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ABSTRACT

Objective. We compared the diagnos-
tic value of fully integrated 'SF-FDG
PET/MRI to that of clinical and sero-
logical markers for monitoring disease
activity in patients with aortitis/chron-
ic periaortitis (A/CPA) during immuno-
suppressive therapy.

Methods. Patients positive for A/CPA
at the initial and at least 2 consecu-
tive PET/MRI studies were included for
retrospective analysis. Imaging (quali-
tative and quantitative analysis), clini-
cal, and serologic (C-reactive protein,
erythrocyte sedimentation rate) assess-
ments were determined at each visit,
and their findings compared. Differ-
ences in various PET/MRI parameters,
clinical symptoms, and serologic mark-
ers during therapy between first and
second visits were tested for statistical
significance. Spearman’s rank correla-
tion coefficient was calculated to relate
imaging to serologic marker changes
between the first 2 visits.

Results. Serial assessments were per-
formed in 12 patients with A/CPA,
over 34 visits. PET/MRI suggested ac-
tive disease in 22/34 (64.7%) studies,
whereas clinical assessment and sero-
logical analysis were positive in only
18/34 (52.9%) and 17/34 (50%) cases,
respectively. Disease activity assess-
ment differed between PET/MRI, and
clinical and serological markers, in
8/34 (23.5%) and 9/34 (26.5%) cases,
respectively. Imaging and serologic
parameters (p<0.009) and clinical
symptoms (p=0.063) predominantly
improved at the second visit. Changes
from the first to the second visit were
not correlated between PET/MRI and
serologic markers.

Conclusion. Fully integrated '*F-FDG
PET/MRI provides a comprehensive
imaging approach with data on vascu-

lar/perivascular inflammation that is
complementary to clinical and labora-
tory assessments. This highlights the
potential value of imaging-based dis-
ease activity monitoring, which might
have a crucial impact on clinical man-
agement in patients with A/CPA.

Introduction

Aortitis and chronic periaortitis (A/
CPA) are rare conditions, usually au-
toimmune-mediated and characterised
by inflammation of the aortic wall or
periaortic tissue. The former, encom-
passing giant cell arteritis (GCA) and
Takayasu’s arteritis (TAK), as the two
main forms of large-vessel vasculitis
(LVV), is secondary to a systemic gran-
ulomatous vasculitis that involves in-
flammatory cellular infiltrates of multi-
nucleated giant cells, mononuclear
cells, lymphocytes, and a high degree of
vascularisation in its acute phase, while
progressive fibrosis prevails in the
chronic stage (1). In contrast, in chronic
periaortitis, including idiopathic retro-
peritoneal fibrosis, perianeurysmal ret-
roperitoneal fibrosis, and inflammatory
abdominal aortic aneurysm, a mixture
of fibrous tissue and inflammatory in-
filtrates, with predominantly mononu-
clear cell infiltrates within fibroblasts
and collagen bundles, is found in highly
vascular and oedematous tissue during
the active inflammatory phase. In the
late stages of this disease entity, histol-
ogy shows pronounced sclerosis and
scattered calcifications (2).

Chronic periaortitis is usually located
at the abdominal aorta and the iliac
arteries and its pathogenesis is con-
sidered to be secondary to a localised
inflammatory reaction to atheroscle-
rotic plaque antigens (3). However, re-
cent observations have suggested that
chronic periaortitis may arise as a pri-
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mary LVV, with inflammation predom-
inating in the adventitia of the aorta,
similarly to that seen in GCA and TAK,
which is typically localised to the ab-
dominal aorta and its branches in some
patients, and in others extends to other
vascular segments (4-7).

Both aortitis and chronic periaortitis
go through different phases of inflam-
matory activity, mostly in the form of
flare-ups, with later degeneration into
more or less active stages of fibrosis
(8, 9). Distinguishing between florid
and dormant A/CPA is crucial for guid-
ing clinical management and allowing
individualised treatment, as untreated
inflammation can result in irreversible
damage to the large arteries and im-
munosuppressive treatment for A/CPA
carries potential life-threatening risks
(10). Traditionally, disease activity is
assessed by C-reactive protein (CRP)
levels and erythrocyte sedimentation
rate (ESR), along with clinical param-
eters, rather than by vascular imaging.
However, acute-phase reactants are not
specific, yielding false-negative and
false-positive findings in 20%-40% of
cases (6,8, 11-13). In addition, CRP and
ESR rapidly normalise after commenc-
ing treatment with novel interleukin-6
receptor alpha inhibitor therapeutic
agents, which hampers the assessment
of disease activity (14-16). Moreover,
clinical features of A/CPA may be non-
specific (e.g. headaches, back pain) or
may potentially be related to prior vas-
cular/perivascular damage, rather than
to active inflammation (e.g. limb clau-
dication, hydronephrosis).

These dilemmas have encouraged the
increasing use of different imaging
techniques for diagnosis, assessment of
disease activity, and even therapy mon-
itoring of A/CPA (8,9, 17-20). To date,
a few studies have evaluated the role of
BE-fluorodeoxyglucose positron-emis-
sion tomography (**F-FDG PET), com-
puted tomography (CT), and magnetic
resonance imaging (MRI) for moni-
toring A/CPA in established cases (8,
9, 18, 21-24). Based on the currently
available data, none of these different
imaging methods is clearly preferred
over another for monitoring disease ac-
tivity in A/CPA. Thus, imaging is not
recommended by the European League
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Against Rheumatism (EULAR) for
follow-up examinations to investigate
potential ongoing inflammation in pa-
tients without clinically/serologically
suspected flare, since its usefulness is
not yet defined (25). There is, howev-
er, an unmet need to identify patients
at risk of relapse and those with sub-
clinical activity, by introducing novel
diagnostic imaging techniques and by
A/CPA-specific image acquisition pro-
tocols, respectively.

In the past decade, '8F-FDG PET/CT
has emerged as a novel and powerful
imaging modality in the evaluation of
inflammatory disorders such as A/CPA.
However, high radiation exposure, low
soft tissue contrast and potential adverse
effects of CT contrast media remain an
issue. As opposed to that, non-invasive
molecular hybrid imaging by means of
fully integrated 'SF-FDG PET/MRI al-
lows precise combination of ®F-FDG
PET and radiation free vascular MRI in
a one-stop-shop procedure for simulta-
neous assessment of disease activity as
well as possible late/chronic structural
A/CPA complications, as shown by our
group in preliminary studies (6, 26).
Recently, ®F-FDG PET/MRI findings
have been successfully correlated with
clinical characteristics and outcome in
patients with LVV in a small prospec-
tive trial by Laurent et al. (27). The au-
thors conclude that *F-FDG PET/MRI
could facilitate the characterisation of
disease activity, especially for chal-
lenging cases. In view of its presuma-
ble benefit in revealing different aspects
and stages of the complex inflammatory
process by providing multiparamet-
ric information, we hypothesised that
whole-body F-FDG PET/MRI might
provide additive diagnostic value in
monitoring disease activity in patients
with A/CPA undergoing immunosup-
pressive therapy, over that provided
by established clinical and serological
markers.

Materials and methods

Study population

Twelve patients positive for A/CPA at
the initial and at least 2 consecutive
PET/MRI studies were extracted from
the institutions’ database (June 2013 to
January 2018) for retrospective analy-

sis. At baseline, patients underwent
PET/MRI during the primary diagnos-
tic evaluation (n=7) or during follow-
up in cases of relapse (n=5). The second
PET/MRI scan was performed to assess
disease activity and disease progres-
sion/non-progression during immuno-
suppressive therapy, which was started
or escalated after the first visit. Ten ad-
ditional follow-up PET/MRI studies in
6 patients under/after immunosuppres-
sive medication treatment were per-
formed (i.e. a third PET/MRI scan in 6
cases, and a fourth PET/MRI scan in 4
cases), in two of those due to relapse at
the third visit, whereas in the other ones
imaging was applied to assess activity
and progression/non-progression dur-
ing follow-up. The local Ethics Com-
mittee approved the study, and we ob-
tained written informed consent from
all participants for the purpose of an-
onymised evaluation and publication of
their data. Study population character-
istics and immunosuppressive therapy
details are summarised in Table I.

PET/MRI acquisition

Imaging was performed on a Biograph
mMR (Siemens Medical Solutions, Er-
langen, Germany), which allows whole-
body simultaneous acquisition of PET
and 3-Tesla MRI data. A vascular-spe-
cific PET/MRI protocol, encompass-
ing a coronal whole-body T2-weight-
ed (T2w) short T inversion recovery
(STIR) sequence with fat suppression,
whole-body contrast-enhanced magnet-
ic resonance angiography (CE-MRA)
with continuous table movement, and
axial T1w fat-suppressed three-dimen-
sional (3D) volumetric interpolated
breath-hold examination (VIBE) se-
quences pre- and post-contrast media
administration, covering the trunk, was
implemented (6, 26). The technical
specifications of the PET/MRI scanner
used are summarised in a performance
evaluation paper (28). Patients fasted
for at least 6 h before 'F-FDG injec-
tion. Blood glucose levels were below
150 mg/dl in all patients. On average,
the PET/MRI scan was started with 8
bed positions, with a 2—4-minute ac-
quisition time per bed position, 121+35
min after injection of 352+76 MBq '*F-
FDG. A mean of 25+1 ml Magnograf®

Clinical and Experimental Rheumatology 2020



PET/MRI for monitoring aortitis/periaortitis / I. Einspieler et al.

Table I. Epidemiological and therapy data.

Patient Sex Age at Underlying Prior Medication at Medication at Medication at Medication at
1% visit disease of Therapy 1% visit 2M visit 3 visit 4t yisit
A/CPA
1* F 58 IRF - - GC (10 mg/day) GC, MMF GC (5 mg/day),
RTX, MMF
2% F 49 IRF - - GC (8 mg/day) MTX, GC MTX
3 M 60 PRF GC - MMF, GC, RTX N/A N/A
4 M 59 PRF - - GC (10 mg/day), MTX N/A N/A
5 M 65 PRF GC - MMF, GC N/A N/A
6* F 59 GCA - - GC (5 mg/day), MTX GC N/A
7* M 68 GCA GC GC (20 mg/day) MTX, GC MTX, GC MTX
8 M 73 GCA - - MTX, GC N/A N/A
9 M 71 GCA - - GC (5 mg/day), TOC N/A N/A
10 F 63 GCA - - MTX, GC N/A N/A
11* F 28 TAK GC - GC, LEF - N/A
12% F 29 TAK  GC,MTX,TOC GC (I mg/day) GC (2.5 mg/day), TOC MTX, TOC -

The mean time interval between the first and second visit was 11.8 months (range: 2-24 months). In the subgroup of patients with more than 1 follow-up
study (*n = 6), the mean time interval between the first and third visit was 20.2 months (range: 11-33 months) and between the first and fourth visit was

28.8 months (range: 23-33 months).

M: male; F: female; A/CPA: aortitis/chronic periaortitis; IRF: idiopathic retroperitoneal fibrosis; PRF: perianeurysmal retroperitoneal fibrosis; GCA: giant
cell arteritis; TAK: Takayasu’s arteritis; GC: glucocorticoids; MTX: methotrexate; TOC: tocilizumab; MMF: mycophenolate mofetil; RTX: rituximab; LEF:

leflunomide; N/A: not applicable.

Underlined and italic terms indicate that immunosuppressive medication was given between the current and prior visit, but with discontinuation in-between.

was administered to acquire contrast-
enhanced MRI data.

Imaging assessment

PET scans were evaluated by 2 expe-
rienced board-certified nuclear medi-
cine physicians in consensus on a
dedicated workstation and software
(syngo MMWP and syngo TrueD, Sie-
mens Medical Solutions). Readers were
blinded to clinical, laboratory, and MRI
findings, but unblinded to previous PET
images. Disease activity was defined
by global interpretation of each study
based upon assessment of the following
15 vascular territories: brachiocephalic
trunk, both subclavian arteries, both
vertebral arteries, both common carotid
arteries, ascending aorta, aortic arch,
descending thoracic aorta, abdominal
aorta, both iliac arteries, and both femo-
ral arteries. For qualitative assessment,
the degree of ®F-FDG uptake relative
to the liver was visually scored from O
to 3 (Visual score, VS; 0 = no uptake; 1
= uptake present, but lower than liver
uptake; 2 = uptake similar to liver up-
take; 3 = higher than liver uptake), in
accordance with recent recommenda-
tions (25, 29). To assess the qualitative
burden of vascular/perivascular FDG
uptake across multiple vessel regions,
a modified version of a recently in-
troduced global summary score (PET

Clinical and Experimental Rheumatology 2020

vascular activity score, PETVAS, (23))
was calculated by adding the VS in the
15 territories (instead of 9 territories as
applied by Grayson PC et al. (23)), with
scores ranging from 0-45. For quanti-
tative evaluation, the maximal stand-
ardised uptake value (SUV,_ ) and the
highest target to blood pool ratio (TBR)
were evaluated in each patient (26).

MRI scans were assessed quantita-
tively and qualitatively by 2 experi-
enced board-certified radiologists us-
ing an FDA-approved OsiriX DICOM
viewer (OsiriX MD v.10.0.3), blinded
to clinical, laboratory, and PET find-
ings, but unblinded to previous MRI
studies. Consensus between the read-
ers was used considering all available
sequences to determine whether each
scan was consistent with active or in-
active A/CPA. Images were evaluated
for maximum thickening (MT) and
increased contrast-enhancement (ICE)
of the aortic wall/periaortic tissue in
the axial plane, respectively. The pres-
ence of T2 STIR signal hyperintensity,
as a proxy for oedema, was assessed at
the aorta and its branches by compar-
ing the mural/perimural signal inten-
sity with myocardial intensity (18). In
CE-MRA analysis, vessel narrowing/
occlusion and aneurysms/ectasia were
documented. Vascular territories that
were not adequately visualised or were

sites of prior surgical intervention were
excluded from analysis.

Clinical and laboratory assessment

At each visit, patients underwent de-
tailed clinical and laboratory investi-
gations. Clinically active disease was
defined by the presence of at least 1
clinical symptom directly attributed
to ongoing A/CPA by two rheuma-
tologists in consensus with substantial
experience in patients with inflamma-
tory vascular/perivascular disorders.
Abnormal acute-phase reactants (CRP,
normal <0.5 mg/dl, and/or ESR, normal
<20 mm) alone were not considered
sufficient evidence of clinical disease
activity. Clinical assessments were
performed blinded to imaging data. A
detailed history was obtained at each
visit focusing on prior and current ther-
apies, including glucocorticoids and
other immunosuppressive medication
(e.g. disease-modifying anti-rheumatic
drugs and biologic agents). All patients
received careful further workup to ex-
clude infectious disease and other auto-
immune or malignant disorders.

Statistical analysis

Wilcoxon’s signed-rank test and McNe-
mar’s test were performed to evaluate
differences in the distribution of contin-
uous and categorical variables between
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the first and second visit, respectively.
Spearman’s rank correlation coefficient
was calculated to examine correlations
between relative changes (i.e. Visit2-Viitl)
of imaging and laboratory inflammation
markers of the first 2 visits. All statisti-
cal analyses were performed using Med-
Calc (v. 18.5). A significance level of
0=5% was used for all statistical tests.

Results

PET/MRI data

At the first visit, 12/12 (100%) and
11/12 (91.7%) patients were classified
as having active A/CPA according to
PET and MRI analysis, respectively.
The second examination demonstrated
4/12 (33.3%) PET-positive and 5/12
(41.7%) MRI-positive cases; thus, 5
cases were PET/MRI-positive in the
combined analysis. Discrepant PET and
MRI findings were found in 2 patients
at the first 2 visits (i.e. 2/4 studies with
discordant results). All but 1 (i.e. CE-
MRA) assessed imaging parameters
had significantly improved by the sec-
ond visit (Table II, Fig. 1). This decrease
was clinically relevant (i.e. normalisa-
tion) in 8/12 (66.7%), 7/11 (63.6%),
and 8/11 (72.7%) patients, considering
VS, ICE, and oedema imaging by T2w-
MRI, respectively. CE-MRA showed
progressive disease in 2 patients at the
second visit, as follows: In 1 patient, a
new ectasia of the suprarenal abdominal
aorta was observed. In another patient
with previously known long segmen-
tal stenosis of both vertebral arteries,
a new occlusion of the right vertebral
artery with consequent ischaemia in the
cerebellum, occurred (Fig. 2). In these
patients, the modified PETVAS score
was substantial at the first visit (scores:
42-45) compared to 8 patients with low
scores of 3-15 and another 2 patients
with moderate-to-high scores of 32-43.
At the third and fourth visit, 3/6 (50%)
patients showed active A/CPA in 5/10
(50%) studies, as follows: in 1 patient,
PET and MRI indicated typical find-
ings for active CPA in 2 studies with
additional findings suggestive of ac-
tive LVV (Fig. 3). In another patient,
MRI showed active CPA in 2 studies,
whereas PET demonstrated a flare in 1
study (of note, this patient had already
discordant PET and MRI results at
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Table II. Differences in imaging, laboratory, and clinical parameters during therapy
between the first 2 visits.

Parameters 1% Visit 2" Visit p-value

PET SUV .* 8.5 (range: 3.2-13.4) 1.4 (range: 1-5.3)  0.001'
TBR* 5.7 (range: 2.3-11.1) 1.3 (range: 0.9-4.2) 0.001"

VS* 3 (range: 1-3) 1 (range: 0-3) 0.002!

mPETVAS 11 (range: 1-45) 5.5 (range: 0-24) 0.001"

MRI MT (mm)* 6.9 (range: 3.7-43) 3.9 (range: 3-36) 0.001"
ICE 12/12 (100%) 4/12 (33.3%) 0.0082

Oedema 11/12 (91.7%) 3/12 (25%) 0.008?

LC by CE-MRA 8/12 (66.7%) 9/12 (75%) 1.0002

Serological assessment CRP 3.1 (range: 0.3-11.4) 0.5 (range: 0.1-1.8)  0.001!
ESR 44 (range: 1-125) 13 (range: 2-34) 0.006!

Clinical assessment Clinical symptoms 10/12 (83.3%) 5/12 (41.7%) 0.0632

Data are expressed as median values (SUV__ , TBR, VS, mPETVAS, MT, CRP, ESR) and number of
patients (ICE, oedema, LC by MRA, clinical symptoms), respectively.

“In each patient the highest value was used for statistical testing.

SUV ... maximum standardised uptake value; TBR: target to blood pool ratio; VS: visual score;
mPETVAS: modified PET vascular activity score; MT: maximum thickening; ICE: increased contrast
enhancement; LC: luminal changes (i.e. stenosis, occlusion, aneurysm, ectasia); CE-MRA: contrast-
enhanced magnetic resonance angiography; CRP: C-reactive protein; ESR: erythrocyte sedimentation
rate. 1: Wilcoxon signed rank test; 2: McNemar’s test.

Fig. 1. At the first visit, coronal PET (a), coronal T2 STIR (b), and axial T1 VIBE (c) show extensive
large-vessel vasculitis with aortitis and inflammatory affection of the supraaortic branches and iliac
arteries in a 63-year-old patient with giant cell aortitis (inflammatory lesions are marked by red arrows).
After immunosuppressive treatment, PET and MRI demonstrate regressive inflammatory changes at
the second visit (23 months later), with completely disappearing oedema at the subclavian arteries (e)
and only low levels of residual disease activity at the aorta, as shown on PET and T1 VIBE (d, f; green
arrows). CRP was normal and ESR was slightly elevated (i.e. 34 mm/h) and signs of clinical disease
activity were absent at the second visit.

Clinical and Experimental Rheumatology 2020
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the first 2 visits, as described above).
Moreover, in 1 patient with LVV, dis-
ease relapse was revealed by PET and
MRI in 1 study at the level of the de-
scending thoracic aorta, accompanied
by a significantly growing aneurysm
with partial thrombosis.

Clinical and laboratory data

Clinical assessment suggested ac-
tive disease in 10/12 (83.3%) and 5/12
(41.7%) patients at the first and second
visit (p=0.063), respectively. At the third
and fourth visit, 2/6 (33.3%) patients
showed findings suggestive of clinically
active disease in 3/10 (30%) studies.
CRP and/or ESR were elevated in
10/12 (83.3%) patients at the first visit
and 6/12 (50%) patients at the second
visit. Additionally, absolute CRP and
ESR values were significantly lower at
the second visit compared to the first
visit (Table II). A clinically relevant
decrease (i.e. normalisation) was ob-
served at the second visit in 6/12 (50%)
and 4/12 (33.3%) patients for CRP and
ESR, respectively. Increased inflam-
matory markers were observed in 1 pa-
tient during the third visit.

PET/MRI versus clinical

and laboratory data

PET/MRI suggested active A/CPA in
22/34 (64.7%) studies, comprising 20
positive PET studies and 21 positive
MRI studies. However, clinical assess-
ment revealed positive findings at only
18/34 (52.9%) visits, and serologi-
cal analysis showed elevated values at
17/34 (50%) visits (Table IIT). Disease
status findings thus differed between
methods: in comparison to PET/MRI,
clinical assessment and serological
analysis showed discordant findings at
8/34 (23.5%; i.e. 6 negative and 2 posi-
tive cases versus 6 positive and 2 nega-
tive PET/MRI studies) and 9/34 (26.5%;
i.e. 7 negative and 2 positive cases ver-
sus 7 positive and 2 negative PET/MRI
studies) visits, respectively. Two pa-
tients with negative serological findings
and positive PET/MRI studies did not
receive previous therapy at first visit.
Moreover, relative changes in PET/MRI
parameters and laboratory data between
the first and second visit were not cor-
related significantly (Table IV).
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Fig. 2. In a 71-year-old patient with giant cell aortitis, coronal PET shows inflammatory involvement
of both vertebral arteries and subclavian arteries (a). CE-MRA demonstrates multiple segmental sten-
oses in both vertebral arteries, whereas the subclavian arteries show no findings suggestive of vasculitis
(b). During immunosuppressive treatment, vascular activity, as shown by PET, had disappeared at the
second visit 4 months later (d). However, CE-MRA demonstrates a new, long segmental occlusion of
the right vertebral artery (e, green arrow), resulting in new focal ischaemic lesions of the cerebellum,

as indicated by T2 STIR (f vs. ¢, green arrows). Clinical symptoms were suggestive for stroke. CrP and
ESR were both elevated at the first and second visit.

1. visit 3. visit

Fig. 3. Coronal maximum-intensity projection PET images of a 58-year-old patient with IRF, taken at
different time points during the course of immunosuppressive treatment. At the first visit, PET shows
typical active IRF (red arrows) with consecutive left-sided hydronephrosis (white arrow). At the sec-
ond visit (2 months later), inflammatory activity has significantly decreased during immunosuppressive
treatment. However, after finishing immunosuppressive therapy, PET/MRI shows disease relapse 17
months later at the third visit (red arrow), hydronephrosis on both sides (white arrows), and new onset of
thoracic and supraaortal LVV (green arrows). After restarting immunosuppressive treatment, vascular/
perivascular inflammation substantially decreased with only low levels of residual activity, but hydrone-
phrosis remained and even worsened bilaterally (white arrows) at the fourth visit.

Discussion

This study investigated the value of
fully integrated whole-body "F-FDG
PET/MRI for monitoring disease ac-

tivity in patients with A/CPA during
immunosuppressive therapy, in com-
parison to that of established clinical
and serological markers; this has not
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Table III. Number of patients with active A/CPA according to PET/MRI analysis and re-
sults of clinical and serological assessment at baseline (1st visit) and follow-up (2™ to 4"

PET and MRI with respect to disease
activity in patients with LVV and ret-

visit). roperitoneal fibrosis, respectively (6,

1% Visit 2 Visit 34 Visit 4% Visit 21, ;%4, 35). Thls agreed Wlth our study

(n*=12) (n*=12) (n*=6) (n*=4) findings, which showed discrepant PET

and MRI results in only 2 patients.

PET/MRI™ 12 > 3 2 Next, in agreement with other reports
Clinical assessment™* 10 5 2 1

Serological assessment** 10 6 1 0 (18, 21, 22), our data showed substan-

*number of visits. **number of patients with active A/CPA.

Table IV. Spearman’s rank correlation coefficient between the relative changes in imaging
and laboratory markers (only metric values were used for statistical analysis).

SUVmax TBR mPETVAS MT

CrP 20.029 0.291 0.110 0411
(p=0.840 (p=0.354) (p=0.610) (p=0.614)

ESR 0.069 0.365 04171 0.117
(p=0.832) (p=0.242) (p=0.177) (p=0.561)

ESR: erythrocyte sedimentation rate.

been reported previously. Our assess-
ments of disease activity status dif-
fered between PET/MRI, and clinical
assessment and serological analysis, in
approximately 25% of all visits. More-
over, relative changes between repeated
visits in PET/MRI parameters and se-
rologic markers did not correlate with
each other. Thus, PET/MRI provides
data on vascular/perivascular inflam-
mation that is complementary to, and
unique from clinical and laboratory as-
sessments; this highlights the potential
value of imaging-based disease activity
monitoring, which might have a crucial
impact on further clinical management
in patients with A/CPA.

In clinical routine, A/CPA activity is
usually assessed by means of clinical
examination and acute-phase reactants,
such as CRP and ESR. However, A/CPA
clinical features may be non-specific
and CRP and ESR can only be used
with caution (6, 9, 12, 30, 31), as also
illustrated by our study results, showing
discordant laboratory parameter find-
ings at 9 visits, as compared to PET/
MRI, respectively. Furthermore, we did
not observe statistically significant cor-
relations of relative parameter changes
between PET/MRI and acute-phase re-
actants during immunosuppressive ther-
apy, suggesting an additional role for
molecular hybrid-imaging for monitor-
ing disease activity. Moreover, clinical
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assessment indicated negative results at
6 visits and positive results at 2 visits,
which was contrary to the findings of
PET/MRI. Hence, laboratory and clini-
cal markers may be substantially com-
promised during immunosuppressive
therapy, suggesting the need for regular
imaging follow-up to detect persistent
inflammation. Of note, in 2 of 7 patients
without previous therapy at baseline, in-
flammatory parameters were in the nor-
mal range, despite strong inflammation
indications on PET/MRI, suggesting
that the discrepancy between inflamma-
tory parameters and the presence of in-
flammatory activity as assessed by PET/
MRI may exist independently of previ-
ous immunosuppressive therapy.

While previous imaging studies for
monitoring of A/CPA have focused on
PET/CT, perfusion-based CT, and MRI
(8, 13, 21, 32, 33), our study was the
first to have investigated fully integrat-
ed PET/MRI as a one-stop multimodal-
ity approach to objectify changes in
disease activity in patients with A/CPA
under immunosuppressive therapy.
Since qualitative and quantitative PET
and MRI parameters yield unique and
complementary data, the combination
of this valuable information into a sin-
gle examination may offer several ben-
efits for diagnosis and patient comfort.
To date, a few studies have reported
comparable diagnostic performance of

tial improvement of various potential
inflammatory biomarkers (i.e. SUV .,
TBR, 4-point VS, PETVAS, aortic/per-
iaortic wall-thickening, enhancement,
and oedema) under immunosuppres-
sive therapy with comparable results
of PET and MRI. Of note, PET param-
eters (VS) and MRI parameters (ICE
and T2w-imaging) showed a clinically
relevant (i.e. normalisation) decrease
in more patients than did clinical and
laboratory markers, indicating their
potentially superior role in assessing
response to treatment. However, aor-
tic/periaortic  wall-thickening never
completely normalised during therapy,
leading to the diagnostic dilemma of
differentiating residual disease activ-
ity from burned-out/fibrotic lesions.
Thus, complementary MRI data, such
as contrast-enhanced and T2w-images
as well as molecular PET data are es-
sential for assessing the level of disease
activity with high confidence. Indeed,
contrast-enhanced MRI and T2w-imag-
ing showed similar performance during
the course of therapy, indicating the po-
tential value of native oedema imaging
as a proxy for active inflammation. Giv-
en the growing discussion about side-
effects and deposits of Gadolinium-
based contrast media application (36),
a broader use of T2w MRI should be
considered in inflammatory disorders
with vascular involvement. Addition-
ally, diffusion-weighted imaging might
be an interesting alternative or comple-
mentary approach for assessing the ac-
tivity of A/CPA (21, 35, 37). Neverthe-
less, contrast media application may be
particularly useful for studying the pro-
gression or non-progression of vascular
damage, potentially leading to surgical
intervention. In our study, CE-MRA
demonstrated a new occlusion of the
right vertebral artery, resulting in brain
ischaemia, a new aortic ectasia, and a
significantly growing, partially throm-
bosed aortic aneurysm in 3 patients.
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Although our data show promising re-
sults for monitoring the course of A/
CPA by multimodality and multipara-
metric imaging, the value of serial im-
aging for guiding treatment decisions
remains controversial (38). Recently,
new PET data have suggested a novel
qualitative summary score, based on
global arterial FDG uptake (i.e. PET-
VAS), which is of potential value for
monitoring disease activity and even
predicting clinical relapse in patients
with LVV (22, 23). To date, PETVAS
has not been used in CPA, since it is
only assessing supradiaphragmatic ar-
terial territories sparing typical CPA
manifestations affecting the abdominal
aorta and iliac arteries. In our study, a
modified version of PETVAS contain-
ing more vascular territories to account
for typical distribution patterns in A/
CPA was able to monitor different lev-
els of vascular/perivascular inflamma-
tion. Additionally, it may be useful for
predicting progressive structural ves-
sel damage, since the highest scores
were observed in 2 of 3 patients with
relevantly changing or new onset ves-
sel alterations according to CE-MRA.
Further prospective trials are warranted
to determine the value of PETVAS and
its modified version for monitoring dis-
ease activity in patients with A/CPA.

The present preliminary study had some
limitations. First, the study included
only a limited number of patients due
to the rarity of this disease. We did not
perform statistical subgroup analysis
comparing patients with aortitis versus
patients with CPA, or intraindividual
follow-up studies after the second visit,
due to small sample size. Second, a con-
temporaneous histologic gold standard
at each visit would have been prefera-
ble to determine if activity based on im-
aging and clinical/laboratory findings is
truly indicative for active A/CPA, but
was not feasible for practical and ethi-
cal reasons. Thus, it is unclear whether
increased metabolic activity in PET
and e.g. contrast enhancement and wall
thickening in MRI, detected particular-
ly in patients after/under immunosup-
pressive therapy, represent subclinical
vasculitis (23), atherosclerosis (39),
a secondary process such as vascular
remodelling, hypoxia (40), or a com-
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bination of these factors. Despite the
lack of histologic confirmation, results
from this study strongly suggest that
positive PET/MRI findings are consist-
ent with active vascular/perivascular
inflammation since the methods used
to define disease activity were consist-
ent with general approaches employed
in prior studies (6, 13, 23, 25, 41-46).
Third, high-doses of glucocorticoids
can hamper the diagnostic accuracy of
PET and MRI in A/CPA (47, 48). Since
the average glucocorticoid dose was
modest at the timepoint of imaging, it
is unlikely to have affected our results
substantially.

In conclusion, our results encourage the
use of fully integrated '®F-FDG PET/
MRI as a one-stop multimodality ap-
proach for monitoring disease activity
of A/CPA under immunosuppressive
therapy delivering complementary in-
formation to clinical and laboratory
data. However, up to date it may be
premature to monitor disease activity
and base treatment decisions on imag-
ing findings alone. Thus, standardised
and validated imaging-based outcome
measures of disease activity in A/CPA
have to be defined by conducting com-
plementary prospective studies. The
Outcome Measures in Rheumatol-
ogy (OMERACT) Vasculitis Working
Group will establish outcome measures
for use in clinical trials in patients with
large-vessel vasculitis in the near future
(49). Besides, potential benefits of ad-
vanced imaging approaches in A/CPA
such as PET/MRI have to be balanced
with potential risks, including radiation
exposure and cost.
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