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FULL PAPER
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Objective: Rheumatoid arthritis (RA) and psoriatic arthri-
tis (PsA) commonly affect the small joints of the wrist and
hand. We evaluated the performance of a new, high-
resolution extremity positron emission tomography
(PET)/CT scanner for characterizing and quantifying
pathologies associated with the two arthritides in the
wrist and hand joints.

Methods: Patients with RA or PsA underwent fluorine-18
fludeoxyglucose ("®F-FDG) PET/CT wrist and hand imag-
ing, respectively, on the high-resolution scanner. Cali-
brated CT images and co-registered PET images were
reconstructed. PET/CT was derived for the radiocarpal
and pisiform-triguetral compartments, joints with erosive
changes, sites of synovitis or tenosynovitis and the nail
bed and were correlated with clinical and MRI findings.
Results: Significantly elevated '®F-FDG uptake was mea-
sured for the radiocarpal and pisiform-triquetral com-
partments and at sites of bone erosion, synovitis, pannus

INTRODUCTION

The pathogenesis of autoimmune inflammatory arthritis,
such as rheumatoid arthritis (RA) or psoriatic arthritis
(PsA), is a complex immune-mediated process.' Infiltration
of activated immune cells (such as leukocytes) in joints is
considered an early, crucial pathological event that initiates
the inflammatory proliferative cascade, eventually lead-
ing to joint destruction. The activated immune cells secrete
pro-inflammatory cytokines (tumour necrosis factor-a,
interleukin-17 etc.) which significantly upregulate glucose
metabolism in fibroblasts and activated macrophages™’
and contribute to the formation of bone-resorbing “pannus”,
a hallmark feature of the diseases.*

and oedema, compared with unaffected joints (p < 0.05)
in patients with RA, consistent with their clinical findings.
In patients with PsA, significantly elevated ®F-FDG
uptake was measured for joints with synovitis compared
with unaffected joints (o< 0.05), with patterns of '®F-
FDG uptake along the tendons, at the enthesis and in the
nail bed, consistent with tenosynovitis, enthesitis and nail
dystrophy, respectively.

Conclusion: High-resolution ®F-FDG PET/CT imaging of
the wrist and hand is feasible in an RA or PsA patient
cohort and is capable of providing quantifiable measures
of disease activity (synovitis, enthesitis, oedema and
bone destruction).

Advances in knowledge: High-resolution PET/CT imag-
ing shows promise as a tool for understanding the
pathogenesis of the arthritic process and for non-
invasive, objective assessment of RA or PsA severity
and therapy selection.

The positron emission tomography (PET) radiotracer fluorine-
18 fludeoxyglucose (**F-FDG)—a glucose analogue—is taken
up by cells with elevated glucose utilization and is therefore
particularly suited for imaging cells mounting an immune
response in inflammatory arthritis.>® '®F-FDG PET is in-
herently quantitative, ie. the signal intensity in the images
relates directly to metabolic activity and provides an objective
measure of the degree of metabolism, hence of inflammation.”
In the context of RA, elevated *F-FDG uptake has been shown
in large joints corresponding to synovitis,”” bone marrow
oedema® and inflammation.” X-ray CT presents a natural
complement to PET, providing an anatomical reference to
overlay and quantify the molecular images. CT also provides
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direct information on pathological changes in the bone structure
and composition, such as those observed in inflammatory arthritis.'

In RA and PsA, the small joints of the wrist and hand are con-
sidered early targets of the disease and provide a reasonable picture
of disease progression.'"'> Currently available whole-body PET/
CT scanners—optimized for imaging large regions of the body—
are suboptimal for quantifying radiotracer concentration (and
hence, disease activity) for the small joints of the hand and
wrist.>"* This is attributed to their relatively limited spatial reso-
lution and resulting partial volume effect that limits quantification
capability. Systems capable of limited-angle acquisition, such as the
positron emission mammography Flex Solo II, also have a com-
promised ability for radiotracer activity quantification.'*

A high-resolution extremity PET/CT scanner adaptable to wrist
and hand imaging was built,'> and its characterization in con-
ditions typical for patient imaging was reported.'>' This system
fully produces tomographic images with a spatial resolution of
approximately 2.5mm for the PET component and approxi-
mately 0.3 mm for the CT component. We report—employing
prospective imaging data in human patients with established RA
and PsA—the ability of this high-resolution PET/CT system to
characterize and quantify disease activity and pathology associ-
ated with the two arthritides in the wrist and hand.

METHODS AND MATERIALS

Patient selection and characteristics

All procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the in-
stitutional research committee and with the 1964 Helsinki
Declaration and its later amendments. Institutional review board
approval and written informed patient consent were obtained
for this prospective study. Eight patients (characteristics in
Table 1) were recruited. Briefly, five patients had moderate-to-
high RA disease activity based on the American College of
Rheumatology criteria,'”” while three patients had active PsA
based on the Classification Criteria for Psoriatic Arthritis'® and
Wright and Moll*® criteria. Patients with uncontrolled diabetes,
positive urine pregnancy test or who were breastfeeding were
excluded from the study. Standard exclusion criteria were used
for patients who also underwent MRI (N = 3) following the

Table 1. Patient characteristics
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PET/CT scan. Physical examination [based on disease activity
score 28 (DAS 28)*°] was conducted within an average of
17 days before the scans by study rheumatologists. For the
patients with RA, there is no standard for defining clinical
positivity for the joints between the small bones of the wrist—
the current clinical standards (e.g. DAS 28) define the wrist as
a single joint in the assessment questionnaire. Therefore, the
study rheumatologists evaluated swelling and tenderness using
a single binary score for the entire wrist (1: yes, 0: no). For
patients with PsA, the study rheumatologists evaluated eight
joints: the proximal interphalangeal (PIP) joints 2-5 and the
distal interphalangeal (DIP) joints 2-5, for swelling and ten-
derness using the binary score for each joint. Prior standard of
care radiographs were obtained from the patient’s electronic
medical records.

Positron emission tomography/CT data acquisition

Patients fasted for at least 4h prior to arriving for the study. A
patient-specific immobilizer (fabrication time <5min) was cre-
ated for the most symptomatic hand to limit intrascan motion.>'
Patients received an iv. injection of '®F-FDG and rested quietly
for 60 min in the University of California Davis Medical Center’s
radiotracer uptake rooms. The immobilizer was removed prior to
patient injection and radiotracer uptake. Patients were then
transported to the extremity PET/CT scanner, where scanning
took place. Specifics regarding injected dose and uptake time are
given in Table 1. Patient positioning on the extremity scanner is
shown in Figure 1(a—c). The system has a field of view (FOV) of
12 cm in the coronal direction of the wrist. For patients with RA,
the wrist was located by the immobilizer such that the FOV
covered the region between the distal aspects of the radius and
ulna and the distal aspects of metacarpals 2—-5. For patients with
PsA, the hand was located by the immobilizer such that the FOV
covered the region between the proximal aspects of the proximal
phalanges to the tip of the longest finger. A 12-min PET scan was
conducted first, followed by a 16-s CT scan (80 kVp, 10mA). CT
images were reconstructed (Feldkamp method) in Hounsfield
units with a voxel size of 0.38 X 0.38 X 0.28 mm’,** while the PET
images were reconstructed (maximum a posterori method) with
a voxel size of 1.1 X 1.1 X 3.3mm’. PET image corrections were
applied with the assistance of the co-registered CT'® and images
quantified in standardized uptake units were produced. Eligible

Characteristic All RA PsA

Number of patients 8 5 3
Age (years) 55.5 £ 6.7 55.0 = 7.1 60 = 4.6
Sex

Male 4 1 3

Female 4 4 0
Injected dose (MBq) 374.9 = 15.0 374.2 = 17.0 376.2 = 10.6
Uptake time (min) 83.1 = 4.1 83.2 = 4.8 83.0 = 2.4
DAS 28 4.10 = 0.84 3.87 £ 0.77 4.27 = 0.93

DAS, disease activity score; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

Data are expressed as mean * standard deviation where relevant.
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Figure 1. Patient positioning and the wrist immobilizer; (a) the subject is lying on the extremity positron emission tomography (PET)/
CT system with the arm bent at the elbow inserted into the scanner bore through a hole in the table top; (b) the patient-specific wrist
and hand immobilizer constructed from the thermoplastic material (white mesh), which attaches a custom-sized medical-grade
styrofoam piece (light blue) by the means of nylon screws (visible locations demarcated by black dots); (c) the immobilizer inside the
PET/CT gantry locked in place on the centre post by means of customized nylon stoppers. The PET and CT systems are rotated around
the immobilized wrist and hand for image acquisition; and (d) the immobilizer is locked in a radiofrequency coil by a supporting
apparatus that located the wrist and hand close to the isocentre of the coil. For colour image see online.

patients (N =3) were transported to the MRI facility after
PET/CT scanning.

MRI data acquisition

MRI scanning was carried out on a 1.5-T whole-body Signa
Horizon MRI system (GE Healthcare, Inc., Waukesha, WI) using
an extremity radiofrequency knee coil. The patients lay prone in the
superman position with their symptomatic arm extended above the
head into the radiofrequency coil. The patient-specific immobilizer
aided in positioning the wrist close to the isocentre of the coil in the
same orientation as the PET/CT scan for image co-registration
(Figure 1(d)). Two sets of scans were conducted for most symp-
tomatic wrists and hands:' a three-dimensional T} weighted (T1w)
spoiled gradient-recalled echo sequence in both the coronal and
axial direction (repetition time/echo time = 8.5/4.2ms) with and
without fat suppression and a two-dimensional short tau inversion
recovery (STIR) sequence in the coronal direction (repetition
time/echo time = 4000/20 ms, inversion time = 150 ms). In one
subject, a power injector was used to inject the gadopentetate
dimeglumine contrast agent at the rate of 1 mls™ . A single static
Tlw scan (same parameters as those for the Tlw scan above,
coronal direction, fat suppression on) was recorded at 4 min after
the completion of contrast injection. The T1w images had a voxel
size of 0.58 X 0.58 X 1 mm°, while the STIR image had an in-
plane resolution of 0.6 X 0.6 mm?, with a slice thickness of 3 mm.

Image processing and radiologic reading

Freehand regions of interest (ROIs) were manually placed by
study radiologists on CT images at the following areas: patients
with RA—the dorsal and volar radiocarpal compartments, the
pisiform—triquetral compartment, the first carpometacarpal
(CMC) joint and at sites of synovitis and bone erosions; patients
with PsA—the PIP joints 2-5, the DIP joints 2-5 and the nail
bed. For patients with RA, an ROI contained within the distal
aspect of the radius served as an internal control, while an ROI
contained within the third proximal phalange served as an in-
ternal control region for patients with PsA. The maximum
standardized uptake value (SUV,,), as a surrogate for the de-
gree of glucose metabolism, was measured for each ROI. For

patients with RA, the metabolically active volume (MAV) was
measured as the volume of tissue at the site of the ROI which
had an intensity value >40% of the SUV ., of the ROL*> The
MAV was considered an indicator of inflamed tissue volume.
PET positivity, using the criteria described by Beckers et al,” was
defined based on increased '*F-FDG uptake by PET in areas
corresponding to the joint synovium. For patients with RA, the
wrist was considered PET positive when at least one wrist joint
showed increased '*F-FDG uptake on the scan. For patients with
PsA, PET positivity was determined based on the same criteria’
for each of the eight joints, namely the PIP joints 2-5 and the
DIP joints 2-5, for each patient. A binary score was assigned to
each joint, where 1 indicated a PET-positive joint and 0 indicated
a PET-negative joint. The mean standardized uptake value (SUV)
was determined for 24 asymptomatic joints (three joints per
person) which had no history of RA, PsA or osteoarthritis (OA)-
related symptoms or radiographic findings and did not show
tenderness or swelling during the physical examination. The
radiographs were read based on the Sharp/van der Heijde method
for erosions and joint space narrowing,”* while the first CMC OA
was evaluated based on Eaton’s method.”> outcome measures in
rheumatoid arthritis clinical trials (OMERACT) rheumatoid
arthritis MRI scoring system (RAMRIS) scoring (v. 3)%° was
conducted from images of patients who underwent MRI. To
determine the intraobserver and interobserver reliability for
SUVax 2 study investigators drew freehand ROIs for the PIP
joints 2—5 and the DIP joints 2-5 for the PET/CT scans of the
3 patients with PsA (24 joints in total). The ROI placement was
repeated after a 1-week interval. Reliability was assessed using
a two-way mixed, agreement-based, average-measures intraclass
correlation coefficient (ICC).?” A separate analysis for MAV was
not performed, since that quantity is computed from the SUV ..

Statistical analysis

All measures, unless otherwise specified, are given as mean =
standard deviation or median values, with relevant ranges where
applicable. For the comparison of imaging measures, statistical
significance was determined by one- or two-tailed Mann—
Whitney U test (p < 0.05).
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RESULTS

Fluorine-18 fludeoxyglucose positron emission
tomography uptake in control regions and
asymptomatic joints

The mean SUV in the ROIs used as internal control was
0.83 £ 0.32 (median = 0.75). The average SUV ., of these
control ROIs was 0.89 = 0.14 (median = 1.00). The average
SUV . of the asymptomatic joints (joints that did not
present with swelling and tenderness during the clinical
examination and those that did not show elevated '*F-FDG
uptake in the synovial region) was 1.12 = 0.32 (median = 0.94).
The difference between the SUV . of the control ROIs and
that of these asymptomatic joints was insignificant (p = 0.14,
two-tailed test).

Fluorine-18 fludeoxyglucose positron emission
tomography uptake in rheumatoid arthritis wrists

A representative CT and PET/CT image of a patient with RA is
shown in Figure 2. All patients with RA had a DAS 28 > 3.0 and
had at least one wrist joint that was PET positive; therefore, all
evaluated wrists were considered PET positive for comparison
with rheumatologic evaluation. The SUV ,,x and MAV results
across RA wrists are summarized in Table 2. Table 3 summarizes
the swelling, tenderness and PET positivity status for all five RA
wrists. There was a perfect consistency between PET positivity
and joint tenderness. Four wrists that presented with swelling
were also PET positive; however, one wrist that was negative for
swelling (but positive for tenderness) was PET positive based on
the scan. Overall, however, there was a high consistency between
PET positivity findings and wrist joint swelling.

Fluorine-18 fludeoxyglucose positron emission
tomography uptake in the radiocarpal
compartments in rheumatoid arthritis

'"E-FDG uptake was measured separately for the dorsal and volar
radiocarpal compartments in patients with RA. A representative
axial PET/CT image for a patient is shown in Figure 3(a). The
SUV max across all patients with RA in both the dorsal and volar

Chaudhari et a/

compartments was significantly higher than that for the control
joints (p <0.05, one-tailed test). For the patient who received
a contrast-enhanced MRI, there was a clear contrast agent accu-
mulation in the dorsal radiocarpal compartment (Figure 4(a,b)).
This region had an elevated '*F-FDG uptake with SUV,,,, of 2.12
(Figure 4(d)). The co-registration between PET and MRI was
accomplished via a pre-computed rigid registration between CT
and MRI. The co-registered STIR image also showed fluid signals
in the dorsal and volar aspects of the radiocarpal compartment
(Figure 4(c)), possibly owing to oedema. Elevated '*F-FDG up-
take was measured in these areas. The contrast-enhanced and
STIR images showed a high signal in the region of the first CMC
joint and elevated '*F-FDG uptake, consistent with the patient’s
first CMC OA, as we will discuss below.

Fluorine-18 fludeoxyglucose positron emission
tomography uptake in the pisiform-triquetral
compartment in rheumatoid arthritis

The SUV ..« and MAV results for the pisiform—triquetral com-
partment in patients with RA are summarized in Table 2.
Figure 3(b) shows a representative PET/CT image of a patient
with RA with pronounced "®F-FDG uptake in this compartment.
Erosive changes on the apposing surfaces of the pisiform and
triquetrum were also visualized from the underlying CT image.
The SUV ..« in this compartment across all patients with RA was
statistically higher than the SUV,,,, measured for the control
joints (p < 0.05, one-tailed test).

Fluorine-18 fludeoxyglucose positron emission
tomography uptake at sites of erosion

All patients with RA presented with one or more carpal bone
erosions on their prior radiographs. Figure 5 shows represen-
tative images of a patient with RA, indicating sites of erosive
changes and associated synovitis. A STIR image is also shown for
comparison demonstrating oedematous areas at sites of bone
erosion. The SUV ., and MAV across all erosions in each patient
with RA were computed and are summarized in Table 2. The
SUV max for ®F-FDG uptake for erosions across all patients with

Figure 2. Extremity positron emission tomography (PET)/CT of a patient with rheumatoid arthritis; the coronal section showing a volar
view of the right wrist from the (a) CT and (b) PET/CT overlay. Arrows show sites of bone erosion and corresponding fluorine-18
fludeoxyglucose ("®F-FDG) uptake (blue and light blue arrows) [maximum standardized uptake value (SUVmax) =2.2], BE.FDG uptake
in the pisiform-triquetral compartment (green arrows) (SUVmax = 1.89) and "®F-FDG uptake at the first carpometacarpal joint (white
arrows) (SUVmax = 5.50). The linear range of the PET colour scale shown is 18-45% of the SUVax. FOr colour image see online.
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Table 2. Maximum standardized uptake value (SUVnay) and metabolically active volume (MAV) expressed as median (range) for the
regions of interest in patients with rheumatoid arthritis (RA). All the wrists analyzed were positron emission tomography

positive (Table 3)

Anatomical locations

SUV hax

MAV (cm?)

Radiocarpal compartment

Dorsal

2.11 (1.37-3.68)

3.68 (2.30-5.77)

Volar

1.67 (1.08-3.91)

3.23 (1.67-4.52)

Pisiform—triquetral compartment

1.89 (0.93-3.80)

1.46 (0.48-3.80)

Sites of RA erosions

2.20 (1.2-3.22)

2.77 (1.37-3.68)

First CMC joint

1.97 (0.98-5.50)

2.72 (1.97-6.81)

CMC, carpometacarpal.

RA was significantly higher than that of the control joints
(p <0.05, one-tailed test).

Fluorine-18 fludeoxyglucose uptake for the joints of
the fingers and the nail bed in psoriatic arthritis

The SUV,,.x values for the PIP joints 2-5, the DIP joints 2-5
and the nail bed for patients with PsA are reported in Table 4. The
MAV was not computed, as 40% of SUV ., threshold was mostly
at the level of the SUV values of the control or asymptomatic
joints. Table 5 reports the total number of swollen, tender and
PET-positive joints out of total eight joints evaluated per patient
with PsA. Also reported are the SUV ., values for PET-positive
and PET-negative joints. For the 24 joints evaluated, the SUV .,
was significantly higher (1.96 *0.26) in joints that were PET
positive than in those that were PET negative (1.12 *0.32,
P <0.05, two-tailed test). The number of PET-positive (6/24 or
25%) joints was the same as the number of tender (6/24 or 25%)
joints, but a tad lower than the number of swollen (5/24 or
20.8%) joints. Figure 6 shows PET and CT images obtained for
a typical digit with dactylitis, a hallmark of PsA, with detailed
pathologies associated with the disease. The SUV,,,,, in the PIP
joints 2—5 across all subjects was statistically higher than that of
the control joints (p <0.05, one-tailed test). While remarkable
spatial patterns of '®F-FDG uptake as in Figure 6 were observed at
the DIP, at the nail bed and along the flexor and extensor tendons
in one or more digits in each patient with psA, the difference
between the SUV .., in these areas and that of the control joints

was statistically insignificant (p = 0.10, two-tailed test). We believe
that this was a consequence of the low contrast recovery coef-
ficients of the system for tissues of the size of tendons. We
elaborate on this further in the Discussion section.

Fluorine-18 fludeoxyglucose uptake for the first
carpometacarpal joint

In two patients with RA, no history or signs associated with RA or
OA such as joint space narrowing, joint subluxation or erosive
changes were reported for the first CMC joint on prior radio-
graphs. For these subjects, the average SUV ., for the first CMC
joint was 1.01. One subject had severe OA of the first CMC joint
(Eaton stage I1I*°) based on prior radiographs. For this subject,
the SUV .« for the first CMC joint was 5.50 and the MAV was
6.81 cm’. For the other two subjects, early OA (Eaton stage I/IT) of
the CMC joint was noted from prior radiographs and corre-
sponded to an average SUV,,,, of 1.99 and an MAV of 2.35 cm’.
In one patient, the proximal aspect of the first metacarpal pre-
sented with erosive changes (Figure 5). In all other patients, no
erosive changes to the first CMC joint which could be directly
attributed to RA were noted. The high '*F-FDG uptake for the
first CMC joint can also be visualized in Figures 2 and 4. Table 3
reports the swelling, tenderness, PET positivity and SUV . status
for the first CMC joint in the five RA wrists evaluated. Although
the RA subjects had a DAS 28 > 3.0, the first CMC joint was PET
positive in only three out of five patients, indicating, un-
surprisingly, a lack of consistency between DAS 28 and PET

Table 3. Maximum standardized uptake value (SUVax) computed for the entire wrist and the first carpometacarpal (CMC) joint
compared with clinical assessment and positron emission tomography (PET) positivity for patients with rheumatoid arthritis

. Wrist First CMC joint
Patient number — —
N T PET positivity SUV hax S T PET positivity SUV hax
1 1 1 1 2.12 1 1 1 5.50
2 1 1 1 2.29 1 1 1 2.01
3 0 1 1 1.37 0 0 0 0.98
4 1 1 1 3.80 0 0 0 1.04
5 1 1 1 3.68 1 1 1 1.97

S, swelling; T, tenderness.

The scores for S, T and PET positivity are binary, with a 1implying that the joint was considered positive, while O indicates that the joint was considered

negative.
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Figure 3. Fluorine-18 fludeoxyglucose ("®F-FDG) uptake patterns in patients with rheumatoid arthritis (RA): (a) axial section from the
positron emission tomography (PET)/CT image showing elevated '®F-FDG uptake in the dorsal (green arrow) [maximum standardized
uptake value (SUV nax) = 2.93] and volar (light blue arrow) (SUV ax = 3.12) radiocarpal compartments. The white arrow shows a “cold”
pisiform-triquetral compartment in this patient. The linear range of the PET colour scale is 26-100% of the SUV ax; (b) axial section
from the PET/CT image of a different patient with RA showing elevated '®F-FDG uptake in the pisiform-triquetral compartment (white

arrow) (SUVax = 3.80). The linear range of the PET colour scale is 26-77% of the SUV ,a. FOr colour image see online.

positivity for this joint. All three first CMC joints that were PET
positive, however, were also positive for tenderness and swelling,
while two joints that were PET negative were negative for ten-
derness and swelling, implying the perfect consistency of PET
outcomes with tenderness and swelling for this joint.

Reliability of the maximum standardized uptake
value measure

The ICC was in the excellent range, ICC = 0.99 (95% confidence
interval: 0.99-1.00, p < 0.05),% indicating that evaluators had
a high degree of agreement and suggesting that SUV,,,, was
rated similarly across the evaluators. The high ICC also sug-
gested that a minimal amount of measurement error was in-
troduced by the independent evaluators. The ICC we measured

for SUV . in this study was similar to that reported in the
published literature.?*°

DISCUSSION

Our results demonstrate the capability of the high-resolution
extremity PET/CT system to visualize and quantify pathologies
of relevance to RA and PsA in the small joints of the wrist
and hand. The system provided tomographic sampling, and
attenuation and scatter correction of PET data employed the
co-registered CT image. Recently, the feasibility of the quad-high-
density avalanche chamber nano-PET small-animal system,3 !
the positron emission mammography Flex Solo II system”>?’
and the avalanche photodiode (APD)-based BrainPET system
(Siemens Healthcare, Erlangen, Germany)** was demonstrated

Figure 4. Correlation of positron emission tomography (PET)/CT and MRI; co-registered axial sections from (a) pre-contrast T; weighted (T1w)
scan; (b) contrast-enhanced TIW scan; (¢) short tau inversion recovery (STIR) image; and (d) fluorine-18 fludeoxyglucose (®F-FDG) PET overlaid
on the pre-contrast TIW section. The light blue arrows indicate the dorsal radiocarpal compartment, the green arrows show the volar radiocarpal
compartment with increased signal on the Tlw, STIR and '®F-FDG image corresponding to erosions along the volar aspects of the capitate
and hamate, while the white arrows show increased fluid signal on the STIR image and elevated ®F-FDG uptake for the first carpometacarpal
joint. The linear range of the PET colour scale is 40-100% of the maximum standardized uptake value. For colour image see online.
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Figure 5. Elevated fluorine-18 fludeoxyglucose ("®F-FDG) uptake for active erosions in rheumatoid arthritis; co-registered coronal sections
from (a) CT, (b) positron emission tomography (PET)/CT and (c) short tau inversion recovery MRI. The arrows indicate elevated ®F-FDG
uptake sites of erosive changes (white, green and light blue arrows) and in the pisiform-triquetral compartment (light brown arrows). The
linear range of the PET colour scale is 40-100% of the maximum standardized uptake value. For colour image see online.

for wrist and hand arthritic imaging. These systems, however,
did not have direct means for attenuation and scatter correc-
tion, and therefore radiotracer activity quantification is chal-
lenging. The PET Flex Solo II system does not provide
tomographic sampling. To the best of our knowledge, this is
the first study evaluating the use of fully tomographic, high-
resolution, quantitative PET/CT data for elucidating the pa-
thologies underlying RA and PsA in the wrist and hand. The
quantitative data presented in our article are therefore unique
and add to the growing evidence that high-resolution PET/CT
may provide new information for arthritic assessment. Three
areas of clinical applications of such systems could be con-
sidered: (i) early disease activity assessment and staging, owing
to their ability to quantify disease activity in small joints; (ii)
differential diagnosis, where radiotracer uptake patterns could
reveal fundamentally different pathologies and hence allow
improved therapeutic selection; and (iii) early monitoring of
response to therapy, where high-resolution PET/CT could
provide more sensitive and robust surrogate end points for the
early assessment of arthritic drug efficacy.”® Given that the
inflammatory proliferative cascade in RA and PsA involves
cellular activation, hypoxia, angiogenesis, osteoclastic and os-
teoblastic activity,”® there is potential to employ targeted
radiotracers”” with high-resolution systems to further our
ability to track disease.

Table 4. Maximum standardized uptake value (SUV a0
expressed as median (range) for the regions of interest in
patients with psoriatic arthritis

Anatomical locations SUV hax
PIPs 2-5 1.32 (0.92-2.35)
DIPs 2-5 1.16 (0.82-2.12)
Nail bed 1.17 (0.87-1.64)

DIP, distal interphalangeal; PIP, proximal interphalangeal.

All RA subjects in our study had a DAS 28 of >3.0 and had at
least one wrist joint that was PET positive. For the RA wrist, our
PET/CT images showed a significant uptake of '*F-FDG in the
radiocarpal and pisiform—triquetral compartments compared
with control joints, which is consistent with physical examina-
tion findings. Both compartments are involved in early RA and
although the two compartments are considered anatomically
distinct, they seem to be functionally connected.?® It is therefore
likely that inflammatory processes in one compartment may be
associated with those in the other. We found that '*F-FDG
uptake in the pisiform—triquetral and radiocarpal compartments
was correlated and was either both high or both low. This
association warrants further study. '*F-FDG uptake was high
in the proximity of sites of active bone erosions and was co-
localized with the presence of oedema from STIR MRI. Given
the importance of detecting the presence of and characterizing
oedema early in RA,” high-resolution '’F-FDG PET may
complement STIR MRI by providing an assessment of the cel-
lular activity of oedema. This aspect needs further investigation.
Current European League Against Rheumatism (EULAR) guide-
lines for the clinical management of RA are based on MRI and
ultrasound scans, but do not include PET or CT scans.*® While
MRI and ultrasound provide outstanding information regarding
RA status, these modalities cannot probe the molecular and cel-
lular activity of oedema or synovitis. The strength of PET/CT
scans in this area warrants further investigation.

In PsA subjects, elevated '*F-FDG uptake in the extensor and
flexor tendon of the finger, at the enthesis and in the nail bed
was a commonly observed pathology and correlated with clinical
findings such as tendinitis, enthesitis and nail dystrophy, re-
spectively. The pathologic process underlying nail involvement
in PsA is not well understood and enthesitis is considered as the
driver of this involvement.*' The detailed visualization of the
underlying inflammatory patterns at the enthesis (structures
typically <3 mm) was not possible because of the spatial reso-
lution limitations of our system. For tendons (cross-section
<6mm), we also believe that the reconstructed radiotracer
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Table 5. Total number of swollen (S), tender (T) and positron emission tomography (PET)-positive joints out of a total of eight joints
per patient and the average SUV .y for PET-positive and PET-negative joints

Patient Number Number Number of PET Average SUV ., (PET Average SUV ,,, (PET
number of S of T positive positive) negative)

1 1 1 1 1.91 0.94

2 3 4 4 2.10 1.38

3 1 1 1 1.46 1.11

The eight joints constitute the proximal interphalangeal joints 2-5 and the distal interphalangeal joints 2-5.

concentration was severely underestimated—for a fillable sphere
of that size, our previous experiments showed that the scanner
had a contrast recovery coefficient <30%.'® Systems with
a higher spatial resolution for PET are therefore needed. Ferrero
et al*” recently built a next-generation PET/CT scanner with an
approximately 8 fold improvement in the volumetric spatial
resolution and plan to test its performance in the arthritic
population.

Elevated '*F-FDG uptake was measured at the first CMC joint in
patients who had radiographic signs of OA. 'F-FDG uptake
broadly associated with Eaton stage, but not with DAS 28.
Future studies of RA or PsA using "*F-FDG PET must take OA
joint activity into account when estimating RA or PsA disease
activity to reduce confounding.

The control ROIs we employed were drawn on the bone. We
considered using other tissues, but in this patient cohort, there is
a paucity of large soft-tissue structures in the wrist and hand
whose '®F-FDG uptake is not influenced by pathology and that
could serve as control regions. We did, however, find that the
SUV measures for our chosen control regions were not signifi-
cantly different from the SUV measures derived in the synovial
region of joints that did not present with swelling or tenderness
during the clinical examination and were negative on PET.

A limitation of our study is the unavailability of ultrasound for
correlating with our findings from PET/CT. Ultrasound is cur-
rently commonly employed in rheumatology clinics*’ and has
demonstrated a high sensitivity for the detection of synovitis.**
Ultrasound, however, is not able to directly interrogate the

Figure 6. Fluorine-18 fludeoxyglucose ("®F-FDG) uptake patterns in psoriatic arthritis dactylitis; co-registered sagittal sections from
(a) CT, (b) positron emission tomography (PET) and (c) PET/CT. The light blue arrows show tenosynovitis at the proximal
interphalangeal (PIP) joint, also manifested as a flexor tendon distention on the CT image [maximum standardized uptake value
(SUVmax) = 2.35]. Green and brown arrows show elevated ®F-FDG uptake at the extensor tendon enthesis at the distal phalange
(SUVmax = 1.53) and the nail bed (SUVmax =1.64), respectively, consistent with enthesitis and nail bed inflammation of this digit

reported in the physical examination. For colour image see online.
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molecular activity associated with synovitis like PET/CT is able
to. Therefore, studies focusing on comparing the two modalities
for the wrist and finger joints are needed.

Our study had other limitations. We used approximately 85 min
as our radiotracer uptake time. This choice was based on
logistics associated with patient transport and positioning.
An optimization of uptake time to best obtain contrast for tis-
sues of interest needs further investigation. Dynamic PET data
collection was not feasible in our system because of its step-and-
shoot acquisition protocol. This limitation has been addressed in
a next-generation system,"? where investigators could optionally
employ a population-based arterial input function® or arterial
blood sampling. Kinetic parameters thus derived could reveal
new knowledge about RA or PsA pathogenesis. We investigated
a small number of patients who already had established RA or
PsA; we did not use healthy controls, patients with low disease
activity or patients who were taking biologic drugs as standard of
care. This study was observational in nature and given the small
sample size, only descriptive statistics and explorative statistical
analyses of the imaging measures were possible. Although the
measures were compared with those from the concurrently
obtained MRI scan, they were not validated against ground truth
tissue analysis. Given the cross-sectional nature of the study,
implications of imaging findings longitudinally were unknown.

BUR

CONCLUSION

This study demonstrates that high-resolution PET/CT imaging
of the wrist and hand is feasible in an RA or PsA patient
cohort and is capable of providing quantifiable measures to
correlate with clinical findings. These measures can be tested
in future studies to determine their use in providing an im-
proved understanding of autoimmune inflammatory arthritis
in vivo, for evaluating disease status and activity, in de-
termining therapeutic response and for rapidly screening
targeted therapies.
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