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Abstract

Background This study aimed to assess the quantitative uptake of '®F-FDG PET-CT in the lungs of patients with early
severe diffuse cutaneous systemic sclerosis (SSc) with and without interstitial lung disease (ILD), compared to controls.
In patients with SSc-ILD, "8F-FDG uptake was correlated to high-resolution computed tomography (HRCT) and pul-
monary function test (PFT) parameters.

Methods A prospective, cross-sectional study was conducted, involving 15 patients with SSc-ILD, 5 patients with SSc
without ILD, and 7 controls without SSc. '8F-FDG PET-CT scans were performed following standardized protocols,

and quantitative analysis of tracer uptake was conducted in predefined lung regions. In addition, HRCT scans were
evaluated for ILD-related radiologic abnormalities. Between-group differences were compared with non-parametric
tests, while correlations with PFT parameters were analyzed using Spearman correlation coefficients.

Results '®F-FDG uptake was mainly increased in the dorsobasal lung fields of patients with SSc-ILD compared to SSc
without ILD and controls (p=0.03 and p < 0.001, respectively). '®F-FDG uptake was higher in SSc patients with exten-
sive ILD (= 20% vs < 20%, p=0.04) and correlated with lower DLCO% (R=-0.59, p=0.02). Ground-glass opacities,

with or without reticulation, corresponded to increased '®F-FDG uptake.

Conclusions '®F-FDG PET-CT can detect metabolic activity in the lungs of patients with early severe diffuse cutane-
ous SSc and ILD, correlating with higher ILD extent (= 20%) and lower DLCO%. These results suggest the potential
utility of '"8F-FDG PET-CT in the early detection of ILD (progression) and aiding in risk stratification.
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Background

Systemic sclerosis (SSc) is a debilitating auto-immune
connective tissue disease, characterized by vasculopathy,
inflammation and fibrosis of the skin and internal organs
[1]. SSc has a high disease specific mortality, which is
estimated at approximately 55%. Interstitial lung disease
(ILD) is the leading cause of death, contributing to 35% of
SSc-related deaths [2]. In SSc-ILD, scarring of the inter-
stitial space eventually leads to fibrosis, stiffening of the
lungs and reduced ability of gas exchange [3]. Patients
can experience shortness of breath and/or coughing, and
in severe cases, progressive fibrotic ILD can eventually
lead to respiratory failure. Clinically relevant ILD devel-
ops in 30—40% of patients with SSc, with the majority of
cases occurring within the first five years of disease onset
[4].

Current treatments for SSc-ILD include anti-inflam-
matory and/or anti-fibrotic therapies, while a minor-
ity of patients with severe diffuse cutaneous SSc (dcSSc)
may be eligible for stem cell transplantation [5]. Despite
the recent implementation of new therapies such as
tocilizumab and nintedanib, most patients do not show
improvement of lung function or reversibility of ILD
related damage on high-resolution computed tomogra-
phy (HRCT) [6-8]. Consequently, there is a clinical need
for new drugs, tailored treatment strategies, and diag-
nostic and prognostic tools to enable early intervention
in patients at high risk of ILD progression, while avoid-
ing overtreatment in patients with a low risk of progres-
sion. Although several risk factors for ILD progression
have been identified at population level—such as diffuse
cutaneous disease, male sex, older age and positivity for
anti-topoisomerase I—the disease course of an individual
patient with SSc-ILD remains challenging to predict [9].

At present, diagnosis and monitoring of SSc-ILD is
performed using pulmonary function tests (PFTs) and
imaging with HRCT. In most (80%) patients with SSc-
ILD, HRCT reveals a radiologic pattern of non-specific
interstitial pneumonia (NSIP). However, other patterns,
such as usual interstitial pneumonia (UIP), lymphocytic
interstitial pneumonia (LIP) or combinations thereof may
occur as well [10]. Unfortunately, HRCT has limited sen-
sitivity in distinguishing inflammation from (end-stage)
fibrosis. For example, previous biopsy studies have shown
that ground-glass opacities (GGO) on HRCT might
reflect inflammation, interstitial edema, or fine fibrotic
remodeling at tissue level. Thus it is unlikely that GGO is
merely a reflection of inflammation [11].

Positron emission tomography (PET) is an innovative
non-invasive imaging technique with the potential to
reflect disease activity and aid in treatment stratification
[12]. The most commonly used tracer, *F-Fluorodeoxy-
glucose (FDG), has broad clinical applications in cancer
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and various inflammatory conditions [13, 14]. In five
small retrospective studies, authors report higher uptake
of ®F-FDG in the lungs of SSc patients with ILD com-
pared to SSc patients without ILD and healthy controls,
while higher uptake correlated with ILD extent and PFT
parameters. Furthermore, SSc patients with progressive
ILD at follow-up had higher F-FDG uptake at baseline,
indicating its potential utility in the improvement of risk
stratification [15-19]. However, prospective studies spe-
cifically focusing on SSc-ILD patients with a short dis-
ease duration are lacking.

In this study, we investigated *F-FDG PET-CT in
patients with early severe dcSSc. Patients with early
severe dcSSc are at high risk to develop ILD (progression)
and there is a high clinical need to improve outcomes for
this specific patient group. As a first step, in this cross-
sectional study, we aimed to compare uptake of *F-FDG
in the lungs between patients with early severe dcSSc
with and without ILD and controls without SSc or ILD.
Furthermore, in the patients with ILD, we aimed to cor-
relate uptake of '®F-FDG in the lungs to standard of care
HRCT (investigating ILD-related radiologic findings) and
PFT parameters.

Methods

Study design and patient selection

This prospective, cross-sectional study was performed
as a sub-study of the UPSIDE study (UPfront autologous
hematopoietic Stem cell transplantation vs Immunosup-
pressive medication in early DiffusE cutaneous systemic
sclerosis) [20]. In short, patients with early severe dcSSc
were eligible to participate in the UPSIDE study if they
had a maximum disease duration of 2 years (from the
first non-Raynaud phenomenon), extensive skin involve-
ment (modified Rodnan Skin Score>15) and/or sig-
nificant organ involvement (heart, lungs or kidneys). All
patients underwent protocolled extensive clinical evalu-
ation at baseline (including PFTs), met the ACR/EULAR
classification criteria for SSc, and pulmonary hyperten-
sion was ruled-out via right-heart catheterization. The
full list of inclusion and exclusion criteria is provided
in Additional Data 1. Patients were recruited from the
Amsterdam UMC, UMC Utrecht and LUMC Leiden
between March 2021 and March 2024, following oral and
written informed consent. The medical ethics commit-
tees of all participating centers approved the study. Con-
trol '8F-FDG PET-CT scans from individuals without SSc
and without ILD, obtained during regular clinical care
for suspected malignancy or follow-up, however show-
ing no abnormalities, were also included. These controls
provided oral and written informed consent for the use of
their scans and data.
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PET-CT protocol and data analysis

Patients underwent '®F-FDG PET-CT scans at baseline,
prior to the initiation of the study medication. All scans
were performed at the Imaging Center of the Amsterdam
UMC, location VUmc (VEREOS, Philips Healthcare and
QUADRA, Siemens). ®F-FDG PET-CT scans were per-
formed in line with the European Association of Nuclear
Medicine procedure guidelines [21]. Patients fasted for
at least 6 h before '®F-FDG injection and glucose levels
of all patients were below <11 mmol/L. Scans were per-
formed between 55 and 70 min after intravenous injec-
tion of 'F-FDG, with doses adjusted according to body
weight. Non-contrast low-dose CT was used for attenu-
ation correction of PET images and for morphologic co-
registration, performed with 120 kV and 30 mAs before
emission scanning.

F-FDG PET-CT analysis was conducted using Accu-
rate, an in house PET analysis program [22]. Tracer
uptake was assessed semi-quantitatively in hand-placed 2
cm diameter spherical volumes of interest (VOIs) in 22
predefined lung regions: basal (6 dorsal VOIs), mid-level
(6 dorsal VOlIs, 2 ventral VOIs), and apical lung fields (6
dorsal VOlIs, 2 ventral VOIs). Each VOI drawing was per-
formed twice by a trained researcher (BB). Dorsal sites
of the basal, mid-level and apical VOIs were pooled to
perform further quantitative analysis. Basal-apical and
mid-level-apical ratios were calculated by dividing the
tracer uptake in the pooled dorsal VOIs of these regions.
We report mean and maximum standardized uptake
values (SUVmean and SUVmax, respectively). To cor-
rect for interindividual differences in tracer distribution,
lung SUVmean and SUVmax were divided by SUVmean
of the blood pool [23]. A detailed overview of the meth-
ods, based on a previous study from our research group,
is provided in Additional Data 2 [2].

HRCT protocol and data analysis

HRCT scans were conducted using high-end multidetec-
tor CT scanners at the referring academic medical cent-
ers or at the imaging center of the Amsterdam UMC,
location VUmec. All patients underwent CT scanning of
the chest in the supine position during end-inspiration,
target thin-section helical CT scans of 1.0 or 1.25 mm
collimation were obtained and reconstructed using a
high-spatial-frequency algorithm. The average time
between HRCT and PET-CT acquisition was 15 days. All
HRCT scans were centrally scored by an experienced ILD
radiologist (LJM) and pulmonologist (EJN), who were
blinded for any of the clinical data. HRCT scans were
scored for the presence of ILD (yes/no), predominant
radiologic ILD pattern, ILD extent and description of
ILD-related radiologic findings, based on consensus. ILD
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patterns were defined according to the 2022 American
Thoracic Society / European Respiratory Society guide-
line [24]. ILD extent was visually estimated, with <20%
defined as limited ILD and>20% as extensive ILD
[10, 25]. ILD-related radiologic findings were defined as:
GGO, GGO with signs of reticulation, reticulation, con-
solidation or honeycombing, respectively [26] and were
described in 10 areas: dorsobasal (left and right), dorsal
and ventral at mid-level (left and right) and dorsal and
ventral at apical level (left and right), corresponding to
the 22 VOIs of PET-CT quantification.

Statistical analysis

All statistical analyses were performed using Graph-
Pad Prism or SPSS. A heatmap was automatically cre-
ated using GraphPad. Normality was assessed using the
D’Agostino-Pearson normality test. Group compari-
sons were conducted using Mann—Whitney U tests or
Kruskal-Wallis tests as appropriate. Spearman’s rank
correlation was used to investigate correlations between
BE_FDG uptake and PFT parameters. P-values<0.05
were considered statistically significant.

Results

Patient characteristics

We included 15 patients with SSc-ILD, 5 patients with
SSc without ILD and 7 control patients without SSc or
ILD. Baseline characteristics of these patients are sum-
marized in Table 1. In both SSc groups, more males than
females were included (SSc-ILD 53.3% and SSc without
ILD 60.0%), with a median disease duration of less than
one year (SSc-ILD 9.4+ 18.7 months and SSc without ILD
7.9 £ 3.6 months). Compared to patients with SSc without
ILD, those with SSc-ILD were older (age 54.0+33.0 vs
39.0+25.0 years), more frequently received immunosup-
pressive treatment with mycophenolate mofetil before
inclusion (93.3% vs 60.0%) and showed lower diffusion
capacity of the lungs for carbon monoxide (DLCO%)
(64.0£50.0 vs 71.0+£32.2). Control patients were older
than both SSc groups (age 64.0+58.0 years). Most
patients with SSc-ILD had an NSIP pattern (93.3%) and
the minority (33.3%) had an ILD extent >20%. For the 10
patients with an estimated ILD extent<20% on HRCT,
the distribution was as follows: 5 patients with 5%, 3
patients with 10%, and 2 patients with 15% estimated ILD
extent.

Quantitative analysis of '®F-FDG

BE_FDG uptake was visually higher in the lungs of
patients with SSc-ILD compared to patients with SSc
without ILD, which is illustrated in Fig. 1. A heat map,
visualizing "®F-FDG uptake in individual VOIs per lung
level (basal, mid-level and apical) and pooled by group
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SSc-ILD (n=15)

SSc without ILD (n=5)

Controls (n=7)

Age (years) 5404330 39.0+250 64.0+58.0
Sex, male 8(53.3%) 3 (60.0%) 3 (42.9%)
Smoking (current, previous) 8(53.3%) 3(60.0%) 3(42.9%)
Disease duration (months) 94+18.7 79+36 -
modified Rodnan skin score 21.0£280 250+120 -

ANA positive 15 (100.0%) 5(100.0%)

- Anti-Topoisomerase | 10 (66.7%) 3 (60.0%) -

- Anti-RNA polymerase Il 0 (0.0%) 1 (20.0%) -

- Other® 5(33.3%) 1 (20.0%) -
Previous therapy 14 (93.3%) 5(100.0%)

- MMF 14 (93.3%) 3 (60.0%) -

- MTX 0(0.0%) 1 (20.0%) -

-CS 2(13.3%) 4(80.0%) -
Pulmonary function test

- FVC% 780+£36.0 81.0+£37.0

- DLCO% 64.0+50.0 71.0£322

HRCT pattern

- NSIP 14 (93.3%) - -

-LIP 1(6.7%) - -

ILD extent on HRCT (> 20%) 5(33.3%) - -

Data are presented as number (%) and median +range

CS Corticosteroids, DLCO Diffusing capacity of the Lungs for Carbon Monoxide, FVCForced Vital Capacity, HRCTHigh Resolution Computed Tomography, ILD Interstitial
Lung Disease, LIPLymphocytic Interstitial Pneumonia, MMF Mycophenolate Mofetil, MTX Methotrexate, NSIPNon-Specific Interstitial Pneumonia,

2 Other: Anti-PM/Scl, Anti-RNP, Anti-SSA/Ro

Fig. 1 Visual examination of '8F-FDG PET-CT and HRCT in SSc-ILD and SSc without ILD. Transverse and sagjittal slides of '8F-FDG PET-CT and HRCT
scans of a SSc patient with (B) and without ILD (A), 8F-FDG uptake is indicated by the orange arrows. 18F-FDG = 18F—FIuorodeo><yg|ucose; (HR)
CT=(High-Resolution) Computed Tomography; ILD = Interstitial Lung Disease; PET =Positron Emission Tomography; SSc= Systemic Sclerosis;

SUV =Standardized Uptake Value

(SSc-ILD, SSc without ILD and controls), clearly shows  analysis showed that uptake of ®F-FDG PET-CT in the
that the increased uptake was mainly seen in the dor- lungs, as determined by SUVmean, was significantly
sobasal lung fields (Fig. 2A). Likewise, quantitative higher in the dorsobasal lung fields of patients with
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A Heatmap of SUVmean (corrected)
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Fig. 2 Quantitative pulmonary uptake of '®F-FDG in patients with SSc-ILD, SSc without ILD and controls. A Heatmap of SUVmean (corrected)

in individual VOIs across SSc-ILD, SSc without ILD and controls. B Pooled SUVmean (corrected) in the 6 dorsobasal VOIs, 6 mid-level dorsal VOIs and 6
apical dorsal VOIs. * p <0.05 ** p <0.002 ***p <0.001. ILD = Interstitial Lung Disease; SSc = Systemic Sclerosis; SUVmean = mean Standardized Uptake
Value; VOI = Volume of Interest#AP = Apical; MI = Mid-level; DB = Dorsobasal; L = Left; R = Right; LAT = Lateral; MED = Medial; MID = Middle; VEN =

Ventral

SSc-ILD compared to patients with SSc without ILD and
controls without SSc or ILD (median 0.78 vs 0.56 vs 0.45;
p=0.03 and p<0.001, respectively) (Fig. 2B). Interest-
ingly, we observed a trend of higher uptake in patients
with SSc without ILD compared to controls. Although
differences in '®F-FDG uptake were most prominent in
the dorsobasal lung fields, significant differences between
patients with SSc-ILD and controls without SSc or ILD
were also observed in the mid-level dorsal and apical dor-
sal lung fields (median 0.55 vs 0.37; p=0.002 and median
0.36 vs 0.31; p=0.03, respectively). Furthermore, basal/
apical and mid-level/apical ratios were higher in SSc-ILD,

when compared to controls without SSc or ILD (median
1.71 vs 1.41; p=0.01 and median 1.32 vs 1.14; p=0.04,
respectively). Notably, similar patterns of increased '°F-
FDG uptake in the lungs were observed when using SUV-
max (Additional Fig. 1).

18E_FDG uptake in relation to ILD extent and ILD-related
radiologic findings on HRCT

SUVmean in the dorsobasal fields was significantly
higher for patients with extensive ILD (>20%; median
0.98) compared to those with limited ILD extent (<20%;
median 0.70 p=0.04)(Fig. 3A). This difference in
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Fig. 3 Relation of '®F-FDG uptake in the dorsobasal lung fields with ILD extent and pulmonary function test parameters in SSc-ILD. A Pulmonary
uptake of "8F-FDG in SSc-ILD, stratified by ILD extent on HRCT (< 20% and = 20%). B Correlation between pulmonary uptake of '8F-FDG

and pulmonary function test parameters in SSc-ILD. * p < 0.05. DLCO = Diffusing capacity of the Lungs for Carbon Monoxide; FVC =Forced Vital
Capacity; HRCT =High Resolution Computed Tomography; ILD =Interstitial Lung Disease; SSc = Systemic Sclerosis; SUVmean =mean Standardized

Uptake Value

SUVmean was not observed in the mid-level and api-
cal lung fields. Similar results were noted for SUVmax
(Additional Fig. 2).

In patients with SSc-ILD and a NSIP pattern (n=14),
we evaluated the presence of ILD-related radiologic find-
ings on HRCT across different lung regions: the left and
right site at dorsobasal level, mid-level (dorsal and ven-
tral) and apical level (dorsal and ventral). The dorsobasal
lung fields were most affected, with ILD-related abnor-
malities in all patients and 96.4% of the scored lung fields.
GGO was the most common abnormality (71.4%), fol-
lowed by GGO with reticulation (25%)(Table 2). Medial
and apical lung fields, both ventral and dorsal, were
affected only in patients with extensive ILD. In these lung
fields we mainly observed GGO, whereas reticulation
without GGO was noted in just one patient. We did not

observe consolidations or honeycombing in any of our
patients.

In the dorsobasal lung fields, SUVmean in the cor-
responding VOIs was slightly higher in areas of GGO
and reticulation compared to GGO alone, although
this difference was not statistically significant (Table 2).
However, areas with GGO and reticulation exhibited
a significantly higher SUVmean compared to normal
lung parenchyma (p=0.03). In the mid-dorsal and
apical-dorsal lung fields, SUVmean in areas with GGO
was significantly higher than in normal lung paren-
chyma (p=0.02). These differences were not observed
in the ventral lung fields. Results for SUVmax showed
a similar pattern, except at the dorsobasal level, where
SUVmax was significantly higher in areas with GGO
and reticulation compared to areas with GGO alone
(p=0.002). Additionally, SUVmax in areas with GGO

Table 2 Radiologic findings and mean SUVmean in the basal, mid-level and apical lung fields in SSc-ILD

Basal (dorsal) Mid-level (dorsal)

n (%) n (%)
Normal 1 (3.6%) 20 (71.4%)
GGO 20 (71.4%) 4 (14.3%)
GGO + Reticulation 7 (25.0%) 3(10.7%)
Reticulation 0 (0.0%) 1(3.6%)

Basal (dorsal) Mid-level (dorsal)

SUVmean SUVmean
Normal 0.57 (0.08) 0.51(0.17)
GGO 0.73(0.20) 0.70 (0.23)
GGO + Reticulation 0.84 (0.22) 0.58 (0.13)
Reticulation 0.61(0.19)

Mid-level (ventral)

Apical (dorsal)

Apical (ventral)

n (%) n (%) n (%)

25 (89.3%) 26 (92.9%) 24 (86.7%)
3(10.7%) 2(7.1%) 4 (4.3%)

0(0.0%) 0 (0.0%) 0(0.0%)

0 (0.0%) 0 (0.0%) 0 (0.0%)
Mid-level (ventral) Apical (dorsal) Apical (ventral)
SUVmean SUVmean SUVmean

0.32 (0.10) 041 (0.15) 0.32 (0.09)
0.32(0.07) 0.62 (0.22) 0.38 (0.10)

Data are presented as number (%) and mean (standard deviation)
GGO Ground-Glass Opacities, SUVmean mean Standardized Uptake Value
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was significantly higher compared to areas with normal
lung parenchyma (p=0.04). Detailed results are pro-
vided in Additional Table 1.

8E_FDG uptake and correlation with PFT parameters

In patients with SSc-ILD, we found a significant negative
correlation between DLCO% and SUVmean in the dor-
sobasal lung fields (R=-0.59, p=0.02) (Fig. 3B), indicat-
ing that higher '®F-FDG uptake is associated with lower
DLCO%. A similar correlation was observed for SUVmax
(R=-0.52, p=0.04; Additional Fig. 2). No significant cor-
relation was found between forced vital capacity (FVC%)
and either SUVmean or SUVmax, nor between any of the
PFT parameters and SUVmean or SUVmax at mid-level
or apical level.

Discussion

We found that uptake of ®F-FDG in the lungs (both
SUVmean and SUVmax corrected) was significantly
increased in the dorsobasal lung fields of patients with
early severe dcSSc and ILD, compared to SSc patients
without ILD and controls without SSc or ILD. Addition-
ally, in SSc-ILD, *F-FDG uptake was higher in those with
extensive ILD (>20%) and correlated with lower DLCO%.
This is the first study to report these findings in a specific
group of patients with severe dcSSc, with a short disease
duration, and generally limited ILD extent. These find-
ings are of great clinical importance, as they suggest that
BE_FDG PET-CT can detect metabolic activity even in
early stages, with ILD extent and DLCO% being impor-
tant markers for ILD progression and mortality [10, 25,
27-29].

Our findings are consistent with previous studies,
which have reported higher F-FDG uptake in SSc-ILD
compared to controls, with or without SSc [18, 19]. In
these previous studies, the F-FDG uptake in patients
with SSc-ILD was generally even higher, which might
be explained by the fact that the included patients had
a higher ILD extent. Importantly, we noted a trend for
higher uptake in three patients with SSc without ILD
compared to controls. Also, we found increased uptake
in the mid-level and apical lung fields of patients with
SSc-ILD compared to controls, while few ILD-related
radiologic abnormalities were found at these levels. These
results suggest that even in SSc patients without ILD and
in SSc-ILD patients in areas without radiologic abnor-
malities, there is evidence for increased metabolic activ-
ity in the lungs. Follow-up should confirm the meaning
of these findings. If these patients develop ILD (progres-
sion), these findings might indicate that ®F-FDG PET-
CT can detect ILD presence/development or progression
earlier than is currently possible with HRCT.
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When findings of *F-FDG PET-CT were compared
and correlated to ILD-related radiologic findings on
HRCT, we found that that increased '®F-FDG uptake in
the dorsobasal lung areas corresponded to the areas most
affected on HRCT. Moreover, we observed that '*F-FDG
uptake coincided with areas exhibiting GGO, with or
without reticulation. The increased uptake in GGO, with
or without reticulation, together with increased uptake
in patients with higher ILD extent aligns with prior stud-
ies in SSc-ILD [17, 19] and idiopathic pulmonary fibro-
sis (IPF) [30-32]. Due to the presence of sole reticulation
in only one patient, this data set did not allow conclu-
sions on comparative '®F-FDG uptake in these areas as
opposed to GGO areas. In particular longitudinal studies
will provide additional data to address this investigation.

With regard to PFT parameters, correlations with
DLCO% and FVC% have been reported by one retro-
spective study in SSc-ILD in a cross-sectional setting,
while multiple studies in IPF, in which ¥F-FDG PET-CT
has been studied more extensively, have shown correla-
tion with DLCO% and FVC% during follow-up [19, 30,
33-36]. The fact that we did not find any correlation with
FVC can be explained by the low prevalence of fibrosis in
our patient group, at this stage of the disease.

Despite these promising results, a general concern
of F-FDG is that it has limited specificity for certain
disease processes. It is established that uptake of 'SF-
FDG is facilitated by glucose transporters (GLUT). We
know from two small histologic studies in IPF and cer-
tain pulmonary inflammatory conditions (e.g. chronic
pulmonary inflammation, tuberculosis and organizing
pneumonia) that GLUT1 is expressed on the surface of
erythrocytes and inflammatory cells, while GLUT3 is
mainly observed on inflammatory cells. This indicates
that '®F-FDG uptake may be a reflection of inflamma-
tion and neovascularization. However, this has not been
formally investigated in SSc-ILD. Furthermore, a possible
role for increased aerobic glycolysis in myofibroblasts has
been suggested, but has not been confirmed in histologic
studies [19, 34, 37]. Thus, new histologic studies, that
look into the expression of GLUT in the lungs of patients
with SSc-ILD could improve interpretation of F-FDG
PET-CT.

In clinical studies, ®F-FDG uptake is increased in dif-
ferent ILD-related radiologic abnormalities (e.g. from
GGO to honeycombing), in patients with short and long
disease duration and in patients limited and extensive
ILD on HRCT [15, 17-19]. Exploration of novel, more
specific tracers targeting fibroblast activity, integrins,
B-cells and macrophages in clinical studies of SSc-ILD
have shown encouraging results [38—42]. In particular,
imaging with ®Ga-FAPI-04 should be further inves-
tigated, as uptake of *®Ga-FAPI-04 was higher in SSc



Broens et al. Arthritis Research & Therapy (2024) 26:219

patients with ILD progression and changes after follow-
up were in line with response to nintedanib [38]. Along-
side new tracers, innovative imaging techniques, such
as respiratory gating and radiomics, hold potential to
improve image resolution, motion correction and PET-
CT quantification [43-45].

Strengths of this study include its prospective design
and the specific group of patients with early severe dcSSc
at high risk of ILD progression or development. Further-
more, results were consistent across different SUV met-
rics (SUVmean and SUVmax). Limitations of this study
include the relatively small patient numbers, which limit
regression analysis, and the lack of follow-up. Ongoing
follow-up studies, including repeated '*F-FDG PET-CT
scans approximately one year after baseline and extended
clinical follow-up through the UPSIDE study, will be
crucial to validate these findings and assess the utility of
8E-FDG PET-CT in early detection of ILD (progression),
risk stratification, monitoring disease progression and
tailored guided treatment strategies.

Conclusions

In conclusion, F-FDG uptake, quantified by both
SUVmean and SUVmax, is increased in the lungs of
patients with early severe dcSSc and ILD, and is related to
extensive ILD (>20%) and lower DLCO%. These findings
support the potential role of ®F-FDG PET-CT in detect-
ing metabolic activity at early stages. Future longitudinal
studies are necessary to establish the value of *F-FDG
PET-CT over time and its comparative advantage over
HRCT and PFTs in this patient population.
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