The Journal of Rheumatology 2022;49:871-7
d0i:10.3899/jrheum.210928
First Release June 12022

Arthritis

Nicki J.E. Verweij'
Magsood Yaqub?
Dirkjan van Schaardenburg*

ABSTRACT:

,Jerney de Jongh', Maricke M. ter Wee*®, Gerben J.C. Zwezerijnen’
, Alexandre E. Voskuyl' @@, Adriaan A. Lammertsma’®®,
, Maarten Boers?®, Willem F. Lems!

Objective. To investigate the potential of whole-body positron emission tomography/computed tomography
(PET/CT) with a macrophage tracer to image arthritis in patients with carly rheumatoid arthritis (RA).
Methods. Thirty-five previously untreated, clinically active patients with early RA underwent whole-body
PET/CT scanning with the macrophage tracer (R)-["'C]PK11195 in addition to clinical assessment
(Disease Activity Score in 44 joints [DAS44]). Tracer uptake was assessed quantitatively as standardized
uptake values (SUVs). In addition, 2 readers blinded to clinical assessment visually scored tracer uptake in
joints. Clinical and PET variables were compared using Cohen , linear regression/correlation, and # tests,
where appropriate.

Results. All but 1 patient showed enhanced tracer uptake in at least 1 joint. Twelve percent of all joints
(171/1470) were visually positive on the PET scan, most frequently the small joints in feet (40%) and hands
(37%), followed by wrists (15%). Correlations of visual scores with clinical findings both at patient and joint
levels were absent or weak. In contrast, average SUVs in the hands, feet, and whole body showed significant
correlations with DAS44 scores, with the best correlation seen in the feet (R? = 0.29, P < 0.01).

Conclusion. Clinically active patients with early RA had increased joint uptake of a macrophage PET tracer,
especially in the feet. Quantitative, but not visual PET measures of whole body and joint groups, particularly
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the feet, showed moderate and statistically significant correlations with clinical outcome.

Key Indexing Terms: diagnostic imaging, radionuclide imaging, rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic autoimmune disease
characterized by inflammation of the synovial joints.! The disease
is progressive by nature, causing permanent damage to bone and
cartilage in the absence of timely treatment.? Clinical assessment
of arthritis is the cornerstone in both diagnosis and treatment
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monitoring of RA, and the Disease Activity Score (DAS) is
a valid tool to assess and monitor clinical disease activity.?
Nevertheless, reliable clinical determination of (sub)clinical
arthritis can be difficult.* More objective tools to facilitate early
diagnosis and disease activity assessment of RA are needed.
Advanced imaging techniques may contribute to early diag-
nosisand therapy monitoring through sensitive detection of syno-
vitis, and several techniques have been investigated. Although
ultrasonography has shown promise for predicting development
of clinical arthritis and therapy response through sensitive detec-

56 jt is time consuming and

tion of inflammation and erosions,
prone to interobserver variability.7 Magnetic resonance imaging
(MRI) provides high sensitivity for detecting (changes in) RA
disease activity and joint damage and is not operator dependent.
However, the field of view (FOV) for scanning is limited and
the specificity of MRI findings in joints is low in the early phase
of RA.® Molecular imaging methods have shown promise as an
alternative for carly disease activity assessment and monitoring
of RA 210

Positron emission tomography (PET) allows for highly sensi-
tive depiction of targets at the molecular level and can be used
to specifically visualize immune cells of interest through the use
of specific tracers.!! Importantly, the whole body can be visual-
ized in a single imaging session. The value of PET for imaging
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of inflammatory arthritis has previously been studied with the
general tracer '*F fluorodeoxyglucose (FDG), which proved to
accurately and sensitively represent inflammatory activity in
large joints in patients with RA.'* Additionally, early changes in
FDG uptake proved to predict clinical outcome at a later stage
of treatment.”"® However, even though FDG is a sensitive tracer,
it is not specific to arthritic activity. Tracers that bind specifi-
cally to activated macrophages have been very promising in this
regard."

(R)-[""C]PK11195 (1-(2-chlorophenyl)-N-methyl-N(1-methyl-
propyl)-3-isoquinoline carboxamide) is a PET macrophage
tracer that allows for highly sensitive and specific imaging of
disease activity in patients with RA. Inflammatory activity was
visualized in the hands and knees, providing predictive value
for both early discase development and flares in patients that
were clinically considered to be in remission.''>"” Whole-body
macrophage PET imaging has not yet been evaluated for RA
disease activity assessment. Including the feet during imaging
provides special interest, as they are notoriously hard to assess
clinically and are involved very early in the disease onset.'®

In this proof-of-concept study, the potential of whole-body
(R)-["'C]PK11195 PET/computed tomography (CT) to image
RA disease activity in clinically active patients with early RA
was investigated. Three main aspects were assessed: (1) feasi-
bility of whole-body PET to image arthritis in multiple joints;
(2) comparison of visual and quantitative PET variables; and
(3) relationship of PET assessments with clinical data.

METHODS
Patients. Thirty-five patients (aged 54 [SD 12] yrs, 51% male) of at least
18 years of age with de novo RA based on the 2010 American College of
Rheumatology/European League Against Rheumatism criteria’® were
included between April 2015 and December 2017. Patients were eligible
if they had at least 2 swollen joints (as determined by a physician) in the
hands, wrists, feet, and/or knees. Exclusion criteria were symptom duration
exceeding 2 years, prior treatment with disease-modifying antirheumatic
drugs (with the exception of hydroxychloroquine), treatment with gluco-
corticoids at a dose > 7.5 mg per day in the 4 weeks prior to inclusion, expo-
sure to radioactivity for research purposes > 5 mSv in the last year, the use of
experimental drugs in the previous 3 months, pregnancy, and breastfeeding.
Patients were asked not to use benzodiazepines for at least 10 days prior to
inclusion because of possible interaction with tracer binding to the trans-
locator protein target on macrophages.

All patients gave written informed consent prior to inclusion. Ethical
approval was obtained from the medical ethics review committee of the

Amsterdam UMC location VUmc (project no. 2013.341).

Clinical assessment. Standard demographical and clinical data were collected
by an experienced clinical investigator blinded to the imaging data. Discase
activity was expressed as Disease Activity Score in 44 joints (DAS44). Blood
withdrawal for the assessment of inflammation markers (erythrocyte sedi-
mentation rate [ESR] and C-reactive protein [CRP]) was performed.

PET/CT imaging. (R)-["'"C]PK11195 was synthesized according to good
manufacturing practices. The tracer is routinely used for clinical studies and
was synthesized on site, as described previously.” PET/CT scanning was
performed with either a Gemini TF scanner or an Ingenuity TF scanner
(Philips Healthcare). Fasting or premedication were not required. Patients
received 1 venous cannula for injection of 370 + 10% MBq of (R)-['C]
PK11195. Immediately after injection, the cannula was flushed with 20 mL
NaCl 0.9%.

Scanning was started 20 minutes after injection of (R)-["'C]PK11195.
Patients were scanned in the supine position with the ventral side of the
hands on the upper legs. Hands were placed in a special vacuum pouch for
immobilization, knees were supported by a small cushion, and feet were
placed in a special fixation apparatus for immobilization. Three consecu-
tive static emission scans of the upper body (shoulders to fingertips), knees,
and feet were obtained. Patients were scanned for 4 minutes per FOV. Each
emission scan was preceded by a low-dose CT scan, which was used for
attenuation correction purposes and for anatomical localization. Patients
were scanned for 45 minutes to 60 minutes, depending on their height.
All scan data were corrected for decay, scatter, random coincidences, and
photon attenuation through established procedures.”® After reconstruction,
images were transferred to off-line workstations for further analysis.

Image analysis. Two experienced readers (GJCZ and CJvdL), blinded to
the clinical data, independently performed semiquantitative visual scoring,
using a dedicated workstation (Intellispace Portal 9.0). A consensus round
was used to resolve any differences in rating between the 2 readers. The 44
joints included in the DAS44 score were scored for visual tracer uptake on
a scale from 0 to 3, with 0 for no increased uptake, 1 for low uptake, 2 for
moderate uptake, and 3 for high uptake, as compared to the surrounding
background uptake.!*!¢!” Joints were scored positive on articular tracer
uptake, with periarticular and tendon uptake being disregarded.

Further, tracer uptake in joints was quantified by drawing fixed size
volumes of interest (VOIs) over 42 predefined joints (on joints both visually
positive and visually negative on the PET scan): shoulders, elbows, wrists,
metacarpophalangeal joints (MCPs), proximal interphalangeal joints
(PIPs), hips, knees, ankles, and metatarsophalangeal joints (MTPs). The
size and position of these VOIs were determined in consensus by 2 analysts
(NJFV and JdJ) prior to analysis. VOIs were drawn with data analysis soft-
ware developed in-house, using the low-dose CT as anatomical reference,
and with exact positioning being dependent on the focus of tracer accumu-
lation in the joint (in the case of joints visually positive on the PET scan).
Standardized uptake values (SUVs) were calculated by dividing the radioac-
tive concentration in each VOI by the injected radioactivity normalized to
body weight. The value used to represent tracer uptake was SUV__, defined
as the highest average uptake within a sphere of 1.2 mL (hereafter referred
toas SUV).

Statistical analysis. At joint level, the agreement between visual PET assess-
ment and clinical assessment values of swollen joint count (SJC) and tender
joint count (TJC) was calculated using Cohen x. First, the original ordinal
visual score (0-3) was used, calculating weighted «. Second, the ordinal
score was dichotomized (a score of 0 remained 0, and any PET positivity
was marked as 1), and joints were grouped, combining left and right, and
grouping smaller joints (MCP2 to MCP5, all hand PIP joints, and MTP2
to MTP5), resulting in the following groups: shoulders, elbows, wrists,
MCP1 joints, MCP2 to MCPS joints, hand PIP joints, hips, knees, ankles,
MTP1 joints, and MTP2 to MCPS joints. Two-by-two tables of the groups
were generated with visual scores vs SJC and TJC, in order to compare
visual positivity to clinical positivity. At the patient level, the number of
joints visually positive on the PET scan in the hands (wrists, MCP joints,
and PIP joints), feet (ankles and MTP joints), and the whole body (hands,
feet, shoulders, elbows, hips, and knees) were compared with the DAS44
score, as well as with DAS components (ESR, SJC, TJC, and pain score)
and CRP. All variants were compared using univariate linear regression.
The quantitative PET dataset was analyzed with the same groups as
mentioned above. SUVs in the groups were compared with the clinical
values of SJC and TJC using independent # tests. Boxplots were used to
visualize differences in average SUV. At patient level, quantitative tracer
uptake was expressed as average SUV in the hands (wrists, MCP joints,
and PIP joints), feet (ankles and MTP joints), and the whole body (hands,
feet, shoulders, elbows, hips, and knees). Similar to the analysis of the visual
data, the correlation between SUV in the hands, feet, and whole body, and
the previously mentioned clinical values, was assessed through univariate
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linear regression. To assess the added value of both hands and feet to the
whole-body protocol, an analysis of the correlation of clinical values with
the average SUV in the whole body minus hands and minus feet was
performed through univariate linear regression.

Continuous variables with Gaussian distribution were summarized as
mean (SD) and 95% CI. Variables that were nonnormally distributed were
summarized as median and IQR. Visual interpretation of the PET/CT data
was performed with descriptive statistics. The visual score was reported at an
individual joint level or in groups (for MCP2 to MCPS joints, PIP joints,
and MTP2 to MTPS joints). IBM SPSS Statistics for Windows, Version
22.0 (IBM Corp) was used to assess the distribution of both clinical and
PET data. P < 0.05 was considered to be significant. As this is an explor-
atory study, no corrections for multiple testing were applied. The analyses
presented in this study incorrectly assume that all observations on joints
are independent, where in fact they are “nested” within patients and thus
potentially correlated. However, given the exploratory nature of this study
and the small sample size, we decided against the use of more advanced (ie,
multilevel) modeling because of the burden of increased complexity of the
model in analysis and interpretation.

RESULTS

Clinical data. PET/CT scans were obtained for 35 patients.
Patients demonstrated moderate to high disease activity, with a
mean DAS44 score of 3.2 (SD 1.0). Baseline characteristics of
the 35 patients are shown in Table 1.

Visual PET data. Twelve percent of all joints (171/1470) in 35
patients were PET positive, with 1 patient showing no positive
joints (only periarticular joint uptake, which was not included in
the PET assessment; see Methods section), and the rest showing
between 1 to 18 PET-positive joints per patient. The interob-
server variability before consensus, as determined by a weighted
Cohen « calculation, was x = 0.86. Greater than 90% of
PET-positive sites were located in either wrists (15%; Figure 1),
small hand joints (37%), or small feet joints (40%; Figure 1).
Uptake was rare in shoulders and knees, and absent in elbows
and hips. Uptake was low in 102, moderate in 54, and high in
15 joints. Moderate or high scores were mainly seen in MTPs,

Table 1. Baseline patient demographics together with clinical and functional

characteristics.

N =35
el 18 (51)
Age, yrs 54+ 12
Height, cm 173+ 9
Weight, kg 80+ 15
BMI, kg/m? 27 +4
IgM RF positivity 24 (69)
Anti-CCP positivity 27 (77)
DAS44 32+1.0
SJC44, median (IQR) 5(7)
TJC44, median (IQR) 6(5)
CRP, mg/L, median (IQR) 14 (20)
ESR, mm/h, median (IQR) 22 (28)

Values are mean + SD or n (%) unless otherwise indicated. Anti-CCP:
anticyclic citrullinated peptide; CRP: C-reactive protein; DAS44: Disease
Activity Score in 44 joints; ESR: erythrocyte sedimentation rate; RF: rheu-
matoid factor; SJC44: swollen joint count in 44 joints; TJC44: tender joint
count in 44 joints.

PIPs, and wrists (41%, 20%, and 19% of total moderate or high
scores, respectively). An image of whole-body uptake is included
in Supplementary Figure 1 (available with the online version of
this article).

At the joint level, the presence or absence of visual PET
signal corresponded with the presence or absence of tender-
ness or swelling in 74% and 75% of the joints, respectively, with
varying but generally low levels of agreement per joint (x < 0.40;
Supplementary Table 1, available with the online version of this
article). At the patient level, in general, the sum of the number
of joints visually positive on the PET scan in the hands, feet, or
whole body did not correlate with the DAS44 score or its compo-
nents. Only the sum of visual PET scores in the hands correlated
with SJC (R? = 0.13, P = 0.03), and the sum of the whole body
with ESR (R? = 0.11, P = 0.05). All calculated correlations are
summarized in Supplementary Table 2.

Luantitative PET data. Quantitative data showed a large range
in SUVs, from 0.07 to 4.97 (in a PIP5 and shoulder joint, respec-
tively). With the exception of shoulders and knees, visually
positive joints/joint groups had significantly higher SUVs than
negative joints (Table 2).

At the joint level, all groups of the hand and feet joints (but
not large joints outside of these groups) showed significant
SUV differences between clinically tender and nontender, and
between clinically swollen and nonswollen joints (as summa-
rized in Table 3). The largest SUV differences were seen in ankles
(0.7 vs 1.3, P = 0.04), MTP1 joints (0.7 vs 1.3, P < 0.01), and
MTP2 to MTPS5 joints (0.6 vs 0.8, P = 0.03) when comparing
nonswollen with swollen joints, as depicted in Figure 2.

At the patient level, average SUV of the feet group had the
highest correlation with the DAS44 score (R? = 0.29, P < 0.01;
Figure 3). The SUV of the hands group had a slightly lower, and
the SUV of the whole body showed the lowest, but still statisti-
cally significant, correlation with the DAS44 score (R? = 0.22,
P < 0.01 and R? = 0.15, P = 0.02, respectively). Correlation
of average whole-body SUV with DAS44 decreased signifi-
cantly from an R? of 0.15 to 0.03 and 0.04 without hands and
feet, respectively. Apart from a correlation with DAS44, SUV
hands also showed significant correlations with SJC and CRP
(R? =031, P < 0.01 and R? = 0.23, P < 0.01, respectively),
and SUV feet with TJC and ESR (R? = 0.19, P < 0.01 and
R?=0.29, P < 0.01, respectively). The average whole-body SUV
also showed a weak correlation with ESR (R? = 0.14, P = 0.03).
All calculated correlations are summarized in Supplementary
Table 2 (available with the online version of this article).

DISCUSSION

To our knowledge, this is the first whole-body macrophage PET
study of patients with RA that specifically included the feet. PET/
CT with the macrophage targeting tracer (R)-[''C]PK11195
proved feasible and provided clear visualization of inflammatory
activity in multiple joints in this group of patients with early RA.
The high signal in the feet is clinically very relevant, as arthritis
in the feet is often difficult to detect. Quantitative PET data
allowed for more precise differentiation between clinically active
and nonactive joints than visual assessments. The combined
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Figure 1. (R)-[""C]PK11195 uptake in the left wrist (left) and the left MTPS5 joint (right). MTP: metatarsophalangeal.

Table 2. Average SUVs in individual and groups of joints, divided into joints visually negative and visually positive on PET.

Joint Average SUV for Joints Visually Average SUV for Joints Visually
Joints Visually Negative on Joints Visually Positive on
Negative on PET PET, n Positive on PET PET, n P

Shoulders 2.1+£0.9 67 24403 3 0.67
Elbows 1.1+£0.3 70 NA 0 NA
Wrists 0.8+0.3 44 1.0+£0.3 26 <0.01
MCP1 joints 0.6+0.2 64 09+0.2 6 <0.01
MCP2, 5 joints 0.5+£0.2 264 0.8+0.2 16 <0.01
PIP joints 04+0.2 309 0.7+0.2 41 <0.01
Hips 25408 70 NA 0 NA
Knees 1.1+£0.6 66 1.4+ 0.4 4 0.48
Ankles 0.7£0.3 63 1.4+0.3 7 <0.01
MTP1I joints 0.6+0.3 52 1.1+£0.3 18 <0.01
MTP2, 5 joints 0.6+0.3 230 1.0+£0.3 50 <0.01

Values are mean + SD. MCP: metacarpophalangeal; MTP: metatarsophalangeal; NA: not applicable; PET: positron emission tomography; PIP: proximal

interphalangeal; SUV: standardized uptake value.

PET outcome of the feet showed the best correspondence with
disease activity at the patient level.

Several studies have shown the feasibility of whole-body PET
to assess disease activity in patients with RA.">*'2¢ Most studies
have used FDG as tracer, which is sensitive but not specific for
imaging arthritis. Some studies have looked only at visually
enhanced uptake, whereas in other studies, quantitative analyses
were performed. The tracer used in this study targets macro-
phages and is thus more specific for arthritis.” In addition, both
visual and quantitative analyses of an extensive number of joints,
including all MTP joints, were explored.

2325 have described a

Although some previous FDG studies
correlation between visual PET data and clinical disease activity
measures at a patient level, poor correlations were described at a
joint level.” In the present study, visual assessment of PET posi-
tivity and clinical findings in individual joints showed x values
between visual PET and clinical data of < 0.40, which correspond
with those of Fosse et al.?® The discordance between PET and
clinical findings may appear disappointing at first sight but could
also indicate added value of PET. Previously, it has been shown
that (R)-["'C]PK11195 uptake can precede clinical arthritis in

patients at risk of RA or in remission."”” Visual analysis depends
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Table 3. Average SUV in groups of joints, divided into swollen and nonswollen and tender and nontender joints.

Joint Average SUV for  Average SUV for Average SUV for Average SUV for
Nonswollen Joints Swollen Joints P Nontender Joints Tender Joints pr

Shoulders 21409 1.6+0.3 0.23 21409 24+13 0.65
Elbows 1.1£03 1.0£03 0.32 1.1+04 1.0+£0.2 0.09
Wrists 0.8+0.3 1.0+ 0.3 0.08 09+0.3 09+0.3 0.40
MCP1 joints 05+0.2 0.7+0.2 <0.01 0.6+0.2 0.8+0.2 <0.01
MCP2, 5 joints 0.4+0.2 0.6+£0.2 <0.01 0.4+0.2 0.6+0.2 <0.01
PIP joints 04+0.2 0.6+0.2 <0.01 04+0.2 05+0.2 0.04
Hips 25+0.8 NA NA 25+0.8 2.5 NA
Knees 1.1+0.6 1.3+£0.7 0.41 1.1+0.6 1.3+0.6 0.42
Ankles 0.7+£0.3 13105 0.04 0.7+£0.3 1.2+0.6 0.09
MTP1 joints 0.7+0.3 13105 <0.01 0.6+0.3 0.8 +0.4 0.11
MTP2, S joints 0.6+0.3 0.8 +0.4 0.03 0.6+0.3 0.8 +0.4 <0.01

Values are mean + SD. MCP: metacarpophalangeal; MTP: metatarsophalangeal; NA: not applicable; PIP: proximal interphalangeal; SUV: standardized

uptake value.

SuVpsak

SV

[rm—— st - Prew—

Bcinies

TP joints

st e f—
MTP2. 5 jeinis

Figure 2. Boxplot figures of SUV values in ankles (left), MTP1 joints (middle), and MTP2 to MTP5 joints (left) that were clinically unaffected or swollen.

MTP: metatarsophalangeal; SUV: standardized uptake value.

Average SUV in the feet
1.5+

1.04

0.5+

0.0 T T T

DAS44 score

Figure 3. Correlation of the average SUV in the feet with the DAS44 score.
DAS44: Disease Activity Score in 44 joints; SUV: standardized uptake

value.

on the expertise of the reader(s) and is limited by a relatively
high intraobserver coeflicient of variation in smaller joints.”
In theory, quantitative PET data may provide more accurate
measures of tracer uptake than visual analysis. By including both
visual and quantitative analysis in this study, it was possible to
demonstrate that quantitative PET assessments indeed outper-
formed visual PET assessments with respect to agreement and
correlation with clinical findings. Quantitative assessment of

42 joints per patient is labor intensive. In the future, however,
the development of artificial intelligence methods may auto-
mate this assessment and facilitate implementation of quantita-
tive PET in clinical practice. Based on the results of this study,
macrophage PET could have clinical value for early assessment
of (changes in) disease activity to enable early diagnosis and early
assessment of treatment outcome response. However, validation
in additional longitudinal cohorts is necessary before this could
be implemented in clinical practice.

In the present cohort, most PET positivity was seen in small
hand and feet joints, with only low incidence in large joints such
as hips, shoulders, elbows, and knees. Other than inclusion of
MTP1 by Beckers et al,”® no previous studies have included
MTP joints. The pattern of inflammation found in the present
study corresponds with the typical clinical presentation of early
RA in small hand and feet joints, although large joints may also
be involved, in particular in more severe RA.* Since quantitative
PET outcomes of the feet and hands groups each corresponded
most with clinical disease activity at patient level, future studies
should investigate whether PET imaging can be limited to a
scanning protocol of feet or hands alone. A simplified scanning
protocol of only feet or hands could allow for faster scanning
and lower radiation dose for patients.

There are some limitations to this study. First, the limited
involvement of large joints in this cohort of patients limits the
assessment of the value of PET scanning of these joints. Second,
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the patients included had, on average, moderate disease activity,
potentially affecting the correlation with imaging. Third,
although macrophage tracers are more specific for arthritis than
EDG, (R)-["'C]PK11195 still shows high periarticular back-
ground uptake that negatively affects specificity,'>'® which may
be improved by using second-generation macrophage tracers.'**’
Fourth, the measure for visual tracer uptake, assessed as “none,”
“low;” “moderate,” or “high” by the readers, is subjective in
nature. Future studies should further focus on development of
more objective classification of the intensity of the visual tracer
uptake. Fifth, in-depth analysis of the best PET measure to assess
disease activity was not included in the current study set-up
as it was outside the scope of this paper. This analysis should
be performed in future studies for further evaluation toward
potential clinical application. In the current analysis, “average
whole-body SUV” was selected as a measure for PET activity
in the whole body because the closest representation of visual
PET positivity was found when using average whole-body SUV
as a summary measure, as compared to summation, median,
and maximum. Additionally, this measure showed the least
outliers. Finally, positioning of the hand joints may need further
improvement. To minimize discomfort, hands were positioned
with fingers semiflexed in a vacuum pouch on the abdomen,
but this still allowed for small movements and is therefore not
optimal for accurate delineation of tracer uptake.

Whole-body macrophage PET imaging in patients with
carly RA showed clear uptake of (R)-["'C]PK11195 in multiple
joints, and specifically in the feet. Correlations with clinical
arthritis were modest both at joint and the whole-body level, but
with quantitative PET data outperforming visual scoring. These
findings should stimulate future studies using second-generation
macrophage tracers.
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