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ABSTRACT. Background and aim: Symptoms, severity and response to treatment of sarcoidosis can follow a
heterogenous pattern, presenting a clinical challenge. Use of Fludeoxyglucose F18 Positron Emission Tomog-
raphy (18F-FDG PET) in disease monitoring remains uncertain. We undertook a systematic literature re-
view on the use of 18F-FDG PET in assessing response to treatment in adults with pulmonary sarcoidosis.
Methods: Articles discussing 18F-FDG PET use in response to treatment in pulmonary sarcoidosis published
until January 2024 were included. All article types were eligible except opinion pieces, case reports, case series of
<10 patients and reviews. Resu/fs: Time between baseline 18F-FDG PET and follow-up scan ranged from 2 to
6 months. Compared to clinical response, sensitivity of 18F-FDG PET in determining response to treatment
ranged from 56% to 100%, with mean sensitivity of 74.3% (standard error; SE 7.3). Conclusions: 18F-FDG PET
could be considered in monitoring response to immunosuppression in patients with pulmonary sarcoidosis.
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INTRODUCTION with sarcoidosis. Many markers indicative of disease

activity have been investigated in sarcoidosis. These

Sarcoidosis is a chronic, multisystem, granu-
lomatous disease affecting many organs but pre-
dominantly the lungs (1). Immunosuppressants,
particularly corticosteroids, are the mainstay of
treatment (2). Symptoms, severity and response to
treatment can follow a heterogenous pattern and as-
sessment of inflammatory activity in chronic sarcoido-
sis patients with persistent symptoms is still lacking a
gold standard (2,3). This presents a clinical challenge

when assessing response to treatment in patients
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are broadly categorised as: macrophage and granu-
loma associated, such as angiotensin-converting-
enzyme (ACE) and calcitrol; lymphocyte associated,
such as soluble interleukin-2 receptors (sIL-2R) and
interferon gamma; and extracellular matrix associ-
ated, such as procollagen III peptide and fibronec-
tin (3). Of these ACE levels are the most widely
used, but there is poor correlation between ACE
level and disease severity (4). Fludeoxyglucose F18
(18F-FDG) PET can be used to distinguish between
benign and malignant tumours, based mainly on the
fact that cancer cells have abnormally high rates of
glycolysis (5,6). Likewise, active granulomatous sar-
coid lesions have high glycolytic activity resulting in
the accumulation of FDG in activated macrophages
and CD4+ T lymphocytes (7,8). This allows for i

vivo visualisation of active granulomas in sarcoidosis



2 SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2025; 42 (3): 16631

through 18F-FDG PET (9). Histological confir-
mation of non-caseous granulomas is required for
a diagnosis of sarcoidosis (10). 18F-FDG PET can
therefore be used to identify both highly inflamma-
tory lesions and those which are more accessible, thus
increasing biopsy yield (9). Indeed, imaging with the
use of 18F-FDG PET has been recommended by
the American Thoracic Society (ATS) guidelines in
choosing an appropriate biopsy site (11). However,
the use of 18F-FDG PET in disease monitoring re-
mains uncertain. A large proportion of patients with
sarcoidosis are treated with corticosteroids, however,
between 16% and 75% of patients relapse with ces-
sation or tapering of corticosteroids (2,12). Disease
monitoring in sarcoidosis is therefore important, and
18F-FDG PET is being increasingly used for this
purpose (9). We undertook a systematic literature
review (SLR) on the utility of 18F-FDG PET in as-
sessing response to treatment in adults with pulmo-
nary sarcoidosis.

METHODS

This SLR was undertaken in accordance with
the Cochrane Handbook and reported as per the
Preferred Reporting Items for Systematic Review
and Meta-Analysis (13,14). The protocol was reg-
istered in the PROSPERO database of systematic
reviews (CRD42023416412) (15). The review ques-
tion was framed and structured using the ‘Patients,
Intervention, Comparator or Control and Outcome’
(PICO) format (16): What is the utility of PET im-
aging in prognosis, response to treatment and out-
comes of pulmonary sarcoidosis? The “population”
comprised adults with a biopsy-confirmed diagnosis
of pulmonary sarcoidosis with the “intervention” as
PET-CT use. The outcomes included: changes on
PET-CT imaging before and after treatment; physi-
ological parameters; patient reported outcome in
symptoms. PET was compared to clinician assess-
ment of clinical improvement in symptoms defined
as “clinical response”. Intervention and comparator
terms were not relevant to this search.

Search strategy, databases and study selection

To ensure comprehensive coverage, indexing
terms (MeSH, applicable to Medline and Cochrane,
and Emtree headings on Embase) as well as key-
word searching were used. The full search strategy

is available in the supplementary material. Medline,
Embase and Cochrane databases were searched for
articles discussing the use of PET-CT in sarcoido-
sis until 2™ January 2024. Medline from 1946, Em-
base from 1974, Cochrane CDSR from 1995, and
Cochrane CENTRAL from inception in 1996.
Cochrane CENTRAL first began publication in
1996, but its composite nature means that it does not
have an inception (start) date, in the way that other
traditional biomedical databases do (17). The search
was restricted to English-language articles. All ar-
ticle types were eligible except opinion pieces, case
reports, case series of <10 patients and reviews. Full
length articles were uploaded into Rayyan (www.
Rayyan.ai) with duplicates removed. Articles meet-
ing inclusion criteria were examined by one author
(MD), with 20% validity screening (KK). In addition
to basic demographics, information was extracted
on: Siltzbach classification of subjects; treatment;
additional tests performed; time between base-
line and follow-up PET-CT. Meta-analysis using a
random effects model was conducted for sensitivity
of PET-CT in determining response to treatment.
This approach accounts for both within-study sam-
pling error and between-study variability, providing
a more generalised estimate of the overall effect size.
A minimum of five values was deemed acceptable to
be able to conduct meta-analysis. The analysis was
performed using the metafor package in R Studio
(v4.3.1), which offers robust tools for implementing
random-effects models. The sensitivity of PET-CT
was extracted from each of the included studies.
Sensitivities and their corresponding variances were
extracted from each study and pooled using the
random-effects model. Risk of bias of included stud-
ies, all of which were cohort studies, was assessed us-
ing the Newcastle-Ottawa scale (18) (Table 1). An
overall risk of bias score for each paper, and state-
ment was subsequently formulated, based on the re-
sults of the assessment.

ResuLts
Qualitative results

Initially, 2502 articles were retrieved, reducing
to 1950 after deduplication. Ultimately, six articles
were included (Figure 1). Three prospective studies
and three retrospective cohort studies were included.
Cohort and case-control studies were assessed for



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2025; 42 (3): 16631

Table 1. Newcastle-Ottawa Quality Assessment for risk of bias for cohort studies

Selection Comparability Outcome
Outcome
of interest
does not
Representativeness | Selection of present Assessment | Length of | Adequacy

Cohort of exposed cohort | non-exposed | Ascertainment | at start of of outcome | follow-up | of follow | Total
studies * cohort (*) | of exposure (*) study (*) * *) * up (¥) 9%
Braun * _ * * _ * * * 6*
etal.
2008 (19)
Chen * _ * _ * * * 6*
etal.
2018 (20)
Keijsers * - * - * * * 6*
etal.
2008 (21)

risk of bias using the Newcastle-Ottawa quality as-
sessment (Table 1). This gave a pooled total of 130
patients with pulmonary sarcoidosis with 43.0%
male and a mean age 46.3 years (standard devia-
tion; SD 3.7). Study populations were from France
(n=1), China (n=1), The Netherlands (n=1), India
(n=2) and Serbia (n=1). Treatment for pulmonary
sarcoidosis varied markedly amongst the included
studies, including systemic corticosteroids (n=3) and
infliximab (n=1), with the treatment being unknown
in two studies. All studies used 18F-FDG PET, with
one study comparing the use of 18F-FDG PET and
Gallium-67 in localising active disease (19).
Additional tests performed across all studies
included spirometry, chest radiograph, serum ACE
levels and sIL-2R levels. These results are summa-
rised in Table 2. Only two studies commented on
chest radiography post-treatment. Chest radio-
graphic sate did not change in any of 11 clinically
responding patients in one study (21). In the second
study, complete radiological response, defined as
total resolution of mediastinal and peripheral lym-
phadenopathy to less than 1cm and >90% resolution
of parenchymal changes, was seen in eight patients.
Partial response, defined as decrease in size of lymph
nodes but with still with significant residual nodes
was seen in eight patients (22). All studies concluded
that 18F-FDG PET correlates with clinical response
to treatment and is useful for prognostication, aside
from one study which concluded that metabolic re-
sponse on 18F-FDG PET can predict future risk of
relapses but does not correlate with clinical response

(23). More specifically, it is decreased 18F-FDG

PET activity after initiation or modification of treat-
ment that has been shown to correlate with clinical
signs of improvement, thus showing 18F-FDG PET

is a good marker for monitoring disease activity (21).

Quantitative results

Time between baseline PET-CT and follow-up
scan ranged from two months to six months. Com-
pared to clinical response, sensitivity of 18F-FDG
PET in determining response to treatment ranged
from 56% to 100%, with a pooled sensitivity of 74.3%
(standard error; SE 7.3), as calculated in our meta-
analysis. One study reported post-treatment pulmo-
nary function tests. There was a statistically significant
improvement in diffusion capacity of the lung for car-
bon monoxide (DLCO) following treatment, but no
significant correlation between SUVmax and DLCO.
The average decrease in SUVmax was correlated
with an improvement of vital capacity (P<0.01) (21).
Serum angiotensin converting enzyme (ACE) was
measured in three studies. Two studies reported a
decrease in serum ACE with treatment, whereas an-
other study found no significant difference in serum
ACE levels before and after treatment (21,22,24). Of
the five studies that referenced SUVmax, all studies
found a significant decrease in SUVmax when com-

pared with baseline 18F-FDG PET (20-24).
Discussion

To our knowledge, this is the first SLR sum-
marising the use of 18F-FDG PET in assessing
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[ Identification of studies via databases and registers ]
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Figure 1. Flow diagram of stages of systematic literature review. Cochrane Library encompasses library of: systematic

reviews; systematic review protocols; controlled clinical trials.

response to treatment in adults with pulmonary sar-
coidosis. Our findings suggest that 18F-FDG PET
is useful in determining response to treatment with
a mean sensitivity of 74.3% across a pool of 130
patients. The papers were overall deemed to be of
uncertain risk of bias, as per assessment using the
Newcastle-Ottawa scale. At present, assessment of
inflammatory activity in chronic sarcoidosis patients
with persistent symptoms is challenging due to the
lack of a gold standard (3). Despite this, 18F-FDG

PET has been shown to be a useful parameter for
measuring disease activity in sarcoidosis (25-28).
However, a positive 18F-FDG PET is not always
specific for sarcoidosis as increased FDG uptake can
also be seen in infectious and neoplastic aetiologies.
Hence, tissue biopsy plays a crucial role in obtaining
a histopathological diagnosis (10,29-31). 18F-FDG
PET is, however, recommended by the ATS guide-
lines for selecting an appropriate site for biopsy (11).
18F-FDG PET helps in depicting the most
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metabolically active lesion which is likely to produce
the highest biopsy yield. 18F-FDG PET applica-
tions for sarcoidosis are therefore more applicable
for assessing response to treatment and deciding the
most suitable biopsy site, rather than for definitive di-
agnosis. Our results found that 18F-FDG PET had
a pooled sensitivity of 74.3% when compared with
clinical response, suggesting it could be a useful ad-
junct in detecting treatment response to sarcoidosis.
A potential challenge for the use of PET CT is that
it is not always positive in patients with sarcoidosis,
with negative pulmonary 18F-FDG PET findings
more common in patients with radiographic stage 0,
I'and IV sarcoidosis (32,33). Despite this, the major-
ity of patients with persistent disabling symptoms do
have positive PET findings (25,34). The results for
serum ACE measurements in response to treatment
amongst the studies included in this review were
discordant, with two studies reporting a reduction
in serum ACE and another reporting no significant
change before and after treatment (21,22,24). The
sensitivity of serum ACE levels for sarcoidosis ranges
from 22 to 86%, with the specificity ranging from 54
t0 95% (35). The use of serum ACE as a diagnostic or
prognostic tool is a matter of ongoing debate (36). In
contrast, 18F-FDG PET has been found to be very
sensitive (94%) for assessing active sarcoidosis when
compared to ACE levels (34). The single study re-
porting lung function showed a correlation between
the average decrease in maximum standardised up-
take value (SUV,,,,) and improvement of vital capac-
ity (P<0.01) (21). This could suggest that 18F-FDG
PET could be used as a predictive tool in sarcoidosis
(28). It has been shown that 18F-FDG PET activ-
ity correlates with future deterioration in lung func-
tion tests (37,38). More specifically, SUV,,,,, which
is the most commonly used semi-quantitative value
of 18F-FDG PET, and total lung glycolysis (TLuG)
can predict changes in lung function in sarcoidosis
patients after treatment with infliximab (39). In ad-
dition, it has been suggested that baseline SUV,
and metabolic response could predict the prognosis
of sarcoidosis patients treated with corticosteroids
(20). Both these results indicate that 18F-FDG PET
could be used to reliably stratify patients treated with
both corticosteroids and infliximab. 18F-FDG PET
has also been shown to influence clinical manage-
ment of sarcoidosis. Positive 18F-FDG PET find-
ings were associated with changes in therapy as it is
able to detect sites of active inflammation in patients

with normal ACE and in older patients with more
pronounced symptoms, providing a justification for
changes to therapy (40,41). This is particularly im-
portant as appropriate dosage modification of corti-
costeroids is conducive to mitigating side effects and
this ability to adjust doses depends on accurate treat-
ment response evaluation (42). It has been suggested
that 18F-FDG PET is a more sensitive parameter of
therapeutic effect than clinical manifestations which
could ultimately benefit patients in making suitable
treatment decisions (20). There are several co-
morbidities and complications associated with sar-
coidosis that can co-exist at the time of diagnosis or
develop throughout the course of the disease which
contribute to the unpredictable heterogenous nature
of sarcoidosis. (43). The presence of pulmonary hy-
pertension and/or fibrosis can complicate assessment
of the response to treatment of pulmonary sarcoidosis
both clinically and with 18F-FDG PET (43). In con-
trast to idiopathic pulmonary fibrosis (IPF), pulmo-
nary fibrosis in sarcoidosis can still be accompanied
by inflammation (27). There is, however, evidence to
suggest 18F-FDG PET could be beneficial to iden-
tify any occult inflammation or active granulomas in
sarcoidosis with pulmonary fibrosis (44). Likewise,
there may be a role for 18F-FDG PET to assess for
active inflammation in sarcoidosis associated pulmo-
nary hypertension (43). Further research is required
to determine the efficacy and usefulness of 18F-FDG
PET in distinguishing between pulmonary sarcoido-
sis and related complications which also result in
active inflammation. 18F-FDG PET has also been
used in cardiac sarcoidosis, both in terms of diagnosis
and in assessing treatment response (45,46). Indeed,
a recent meta-analysis has shown that 18F-FDG
PET has a sensitivity of 84% and specificity of 83%
for diagnosing cardiac sarcoidosis (47). Similarly to
pulmonary sarcoidosis, 18F-FDG PET has been
shown to be a good technique to follow patients un-
dergoing immunosuppressive therapy and evaluate
their response to treatment through SUV . (48).
The utility of 18F-FDG PET in cardiac sarcoidosis
has similar challenges to pulmonary sarcoidosis, with
co-morbidities presenting with cardiac inflammation
potentially resulting in misdiagnosis (45,49). Despite
this, 18F-FDG PET has been demonstrated to give
the best cost-benefit ratio in terms of diagnosing car-
diac sarcoidosis and can potentially avoid unneces-

sary invasive procedures (45). Unfortunately, there
are limits to the application of 18F-FDG PET in
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clinical practice due to its availability and cost. Black
subjects, and in particular black females, are most
affected by sarcoidosis (50). The average number of
PET-CT scanners per 1 million population in low-
income countries, including those in Africa with a
potentially higher black population, is only 0.006. In
contrast, high income countries have 1.664 PET-CT
scanners per 1 million population (51). This suggests
that the use of PET-CT may be limited amongst the
patient group with the highest burden of sarcoidosis.

Future directions

Further work, with larger patient cohorts, is re-
quired to confirm the utility of 18F-FDG PET in the
management of pulmonary sarcoidosis. These studies
could also attempt to evaluate the use of PET-CT in
discriminating between pulmonary sarcoidosis and
its complications such as pulmonary hypertension
and fibrosis as well as determining the ideal tim-
ing for serial follow up with 18F-FDG PET. Future
studies should also consider appropriate representa-
tion of populations disproportionately affected by
sarcoidosis. In addition, cost-effectiveness evaluation
into the use of 18F-FDG PET compared with other
diagnostic tools in assessing treatment response to
sarcoidosis is required.

Limitations

This systematic review demonstrates that
18F-FDG PET could be considered as a tool for
monitoring treatment in patients with pulmonary sar-
coidosis. However, our study included only six studies
due to the specific condition and imaging modal-
ity that was assessed. The sample sizes for each study
ranged from 12 to 30 participants, which are relatively
small in number and therefore reduce the accuracy of
statistical analyses. In addition, this systematic review
did not include any randomised control trials (RCTs)
as they were not available for analysis. It is therefore
important not to infer that 18F-FDG PET can cur-
rently be used as a predictive tool in pulmonary sar-
coidosis as more detailed studies with larger cohorts
are required to establish this accurately. The endpoints
of the included studies were different, with follow
18F-FDG PET ranging from two to six months.
These differences between included studies make it
more difficult to accurately compare the sensitivity of
18F-FDG PET to response to sarcoidosis treatment

as they are compared at different time points follow-
ing initiation of treatment. The included studies were
conducted in China, France, India, Serbia and the
Netherlands, which are all areas with relatively low
proportion of black subjects (52). This could mean the
included studies do not accurately represent popula-
tions which would be most affected by sarcoidosis.

CoNcLUSsION

To our knowledge, this is the first SLR sum-
marising the use of 18F-FDG PET in assessing
response to treatment in adults with pulmonary sar-
coidosis. 18F-FDG PET is a useful parameter for
monitoring sarcoidosis disease activity and in deter-
mining response to treatment and prognosis in pul-
monary sarcoidosis (20,41). It has also been shown
to have potential as both a predictive tool through
the assessment of SUV . and to influence clinical

management (20,28,37,39).
Clinical implications

18F-FDG PET could be considered in moni-
toring response to immunosuppression in patients
with pulmonary sarcoidosis. However, further stud-
ies are necessary to further evaluate its utility for this
indication.
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