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Abstract
Rheumatoid Arthritis (RA) is a systemic inflammatory disorder that commonly presents with polyarthritis but can have 
multisystemic involvement and complications, leading to increased morbidity and mortality. The diagnosis of RA continues 
to be challenging due to its varied clinical presentations. In this review article, we aim to determine the potential of PET/CT 
to assist in the diagnosis of RA and its complications, evaluate the therapeutic response to treatment, and predict RA remis-
sion. PET/CT has increasingly been used in the last decade to diagnose, monitor treatment response, predict remissions, and 
diagnose subclinical complications in RA. PET imaging with  [18F]-fluorodeoxyglucose  ([18F]-FDG) is the most commonly 
applied radiotracer in RA, but other tracers are also being studied. PET/CT with  [18F]-FDG,  [18F]-NaF, and other tracers 
might lead to early identification of RA and timely evidence-based clinical management, decreasing morbidity and mortality. 
Although PET/CT has been evolving as a promising tool for evaluating and managing RA, more evidence is required before 
incorporating PET/CT in the standard clinical management of RA.
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Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory disor-
der resulting from immune dysregulation, which commonly 
presents as symmetric polyarthritis [1]. The prevalence of 
RA is estimated to be approximately 0.5–1.0% worldwide 
[2]. RA is most commonly seen in the age group 30–50, 
women, smokers, and those with a positive family history 
[3]. It may present with monoarthritis, oligoarthritis, or as 
systemic manifestations/complications. Usually, it presents 
with symmetrical joint pain, swelling of the small joints, 
and morning stiffness that lasts for more than an hour [4–6]. 
However, joint damage leading to permanent deformity can 
occur due to disease progression, especially if left untreated 
[4].

The systemic manifestations of RA include interstitial 
lung disease (ILD), pleural effusion, bronchiectasis, peri-
carditis, and various skin manifestations [1, 4, 7]. Patients 
may also present with symptoms of fatigue, weight loss, and 
anemia [3, 8]. Since RA can cause both articular and extra-
articular complications, including rheumatoid nodules, rheu-
matoid vasculitis, pleuropulmonary, neurological, gastroin-
testinal, cardiovascular, cutaneous, hematologic, and ocular 
complications, international guidelines recommend starting 
therapy as soon as the diagnosis of RA is made [9, 10].

When a patient is suspected of having RA, a thorough 
medical history is taken with attention to joint pain, swell-
ing, location of joints involved, duration of illness, and 
morning stiffness [3, 8, 11]. A complete physical examina-
tion is necessary to find joint involvement and other extra-
articular features such as rheumatoid nodules [1]. Following 
this, blood tests with both rheumatoid factor (RF) and anti-
citrullinated peptide/protein antibody (ACPA) testing have 
to be done [11]. Erythrocyte sedimentation rate (ESR) and 
serum C-reactive protein (CRP) are elevated in RA [1, 8]. 
Apart from these diagnostic tests, additional tests, including 
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antinuclear antibody (ANA), complete blood count (CBC) 
with differentials, liver and renal function tests, and serum 
uric acid are performed in patients to exclude alternative 
diagnosis and to obtain a baseline value before initiating 
treatment [1, 12].

Imaging plays an important role in RA. X-rays are fre-
quently employed to identify joint damage, but their sen-
sitivity to early inflammatory changes is limited [13, 14]. 
Magnetic resonance imaging (MRI), distinguished for its 
heightened sensitivity to soft tissue alterations, proves 
valuable in early inflammation detection, although it may 
present constraints in terms of whole-body evaluation and 
is resource-demanding. Ultrasound facilitates real-time 
assessment of joint inflammation, though its efficacy may 
hinge on the operator's skill and is confined to superficial 
structures [15, 16]. Recently, molecular imaging modalities 
that can diagnose disease at an earlier stage and quantify 
the inflammation in rheumatoid arthritis and its myriad 
of complications over time are gaining attention. Positron 
emission tomography/computed tomography (PET/CT) with 
 [18F]-FDG and other radiotracers is currently being studied 
to diagnose inflammatory states and to diagnose and monitor 
RA [17]. PET/CT distinguishes itself by detecting metabolic 
activity, providing a comprehensive, whole-body evaluation, 
and potentially revealing inflammation prior to observable 
structural changes in RA [18]. In this review article, we dis-
cuss the potential of PET/CT in diagnosing RA and its com-
plications, evaluating the therapeutic response to treatment, 
and predicting RA remission.

Evolving role of PET/CT in the evaluation 
of RA

PET was first introduced in the 1970s primarily to diag-
nose brain tumors [19]. However, the accumulation of 
 [18F]-fluorodeoxyglucose  ([18F]-FDG) at the sites of inflam-
mation caused many false-positive oncological results [20, 
21]. This increased uptake of  [18F]-FDG is now the basis on 
which PET is used to diagnose and monitor inflammatory 
disorders, including RA [22]. When PET was combined with 
CT, a diagnostic modality that identified cellular metabolic 
information and the anatomical details of organs was devel-
oped [19].

In 1995, Palmar et al. reported the use of  [18F]-FDG PET 
to quantify metabolic changes in the RA [23]. After this, 
multiple studies have studied its potential for diagnosing, 
predicting disease progression, monitoring disease activity, 
and therapeutic response to drugs Fig. 1 [23–25]. Studies 
have used  [18F]-FDG PET to monitor signs of inflamma-
tion in the myocardium and wall of the blood vessels and 
to identify subclinical risk factors for cardiac complications 
in RA [26].

For more than 25 years, various PET parameters have 
been used to study different conditions. These include the 
maximum standardized uptake value (SUVmax) used for 
the quantification of inflammation, metabolic tumor volume 
(MTV), and total lesion glycolysis (TLG), which have been 
commonly used for the diagnosis of cancer [23]. For the 
assessment of RA, most studies have used SUVmax to eval-
uate the uptake of  [18F]-FDG and other radiotracers at the 
sites of inflammation. It has been limited to a subjectively 
defined region of interest (ROI) [27] and, hence, does not 
represent the global disease activity in the patient, further 
increasing the importance of global disease score (GDS) in 
this context [28].

Role of PET/CT in the evaluation 
of arthropathies in RA

PET/CT with  [18F]-FDG and other radiotracers have been 
found to be promising for evaluating arthropathies and rul-
ing out other differential diagnoses in RA. A study by Bhat-
tarai et al. used the total visual score system to interpret 
 [18F]-FDG PET findings in clinical settings. It evaluated 
commonly used PET parameters, including the total visual 
score, the total number of PET-positive joints, the sum of 
SUVmax, total metabolically active volume (MAV), TLG, 
and laterality bias in  [18F]-FDG PET, to differentiate RA 
from other arthropathies. Visual evaluation with the total 
visual score and the total number of PET-positive joints was 
found to be the simplest tool to be used in practice and had a 
sensitivity of 88.9% and 94.9%, respectively [23].

Similarly, in another study by Raynor et al., SUVmax was 
able to characterize the activity of joint inflammation with 
 [18F]-FDG PET, which was significantly different between 
RA and controls. Partial volume-corrected mean metabolic 
volume product (cMVPmean) calculated in a region deline-
ated with a fixed threshold and representing volumetric and 
metabolic properties corrected for the partial volume effect 
showed a strong correlation to disease indicators, i.e., CRP, 
ESR, swollen joint count (SJC), Interleukin-6 (IL-6), IL-1, 
and Disease activity score (DAS) [27]. Similar results were 
observed in the study by Lee et al. in which PET-positive 
joints were found to be statistically correlated with SJC, ten-
der joint count (TJC), and DAS28-ESR [29].

Although  [18F]-FDG is one of the most commonly used 
radiotracers in assessing RA, other tracers are also being 
studied.  [18F]-NaF PET/CT, useful in skeletal imaging, was 
found to have a strong positive correlation with DAS28-
ESR and could accurately predict high disease activity in 
RA [30].

A systematic review published recently in 2022 dis-
cussed the potential of PET and SPECT imaging to tar-
get the biological pathways involved in angiogenesis in 
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rheumatoid arthritis. It highlights the use of molecular 
imaging tracers to detect or monitor this angiogenic activ-
ity, with an emphasis on adhesion molecules like vascu-
lar adhesion protein-1 and integrins due to their roles in 
the angiogenesis [31]. Radiotracers limited to identifying 
synovial inflammation or angiogenesis as seen in the joints 
in RA could be helpful in the diagnosis of RA and dif-
ferentiating it from other inflammatory arthritides [32]. 
Among them, RGD is a tri-peptide probe containing argi-
nine, glycine, and aspartic acid, which targets alpha v beta 
3 integrin, commonly expressed on the endothelium of 
angiogenic vessels. As neo-angiogenesis is a pathological 

mechanism of RA, it can be effectively used as a probe in 
PET/CT [33, 34]. Kavanal et al. studied this in 30 patients 
with RA, and increased tracer uptake was found in the 
synovium of the joints, tendon sheaths, and bursae [35]. 
Of the total 1560 joints examined, 394 were positive for 
increased synovial angiogenesis on  [68Ga]-RGD2 PET/CT, 
while only 348 were positive on clinical evaluation. In 27 
patients who underwent a follow-up after a median interval 
of 121 days, PET analysis showed good discrimination 
of non-responders from responders using SUVmax value 
at picking up non-responders with 100% specificity and 
responders with 86.4% specificity [35].

Fig. 1  [18F]-FDG PET/CT was performed on a 71-year-old female 
with rheumatoid arthritis for seven years and was experiencing a 
flare-up. Maximum intensity projection (MIP) images of  [18F]-FDG 
PET/CT in the anterior and right lateral views are shown in (a). Axial 
images of the atlantoaxial joint are shown in (b) (from top to bottom: 

PET, CT, and fused PET/CT). Atlantoaxial joint, right and left axil-
lary lymph nodes, knees, hips, carpals, wrists, elbows, and shoulders 
all showed significant  [18F]-FDG uptake. Reproduced with permis-
sion from [25]
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As the pathogenesis of RA involves the infiltration of 
synovium by macrophages, macrophage PET is another 
modality being studied in this context. PK11195(1-[2-
chlorophenyl]-N-methyl-N-[1-methyl-propyl]-3-isoquinol-
ine carboxamide) ((R)-[11C]PK11195) is a tracer that binds 
to the upregulated translocator protein (TSPO) in activated 
macrophages, and can visualize synovitis but has high back-
ground uptake in the periarticular tissues [17]. Verweij et al. 
conducted a study on 35 recently diagnosed RA patients. 
They underwent whole-body (R)-[11C] PK11195 PET/CT 
at baseline and in 2 weeks of COBRA (combination therapy 
of methotrexate and prednisone)-light treatment to predict 
the clinical response at 13 weeks [36]. Out of 1470 joints at 
baseline, 171 were positive on PET/CT, which decreased to 
100 joints in 2 weeks. However, these changes in PET meas-
ures did not correlate with DAS44 at 13 weeks. However, the 
average SUV of the feet at 2 weeks significantly correlated 
with DAS44 at 13 weeks, predicting treatment response in 
the early RA [36].

Furthermore, two new probes, DPA-714 and DPA-713, 
which have an increased binding to TSPO and a less back-
ground uptake, have been developed [17, 37, 38]. Moreover, 
110 joints in RA patients were studied to assess their speci-
ficity. In 80% of the joints, probe uptake was correlated to 
clinical signs, with higher uptake seen with [11C]DPA-713. 
Furthermore, background uptake was lower for both DPA 
tracers than (R)-[11C]PK11195 [17].

Besides diagnosis and monitoring, PET/CT can also 
be useful in ruling out differential diagnosis, for example, 
polymyalgia rheumatica (PMR). A study by Wang et al. 
found that SUVmax was the most valuable parameter in 
distinguishing RA from PMR [39]. It was lower in patients 
with RA than in PMR, with interspinous ligament showing 
the highest discriminative diagnostic value, with moderate 
sensitivity and high specificity [39]. In contrast, laboratory 
parameters, i.e., RF and anti-CCP antibodies, only achieved 
high sensitivity but had moderate specificity [39]. Addition-
ally, other studies have demonstrated a notable increase in 
 [18F]-FDG uptake in the ischial tuberosities, greater tro-
chanters, and spinal processes among individuals with PMR 
as compared to those with RA [40, 41]. A systematic review 
and meta-analysis published recently has further explained 
the diagnostic utility of [18]-FDG PET/CT in PMR [42].

Role of PET/CT in the evaluation of systemic 
complications of RA

Another important use of PET/CT in RA is to diagnose 
complications. Complications of RA commonly include 
but are not limited to vasculitis, rheumatoid nodules, res-
piratory complications (pleuritis, pleural effusion, ILD), 
cardiovascular diseases (myocarditis, coronary artery 

disease, and heart failure), neurological, nephrological, 
ocular, and hematological complications [4, 7, 9, 10]. 
Notably, with the recent advent of PET/CT, it has become 
possible to diagnose or even predict future complications 
of RA [43, 44].

Cardiovascular complications

Cardiovascular disease (CVD) is one of the leading causes 
of death in RA secondary to vascular inflammation leading 
to atherosclerosis [45, 46]. Most assessments of athero-
sclerosis in RA to date have utilized imaging techniques 
that identify the presence of atherosclerotic plaque and 
luminal stenosis but not arterial wall inflammation [47]. 
Geraldino-Pardilla et  al. studied 91 RA patients with 
 [18F]-FDG PET/CT imaging of the ascending aorta. PET 
parameters were analyzed in comparison to other CVD 
risk factors and were found to be positively associated 
with each other [26]. HDL levels were inversely related to 
PET parameters [26]. The activity of RA disease measured 
by the DAS28-CRP and PET parameters of the ascending 
aorta was also found to vary in association with anti-CCP 
antibody levels [26]. Even in patients without any evi-
dence of clinical cardiovascular disease, a PET scan at 
rest and with vasodilator stress has been used in a study 
to quantify myocardial blood flow (MBF) and myocardial 
flow reserve (MFR) using N-13 ammonia [48]. MFR was 
found to be lower in RA patients than in asymptomatic 
controls, with increased inflammation and higher mass and 
volume of the left ventricle [48]. However, the study could 
not predict if these changes increased the risk of heart 
failure or not [48].

Moreover,  [18F]-FDG PET/CT is being more commonly 
used to diagnose and evaluate atherosclerosis as  [18F]-FDG 
can accumulate and show increased metabolism in the mac-
rophages of the atherosclerotic plaque. Similarly,  [18F]-FDG 
PET/CT can also be used to assess aortic inflammation in 
RA patients [43, 44]. High  [18F]-FDG uptake was seen par-
ticularly in the walls of the carotid arteries and the aorta, 
which persisted after the values had been adjusted for tradi-
tional cardiovascular risk factors compared to patients with 
osteoarthritis [49]. It could also be one of the major patho-
genesis for increased vascular complications in patients with 
RA [49]. Apart from  [18F]-FDG PET/CT studies, assessment 
with  [18F]-NaF PET/CT has also been found to be helpful 
in identifying increased microcalcification in the abdominal 
aorta in comparison to the healthy controls, which is predic-
tive of atherosclerotic changes (Fig. 2) [20]. However, in 
this study,  [18F]-FDG PET/CT was not able to identify any 
significant difference in microcalcifications between the RA 
and healthy control groups, contributing to its limitations 
[20].
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Pulmonary complications

RA can have several pulmonary manifestations, such as pul-
monary parenchymal disease, including ILD, inflammation 
of the pleura (pleural thickening and effusions) and airways, 
and involvement of the pulmonary vasculature due to vas-
culitis, that can cause pulmonary hypertension [50]. PET/
CT can detect inflammatory changes in the blood vessels 
due to vasculitis and lung parenchyma ranging from pul-
monary nodules to ILD and resultant pulmonary fibrosis 
[50, 51]. As rheumatoid lung nodules can mimic cancer, it 
requires further diagnostic considerations.  [18F]-FDG PET/
CT has been seen to differentiate benign rheumatoid nodules 
from malignant nodules (Fig. 3) [50]. Although  [18F]-FDG 
uptake may vary depending on the size and histology of 
lung cancer, posing challenges for differentiation in clinical 
settings, rheumatoid lung nodules exhibit a relatively low 
to moderate level of  [18F]-FDG avidity and do not co-exist 
with  [18F]-FDG-avid draining lymph nodes [50]. Addition-
ally, since  [18F]-FDG PET/CT scans the whole body, it may 
be possible to diagnose a lung lesion to be more likely to be 
a rheumatoid nodule than a lung cancer due to the presence 
of typical accumulations of  [18F]-FDG in RA outside the 
lungs [52].

Likewise, uptake of  [18F]-FDG is seen to be increased 
in both pathologically altered and normal appearing paren-
chyma of lungs in ILD [53, 54]. This uptake of  [18F]-FDG 
in normal-appearing lung parenchyma is of prognostic value 
as it is found to be correlated to the severity of the disease 
[53, 55]. However,  [18F]-FDG PET/CT has limitations in 
diagnosing and monitoring ILD as it lacks specificity [51]. 
Folate receptor (FR)-β, which is a type of glycosylphosphati-
dylinositol (GPI)-anchored protein and which usually binds 

folic acid and folate-linked molecules, is being studied as 
radiotracers [56, 57]. As FR-β has a high affinity with folic 
acid and internalizes them via endocytosis, they have been 
predicted to be useful. They are being used pre-clinically 
for imaging inflammatory conditions, including RA [51, 
56, 57]. Currently, a new radiotracer based on  [18F]-folate, 
3′-Aza-2′-[18F]-fluoro-folic acid  ([18F]-AzaFol), is being 
developed and has been predicted to be advantageous.

Role of PET/CT in monitoring treatment 
response in RA

Despite many recent studies, clinical assessment of treat-
ment response still requires a minimum of 12 weeks of RA 
[36].  [18F]-FDG PET can be used for systemic monitoring 
of disease. Amigues et al. studied eight patients in a nested 
longitudinal pilot sub-study who were escalated to tumor 
necrosis factor (TNF)-inhibitor or triple therapy (i.e., sul-
fasalazine + hydroxychloroquine with continued methotrex-
ate). SUVmean was found to be 31% higher for those with a 
clinical disease activity index (CDAI) ≥ 10 than those with 
low scores, and SUVmean was 26% lower for non-TNF-
targeted biologics than in non-biologic disease-modifying 
antirheumatic drugs (DMARDs). The myocardial SUVmean 
decreased 6 months after an escalation of therapy [58].

Similarly, Ravikanth et  al. studied 42 RA patients 
undergoing anti-TNFα therapies and were assessed using 
whole-body  [18F]-FDG PET/CT before and 3–6 months 
after therapy [59]. There was a correlation between ΔSUV 
and ΔDAS28 values measured six months after treatment 
with anti-TNF drugs. Thus,  [18F]-FDG PET/CT was used 

Fig. 2  In this  [18F]-NaF PET/CT study, regions of interest were man-
ually outlined around the abdominal aorta, as shown in green. Com-
parison was made between the abdominal aortic wall of a 63-year-
old patient with rheumatoid arthritis and an age- and sex-matched 

healthy control. The  [18F]-NaF PET/CT scan revealed higher levels 
of  [18F]-NaF activity in the abdominal aorta of the RA patient when 
compared to the healthy control. With permission from reference [20]
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to assess the distribution and extent of joint involvement in 
different phases of the disease, even in the same patient [59].

Another study was done on 15 RA patients refractory to 
anti-TNF-α treatments and was evaluated before and 16 and 
24 weeks after rituximab administration. At baseline, there 
was a statistically significant correlation between PET by 
visual assessment and the SUVs to DAS28, CRP levels, and 
joint sonography results. However, at 16 weeks, this cor-
relation was not seen. The PET/CT response was still found 
to be most accurate for predicting the clinical response at 
24 weeks, with parameters individually showing an accuracy 
of 85.7% by visual assessment and 71.4% by the cumulative 
standard uptake value (cSUV) compared to only 64.3% by 
sonographic parameters and serum CRP values. However, 
PET/CT was not found to be useful in predicting rituximab 
response at week 24. It was concluded that  [18F]-FDG PET/
CT can be used to assess refractory RA and its response to 
therapy [24].

[18F]-FDG PET/CT was also used to study changes fol-
lowing tofacitinib treatment at baseline and 12 months 

after therapy. It was shown that patients taking Tofacitinib 
had suppressed disease activity (as determined by PET/
CT parameters: mean standardized uptake value-synovial 
(SUV-SYNmean) and mean target-to-background ratio-syn-
ovial (TBR-SYNmean) corroborated by ESR and CRP level 
(Fig. 4). There was also improved aortic inflammation as 
measured by target-to-background ratio-vascular (TBR-
VASCmax) (Fig. 5). Therefore, this study has shown the 
appropriate use of  [18F]-FDG PET/CT to assess both syno-
vial and aortic inflammation for therapeutic drug monitoring 
in patients with RA [60].

In a study including 64 patients with RA treated with 
biologics for 6 months, they were assessed to compare 
inflammatory activity in the aortic walls [43]. The DAS28 
and ESR were found to have significantly decreased 
after 6  months. However, there was little change in the 
 [18F]-FDG uptake in the ascending aorta from base-
line to 6 months, showing an SUVmax of 1.83 ± 0.34 
to 1.90 ± 0.34 (p = 0.059) and a TBR of 1.71 ± 0.23 to 
1.75 ± 0.24 (p = 0.222) [43]. It showed no significant 

Fig. 3  The above image demonstrates the PET/CT appearance of 
lung nodules, both benign and malignant, in patients with rheuma-
toid arthritis. The images were presented in three rows: the top row 
showed maximum intensity projection, the middle row showed fused 
PET/CT, and the bottom row showed CT scans.  [18F]-FDG PET/CT 
images of rheumatoid arthritis patients with histologically proven 

rheumatoid nodules appeared as multiple, well-defined solid nodules 
located peripherally, with low  [18F]-FDG activity (indicated by green 
arrows), in contrast to the appearances of squamous cell carcinoma 
(b), adenocarcinoma (c), and pulmonary carcinoid (d). With permis-
sion from reference [50]
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decrease, thus predicting the limited use of biologics in 
preventing cardiovascular diseases [43]. However, another 
study, including 49 early but established RA cases treated 
with adalimumab, showed a favorable reduction in aortic 
wall inflammation after 6 months of treatment, thus again 
showing conflictive results [44].

Furthermore, 79 RA patients with low disease activ-
ity were assessed with  [18F]-FDG PET/CT to apply PET 
parameters to predict the outcome of tapering TNF-inhibitor 
(TNFi) treatment for 18 months [61]. This study suggested 
that  [18F]-FDG PET could detect clinical disease activity 
in patients with clinically low disease activity or remis-
sion. This study also suggested that a low resolution may 
have further affected the ability of PET to diagnose a low-
activity joint signal. Thus, using the newest high-resolution 
digital PET scanners may show better and optimized results 
when assessing low-level inflammation in joints. However, 
 [18F]-FDG PET parameters were not found to be predictive 
of tapering outcomes at 18 months [61].

Joint-draining lymph nodes (LN) are recently being 
assessed to predict the extent of joint inflammation and 
response to therapy in RA patients. Whole-body  [18F]-FDG 
PET/CT can be used to assess these LN changes in a single 
scan [62, 63]. This was studied in 64 patients with involve-
ment of the upper extremities in whom axillary lymph nodes 
were evaluated [62]. The ΔSUVmax values, i.e., activity in 
the axillary LN, were found to be significantly correlated 
with ΔDAS28-ESR, ΔDAS28-CRP, and serological mark-
ers in the patients. There was also a considerable decrease 
in ΔSUVmax value from 4.0 ± 2.6 to 2.3 ± 1.7 following 
6 months of treatments with biological therapy, which cor-
responded to clinical and laboratory parameters [62]. Thus, 
the metabolic activity of axillary lymph nodes may serve as 
an indicator of the therapeutic response to biological therapy 
in patients with RA.

Emerging evidence on the role of fibroblast 
activation protein inhibitor (FAPI) PET/CT 
in rheumatoid arthritis

Although  [18F]-FDG PET/CT has been the mainstay of 
imaging patients with inflammatory disorders like RA, due 
to its limitations, an alternative radiotracer, possibly with 
theranostic potential, has always been sought. There is 

Fig. 4  The study examined joint inflammation using  [18F]-FDG PET/
CT in a patient with rheumatoid arthritis at baseline (A) and after 
12 months of tofacitinib treatment (B). The maximum intensity pro-
jection PET/CT image at baseline (A) displayed increased synovial 
activity in multiple joints, including the wrists, small hand joints, 
elbows, and knees bilaterally. However, in the follow-up image (B), 
after 12  months of tofacitinib treatment, there was a decrease in 
 [18F]-FDG uptake, indicating a reduction in joint inflammation. With 
permission from reference [60]

Fig. 5  [18F]-FDG PET/CT images demonstrating aortic inflammation 
in patients with RA at baseline (A, C) and after therapy (B, D) with 
tofacitinib. With permission from reference [60]
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growing evidence for the usefulness of Fibroblast Activa-
tion Protein Inhibitor (FAPI) as a radiotracer for imaging 
RA [64–67]. Fibroblast-like synoviocytes (FLSs) are cru-
cial effector cells in the inflamed joints of RA patients [68]. 
Previous research has shown that fibroblast activation pro-
tein (FAP) is abundantly expressed in RA-derived FLSs and 
serves as a unique marker for activated RA FLSs [69, 70]. 
Hence, attempts are being made not only to utilize FAPI to 
image RA FLSs but also to exploit its theranostic potential 
for the treatment of RA [65].

Ge et  al. studied 1,4,7-triazacyclononane-N,N',N′′-
triacetic acid-conjugated FAP inhibitor ([18F]AlF-NOTA-
FAPI-04) for imaging RA FLSs in vitro as well as arthritic 
joints in RA patients [64]. The synovium of arthritic joints 
showed nonphysiologically high tracer uptake in RA patients 
who underwent  [18F]AlF-NOTA-FAPI-04 PET/CT imaging. 
When compared to  [18F]-FDG imaging,  [18F]AlF-NOTA-
FAPI-04 displayed a higher uptake in inflamed joints dur-
ing the early stages of arthritis; moreover, this uptake was 
positively correlated with the arthritic scores further increas-
ing its clinical importance. Hence, the authors concluded 
that  [18F]AlF-NOTA-FAPI-04 is a promising radiotracer for 
imaging RA FLSs that may be used to supplement the exist-
ing noninvasive diagnostic criteria [64]. Similarly, a pro-
spective study comparing the performance of gallium-68 
 ([68Ga])-labeled FAP inhibitor (FAPI) and  [18F]-FDG for 
the evaluation of joint disease activity in RA showed that 
 [68Ga]-FAPI demonstrates a greater amount and degree of 
affected joints than  [18F]-FDG. Moreover, the extent of joint 
involvement on  [68Ga]-FAPI PET/CT correlates with clinical 
and laboratory variables of the disease activity [66].

FAPI PET/CT could also be useful in evaluating pul-
monary manifestations of RA [71]. Lung fibrosis induced 
by inflammation can be detected by FAPI [71]. FAPI PET/
CT has been shown to detect both the presence and activity 
of lung fibrogenesis, making it a promising tool for assess-
ing early disease activity and determining the efficacy of 
therapeutic interventions in patients with lung fibrosis [71]. 
Additionally, since FAPI has been useful in the detection of 
lung cancers [72], whether FAPI PET/CT holds the potential 
to differentiate benign rheumatoid nodules from malignant 
nodules needs to be explored further.

A case report demonstrated that  [68Ga]-FAPI PET/CT 
might also be useful for seronegative RA [67]. As seron-
egative RA lacks the classical immunological markers, its 
clinical diagnosis is challenging. Cheung et al. presented 
 [68Ga]-FAPI PET/CT results of seronegative RA in a 
60-year-old woman and demonstrated how  [68Ga]-FAPI 
PET/CT can aid in diagnosing seronegative RA [67].

The theranostic potential of FAPI has also given rise to 
an additional potential treatment modality for RA. A study 
demonstrates the application of FAP-targeted photodynamic 
treatment (FAP-tPDT) as a targeted locoregional therapy for 

RA [65]. In RA, activated synovial fibroblasts are crucial 
effector cells. The selective elimination of these cells based 
on their expression of fibroblast activation protein (FAP) is 
a promising therapeutic strategy. Dorst et al. came up with 
FAP imaging of inflamed joints utilizing  [68Ga]-FAPI-04 
PET/CT in a patient with RA and demonstrated the poten-
tial of selective anti-FAP-targeted photodynamic treatment 
(FAP-tPDT) in the synovium of RA patients ex vivo [65]. 
Nonetheless, further evidence is required to implement it in 
clinical settings.

Conclusion

PET/CT seems to have significant potential as an imaging 
modality of choice in patients with RA and its myriad of 
complications. There are various studies reporting the use 
of PET/CT with  [18F]-FDG,  [18F]-NaF, FAPI, and other radi-
otracers for assessing the disease activity, therapeutic moni-
toring after drug use, escalation of therapy, tapering therapy, 
and identification and management of complications. It also 
has a role in ruling out other important differential diagno-
ses, including PMR. Although radiotracers claimed to have 
higher specificity in the evaluation of RA are recently being 
studied, their clinical usefulness is uncertain. Most are either 
in the pre-clinical phase or involve small sample-size studies 
with limited evidence. Thus, PET/CT with  [18F]-FDG and 
 [18F]-NaF has the potential to be a highly valuable diagnos-
tic modality that can aid in the early diagnosis of RA and 
may help to guide intervention to limit its complications. 
However, further evidence is required before incorporating 
PET/CT in the routine clinical management of rheumatoid 
arthritis.
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