, this study aimed to in-
vestigate the clinical utility of ®F-FDG
PET/CT in assessing ILD in patients
with MPA. Specifically, we evaluated
the diagnostic performance of *F-FDG
PET/CT in detecting ILD in MPA and
explored its potential prognostic sig-
nificance.

Methods

Study population

Participants were selected from the
Severance Hospital ANCA-associated
Vasculitides (SHAVE) cohort, a pro-
spective, single-centre cohort compris-
ing Korean patients diagnosed with
ANCA-associated vasculitis. Detailed
information on the SHAVE cohort has
been published previously (24). From
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this cohort, patients who met the 2022
American College of Rheumatology/
European Alliance of Associations for
Rheumatology classification criteria
for MPA (25) were initially screened
(n=186). Among these, those who had
undergone both HRCT and “F-FDG
PET/CT between 2015 and 2024 were
selected (n=62). All F-FDG PET/CT
scans were performed as part of routine
clinical care for diagnostic evaluation,
such as malignancy exclusion, and fe-
ver focus evaluation. One patient was
excluded due to a concurrent pneumo-
nia diagnosis at the time of PET/CT,
leaving 61 patients with MPA included
in the final analysis (Fig. 1).

The clinical data collected included age
at MPA diagnosis, sex, smoking history,
ANCA profile, organ involvement dis-
tribution, forced vital capacity (FVC)
and diffusing capacity of the lung for
carbon monoxide (DLCO) at ILD diag-
nosis, FVC and DLCO 1 year post-ILD
diagnosis, cumulative glucocorticoid
(GC) dose during the first year after
ILD diagnosis, and the use of immuno-
suppressive agent (cyclophosphamide,
mycophenolate mofetil, azathioprine,
tacrolimus, rituximab, and methotrex-
ate) and antifibrotic therapy (pirfeni-
done). As ¥F-FDG PET/CT scans were
performed between 2015 and 2024, a
relatively long period, some variation
in management protocols, particularly
regarding the use of rituximab, may
have occurred. Data are presented ac-
cording to the STROBE checklist (See
online Supplementary file).

Ethics

This study was approved by the Insti-
tutional Review Board (IRB) of the
Severance Hospital, Seoul, Korea (IRB
no. 4-2020-1071) and was conducted
in accordance with the Declaration of
Helsinki. Due to the retrospective de-
sign and the use of anonymised patient
data, written informed consent was
waived.

Diagnosis of ILD

The diagnosis of ILD was based on
HRCT findings. ILD patterns were clas-
sified as either usual interstitial pneu-
monia (UIP) or non-UIP, according to
the HRCT.
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Patients with MPA in the SHAVE
cohort were initially screened
(n=186)

Patients who had both HRCT and
BE_-FDG PET/CT scan
between 2015 and 2024 were selected
(n=62)

Patients with pneumonia at the time of
I8F-FDG PET/CT scan excluded (n= 1)

Patients who had both HRCT and
BF-FDG PET/CT scan without active
pneumonia were included for analysis

(n=61)

Fig. 1. Flowchart of study population selection.

FDG: fluorodeoxyglucose; HRCT: high-resolution computed tomography; MPA: microscopic poly-
angiitis; PET/CT: positron emission tomography/computed tomography; SHAVE: severance hospital

ANCA-associated vasculitides.

8SF-FDG PET/CT

BE-FDG PET/CT was performed to
assess lung inflammation within 3
months of HRCT. Scans were obtained
using dedicated scanners (Discovery
STE [GE Healthcare] or Biograph
40 TruePoint [Siemens Medical Sys-
tems]), following previously estab-
lished protocols (26). Patients fasted
for six hours before imaging, and the
blood glucose threshold was <140
mg/dL. The administered dose of *F-
FDG was 5.5 MBq/kg, and the scan
was performed 60 minutes after injec-
tion. To minimise motion and respira-
tory artifacts, patients were instructed
to maintain shallow, steady breathing
throughout the scan. All images were
reconstructed using an ordered-subset
expectation-maximisation  algorithm
incorporating attenuation correction.
The "F-FDG PET/CT results were
analysed as a binary variable ('F-FDG
uptake in lung parenchyma: yes or no),
which was based on the official read-
ing by a single experienced nuclear
medicine physician. The official read-
ing was recorded as a binary variable
(presence or absence of uptake), rather
than semi-quantitatively. The evalua-
tion included all parenchymal areas,
irrespective of honeycombing or re-
ticulation. The reader was not blinded
to HRCT and clinical data.

Prognosis

The prognosis was assessed based on
pulmonary function changes over the
year following ILD diagnosis. Specifi-
cally, changes in FVC and DLCO from
baseline to 1 year were evaluated. A
was defined as (value at 1-year)—(val-
ue at baseline), with positive indicat-
ing improvement. The proportion of
patients achieving minimal clinically
important differences (MCID) for %
predicted FVC and % predicted DLCO,
defined as a change of =5%, was also
assessed.

Statistical analyses

Descriptive analysis was used to sum-
marise patient characteristics. Con-
tinuous variables with normal and non-
normal distributions were presented as
meanzstandard deviation and median
(interquartile range), respectively. The
normality of continuous variables was
assessed using the Shapiro-Wilk test.
Categorical variables were presented
as frequencies (%). For comparisons
between two groups, the independent t-
test or Mann-Whitney U-test was used
for continuous variables with normal or
non-normal distributions, respectively.
Categorical variables were compared
using either the chi-square test or Fish-
er’s exact test, as appropriate. The di-
agnostic performance of '*F-FDG PET/

Clinical and Experimental Rheumatology 2026
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Table I. Characteristics of 61 patients with MPA.

Characteristics n=61
Demographics
Age, year, mean+SD 65.7+11.0
Male sex, n (%) 29 (47.5)
Ever-smoker, n (%) 2* (3.3)
Vasculitis features
ANCA profile, n (%)
MPO-ANCA (or P-ANCA) positive 60 (98.4)
PR3-ANCA (or C-ANCA) positive 4 (6.6)
Both ANCA positive 4 (6.6)
Both ANCA negative 1 (1.6)
Organ involvement, n (%)
General 31 (50.8)
Cutaneous 8 (13.1)
Mucous and ocular 3(4.9)
Otorhinolaryngological 17 (27.9)
Pulmonological 54 (88.5)
Cardiovascular 7 (11.5)
Gastrointestinal 3(4.9)
Renal 42 (68.9)
Nervous system 16 (26.2)
Lung physiology
Presence of ILD, n (%) 54 (88.5)
Isolated ILD, n (%) 7 (13.0)
Other organs involved, n (%) 47 (87.0)
Pattern of ILD, n (%")
uIp 38 (70.4)
Non-UIP 16 (29.6)
Pulmonary function tests, mean + SD
FVC,L 2.93 +0.88
FVC, % predicted 790+ 142
DLCO, % predicted 68.4 +17.1
Antifibrotic ever-use, n (%) 7 (11.5)
BF-FDG uptake, n (%) 34 (55.7)

ANCA: antineutrophil cytoplasmic antibody; C: cytoplasmic; DLCO: diffusing capacity of the lung
for carbon monoxide; FDG: fluorodeoxyglucose; FVC: forced vital capacity; ILD: interstitial lung
disease; MPA: microscopic polyangiitis; MPO: myeloperoxidase; P: perinuclear; PR3: proteinase 3;
UIP: usual interstitial pneumonia.

*One patient was an ex-smoker with a 15.5 pack-year smoking history, and the other was an ex-smoker
with a 12 pack-year smoking history.

°Calculated using 54 patients with ILD as the denominator.

CT for detecting ILD was evaluated
using HRCT as the gold standard. Sen-
sitivity, specificity, positive predictive
value (PPV), negative predictive value
(NPV), positive likelihood ratio (LR+),
and negative likelihood ratio (LR-)
with their respective 95% confidence

intervals (CIs) were estimated. Multi-
variable linear regression analyses ad-
justed for age, sex, smoking, baseline
FVC/DLCO, HRCT pattern (UIP vs.
non-UIP), myeloperoxidase (MPO)-
ANCA positivity, extra-pulmonary
involvement, antifibrotic use, cumula-

tive GC dose, and immunosuppressive
agent use were used to assess associa-
tions between ®F-FDG uptake and A in
FVC and DLCO. Sensitivity analyses
in different subgroups of patients (pa-
tients with a UIP pattern, patients with
a non-UIP pattern, and patients exclud-
ing those with isolated ILD) were per-
formed. There were no missing data in
the 1-year FVC and DLCO. p<0.05 was
considered statistically significant. All
analyses were conducted using SPSS
software (v. 28.0; IBM Corporation,
Armonk, NY, USA).

Results

Patients’ characteristics

The characteristics of the study popu-
lation are summarised in Table 1. The
mean age at diagnosis of MPA was
65.7£11.0 years, and 47.5% of the
patients were men. MPO-ANCA (or
perinuclear-ANCA) was positive in
98.4% of the patients. Among the 61
patients included in the study, ILD was
diagnosed in 54 (88.5%). At the time
of ILD diagnosis, 13.0% of patients
had isolated ILD, while 87.0% had in-
volvement of additional organs. A UIP
pattern was observed on HRCT in 38
patients (70.4%), whereas 16 patients
(29.6%) exhibited a non-UIP pattern.
The mean FVC was 2.93+0.88 L, with
a % predicted FVC of 79.0+14.2% and
a % predicted DLCO of 68.4+17.1% at
the time of ILD diagnosis. Increased
BE-FDG uptake was observed in 34 pa-
tients (55.7%).

Diagnostic performance of

BEF-FDG uptake for detecting ILD

The diagnostic performance of !SF-
FDG uptake for detecting ILD in pa-
tients with MPA is presented in Table
II. The sensitivity, specificity, PPV, and

Table II. Diagnostic accuracy of '8F-FDG uptake.

NoILD,n ILD,n
No "F-FDG uptake, n 7 20
FE-FDG uptake, n 0 34
Prevalence of ILD, (%) 88.5

Diagnostic accuracy of '®F-FDG uptake

Sensitivity Specificity PPV NPV LR+ LR-
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
0.630 1.000 1.000 0.259 N/A 0.370
(0.487-0.757) (0.590-1.000)  (0.897-1.000) (0.198-0.331) (0.260-0.520)

CI: confidence interval; FDG: fluorodeoxyglucose; ILD: interstitial lung disease; LR: likelihood ratio; NPV: negative predictive value; PPV: positive predic-

tive value.

Clinical and Experimental Rheumatology 2026
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Table III. Comparison of patients with MPA-associated ILD without and with ¥F-FDG

uptake.
No "F-FDG uptake SE-FDG uptake p-value
(n=20) (n=34)
Demographics
Age, year, mean+SD 644 +144 669 +92 0.431
Male sex, n (%) 8 (40.0) 19 (55.9) 0.260
Ever-smoker, n (%) 1 (5.0) 1 (2.9 >0.999
ANCA profile, n (%)
MPO-ANCA (or P-ANCA) positive 20 (100.0) 33 (97.1) >0.999
PR3-ANCA (or C-ANCA) positive 1 (5.0 3 (8.8) >0.999
Both ANCA positive 1 (5.0) 3 (8.8) >0.999
Both ANCA negative 0 (0.0) 1 (2.9 >0.999
Involvement of organs, n (%)
Isolated ILD 1 (5.0) 6 (17.6) 0.239
Other organs involved 19 (95.0) 28 (82.4) 0.239
Pattern of ILD, n (%)
UIP 16 (80.0) 22 (64.7) 0.235
Non-UIP 4 (20.0) 12 (35.3) 0.235
Pulmonary function tests
FVC, L, mean+SD 2.69 + 0.65 2.83 +0.95 0.631
FVC, % predicted, mean+=SD 79.6 = 14.1 76.1 = 14.8 0.468
DLCO, % predicted, mean+SD 684 +16.6 652 +19.0 0.597
A*FVC, L, mean+SD (95% CI) -0.09 = 0.16 0.12 £0.23 0.012
(-0.19-0.01) (0.02-0.22)
A*FVC, % predicted, mean+SD (95% CI) 4670 42 +6.5 0.002
(-8.7—0.5) (1.3-7.1)
A* DLCO, % predicted, mean+SD (95% CI) -6.7 £+ 9.8 1.6 +94 0.033
(-12.5-0.9) (-2.9-6.1)
MCID for FVC, % predicted, n (%) 0 (0.0) 16 (47.1) <0.001
MCID for DLCO, % predicted, n (%) 2 (10.0) 12 (35.3) 0.041
Medications used
Glucocorticoids, mg®, median (IQR) 4923.8 3980.1 0410
(2588.8-7349.1) (2067.5-6595.0)
Cyclophosphamide, n (%) 8 (40.0) 9 (26.5) 0.301
Mycophenolate mofetil, n (%) 11 (55.0) 16 (47.1) 0.573
Azathioprine, n (%) 5 (25.0) 11 (32.4) 0.568
Tacrolimus, n (%) 1 (5.0 129 >0.999
Rituximab, n (%) 4 (20.0) 9 (26.5) 0.746
Methotrexate, n (%) 1 (5.0 2 (5.9 >0.999
Pirfenidone, n (%) 3 (15.0) 4 (11.8) >0.999

ANCA: antineutrophil cytoplasmic antibody; C: cytoplasmic; DLCO: diffusing capacity of the lung
for carbon monoxide; FDG: fluorodeoxyglucose; FVC: forced vital capacity; ILD: interstitial lung
disease; MCID: minimal clinically important differences; MPA: microscopic polyangiitis; MPO: my-
eloperoxidase; P: perinuclear; PR3: proteinase 3; UIP:, usual interstitial pneumonia.

*A=(1-year—baseline; positive=improvement).

*Cumulative dose of prednisolone or its equivalent.

NPV were 0.630 (0.487-0.757), 1.000
(0.590-1.000), 1.000 (0.897-1.000),
and 0.259 (0.198-0.331), respectively.
The LR+ was not calculable because
the specificity was 1.000, and the LR-
was 0.370 (0.260-0.520). These find-
ings indicate high specificity and PPV
but limited sensitivity and NPV.

Comparison of patients

without and with "*F-FDG uptake

To assess the prognostic value of °F-
FDG uptake for A in pulmonary func-
tion, we categorised patients with ILD
into two groups based on the absence or
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presence of uptake. Their clinical out-
comes are shown in Table III. The dis-
tribution of UIP and non-UIP patterns
did not differ significantly between the
groups (p=0.235). Similarly, baseline
pulmonary function, including abso-
Iute FVC (p=0.631), % predicted FVC
(»p=0.468), and % predicted DLCO
(»p=0.597), was comparable between
groups. However, compared with those
without '8F-FDG uptake, patients with
BE-FDG uptake showed significantly
more favourable A in pulmonary func-
tion. This included improvements in ab-
solute FVC (-0.09+0.16 L vs.0.12+0.23

L, p=0.012), % predicted FVC
(-4.6£70% vs. 42+6.5%, p=0.002),
and % predicted DLCO (-6.7+9.8% vs.
1.6+ 9.4%, p=0.033). In addition, com-
pared with patients without "F-FDG
uptake, those with uptake showed a sig-
nificantly higher proportion of patients
achieving MCID for % predicted FVC
(absolute difference: 0.0% vs. 47.1%,
relative difference: 19.800 [95% CI
1.252-313.162], p<0.001) and % pre-
dicted DLCO (10.0% vs. 35.3%, rela-
tive difference: 3.529 [95% CI 0.878—
14.189], p=0.041). The medications
administered during the first year after
ILD diagnosis did not differ between
the two groups.

Comparison of patients with

non-UIP pattern and UIP pattern

We next investigated whether ILD pat-
terns on HRCT also have prognostic
significance. Patients with ILD were
divided into two groups based on
HRCT findings: those with a non-UIP
pattern and those with a UIP pattern.
Clinical outcomes were compared be-
tween the groups, and the results are
presented in Table IV. The proportion
of patients with "*F-FDG uptake did not
differ significantly between the groups
(75.0% vs. 57.9%, p=0.235). Baseline
pulmonary function, including abso-
Iute FVC (p=0.499), % predicted FVC
(p=0.365), and % predicted DLCO
(p=0.863), was comparable between
the groups. However, the A in abso-
lute FVC (0.23+0.27 L vs. 0.00+0.20
L, p=0.030) and % predicted FVC
(6.8+8.6% vs. -0.5£7.1%, p=0.037)
were significantly more favourable in
patients with a non-UIP pattern than in
those with a UIP pattern. However, no
significant differences were observed
in the A in % predicted DLCO be-
tween the two groups (-5.8+10.1% vs.
-0.6£10.2%, p=0.135). Likewise, the
proportion of patients achieving MCID
for % predicted FVC (absolute differ-
ence: 50.0% vs. 21.1%, relative dif-
ference: 2.375 [95% CI 1.081-5.217],
p=0.033) was significantly higher in
patients with a non-UIP pattern than in
those with a UIP pattern, whereas the
proportion of patients achieving MCID
for % predicted DLCO did not differ
between the two groups (absolute dif-

Clinical and Experimental Rheumatology 2026



PET/CT in MPA-associated ILD / O.C. Kwon et al.

Table IV. Comparison of patients with MPA-associated ILD according to the ILD pattern.

Non-UIP uIlp p-value
(n=16) (n=38)
Demographics
Age, year, mean+SD 663+142 659 +10.1 0917
Male sex, n (%) 9 (56.3) 18 (47.4) 0.551
Ever-smoker, n (%) 1 (6.3) 1 (2.6) 0.509
ANCA profile,n (%)
MPO-ANCA (or P-ANCA) positive 16 (100.0) 37 (97.4) >0.999
PR3-ANCA (or C-ANCA) positive 3 (18.8) 1 (2.6) 0.073
Both ANCA positive 3 (18.8) 1 (2.6) 0.073
Both ANCA negative 0 (0.0) 1 (2.6) >0.999
Involvement of organs, n (%)
Isolated ILD 0 (0.0) 7 (18.4) 0.090
Other organs involved 16 (100.0) 31 (81.6) 0.090
BF-FDG uptake, n (%) 12 (75.0) 22 (57.9) 0.235
Pulmonary function tests
FVC, L, mean+SD 2.6+0.54 2.83 +091 0.499
FVC, % predicted, mean+=SD 75.1+423 78.1 £16.3 0.365
DLCO, % predicted, mean+=SD 654+154 66.6 +18.9 0.863
A*FVC, L, mean+SD (95% CI) 0.23+0.27 0.00 £0.20 0.030
(0.02-0.44) (-0.08-0.08)
A*FVC, % predicted, mean+SD (95% CI) 6.8 +8.6 -05+7.1 0.037
(0.0-13.7) (-34-2.3)
A?* DLCO, % predicted, mean+SD (95% CI) -5.8 +10.1 -0.6 £10.2 0.135
(-13.9-2.3) (-4.8-3.7)
MCID for FVC, % predicted, n (%) 8 (50.0) 8 (21.1) 0.033
MCID for DLCO, % predicted, n (%) 3 (18.8) 11 (28.9) 0.515
Medications used
Glucocorticoids, mg®, median (IQR) 54513 3808.8 0.058
(3363.0-8533.6) (1562.5-6595.0)
Cyclophosphamide, n (%) 7 (43.8) 10 (26.3) 0.208
Mycophenolate mofetil, n (%) 10 (62.5) 17 (44.7) 0.233
Azathioprine, n (%) 6 (37.5) 10 (26.3) 0517
Tacrolimus, n (%) 1(6.3) 1(2.6) 0.509
Rituximab, n (%) 3 (18.8) 10 (26.3) 0.732
Methotrexate, n (%) 0 (0.0) 3(7.9) 0.547
Pirfenidone, n (%) 0 (0.0) 7 (18.4) 0.090

ANCA: antineutrophil cytoplasmic antibody; C: cytoplasmic; DLCO: diffusing capacity of the lung
for carbon monoxide; FDG: fluorodeoxyglucose; FVC: forced vital capacity; ILD: interstitial lung
disease; MCID: minimal clinically important differences; MPA: microscopic polyangiitis; MPO: my-
eloperoxidase; P: perinuclear; PR3: proteinase 3; UIP: usual interstitial pneumonia.
*A=(1-year—baseline; positive=improvement).

®Cumulative dose of prednisolone or its equivalent.

Table V. Multivariable linear regression models for the 1-year changes in PFT according to
BE-FDG uptake or ILD pattern.

B (95% CI) R? p-value

AFVC,L

E-FDG uptake 0.197 (0.016-0.378) 0.468 0.034

Non-UIP pattern 0.240 (0.012-0.467) 0.040
A FVC, % predicted

E-FDG uptake 8.256 (2.873-13.638) 0.597 0.004

Non-UIP pattern 8.020 (0.661-15.378) 0.034
A DLCO, % predicted

BE-FDG uptake 7.375 (0.064-14.686) 0.632 0.048

Non-UIP pattern 0.664 (-8.829-10.156) 0.885

Multivariable model adjusted for age, sex, smoking, baseline FVC/DLCO, HRCT pattern (UIP vs.
non-UIP), MPO-ANCA, extra-pulmonary involvement, antifibrotic use, cumulative GC dose, and im-
munosuppressive agent use.

DLCO: diffusing capacity of the lung for carbon monoxide; FDG: fluorodeoxyglucose; FVC: forced
vital capacity; GC: glucocorticoid; HRCT: high-resolution computed tomography; ILD: interstitial
lung disease; MPO-ANCA: myeloperoxidase-antineutrophil cytoplasmic antibody; PFT: pulmonary
function test; UIP: usual interstitial pneumonia.
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ference: 18.8% vs. 28.9%, relative dif-
ference: 0.648 [95% CI 0.208-2.016]
p=0.515). The medications used during
the first year following ILD diagnosis
did not differ between the two groups.

BF-FDG uptake, HRCT patterns

and outcomes

The results of the multivariable linear
regression analyses are presented in Ta-
ble V. The presence of 8F-FDG uptake
was significantly associated with fa-
vourable A in absolute FVC (=0.197
[95% CI 0.016-0.378], p=0.034) and
% predicted FVC ($=8.256 [95% CI
2.873-13.638], p=0.004). Similarly,
a non-UIP pattern was significantly
associated with favourable A in ab-
solute FVC ($=0.240 [95% CI 0.012—
0.467], p=0.040) and % predicted FVC
(p=8.020 [95% CI 0.661-15.378],
p=0.034). Moreover, "®F-FDG uptake
was also significantly associated with
favourable A in % predicted DLCO
B=7375 [95% CI 0.064-14.686],
p=0.048), whereas the non-UIP pat-
tern was not (f=0.664 [95% CI -8.829—
10.156], p=0.885).

The sensitivity analyses (Table VI)
yielded favourable outcomes in patients
with BF-FDG uptake among those with
a UIP pattern and among those exclud-
ing isolated ILD, consistent with the
main analysis. In patients with a non-
UIP pattern, a similar trend toward
favourable outcomes was observed,
although statistical significance was
lost, likely owing to the small number
of patients (n=16), as reflected by the
wide 95% Cls.

Discussion

In this study, we evaluated the diag-
nostic performance and prognostic
value of "F-FDG PET/CT in detect-
ing and monitoring the progression of
ILD in patients with MPA. We found
that "F-FDG uptake demonstrated
high specificity and PPV for detecting
ILD, although its sensitivity and NPV
were limited. Notably, the presence of
BF-FDG uptake was associated with
favourable changes in pulmonary func-
tion over 1 year, suggesting a potential
role as a prognostic marker. While the
ILD pattern on HRCT, particularly the
non-UIP pattern, was also associated
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Table VI. Sensitivity analyses: association between "*F-FDG uptake and 1-year changes in PFT in different subgroups.

B (95% CI) R? p-value
AFVC,L
8F-FDG uptake (patients with a UIP pattern) 0.155 (-0.007-0.318) 0.151 0.060
E-FDG uptake (patients with a non-UIP pattern) 0.366 (-0.387-1.119) 0.313 0.249
E-FDG uptake (excluding patients with isolated ILD) 0.239 (0.038-0.440) 0.225 0.022
A FVC, % predicted
'SE-FDG uptake (patients with a UIP pattern) TAT1 (2.196-12.747) 0.282 0.008
E-FDG uptake (patients with a non-UIP pattern) 10.600 (-14.627-35.827) 0.254 0.308
E-FDG uptake (excluding patients with isolated ILD) 9.592 (3.098-16.087) 0.310 0.006
A DLCO, % predicted
BE-FDG uptake (patients with a UIP pattern) 8.533 (0.083-16.984) 0.182 0.048
E-FDG uptake (patients with a non-UIP pattern) 19.400 (-2.063-40.863) 0.612 0.066
E-FDG uptake (excluding patients with isolated ILD) 8.800 (1.618-15.982) 0.246 0.019

DLCO: diffusing capacity of the lung for carbon monoxide; FDG: fluorodeoxyglucose; FVC: forced vital capacity; PFT: pulmonary function test; UIP: usual

interstitial pneumonia.

with better outcomes, the prognostic
value of “F-FDG PET/CT appeared
to be more consistent. These findings
support the potential clinical utility of
BE-FDG PET/CT as a complementary
imaging tool alongside HRCT in the
management of MPA-associated ILD.
To the best of our knowledge, this is
the first study to evaluate the role of
BE-FDG PET/CT in the diagnosis and
prognosis of ILD in patients with MPA.
Although the specificity (1.000 [95%
CI 0.590-1.000]) and PPV (1.000
[95% CI 0.897-1.000]) of “F-FDG
PET/CT for detecting ILD were ex-
cellent, the sensitivity (0.630 [95% CI
0.487-0.757]) and NPV (0.259 [95%
CI 0.198-0.331]) were relatively low.
These results indicate that while a posi-
tive 8F-FDG uptake strongly supports
the presence of ILD, a negative result
does not reliably exclude the diagnosis.
Therefore, "*F-FDG PET/CT should not
be used as a primary screening tool for
ILD in patients with MPA. Instead, its
utility may lie in serving as a comple-
mentary modality, particularly in cases
where HRCT findings are inconclusive
or when assessing systemic disease ac-
tivity.

The prognostic significance of '®F-
FDG PET/CT was especially compel-
ling. Patients with 'F-FDG uptake
demonstrated significantly greater im-
provements in both FVC and DLCO
over a l-year period. One possible
interpretation is that physicians may
have administered more intensive im-
munosuppressive treatment in response
to observed *F-FDG uptake, potential-
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ly influencing outcomes. However, our
data show no significant differences in
cumulative glucocorticoid dose or use
of immunosuppressive agents between
patients with and without F-FDG
uptake, suggesting that the prognostic
association is independent of treat-
ment intensity. Notably, although not
statistically significant, patients with-
out ¥F-FDG uptake received higher
cumulative doses of glucocorticoids
and were more frequently treated with
immunosuppressive agents such as cy-
clophosphamide and mycophenolate
mofetil. This may be due to the nu-
merically higher proportion of patients
with extra-pulmonary involvement in
this group. These findings suggest that
the improved pulmonary outcomes ob-
served in patients with ®F-FDG uptake
are unlikely to be attributed to treat-
ment intensity. The F-FDG uptake
in fibrotic areas (such as reticulation
and honeycombing) of ILD could be
attributable to increased expression
of glucose transporter-1 in inflamma-
tory cells within these fibrotic areas,
where ongoing inflammation and neo-
vascularisation occur (16, 27). In other
words, the presence of ®F-FDG uptake
in these fibrotic areas may reflect on-
going, potentially reversible inflam-
matory activity rather than irreversible
fibrosis alone. This could explain the
better response to immunosuppressive
therapy in patients with '¥F-FDG up-
take and support its role as a prognos-
tic indicator in MPA-associated ILD.
However, this mechanistic interpreta-
tion remains speculative, as alternative

sources of BF-FDG uptake (fibroblast
activity, infection, atelectatsis, etc.)
and technical factors (partial volume,
motion, etc.) may also contribute.

HRCT patterns are widely recognised
as prognostic indicators in ILD (28-30).
Consistent with previous literature (28-
30), our findings show that a non-UIP
pattern is associated with better 1-year
FVC outcomes compared with a UIP
pattern. However, this prognostic ad-
vantage did not extend to changes in
DLCO. This discrepancy may be due
to the fact that DLCO is influenced
by a broader range of factors beyond
structural changes alone, including pa-
renchymal and vascular inflammation
that affect alveolar-capillary membrane
function, factors not fully captured by
HRCT-based structural patterns (31,
32). In this context, ¥*F-FDG uptake,
which reflects underlying inflammatory
activity in both the interstitial and vas-
cular compartments (33, 34), may serve
as a more comprehensive and reliable
prognostic indicator for DLCO chang-
es. Indeed, when comparing the prog-
nostic performance of F-FDG uptake
and HRCT patterns, F-FDG uptake
demonstrated stronger associations not
only with FVC but also with DLCO
changes, as supported in the linear re-
gression analyses. Specifically, a signif-
icant association with DLCO changes
was found only for ¥*F-FDG uptake and
not for HRCT patterns. Collectively,
these results suggest that '*F-FDG PET/
CT may provide more accurate prog-
nostic information than HRCT alone in
patients with MPA-associated ILD.
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This study has some limitations. First,
we used "F-FDG uptake as a binary
variable rather than quantifying its in-
tensity (e.g. SUV . /SUV __ or lung-
to-blood pool TBR). Consequently, we
could not assess whether higher uptake
levels offer greater prognostic value.
However, from a clinical perspective,
binary classification may be more prac-
tical than quantitative assessment in re-
al-world clinical settings. Second, due
to the small number of non-ILD cases
(n=7), specificity and PPV may be im-
precise or inflated; that is, this study is
underpowered for a precise specificity
estimation. Third, although we adjusted
for medications in the multivariable
linear regression analyses, residual con-
founding by treatment selection cannot
be fully excluded due to the retrospec-
tive design. Nevertheless, a compari-
son of medication use between the no-
uptake and uptake groups revealed no
significant differences. Additionally, al-
though not statistically significant, cer-
tain immunosuppressive agents were
more frequently used in the no-uptake
group, suggesting that the prognostic
value of ®F-FDG uptake is likely inde-
pendent of treatment intensity. Fourth,
our study was conducted in a single-
centre cohort of Korean patients. Exter-
nal validation in diverse populations is
needed to generalise our findings.

In summary, ¥F-FDG PET/CT dem-
onstrated high specificity and PPV for
detecting ILD in patients with MPA,
though its limited sensitivity and NPV
reduce its utility as a screening tool.
However, its prognostic value appears
substantial, as '*F-FDG uptake was as-
sociated with significant improvements
in pulmonary function over 1 year,
independent of treatment intensity.
Compared with HRCT-based ILD pat-
terns, *F-FDG uptake showed stronger
prognostic performance, particularly
in predicting changes in DLCO. These
findings suggest that 8F-FDG uptake
may reflect ongoing, reversible in-
flammation and could help identify
patients more likely to benefit from
immunosuppressive therapy. There-
fore, *F-FDG PET/CT may serve as a
complementary imaging modality may
aid prognostic stratification in MPA-
associated ILD.
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