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Abstract

Purpose—The aim of this study was to prospectively determine the feasibility and compare the
novel use of a positron emission mammography (PEM) scanner with standard PET/CT for
evaluating hand osteoarthritis (OA) with 18F-FDG.

Methods—Institutional review board approval and written informed consent were obtained for
this HIPAA-compliant prospective study in which 14 adults referred for oncological 18F-FDG
PET/CT underwent dedicated hand PET/CT followed by arthro-PET using the PEM device. Hand
radiographs were obtained and scored for the presence and severity of OA. Summed qualitative
and quantitative joint glycolytic scores for each modality were compared with the findings on
plain radiography and clinical features.
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Results—Eight patients with clinical and/or radiographic evidence of OA comprised the OA
group (mean age 73+7.7 years). Six patients served as the control group (53.7+£9.3 years). Arthro-
PET quantitative and qualitative joint glycolytic scores were highly correlated with PET/CT
findings in the OA patients (r=0.86. p =0.007; r=0.94, p=0.001). Qualitative arthro-PET and
PET/CT joint scores were significantly higher in the OA patients than in controls (38.7£6.6 vs.
32.2+0.4, p=0.02; 37.5+5.4 vs. 32.2+0.4, p=0.03, respectively). Quantitative arthro-PET and
PET/CT maximum SUV-lean joint scores were higher in the OA patients, although they did not
reach statistical significance (20.8+4.2 vs. 18+1.8, p= 0.13; 22.8+5.38 vs. 20.1+£1.54, p=0.21). By
definition, OA patients had higher radiographic joint scores than controls (30.9+31.3 vs. 0,
p=0.03).

Conclusion—Hand imaging using a small field of view PEM system (arthro-PET) with FDG is
feasible, performing comparably to PET/CT in assessing metabolic joint activity. Arthro-PET and

PET/CT showed higher joint FDG uptake in OA. Further exploration of arthro-PET in arthritis
management is warranted.
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Introduction

Osteoarthritis (OA) is the most prevalent joint disorder in the elderly and is considered a
chronic “degenerative” disease characterized by pain, local tissue damage and reparative
phenomena. Cartilage damage was believed to be the sine qua non for OA. Since cartilage is
an avascular, aneural tissue, the mechanisms of pain are expected to be influenced by other
structures related to the articulation such the subchondral bone and soft tissue (e.g.
synovium). Morphological imaging hall-marks of OA include loss of articular cartilage,
osteophytes and a subarticular bone reaction (edema/sclerosis/cysts). Synovitis is
increasingly recognized as an important feature of the pathophysiology of OA, although
there is conflicting evidence with respect to its association with disease severity and clinical
parameters [1]. Moreover, the presence of local joint inflammation, altered cartilage, and
soft tissue and bone changes in OA implies a potential role for molecular mediators in OA
pain [2]. This provides a reasonable target for functional imaging techniques such as nuclear
medicine.

Imaging is considered essential for evaluating the variety of articulation-related structures
for diagnosis, prognosis, and follow-up [3]. Radiography is typically the first-line imaging
examination in a clinical setting when evaluating a patient with a known or suspected OA
with limited sensitivity in the measurement of disease progression and weak-to-moderate
correlation with clinical symptoms [4]. Contrast-enhanced MR imaging and ultrasonography
are the most important methods for assessing synovitis associated with OA [5]. MRl is the
standard for depicting synovitis in inflammatory arthritis, with increased contrast-enhanced
uptake by the inflamed synovium due to hypervascularization and capillary permeability [6].
MRI is time-intensive and requires the administration of a gadolinium-based contrast agent
which some patients cannot tolerate due to renal impairment or hypersensitivity. MR may
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be limited by patient claustrophobia or the presence of MRI-incompatible devices.
Ultrasonography can depict synovial proliferation and joint effusions but is less sensitive
than MRI in detecting bone erosions and marrow changes [7]. Ultrasonography is also
operator-dependent and time-dependent with much variability in clinical practice.
Irrespective of modality, a challenge that remains is interpreting the responsiveness of
imaging techniques, in part due to lack of robust quantitative methods [8].

Nuclear medicine also offers new insights into the assessment of degenerative joint disease
[9, 10]. 99MTc-Methyldiphosphonate (**™Tc-MDP) bone scintigraphy can demonstrate
increased joint tracer uptake in degenerative and inflammatory arthritis, although uptake can
be seen in various conditions including trauma and infection [11, 12]. The role of 18F-FDG
PET in the diagnosis, staging, and monitoring of neoplastic conditions is well established.
Animal data indicate that 18F-fluoride PET is also potentially useful for the early detection
of OA [13]. The clinical utility of using 18F-FDG PET/CT is expanding to the diagnosis of
nonneoplastic conditions that contain an inflammatory component, such as OA [14], because
of its ability to depict hypermetabolism in these and other inflammatory joint conditions
[15-26]. FDG accumulation in inflammatory conditions is likely secondary to the enhanced
glycolytic metabolism in inflammatory cellular infiltrates including activated macrophages,
neutrophils and lymphocytes [27]. Small field-of-view (FOV) positron emission
mammography (PEM) systems designed for breast imaging have better spatial resolution
than conventional larger FOV whole-body (WB) PET/CT systems [28]. Such systems are
also less costly than WBPET systems. Thus, PEM systems appear potentially well suited to
the imaging of inflammation in small synovial joints and may overcome some of the
limitations of MRI and ultrasonography.

The aim of this study was to prospectively determine the feasibility and compare the novel
use of a positron emission mammography (PEM) scanner with standard PET/CT for
evaluating hand OA with 18F-FDG.

Methods

Patient characteristics and study design

Institutional review board approval and written informed patient consent were obtained for
this Health Insurance Portability and Accountability Act-compliant study. We prospectively
identified 14 adult patients who were undergoing WB 18F-FDG PET/CT for known or
suspected cancer between March and July 2011. Inclusion criteria were: patient older than
21 years; patient agreement to additional hand imaging after a standard PET/CT scan; ability
to lie prone for a 10-min dedicated hand PET/CT scan and have subsequent hand PEM
imaging and radiography.

All patients completed an arthritis symptom questionnaire regarding the presence and type
of arthritis (if known), treatment details, and history of joint swelling or deformity, pain,
stiffness or restriction of activities. A focused clinical examination of the hand joints was
performed by one of the investigators and joint deformity, swelling, warmth, redness and
tenderness were assessed as per the American College of Rheumatology (ACR) OA
classification [29]. These investigations were performed before the WB PET/CT scans.
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1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Mhlanga et al. Page 4

Following acquisition of the clinical WB PET/CT examination, additional dedicated
PET/CT imaging of the hands was performed, followed immediately by arthro-PET (PEM).
Standardized two-view anterior/posterior and oblique digital radiographs of both hands were
obtained (Fig. 1).

Acquisition of PET/CT images

Standard WB 18F-FDG PET/CT scans were performed on a Discovery VCT (RX) system
(GE Healthcare, Waukesha, WI) using standard clinical protocols [30]. All patients fasted
for a minimum of 4 h and had serum glucose levels less than 200 mg/dL before intravenous
injection of a weight-based amount of 18F-FDG (0.22 mCi/kg, 8.14 MBa/kg). After a
targeted 60-min tracer uptake phase, a combined WB PET/CT scan was performed.
Extremity PET/CT images of the hands were then acquired with the patient lying in a prone
position, hands raised above the head (Fig. 1). This involved an additional low-dose upper
extremity CT scan of the hands and wrist for attenuation correction using a 64-slice
multidetector helical scanner, followed by a 3-D PET emission scan. Dedicated hand
emission PET scans were acquired over two bed positions, 4.3 min per bed position. The
dedicated hand CT scan was acquired using 120 kVp and 40 mA, with a tube rotation time
of 0.5 s, pitch of 0.984, and matrix size of 512 x 512 and 0.977 x 0.977 x 3.27 mm voxels.
The PET images were reconstructed using the ordered subsets expectation maximization
(OSEM) algorithm (two iterations, 21 subsets, no additional filtering). Normalization and
corrections were applied for attenuation, scatter, randoms and dead-time. PET/CT hand
images were reconstructed so as to have a matrix size of 256 x 256 and a voxel size of 1.199
x 1,199 x 3.27 mm.

Acquisition of PEM images (arthro-PET)

Following dedicated hand PET/CT acquisition, hand PEM imaging was performed on a
Naviscan PEM Flex Solo I system (San Diego, CA) (Fig. 1). This is a limited angle
tomography system, with two planar detectors of lutetium oxyorthosilicate (LSO) crystals
coupled to position-sensitive photomultiplier tubes [31]. The mean FWHM spatial
resolutions measured at several locations within the FOV for three different breast
compression thicknesses for the PEM Flex Solo 1l system (very similar to the PEM Flex
Solo | system) were found to be 2.4+0.3 mm for in-plane images and 8.0+1.0 mm for cross-
plane images [31]. In this study imaging with the PEM system did not involve any extra
radiation exposure and the patients did not receive an additional radiopharmaceutical
injection. No modification was made to the PEM scanner.

The patients were seated on a chair provided with the PEM system, with the elbow of the
imaged hand resting on an adjoining portable support table for patient comfort (see Fig. 1).
The patient’s hand was positioned palmar side down on the lower detector so as to entirely
include the fingers and wrist joint. The detectors were located in a craniocaudal position.
The upper detector was lowered to bring the two detector heads as close together as possible
to improve spatial resolution and minimize motion, while providing continuous mild
compression of the hand without causing discomfort. A detector separation width between
4.5 and 6 cm was achieved, depending on the individual’s wrist dimensions.
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Each PEM hand acquisition involved a 10-min emission scan (24 cm detector sweep) per
hand/wrist in a craniocaudal view, followed by another 10-min emission time for the
contralateral hand/wrist. Images were reconstructed on the Naviscan workstation, resulting
in images with pixels of 1.2 x 1.2 mm and a variable slice thickness dependent on the
detector separation of each patient study.

Classification of arthritis

After accrual, patients were classified into two groups: OA or controls, based on a
combination of clinical and radiographic findings. The control group included patients with
no clinical symptoms or signs of arthritis in the hands based on the ACR OA classification,
and no radiographic features of OA [29, 32]. The OA group included patients with clinical
signs and symptoms of OA including hard tissue joint enlargement in more than two of ten
joints; more than two distal interphalangeal joints (DIPJs); fewer than three swollen
metacarpophalangeal joints (MCPJs); or deformity in more than one of ten joints, and
radiographic features of OA.

Image analysis/quantitation

PET/CT, arthro-PET and radiography hand images were anonymized. Blinded random order
review of each modality by itself was performed by a single radiologist (J.M.) to determine
the severity of arthritis after initial scoring consensus with two other radiologists (R.W. and
J.C.). Radiographs were scored for the presence and severity of OA using the OARSI
scoring method proposed by Altman and Gold [29] with modification.

In each hand 16 joints were assessed (32 joints per patient), with a total of 448 joints scored
(Fig. 2). The MCPJs, DIPJs, proximal interphalangeal joints, interphalangeal joint of the
thumbs, first carpometacarpal (CMC) joints and scaphotrapeziotrapezoidal joint of the wrists
[33] were scored. Radiographic features were graded for the degree of osteophytosis, joint
space narrowing, malalignment, presence of central erosions, subchondral sclerosis and
subchondral cyst formation (Fig. 2). A sum or total radiographic joint score was determined
in each patient.

Region-based quantitative and qualitative metabolic analyses were performed for the arthro-
PET and PET/CT images using a four-point scale scoring method (from low to high uptake).
Joint uptake was qualitatively classified as O less than background, 1 similar to background,
2 greater than background, and 3 substantially greater than background. Spherical regions of
interest (ROI) were drawn around each of the joints excluding the skin to quantify the FDG
uptake and record the maximum pixel value. The maximum SUV-lean on PET/CT (SUL-
Max) was quantified. Similarly for the arthro-PET images, an Xeleris workstation (GE
Healthcare, Waukesha, WI) was used to display the apparent SUL values (no attenuation
correction was applied to the arthro-PET images). Spherical ROIs were drawn on the arthro-
PET hand images to record the maximum pixel values. The total joint glycolytic SUL-Max
score from the PET/CT (attenuation-corrected) images and the total maximum pixel values
from the arthro-PET images were calculated for each patient by adding the respective data
for all 32 joints. Spherical background ROIs were also drawn around each of the mid-
aspects of the metacarpal bones in areas devoid of muscle or tissue.
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Statistical analysis

Results

Descriptive statistics were calculated. Means were compared using the two-tailed paired
Student’s t test. The gender difference between the OA group and controls was compared
using Barnard’s exact test. Least squares regression was used to compare the imaging
parameters between the two groups adjusting for age and gender. Correlations were assessed
by Pearson’s correlation coefficient. P values <0.05 were considered significant. Data
analyses were performed using the statistical software e packages SPSS (SPSS Inc.,
Chicago, IL) and Excel (Microsoft, Redmond, WA). The described region-based joint scores
were subsequently dichotomized whereby 0 and 1 were classified as PET/PEM-negative for
joint involvement and scores 2 and 3 were classified as PET/PEM-positive for joint
involvement.

Patient characteristics are presented in Table 1 with the OA group comprising eight patients
mean age 73+7.7 years) and the control group compromising six patients (53.7+9.3 years).
There was no significant difference between the two groups in the baseline blood glucose,
injected tracer activity dose, and PET/CT and PEM scan uptake times.

Qualitative arthro-PET summed visual joint scores were significantly higher in the OA
group than in controls (38.7+6.6 vs. 32.2+0.4, p =0.02; Table 2). Qualitative PET/CT
summed visual joint scores were higher in the OA group than in controls (37.5+5.4 vs.
32.2+0.4, p=0.03; Table 2). Control subjects typically showed little joint activity while OA
subjects showed areas of joint activity often, though not invariably, matching the
radiographic abnormalities.

Correlation results in the OA group are shown in Fig. 3 and overall showed generally good
correlations between and within modalities. The arthro-PET semiquantitative and PET/CT
quantitative (SUL-Max) total joint glycolytic scores were highly correlated (r=0.86,
p=0.007), as were the arthro-PET and PET/CT qualitative visual joint scores (r =0.94,
p=0.001; Fig. 3a). The arthro-PET semiquantitative total joint glycolytic score and the
PET/CT quantitative total SUL-Max joint score were higher in the OA group than in the
control group (20.8+4.2 vs. 18+1.8, p =0.13; and 22.8+5.38 vs. 20.1+1.54, p=0.21,
respectively). The arthro-PET qualitative and semiquantitative total joint scores were
correlated (r =0.82, p =0.01), as was the PET/CT visual joint score and the PET/CT
quantitative score (p=0.01; Fig. 3b). The radiographic score was positively correlated with
the arthro-PET semiquantitative total glycolytic joint score (r =0.73, p=0.04) and the total
PET/CT SUL-Max joint score (r=0.67, p =0.07; Fig. 3c). By definition, the OA group had a
higher quantitative total radiographic joint score than the control group (30.9£31.3 vs. 0,
p=0.03).

Example images in control and OA patients are shown in Figs. 4 and 5.
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Discussion

This prospective pilot study demonstrated that small joint imaging using an 18F-FDG PEM
system (arthro-PET) is feasible for hand OA evaluation. Arthro-PET performed comparably
to PET/CT with both using a dedicated high-resolution imaging protocol. Quantitative and
qualitative visual metabolic activity corresponded with radiographically evident and
clinically symptomatic OA, discriminating these patients from controls.We found significant
correlations between the arthro-PET and PET/CT qualitative and quantitative scores in the
OA group. The qualitative total arthro-PET and PET/CT visual joint scores were
significantly higher in the OA group than in the control group. The quantitative summed
arthro-PET and PET/CT scores were also higher in the OA group, but did not reach
statistical significance.

Our choice of OA imaging was to ensure the feasibility of the imaging method while
comparing it with a known metabolic standard (PET/CT). Several previous studies using
WB PET/CT have demonstrated increased FDG uptake in rheumatoid arthritis, erosive joint
arthritis and OA, correlating with metabolic and clinical parameters and synovial joint
volume on MRI, which supports the use of FDG PET in arthritis [16, 17, 20-26]. OA is also
the most common form of arthritis. Although we describe the method in patients with OA,
this group of patients may not benefit the most in the future when compared to patients with
other inflammatory arthritides such as rheumatoid arthritis for which disease-modifying
therapy exists.

The classification of hand OA is complex and often multi-factorial, and is compounded by
the fact that the hand is a small non-weight-bearing structure. The pathophysiology of OA
involves changes in articular cartilage, subchondral bone and synovium, all three tissues of
which undergo alterations in concert at the structural levels in response to mechanical stress
and joint malalignment [34, 35]. OA is also further morphologically classified into a nodal
form and an erosive form [35]. Different imaging modalities may be better suited to
evaluating a different stage of the disease process.

We imaged the hand joints in patients initially referred for an oncologically oriented FDG
PET scan, some of whom had radiographic OA joint changes. Although radiographs are
typically used to diagnose OA, they have not been proven to be the gold standard, and tend
to demonstrate advanced OA findings in subchondral bone, with joint space loss and
misalignment. MRI is able to depict the early changes in articular cartilage degeneration and
ligamentous integrity, and may show bone marrow lesions and synovitis that may correlate
with clinical symptoms [35]. Differentiating active (and thus potentially reversible) disease
versus irreversible damage in OA is vital, as it enables the use of targeted therapy to reverse
inflammation [36]. MRI imaging including gadolinium contrast enhancement may further
depict structural changes in the joint as well as synovial inflammation. FDG PET can
demonstrate the degree of joint inflammation following release of proinflammatory
cytokines and inflammatory mediators in active arthritis.

The criteria for OA based on anatomy are clearly defined, but the anatomical controls may
not be appropriate for the inflammatory component of OA, as some joints may be
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anatomically altered but metabolically quiescent. Several disparities exist between
anatomical OA and the metabolic (inflammatory) phenotypes as shown in this study, likely
owing to the different stages of disease being depicted. Of note, not all radiographic foci of
OA in our study were FDG-avid, indicating that while correlated with anatomical imaging,
the arthro-PET and radiographic findings were not identical, suggesting an added value of
functional over morphological imaging. Our description of PEM (arthro-PET) imaging may
be of interest as there is increasing awareness that inflammation may precede joint
destruction in OA, and may facilitate the damage to the underlying joint.

Radiolabeled bisphosphonates (°*™Tc-MDP) with planar and SPECT/CT bone scanning
have also demonstrated OA disease activity in both the early and late phases of disease in
nodal OA when compared to radiography alone [37, 38]. 99MTc-MDP uptake is a very
sensitive but often a nonspecific tool for visualizing bone metabolism, often accumulating in
fractures, inflammation, infection and degenerative disease, for example, and it is not clear
which pathological process of OA is depicted by %MTc-MDP [37]. Although SPECT/CT
has superior spatial resolution to planar bone scintigraphy with higher lesion detection rates
[38], the spatial resolution of PET/CT (and PEM/arthro-PET) is far superior to both. 18F-
NaF PET/CT has also proved useful in assessing suspected painful large-joint OA in the
human knee [39]. 18F-NaF is selectively incorporated into bone at sites of bone remodeling
due to the activity of osteoblasts and osteoclasts, and offers better spatial resolution

than 99MTc-MDP. Its role in imaging hand OA has not been investigated to our knowledge.
The use of bone metabolic imaging should thus be carefully tailored to the clinical scenario.
Due to its mechanism of uptake, 18F-FDG currently appears more specific for inflammation
imaging and may be better able to depict the inflammatory component in hand OA rather
than radiolabeled bisphosphonates and 18F-NaF which may instead be better tailored to
depicting subchondral changes related to bone turnover.

This study was a feasibility study to assess the role of PEM imaging systems in hand OA, a
common arthropathy affecting a large proportion of the population. In a previous study a
different dedicated small-parts breast PET/CT imaging system (which consisted of an LSO-
based dual-planar head PET camera and a cone-beam CT system, where the patient lay
prone on a specialized bed and inserted the hand through an aperture in the table top) was
used to image a patient with rheumatoid arthritis and associated OA [40, 41]. The imaging
system we used was FDA-cleared, simpler and widely disseminated. We chose prone
positioning with extended arms for the extremity PET/CT component in our study to avoid
scatter or loss of counts, which would have occurred if the hands had been placed on the
abdomen. A future study may also involve imaging at multiple time points to determine the
optimal imaging time. A lower injected radiotracer dose could potentially be administered
for dedicated extremity joint imaging, thereby improving dosimetry. With the FOV of the
current PEM system, the wrist might not be fully included in a larger patient in one
acquisition, but the wrist could be scanned separately.

“Increased” FDG activity was noted at the skin edge on PEM, similar to non-attenuation-
corrected PET/CT images. This was a nonspecific finding and was seen in all patients
including the controls. This did not appear to affect the qualitative assessment of the joints,
as diseased joints had significantly higher uptake compared to background skin uptake.
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When placing ROIs for quantitation, the reader must be aware of these normal patterns of
uptake on arthro-PET, which are similar to those seen on non-attenuation-corrected PET
images. It is possible that skin uptake values may be variable. We did not encounter any
issues with patient motion artifacts. Patients likely should be counseled to avoid exercise
prior to PEM or PET imaging in order to avoid increased physiological hand muscle uptake,
which may partly obscure the thumb CMC joint.

Dedicated PEM systems based upon limited-angle tomography have high spatial resolution
in planes parallel to the detectors but much poorer resolution in the direction between the
detectors. Lodge et al. have previously characterized the effect of this asymmetry on the
contrast observed in experimetal phantom images using the Naviscan PEM Flex Solo |
system [42]. Between-plane resolution degrades as detector separation increases, so this
PEM design is well-suited to hand imaging where the detector separation is only 4.5 -6 cm.
Springer et al. determined that applying corrections for count rate, attenuation and scatter
was essential for the PEM Flex Solo Il system, with the least attenuation effects seen in
phantoms of thickness 4 cm [43]. A dedicated small-parts system like PEM has high spatial
resolution, and in breast applications, has been shown to have comparable sensitivity and
specificity to MRI for breast lesions [44]. The small PEM detector separation reduces
resolution loss due to annihilation photon noncolinearity [28]. Breast-only devices suffer
from much less attenuation loss than WB scanners, with up to a tenfold increase in count
efficiency [41]. The lack of attenuation correction in the PEM device, unlike with WB
PET/CT, complicates absolute quantitation. However, there is limited soft tissue attenuation
in the hand and a PEM uptake value could still be calculated. An advantage of PET/CT is
the anatomical correlate with low-dose CT, possibly obviating the need for radiographs, but
the hand positioning with PEM is easier in patients, and can be done in a separate room
dedicated to PEM, while freeing up the PET/CT scanner for routine WB studies.

Arthro-PET was able to depict joint metabolic activity with quality similar to that with an
optimized high-resolution PET/CT protocol. The advantages of arthro-PET over WB
PET/CT include image acquisition while the patient is sitting upright with more comfort for
patients unable to lie prone. Arthro-PET provides simpler positional requirements than other
PET/CT devices designed to image small body parts [34] where the patient must be prone.
The smaller PEM device is portable and could be placed in an adequately shielded imaging
room, is much less costly than WB PET/CT, and produces comparable performance. Arthro-
PET may be a suitable alternative in patients in whom MR imaging or administration of
intravenous gadolinium-based contrast agents (required to assess synovial inflammation) are
contraindicated, or in patients who suffer from significant claustrophobia.

The limitations of this study include the small number of patients, lack of correlation with
other modalities (MR, ultrasonography) and absence of a treatment group. The results of
this study, however, should be viewed within the context of the study design. It should be
emphasized that our group of patients had been referred for an oncologically oriented FDG
PET scan, and that their OA was most likely a coincidental condition linked to advanced
age, and we were therefore limited to determining OA disease activity at the time of the
scans. The small sample size reduced our ability to make inferences and may explain the
lack of statistically significant differences for some quantitative values. Additional studies
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with a larger sample size are needed to improve the statistical power, and refine
interpretation criteria. The calculation of an appropriate sample size could be based on our
pilot data since it is currently unclear which quantitative metric is most appropriate in
assessing arthritis activity.

Unlike inflammatory arthritides such as rheumatoid arthritis in which pain and/or disability
are constant, only 15 % of patients exhibiting radiographic OA of the hands report pain, with
a modest to weak correlation between radiographic OA and clinical symptoms such as pain
and/or disability [45]. Thus, we advise using caution in extrapolating the study findings from
this limited-sized cohort of patients. Comparison with other advanced imaging modalities
such as MRI and ultrasonography would provide an insight into whether arthro-PET activity
corresponds to synovitis and/or marrow lesions. PET may more precisely define the volume
of metabolically active synovium, which is difficult with other modalities. Major potential
advantages may lie in the ability; to quantitatively assess disease activity before and after
treatment, thereby potentially acting as an imaging biomarker, contributing to patient
management. Arthro-PET methods could potentially be eventually expanded for inclusion in
trials in classic inflammatory arthritides where arthro-PET may have a greater role in
rheumatoid arthritis and psoriatic arthritis, as the pathogenesis and therapy of these
conditions are more clearly inflammatory. A study exploring the performance of the PEM
system in monitoring the efficacy of treatment would provide further meaningful
information. A treatment group would allow estimation of sensitivity to change, an
important feature for biomarkers and potential for prognostic information to determine
which patients are more likely to show a therapeutic effect. The exact clinical role of arthro-
PET in the evaluation of OA needs to be determined prospectively in larger cohorts.

Finally, the principles of the OMERACT process aimed at improving outcome
measurements in rheumatology which have already been applied to MRI [44], will also
likely need to be applied to FDG PET imaging in arthritis, in order to determine which
indices (e.g. visual metabolic score versus quantitative SUV) and outcome measurements
will allow comparison across studies in future trials.

In summary, FDG arthro-PET hand imaging is feasible, performing comparably to dedicated
PET/CT in discriminating OA from non-OA patients. Further exploration of FDG arthro-
PET is warranted in larger cohorts of arthritis patients.
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History and Clinical — Extremity
clinical exam Wholebody PET/CTy PEM/
for arthritis PET/CT ArthroPET

Hand
Radiographs
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PET/CT MIP of PEM scanner Selected PEM
both hands images right hand
Fig. 1.

Imaging sequence protocol. Following WB PET/CT, dedicated PET/CT of the hands was
performed with the patient lying prone (a). PEM imaging of each hand was performed using
a Naviscan PEM Flex Solo | system (b, ¢). The hand was positioned palmar side down on
the lower detector head (b). Selected PEM hand images are shown in (c). MIP maximum
intensity projection image, PEM positron emission mammography
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SCORE JOINTS
Osteophytes 0-3 (DIP,PIP,CMC1)
0-1 (IPJ1,STT)

Joint Space Narrowing 0-3 (DIP,PIP,CMC1)
0-1  (IPJ1,STT)

Malalignment 0-1  (DIPPIP,.CMC1)
DIP (central, pseudo-
Erosions 0-1  widening),PIP,CMC1
Subchondral sclerosis 0-1 (DIPPIP,.CMC1)
Subchondral cysts 0-1__ (PIP.CMC1)
Fig. 2.

Radiographic joint scoring: 16 joints were assessed per hand (32 joints per patient).
Individual radiographic features were scored per joint for the severity of OA as normal, and
1+, 2+ and 3+ change (blinded to both the PET and arthro-PET images) using the Altman
radiographic scoring method, and the total radiographic joint score was calculated. 1PJ
interphalangeal joint (D distal, P proximal), CMC carpometacarpal joint, STT
scaphotrapeziotrapezoidal joint
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Fig. 4.
18F_FDG arthro-PET images in a 48-year-old asymptomatic (control) male patient without

radiographic changes. The PEM scanner produces 12 individual frames per hand during the
10 min of imaging (a)
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Fig. 5.
18F-FDG imaging in a 70-year-old symptomatic male patient with radiographic evidence of

erosive OA: a arthro-PET images and b PET/CT maximum intensity projection images
show hypermetabolic OA. A representative OA joint, the left first CMC joint (circles), is
shown on the arthro-PET image (a) and PET/CT image (b). The PEM scanner produces 12
individual frames per hand during the 10 min of imaging (a)
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Patient characteristics

Table 1

Page 19

Characteristic Group P value
All OA (n=8) Controls (n=6)
Age (years), mean + SD (range) 64.7£12.8 73+7.71 (65-85) 53.7+9.3(41-68) 0.001
Gender, n (%)
Female 7 (50) 5 (62.5) 2(33.3) 0.45
Male 7 (50) 3(37.5) 4(66.7)
Blood glucose (mg/dL), mean + SD 104.9+22 99.748.23 0.55
Injected FDG dose (mCi), mean + SD 16.3+4.30 16.1+2.87 0.91
Uptake time (min), mean + SD
WB PET 62.1+6.75 57.3+£3.72 0.11
Arthro-PET 130.9+13.3 133.5+13.4 0.72
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Joint score results

Table 2

Score Group P value
OA (n=8) Controls (n=6)
Arthro-PET sum qualitative visual joint score 38.75+6.56  32.17+0.41 0.025
PET/CT sum qualitative visual joint score 37.545.37 32.1740.41 0.029
Arthro-PET quantitative total joint glycolytic score  20.8+4.2 18+1.8 0.13
PET quantitative total joint glycolytic score 22.8+5.4 20.1+15 0.21
Radiographic quantitative total joint score 30.94+31.3 0 0.03

The data are presented as ?means+SD
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