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The quantitative assessment of interstitial lung
disease with positron emission tomography scanning
in systemic sclerosis patients
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Abstract

Objectives. The reversibility of interstitial lung disease (ILD) in SSc is difficult to assess by current diagnostic modalities
and there is clinical need for imaging techniques that allow for treatment stratification and monitoring. 'F-
Fluorodeoxyglucose (FDG) PET/CT scanning may be of interest for this purpose by detection of metabolic activity in
lung tissue. This study aimed to investigate the potential role of '®F-FDG PET/CT scanning for the quantitative assess-
ment of SSc-related active ILD.

Methods. '®F-FDG PET/CT scans and high resolution CT scans of eight SSc patients, including five with ILD, were
analysed. For comparison, reference groups were included: eight SLE patients and four primary Sjégren’s syndrome
(pSS) patients, all without ILD. A total of 22 regions of interest were drawn in each patient at apical, medial and
dorsobasal lung levels. F-FDG uptake was measured as mean standardized uptake value (SUVmean) in each region
of interest. Subsequently, basal/apical (B/A) and medial/apical (M/A) ratios were calculated at patient level (B/A-p and M/
A-p) and at tissue level (B/A-t and M/A-t).

Results. SUVmean values in dorsobasal ROIs and B/A-p ratios were increased in SSc with ILD compared with SSc
without ILD (P=0.04 and P=0.07, respectively), SLE (P=0.003 and P=0.002, respectively) and pSS (P=0.03 and
P=0.02, respectively). Increased uptake in the dorsobasal lungs and increased B/A-t ratios corresponded to both
ground glass and reticulation on high resolution CT.

Conclusion. Semi-quantitative assessment of '®F-FDG PET/CT is able to distinguish ILD from non-affected lung tissue
in SSc, suggesting that it may be used as a new biomarker for SSc-ILD disease activity.
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Rheumatology key messages

o Semi-quantitative assessment of '®F-FDG PET/CT distinguishes ILD from healthy lung tissue.

o Increased "®F-FDG uptake in SSc-ILD lungs corresponds to ground glass and reticulation on high resolution CT.

o Semi-quantitative '8F-FDG PET/CT analysis could potentially be used as a biomarker for assessing SSc-ILD
disease activity.

Introduction some degree of ILD, of which 30% have severe disease
resulting in increased morbidity and mortality [2-4].
Available treatment options for SSc-ILD have limited
effect and are potentially associated with severe drug
side effects, making the management of SSc-ILD a chal-

lenge in clinical practice [5, 6].

Interstitial lung disease (ILD) is the main cause of death in
SSc patients [1]. Up to 90% of SSc patients will develop
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Currently, to determine whether treatment should be
initiated and for evaluation of treatment response, pul-
monary functions tests (PFT) and high resolution CT
(HRCT) are used as the most important tools. The pattern
of ILD can be assessed with HRCT. In SSc-ILD patients,
most commonly a radiological pattern of non-specific
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interstitial pneumonia (NSIP) is seen, and less often a
usual interstitial pneumonia or other ILD pattern [2].
Decrease of lung function can be assessed with PFT, in
which the forced vital capacity and the diffusion capacity
for carbon monoxide are the most indicative parameters
of disease progression [7]. However, there is a need for
other tools and biomarkers, as HRCT provides morpho-
logical rather than functional information and therefore is
only indirectly related to disease activity [4, 5, 8-10]. Novel
approaches to directly assess disease activity and to
monitor the efficacy of drug treatment are therefore
needed.

Recently, the use of "®F-fluorodeoxyglucose (FDG) PET/
CT scanning for the assessment of ILD has been investi-
gated [11-16]. It has been shown that '®F-FDG PET/CT
scanning is a non-invasive and sensitive method to
detect inflammation as a result of increased glucose me-
tabolism in inflammatory cells; activated neutrophils,
lymphocytes and macrophages, known to be involved in
SSc-ILD pathogenesis, highly express GLUT1 and GLUT3
receptors through which '8F-FDG cell uptake is facilitated
[11, 17-19]. Also, fibrotic cells in lungs with ILD may show
increased cell metabolism [19]. Histopathological studies
showed an accumulation of inflammatory cells in HRCT-
classified fibrotic lesions as well [12, 17, 20, 21]. Therefore,
differentiation of active and inactive disease based on the
detection of inflammation or fibrosis on HRCT seems to be
inaccurate. Combining functional '®F-FDG PET/CT infor-
mation with anatomical HRCT information could potentially
improve the understanding of underlying processes or the
evaluation of disease activity in SSc-ILD patients.

Previous studies have shown that semi-quantitative
8F_FDG PET/CT scan analysis might be useful to
assess disease activity in patients with SSc-ILD and
related conditions [12-16, 22-29]. However, '8F-FDG
PET/CT studies with SSc-ILD patients thus far have limi-
tations in regard to quantification [12, 23, 24, 29]. The
challenge of quantification is emphasized by the fact
that the NSIP pattern is characterized by local variability
in the amount of cellular infiltrates and fibrotic areas [30,
31]. "8F-FDG PET/CT analysis that accounts for this loca-
lized disease activity is therefore important. Furthermore,
variations of air and perfusion in the lungs are known to
strongly influence the measured '®F-FDG uptake [32, 33].
Therefore it is important to take into account that physio-
logical craniocaudal gradients of perfusion and ventilation
may lead to false-positive or -negative '8F-FDG signals
[34, 35]. Another essential step in quantification is the cor-
rection for inter-individual variability in '®F-FDG metabol-
ism, which can be obtained by correcting standardized
uptake values (SUVs) with the level of '®F-FDG uptake in
the mediastinal blood pool [27]. These facts highlight the
need for the development of a new quantitative '®F-FDG
PET/CT analysis method for SSc-ILD that accounts for
localized disease activity, craniocaudal gradients and
inter-individual variability.

The aim of this study was to investigate the potential
value of semi-quantitative '®F-FDG PET/CT scan analysis
for the assessment of ILD in SSc patients. For this
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purpose, we developed a new method for semi-quantita-
tive "®F-FDG PET/CT analysis. We used this method to
retrospectively analyse '®F-FDG PET/CT scans of SSc pa-
tients with and without ILD and disease control groups.
Subsequently, we related those findings to those of the
HRCT scans.

Methods

Study design and patients

This retrospective study was performed in the Amsterdam
UMGC, Vrije Universiteit Amsterdam, The Netherlands. In-
hospital databases were searched for '®F-FDG PET/CT
scans of SSc patients that were performed between
2007 and 2017. Eight SSc patients were diagnosed ac-
cording to the ACR/ EULAR classification criteria for SSc
[36]. Five out of eight SSc patients were diagnosed with
ILD [3, 30]. As disease controls, SLE patients and pSS
patients who met the 1997 ACR criteria and the 2016
ACR/EULAR classification criteria for SLE and pSS, re-
spectively, were included [37, 38]. None of the control
patients was diagnosed with ILD. Exclusion criteria
were: patients with overlap between SSc, SLE or pSS,
and patients with lung cancer or metastasis, pulmonary
sarcoidosis, infectious pneumonia and shrinking lung syn-
drome. This study was exempt from approval of an ethics
committee due to the retrospective character. '®F-FDG
PET/CT scans were performed as part of clinical care
with several indications: (suspicion of) malignancy
(n=13), suspicion of infection/abscess (n=6) and suspi-
cion of relapse aortitis (n=1).

"8F_FDG PET/CT protocol

'8F_FDG PET/CT scans were performed according to the
European Association of Nuclear Medicine procedure
guidelines [39]. Patients were instructed to fast for 6h
prior to scanning. Mean serum glucose level was
5.5mmol/l (range 5.2-6.1 mmol/l). '®F-FDG PET/CT acqui-
sition (skull vertex to mid-thigh) was acquired ~60min
after intravenous administration of 147-275 MBq '®F-
FDG, depending on body weight. The '®F-FDG PET/CT
scans (4min per bed position, 512 x 512 matrix, axial
field view of 18cm) were performed with the Philips
Gemini TF-64 PET-CT scanner (Philips Medical Systems,
Best, The Netherlands). Low-dose CT was performed with
120kV and 30 mAs prior to emission scanning.

8F_.FDG PET/CT analysis

Philips IntelliSpace Portal software was used for '®F-FDG
PET/CT analysis. Visual examination of '®F-FDG PET/CT
scans for the detection of increased '8F-FDG uptake in
lungs was performed by scrolling up and down through
sagittal, coronal and transverse whole-body slides of each
patient. This visual examination was performed by a nu-
clear medicine physician who was blinded for the diagno-
sis of ILD, but not for the diagnosis of SSc, SLE and pSS.

To semi-quantitatively assess the '®F-FDG uptake in
lungs, we developed a multi-level analysis protocol that
is feasible for the detection of localized disease activity, as
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ILD assessment with PET in systemic sclerosis

followed: in each patient, a total of 22 regions of interest
(ROIs) of diameter size 2cm were drawn at apical, medial
and basal lung levels. The apical and medial levels were
estimated in transverse slides in plane with the upper wall
of the aortic arch and just below the carina, respectively.
To avoid measuring '®F-FDG uptake in the basal lung field
projected from the liver (by spill-over and diaphragmatic
motion-related artifacts), ROIs in the basal lung field were
drawn 2.5cm cranially from the posterocaudal lung bor-
ders (Supplementary Fig. S1, available at Rheumatology
online). Subsequently, in transverse slides three posterior
ROls were drawn for each level in both lungs. Also, a ven-
tral ROl was drawn at apical and medial levels. The mean
SUVmean (the mean of SUVmean) was measured in all 22
ROls. SUVmean of the mediastinal blood pool (MBP) was
measured central-intraluminally in the aorta descendens
at medial ROI level. SUVmean values of all ROIs were
divided by the MBP in order to correct for inter-individual
variability. All ROl drawings and SUVmean measurements
were performed twice by one trained researcher and re-
peated once by a nuclear medicine physician. Both were
blinded for the diagnosis of autoimmune disease and for
the diagnosis of ILD. The second researcher was also
blinded for the SUV measurements of the first researcher.

HRCT protocol

HRCT scans were conducted using a multidetector row
spiral CT scanner (Sensation 64, Siemens Medical
System, Forchheim, Germany; Discovery CT750HD, GE
Medical System, Waukesha, WI, USA; or iCT256, Philips
Medical System, Cleveland, OH, USA) with 64 or 256 de-
tector arrays. Patients were scanned in supine position
during one breath hold at a deep inspiration. Target thin-
section helical CT scans of 1.0 or 1.25mm collimation
were obtained and reconstructed using a high-spatial-fre-
quency algorithm.

HRCT analysis

In each SSc-ILD patient, the HRCT scan was performed
within 3months before or after the '®F-FDG PET/CT
scans. In SSc patients without ILD, HRCT scans were
performed within 4 months before or after '®F-FDG PET/
CT scans.

HRCT scans were re-assessed by an experienced radi-
ologist and pulmonologist specialized in ILD, blinded for
the clinical data of the patients. Radiological ILD patterns
were defined according to the 2013 American Thoracic
Society/ERS criteria and 2008 Goh criteria [3, 30]. In
cases of ILD, specific radiological abnormalities were as-
sessed in 22 ROI areas: normal lung parenchyma, ground
glass, consolidation, reticulation, reticulation with archi-
tectural distortion or honeycombing. The HRCT ROI
areas corresponded to the 22 '8F-FDG PET/CT ROls
areas, as they were drawn at the same anatomical loca-
tions (Supplementary Fig. S1, available at Rheumatology
online) [40]. All dorsobasal ROls of the five SSc-ILD pa-
tients (total of 30 ROIls) were pooled for further analysis.

https://academic.oup.com/rheumatology

Basal/apical and medial/apical ratios

SUVmean ratios were calculated to investigate if there are
craniocaudal gradients of '8F-FDG uptake in ILD affected
and healthy lungs. We calculated basal/apical (B/A) and
medial/apical (M/A) ratios for this purpose. At patient level,
the basal/apical ratio (B/A-p) was calculated as the aver-
age of six posterior basal SUVmean values (MBP cor-
rected) divided by the average of six posterior apical
SUVmean values (MBP corrected). Also, medial/apical
ratios (M/A-p) were calculated with this formula, using
the average of six posterior medial SUVmean values.

At tissue level, basal/apical and medial/apical ratios (B/
A-t and M/A-t) were calculated according to the HRCT
pattern: SUVmean values of each individual basal or
medial ROl was divided by the average of six apical
SUVmean values (MBP corrected). These individual
ratios were grouped based on the HRCT score (1-6) and
a mean ratio for each HRCT pattern group was calculated.

Statistical analysis

All statistical analyses were performed using GraphPad
Prism Version 7.0c for Mac (GraphPad Software Inc., La
Jolla, CA, USA). Normality was determined with the
D’Agostino-Pearson normality test. Subsequently, an un-
paired two-tailed t-test, Mann-Whitney U test or
Kruskal-Wallis test was performed to compare groups.
P-values <0.05 were considered to be statistically
significant.

Results

Patient characteristics

The mean age of SSc patients with and without ILD
was comparable, but pSS and SLE patients were signifi-
cantly younger (P=0.016, Kruskal-Wallis test). Disease
duration in SLE patients was higher compared with
other groups, although not statistically significantly. An
immunosuppressive drug at inclusion was used by one
SSc-ILD patient (prednisone 5mg per day), but not by
any of the SSc without ILD patients. Seven out of eight
SLE patients used one or more immunosuppressive
drugs, varying among HCQ, prednisone and azathioprine.
One pSS patient used prednisone and one pSS patient
used HCQ at inclusion. All SSc-ILD patients had a NSIP
pattern with >20% involvement of the lung parenchyma
on HRCT (Table 1).

Visual examination of '®F-FDG PET/CT scans

Upon first visual examination, '®F-FDG PET/CT scans re-
vealed higher "®F-FDG uptake in dorsobasal lung fields of
all SSc patients with ILD. No increased '®F-FDG uptake in
the lungs was seen in SSc without ILD, SLE and pSS pa-
tients (Fig. 1).

Semi-quantitative analysis of '8F-FDG PET/CT scans

Significantly higher SUVmean values were found in dorso-
basal ROIs of SSc patients with ILD compared with SSc
patients without ILD, SLE patients and pSS patients
(P=0.04, P=0.003 and P=0.03, respectively; Fig. 2). In
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TaBLeE 1 Patient characteristics

SSc patients with SSc patients without SLE patients pSS patients

Characteristic ILD (n=5) ILD (n=3) (n=8) (n=4)
Age, mean, years 69.4 66.7 41.4 49.3
Female: male 4:1 2:1 7:1 3:1
Disease duration, mean, years 5.0 4.9 9.0 5.1
Current smoker, n 1 0 0 0
IS drugs, n 1 0 7 2
Limited SSc, n 3 2 - —
Diffuse SSc, n 2 1 - —
NSIP: UIP, n 5:0 — - -
<20%, n 0 - - -
>20%, n 5 — - —

ILD: interstitial lung disease; IS: Immunosuppresive; NSIP: non-specific interstitial pneumonia; UIP: usual interstitial pneumonia.

Fic. 1 Visual examination of '®F-FDG-PET and HRCT

A

Transverse and sagittal slides of '®F-FDG-PET scans and HRCT scans of a SSc patient without ILD (A) and a SSc patient
with ILD (B). Increased '8F-FDG uptake in dorsobasal lung areas is marked by red arrows. FDG: fluorodeoxyglucose;
HRCT: high resolution CT; ILD: interstitial lung disease.

1410 https://academic.oup.com/rheumatology
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Each data point represents the mean of six dorsobasal
SUVmean values of a patient. Mean values for the different
groups were: SSc with ILD: 1.19; SSc without ILD: 0.60;
SLE: 0.62; pSS: 0.74. SUVmean values were significantly
higher in the SSc with ILD group compared with the SSc
without ILD patients, SLE patients and pSS patients
(P=0.04, P=0.003 and P =0.03, respectively). Statistic
test: Mann-Whitney U-test. FDG: fluorodeoxyglucose; ILD:
interstitial lung disease; SUV: standardized uptake value;
ROI: region of interest; SUVmean: mean SUV.

each SSc-ILD patient, the variation of SUVmean values
between the six different dorsobasal ROI locations was
low (Supplementary Fig. S2, available at Rheumatology
online). Similar findings of low variation were found in
the other patient groups (data not shown). Apical and
medial SUVmean values in dorsal and ventral lung areas
were low in all patient groups: mean SUVmean values
were 0.45 in dorsoapical lung ROIs, 0.52 in dorsomedial
lung ROIs, 0.40 in ventral apical lung ROIs and 0.40 in
ventral medial ROIs (data not shown). B/A-p ratios were
higher in SSc-ILD patients compared with SSc patients
without ILD, SLE patients and pSS patients (P=0.07,
P=0.002 and P=0.02, respectively; Fig. 3A). Mean B/A-
p ratio of all control patients (n=15) was 1.43 (physio-
logical craniocaudal '®F-FDG gradient) and the B/A-p
ratio of SSc-ILD patients (n=5) was 2.63 (pathological
craniocaudal '8F-FDG gradient). M/A-p ratios were com-
parable between the different patient groups; mean levels
were: 1.23 in SSc-ILD patients, 1.18 in SSc without ILD
patients, 1.10 in SLE patients and 1.12 in pSS patients
(data not shown).

'8F_FDG-uptake in HRCT abnormalities

From a total of 30 dorsobasal ROIs of the five SSc-ILD
patients, HRCT abnormalities were present in 38% of
apical ROIs, 74% of medial ROIs and 96% of dorsobasal
ROIs (Table 2). Honeycombing was not detected in the
ROls. Increased "®F-FDG uptake was found in dorsobasal

https://academic.oup.com/rheumatology

ROls that showed ground or reticulation. No increased or
decreased '8F-FDG uptake was measured in apical and
medial HRCT abnormalities in comparison to normal lung
parenchyma (Table 3). Compared with normal tissue, sig-
nificantly higher B/A-t ratios were seen in areas of ground
glass and in areas of reticulation with architectural distor-
tion (P=0.02 and P=0.02, respectively; Fig. 3B). Mean
levels of M/A-t ratios were 1.12 in normal radiological
lung parenchyma, 1.52 in areas of ground glass, 1.32 in
consolidation and 1.08 in reticulation (data not shown).

Discussion

In this study, we propose a newly developed semi-quan-
titative method of analysis for assessing ILD in SSc pa-
tients by using '®F-FDG PET/CT. With this method, we
were able to distinguish SSc-ILD patients from SSc, SLE
and pSS patients without ILD, as we detected significantly
increased '8F-FDG uptake in dorsobasal lung fields in all
SSc-ILD patients with a NSIP pattern compared and none
in the control patients. This increased '®F-FDG uptake
was seen in areas with ground glass and reticulation, sug-
gesting metabolic activity.

This study introduces a semi-quantitative method of
analysis that included multi-level ROl analysis, mediastinal
blood pool correction and a craniocaudal gradient calcu-
lation (ratios). With this approach we corrected for re-
gional variations in disease activity, inter-individual
variability and physiological craniocaudal gradients. This
new method was tested in SSc patients with and without
ILD and in two disease control groups as well.
Quantification tools for '®F-FDG PET/CT analysis in ILD
patients were used in previous studies, but none of
these studies combined all the quantification aspects
and corrections as listed above [12, 13, 15, 16, 23, 26, 29].

With our multi-level ROI analysis, we showed that '8F-
FDG uptake in ILD-affected lungs varies in intensity and
extent through the different lung areas of a patient. Thus,
evaluating ILD disease activity with one single SUV value
could lead to under- or overestimation. This multi-level
approach is therefore preferable when assessing ILD dis-
ease activity with "®F-FDG PET/CT scanning.

Our MBP correction reduced inter-individual variability,
as '®F-FDG levels in the blood pool including the pulmon-
ary vascular bed vary among patients [41]. The MBP as
background correction is already known as part of the
Deauville scale for visual scoring of ®F-FDG PET/CT
scans [42]. We showed that the MBP is also feasible for
semi-quantitative correction, by dividing raw SUVmean
values by the MBP. The significance of this correction is
strengthened by the fact that we found significant differ-
ences in SUV levels between MBP-corrected and -uncor-
rected data in our patients (data not shown).

Craniocaudal gradients of ventilation and perfusion are
present in healthy lungs [34, 35]. Accounting for these
physiological ventilation/perfusion gradients is important
as it is known that air in the lungs reduces the '®F-FDG
signal as there is no '®F-FDG uptake in air, whereas an
increase in blood flow raises the '®F-FDG signal [33].
We are the first to show that a physiological craniocaudal
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Fic. 3 B/A-p and B/A-t ratios
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(A) Mean values of B/A-p ratios were: SSc with ILD: 2.63; SSc without ILD: 1.65; SLE: 1.36; pSS: 1.42. The B/A-p ratio
was higher in patients with ILD compared with patients without ILD, SLE patients and pSS patients (P=0.07, P=0.002
and P=0.02, respectively). (B) Mean values of B/A-t ratios were: normal lung parenchyma: 1.45; ground glass: 2.95;
reticulation: 2.79; reticulation with architectural distortion: 2.45. The B/A-t ratio was significantly higher in areas of ground
glass and in areas of reticulation with architectural distortion compared with normal lung parenchyma (P=0.02 and

P =0.02, respectively), but not in areas of reticulation without architectural distortion (P=0.13). Statistic test: Mann-
Whitney U-test. B/A-p ratio: basal/apical ratio at patient level; B/A-t ratio: basal/apical ratio at tissue level; ILD: interstitial

lung disease; SUVmean: mean SUV.

TasLe 2 Radiological abnormalities on HRCT in SSc-ILD
patients

Apical, Medial, Basal,

Abnormality n (%) n (%) n (%)
Normal lung parenchyma 17 (57) 8 (27) 2(7)

Ground glass 5(17) 8 (27) 12 (40)
Consolidation 4 (13) 1) 0 (0)

Reticulation 4 (13) 13 (43) 4 (13)

Reticulation with 0 (0) 0 (0) 12 (40)

architectural distortion

Pooled analysis of a total of 30 dorsobasal ROIs of five SSc-
ILD patients. HRCT: high resolution CT; ILD: interstitial lung
disease; ROI: region of interest.

8F_FDG gradient is present in normal lungs as the B/A-p
and M/A-p ratios were above 1 in all control patients.
Therefore, accounting for this physiological gradient is in
our opinion an essential step for a correct interpretation of
disease activity with '®F-FDG PET/CT scans. Moreover,
higher B/A-p and M/A-p ratios were found in SSc-ILD pa-
tients showing that there is also a pathological craniocau-
dal gradient of "®F-FDG uptake in SSc-ILD lungs. This is a
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logical finding considering that the NSIP pattern is char-
acterized by bilateral ground glass opacity and in most
cases reticular opacities with traction bronchiectasis and
bronchiolectasis [30, 31]. Therefore, the finding of an
increased craniocaudal '8F-FDG distribution gradient
supports the idea that these areas are metabolically
active.

In our study, markedly increased '®F-FDG uptake was
found in SSc-ILD lungs compared with normal lung tissue,
whereas this increased uptake corresponded to areas
with ground glass and reticulation on HRCT. Our results
are in line with previous studies that also found increased
'8F_FDG uptake in ground glass and reticulation in pa-
tients with CTD-related ILD and idiopathic pulmonary fi-
brosis patients [12, 16, 23, 26, 29]. Several explanations
for the increased '®F-FDG uptake in ground glass and
reticular lesions can be hypothesized. The development
of lung fibrosis is an active process in which inflammation
induces the fibrotic process of excessive extracellular
matrix deposition. Many cell types are involved in this pro-
cess, of which alternatively activated macrophages and
activated fibroblasts play a key role in the course of in-
flammation and fibrosis, respectively [19, 43]. Both inflam-
mation and fibrosis are characterized by increased cell
metabolism and can therefore both explain the increased
'8F_FDG signal in SSc-ILD lungs [17, 19, 44]. Fibrotic
areas may, however, also be non-active as well.

https://academic.oup.com/rheumatology
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Tase 3 '8F-FDG uptake in different radiological abnormalities on HRCT

Apical, mean SUVmean Medial, mean SUVmean Basal, mean SUVmean

(range) (range)

(range)
Normal lung parenchyma 0.39 (0.26-0.49)
Ground glass 0.55 (0.50-0.65)
Consolidation 0.63 (0.57-0.70)
Reticulation 0.53 (0.45-0.67)

Reticulation with architectural distortion

0.45 (0.32-0.57) 0.53 (0.52-0.54)
0.68 (0.59-0.78) 1.27 (1.01-1.48)
0.80 (0.80-0.80)

0.52 (0.42-0.79) 1.03 (0.77-1.20)

1.27 (1.10-1.44)

FDG: fluorodeoxyglucose; HRCT: high resolution CT; Mean SUVmean: The average (so the mean) of all the SUVmean values.

Differentiating between active and non-active disease is
important for treatment stratification as only active dis-
ease has a chance of reversibility with immunosuppres-
sive treatment. HRCT scanning depicts anatomical
changes and is therefore not accurate in the differentiation
of active and non-active disease [4, 5, 8]. The ability of
8F_FDG PET/CT to assess metabolic activity could add
information on the reversibility of fibrosis and thus hypo-
thetically be beneficial for treatment stratification and
monitoring. Nevertheless, in our study we did not observe
fibrotic tissue without increased '®F-FDG uptake in dorso-
basal lungs areas. A possible explanation may be that in
all our patients with end-stage disease, the fibrosis may
be metabolically active and not yet in remission. Moreover
it may be hypothesized either that not only in our patients,
but in all forms of fibrosis of SSc-ILD lungs—i.e. both early
and end stage—there still is increased metabolic activity
or that the "®F-FDG tracer is not specific enough to dis-
tinguish between active and non-active fibrosis.

Previous studies have also indicated that '®F-FDG PET/
CT scanning is more sensitive than HRCT in the assess-
ment of early-stage disease as normal-appearing HRCT
lesions were associated with increased FDG-uptake [14,
15, 29]. In our study we did not observe normal lung tissue
with increased "®F-FDG uptake, which could be explained
by the relatively long disease duration of our patients who
are therefore not representative for early-stage disease.

Another explanation for the increased '8F-FDG uptake
in the areas of ground glass and reticulation and increased
craniocaudal gradient of '®F-FDG distribution may be that
they are a result of a change in density, as it is known that
the air, blood and tissue ratio influences the '®F-FDG
signal [33]. In our study we accounted for the physio-
logical craniocaudal gradient through the calculation of
B/A and M/A ratios. The significantly higher B/A ratios in
SSc-ILD patients may be a result of increased cell metab-
olism or caused by a change in air/blood/tissue ratio other
than the physiological craniocaudal gradient. Previous re-
search showed that ILD lesions have a smaller air fraction
and increased tissue fraction compared with controls [11].
It can be hypothesized that these changes in air and
tissue fraction could lead to an increased '®F-FDG
uptake and higher B/A ratios in the absence of an abso-
lute increase in metabolic activity.

In order to differentiate between these different hypoth-
eses of increased '8F-FDG uptake in ILD lesions it may be

https://academic.oup.com/rheumatology

helpful to use a dynamic scanning protocol that, in add-
ition to our gradient correction, also corrects for local air
and tissue fraction [32, 33]. Respiratory gated '®F-FDG
PET/CT scanning may also improve the accurate inter-
pretation of '®F-FDG uptake in dorsobasal lung areas
[45]. Moreover, to distinguish between active and non-
active ILD, the use of more specific PET tracers, targeting
specific inflammatory cells or fibroblasts, may also im-
prove the imaging of specific ILD-related histological
changes in SSc.

This study was initiated as a preliminary investigation of
the potential value for quantitative analyses of '®F-FDG
PET/CT scans in SSc-ILD patients and is therefore limited
by the small number of patients and retrospective design.
Also, with a mean disease duration of 5 years, the SSc-ILD
patients in our study may not be representative for early-
stage disease. Therefore, caution must be applied in
extrapolating our results to SSc-ILD patients in general.
Another limitation is the lack of follow-up "®F-FDG PET/CT
scans through which the value of this unique method for
the prediction and monitoring of treatment response could
have been evaluated. This is an important subject to ad-
dress in future studies. It could have been of added value
to correlate '®F-FDG PET/CT results with PFT results.
However, PFT results were only available in a few patients
and did not add statistical value to this study and
therefore were not included in our analysis.

In conclusion, in this study we showed that our newly
developed method for semi-quantitative analysis of '®F-
FDG PET/CT scans was able to accurately distinguish ILD
from non-ILD lung tissue. Semi-quantitative analysis of
ILD in SSc may offer opportunities for patient stratification
for immunosuppressive therapy and for monitoring of
therapeutic efficacy. Further research is required on the
optimization of ILD PET imaging in SSc.
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