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Abstract
Objectives
Development of a simple and accurate technique for detecting active inflammation in the joints and other tissues of patients
with inflammatory disorders is an unmet need in rheumatic diseases. This study is a preliminary assessment of the safety
and usage of a radiopharmaceutical, FolateScan™ (Technetium-99m EC20; *"Tc-EC20), for detecting disease activity in
patients with rheumatoid arthritis.

Methods
EC20 is a folate-targeted diagnostic radiopharmaceutical which binds to the folate receptor and is preferentially taken up
by activated macrophages. In this open-label, cross-sectional study, a total of 40 patients with RA (26 with one or more
swollen joints, 14 with clinically quiescent joint disease; 0/66 joint count) as well as 6 patients with osteoarthritis, 12
patients with other inflammatory conditions and 5 healthy subjects received 0.1 mg of EC20 labeled with 20-25mCi of
technetium-99m. Disease activity was scored in each joint and other target tissues by a radiologist blinded to the clinical
assessment, and results were compared to the rheumatologist’s physical examination, which served as the test standard.

Results

The 40 patients (78% female) with RA had a mean age of 56.9 years. Assessment of uptake of *"Tc-EC20 in joints of
patients with RA based on image analysis was compared to the clinical examination. FolateScan detected more actively
involved joints in 27 patients (68%) than joints recorded as “swollen”, and more actively involved joints in 25 patients
(63%) than joints recorded as “painful and/or swollen”. The number of swollen joints by clinical exam was correlated

with ESR (r=0.43; p=0.006) and C-rp (r=0.35; p=0.03). The number of actively involved joints by FolateScan was

also correlated with ESR (r=0.47; p=0.002) and C-rp (r=0.36, p=0.02). Joint uptake was also seen in patients with

osteoarthritis.

Conclusions
FolateScan is a potentially useful tool for detection of disease activity in patients with RA and may be more sensitive
than the physical examination.
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Introduction

Assessment of disease activity in
rheumatoid arthritis (RA) is based on
clinical and laboratory measures. Such
analyses, however, often inadequately
estimate the true inflammatory burden,
with the consequence that patients are
either under- or overtreated. Therapies
for RA, while directed at reducing joint
inflammation, have unwanted systemic
effects that increase the risk of adverse
events. There is a need for improved
measures of disease activity, as well as
methods to better target therapies to ac-
tively involved tissues.

Recent studies have suggested that acti-
vated macrophages are key effector cells
in RA (1-4). There is a direct correlation
between the level of macrophage activ-
ity and observed joint inflammation,
joint symptoms, presence in the synovial
lining, and bone erosion. Activated mac-
rophages secrete mediators of inflamma-
tion and tissue destruction such as IL-I,
IL-6, TNF-a., prostaglandins and metal-
loproteinases, among others (1). They
also promote activation and prolifera-
tion of antigen-specific T-cells and are
important in antigen presentation (2, 5).
Activated, but not resting macrophages
(or most other cells), express a func-
tional receptor for the vitamin folic
acid, termed folate receptor beta (FR-p)
(6-10). FR-P is a 38 kDa glycosylphos-
phatidylinositol-anchored glycoprotein
that binds folic acid and folate-linked
molecules with subnanomolar affin-
ity and transports these molecules into
cells by receptor-mediated endocytosis
(11-15). Because other isoforms of the
folate receptor (predominantly FR-or)
are only accessible in the kidneys and
various cancer tissues (11-15), healthy
individuals display little or no uptake
of folate-linked molecules in the brain,
liver, blood cells, bone marrow, heart,
spleen, lungs, skeletal muscle or intes-
tines (16-18).

FolateScan (EC20), a folate-targeted
9mTc-labeled imaging agent, consists
of the vitamin folic acid conjugated to
a chelating agent with specificity for
“mTe (19). The chelating moiety of
EC20 consists of p-L-diaminopropi-
onic acid linked to aspartic acid, which
in turn is linked to cysteine via peptide
bonds (19).
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The limited distribution of FR in healthy
tissues has enabled use of folate-linked
radioimaging agents to image FR ex-
pressing cancers in both animals and
humans (17, 18, 20, 21). EC20 has
been administered intravenously to
cancer patients and solid tumors which
have been visualized within 2h by
gamma scintigraphy (22).

Because activated macrophages also
express FR, and since activated macro-
phages can be prominent in RA, arthrit-
ic joints in animal models of RA were
recently examined for uptake of **™Tc-
EC20 and other folate-targeted imaging
agents (6, 8, 23). These imaging studies
revealed that folate conjugates concen-
trate in the extremities, liver and spleen
of animal models, and that their uptake
is mediated by FR+ macrophages. Thus,
tissue accumulation was shown to be
greatly reduced by addition of excess
folic acid, supporting the role of FR in
mediating uptake (6), and depletion of
macrophages was found to abolish tis-
sue accumulation of the imaging agents.
Because these model studies suggest
that EC20 may be useful in assessing
activated macrophage involvement in
the inflammatory processes of RA, we
hypothesized that synovium and other
extraarticular tissues of human RA pa-
tients might also take up folate conju-
gates in a manner related to their degree
of active inflammation.

The primary objectives of this study
were to assess the safety and articular
uptake of EC20 in active joint inflam-
mation in patients with RA. As sec-
ondary objectives, we sought to eval-
uate the sensitivity, specificity, and
predictive value of FolateScan com-
pared to measures of clinical disease
activity, including swollen joints and
acute-phase reactants. We also pre-
liminarily assessed the sensitivity of
FolateScan for extraarticular disease
involvement, including lung, nodules
and serositis.

Methods

Study design

This was an open-labeled, single-center
cross-sectional interventional study
of patients with RA (40 patients) with
varying degrees of disease activity,
including two patients with active RA



related intersitial lung disease. We also
evaluated 5 healthy controls and 6 with
osteoarthritis (OA). All patients met
accepted criteria for disease classifica-
tion and activity assessment (24). All
subjects gave informed consent for the
study, which was approved by the Mayo
Clinic Institutional Review Board.

Study drug

The *"Tc labeled imaging agent
was prepared by *™Tc-pertechnetate
(1850MBgq, or 50 mCi, in a 1-2 mL
volume) to the lyophilized, non-radio-
active reagent in the vial and heating
for 18 minutes at 100°C. The activ-
ity of #Tc-EC20 was calibrated for a
740-925 MBq (or 20-25 mCi) dose at
the time of injection.

After reconstitution, the radiochemical
purity of technetium Tc 99m EC20 was
measured by TLC. The radiochemical
purity must be 90% to pass acceptance
criteria. To optimize the specificity of
the scan, the first 8 patients with RA re-
ceived increasing doses of folic acid of
0 mg (2 patients), 0.5 mg (2 patients),
1.0 mg (2 patients), 2.0 mg (2 patients),
followed 1-3 minutes later by 1-2 mL in-
jection of 0.1 mg of EC20 labeled with
20-25 mCi of technetium-99m. Images
were obtained 2hrs after injection.

Imaging procedure

Head-to-toe anterior and posterior pla-
nar scintigrams (whole body imaging)
and spot views of selected joints (feet
and hands) in anterior, posterior and/or
lateral views were acquired with a dual-
detector, large-field-of-view gamma
camera equipped with low-energy high-
resolution (LEHR) parallel-hole colli-
mators. A 20% symmetric energy win-
dow was approximately centered over
the 140-keV photopeak ofTc-99m.
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Assessment

All patients were evaluated to iden-
tify swollen and tender joints using 66
joints. Both the complete 66 joint count
and the modified 28 joint count used
in routine clinical practice and for cal-
cuation of the Disease Activity Score
(DAS28) were used in the data analysis
(25, 26). Extraarticular features were
evaluated in patients with RA, and dis-
ease-specific features were evaluated
for the other conditions by the specialist
investigators.

The nuclear physician evaluated the
FolateScan for uptake in appendicular
skeletal joints (66) and other organs
blinded to the results of the clinical
examination. Scans were scored on a
patient report form as no uptake, mild
uptake, or marked uptake for each par-
ticular joint and organ. Mild uptake
was scored if the region had about 2-
fold greater count density (dark grey
on inverted greyscale) than baseline
joint activity (light grey) while marked
uptake was scored if the region had
had about 4-fold greater count density
(black). Visual interpretation was used
to best mimic general clinical practice
methods of nuclear medicine scan inter-
pretation.

C-reactive protein (C-rp) and Wester-
gren erythrocyte sedimentation rate
(ESR) were measured in all patients.

Statistical methods

Descriptive statistics (means, propor-
tions, etc.) were used to summarize the
data. Correlations were performed us-
ing Spearman methods since the ESR
and C-rp values were not normally
distributed. Jackknife techniques were
used to estimate 95% confidence inter-
vals for sensitivity, specificity, positive
predictive value, negative predictive

value and accuracy in order to account
for multiple joints per patient (27).

Results

A total of 40 patients with RA (26 with
one or more swollen joints, 14 with
clinically quiescent joint disease; 66
joint count) as well as 6 patients with
OA and 5 healthy control subjects re-
ceived 0.1 mg of EC20 labeled with
20-25mCi of technetium-99m. Table I
contains the demographic information
and acute-phase reactant measurements
of these patients.

Pretreatment with 1 or 2 mg of folate
resulted in attenuation of uptake in the
parotid glands and joints, and therefore,
was not used after the first 8 patients, all
of whom had RA. There was no apparent
influence of pretreatment with or with-
out folate on the results of the uptake in
other organs, and the remaining patients
were examined without pretreatment
with folate. Results of all examinations
are considered in the analysis.

In patients with RA, FolateScan detect-
ed more actively involved joints (swell-
ing and/or painful; 66 joint count) in 25
patients (63%) than joints recorded as
swollen and/or painful by the examiner;
fewer joints were identified by FolateS-
can compared to the examiner in 13 pa-
tients (22%); and in 2 patients (5%) the
number of swollen or tender joints was
recorded as being the same (Table II).
Figure 1 demonstrates sample findings
in patients with RA. Based on the 66
joint count, the sensitivity of FolateS-
can compared to the rheumatologist
examination for detection of swelling
and/or pain was 40% (95% confidence
interval [CI]: 26-55%), specificity
86% (95% CI: 82-90%), positive pre-
dictive value 32% (95% CI: 21-43%),
negative predictive value 90% (95%

Table 1. Demographics of study population receiving FolateScan.

Study subjects n. Age, years Female ESR C-rp
(mean = SD) n. (%) median (range) median (range)
Rheumatoid arthritis 40 569 + 13.5 31 (78%) 14.5 (0, 82) 6 (<3, 105)
Active 26 59.2 + 145 20 (77%) 16.5 (2,82) 7 (<3, 105)
Inactive 14 52.7 + 10.8 11 (79%) 10.5 (0, 26) <3 (<3, 13)
Control 5 51.0 + 21.1 0 (0%) 1 (1,9 <3(<3,3.2)
Osteoarthritis 6 64.6 + 11.2 5 (83%) 9 (5,21) <3 (<3,6.9)

n: number; SD: standard deviation; ESR: erythrocyte sedimentation rate (Westergren); C-rp: C-reactive protein.

255



Assessment of disease activity in RA using Folatescan™ / E.L. Matteson et al.

Table II. Diagnostic testing measures for FolateScan.

Disease Sensitivity Specificity PPV NPV Accuracy® Number (%) of Number (%) of Number (%) of
% % % % % patients with more patients with same  patients with more
joints assessed as  number of joints joints assessed as
active by clinical  assessed as active active by FolateScan
examination on clinical and than by clinical
FolateScan examination
examination
Rheumatoid arthritis only (n=40)
Swelling (66 joints) 47 85 21 95 82 9 (22%) 4 (10%) 27 (68%)
19 96 31 93 90 19 (48%) 6 (15%) 15 (38%)
Pain (66 joints) 36 85 22 92 80 9 (22%) 2 (5%) 29 (72%)
13 96 30 90 87 22 (55%) 6 (15%) 12 (30%)
Swelling/pain (66 joints) 40 86 32 90 80 13 (22%) 2 (5%) 25 (63%)
14 97 41 88 85 22 (62%) 4 (10%) 11 (28%)
Swelling (28 joints) 46 79 26 90 74 9 (23%) 5 (12%) 26 (65%)
17 95 33 88 84 18 (45%) 10 (25%) 12 (30%)
Pain (28 joints) 38 78 22 88 72 11 (28%) 3 (7%) 26 (65%)
14 94 28 87 82 19 (48%) 9 (22%0 12 (30%)
Swelling/pain (28 joints) 42 80 35 84 72 13 (33%) 5 (12%) 22 (55%)
15 95 42 81 79 22 (55%) 9 (22%) 9 (22%)
Osteoarthritis only (n=6)
Swelling (66 joints) 50 89 5 99 89 0 (0%) 1 (17%) 5 (83%)
25 99 25 99 98 1 (17%) 3 (50%) 2 (33%)
Pain (66 joints) 37 92 39 92 86 3 (50%) 0 (0%) 3 (50%)
7 100 75 89 89 6 (100%) 0 (0%) 0 (0%)
Swelling/pain (66 joints) 37 92 39 92 86 3 (50%) 0 (0%) 3 (50%)
7 100 75 89 89 6 (100%) 0 (0%) 0 (0%)

PPV: positive predictive value; NPV: negative predictive value.
“Percentage of all joints in which the results of the clinical examination were concordant with the FolateScan findings.
Figures in bottom half of each cell in bold include only joints with “marked” uptake on the FolateScan as active by scan.

CI: 85-95%), accuracy 80% (95% CI:
75-84%). Results were similar if only
swelling, or pain, or the 28 joint count
were considered.

In RA, FolateScan was more sensitive
in detecting swollen or swollen and/or
painful joints than was the clinical ex-
amination (Table III). For example, in
patients with RA who had at least one
actively swollen joint, FolateScan de-
tected a total of 375 active joints (joints
with increased uptake) compared to a
total of 195 swollen joints detected by
clinical examination. The total number
of swollen joints detected by both the
scan and the examination was 94 among
patients with active RA, while the total
number of swollen joints not detected
by the FolateScan was 101, and the to-
tal number of swollen joints detected
by the scan but not by examination was
281 (Table III). Results were similar for
patients with RA and inactive disease:
the FolateScan detected a total of 82 ac-
tive joints not detected by the physical

examination. In general, these results
were also similar when either swelling
and/or pain were considered.

In patients with OA, only 4 joints were
considered swollen on physical exami-
nation, and the FolateScan detected 2 of
these along with 42 other joints. When
swelling and/or pain was considered, 46
joints were identified by physical exami-
nation and the FolateScan detected only
17 of these along with 27 other joints.
FolateScan had a specificity of 100%
for painful/swollen joints (Tables II and
III). An example of the findings in a pa-
tient with OA is depicted in Figure 2.
Among RA patients, the number of
swollen joints by clinical exam was
correlated with ESR (r=0.43; p=0.006)
and C-rp (r=0.35; p=0.03). The number
of actively involved joints by FolateS-
can was also correlated with ESR
(r=0.47; p=0.002) and C-rp (r=0.36;
p=0.02). There was no correlation be-
tween uptake in the joints and acute
phase reactants in patients with OA,
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although the numbers of patients was
small.

The primary analysis is based on any up-
take of FolateScan in the joints. Because
uptake was relatively weak in some
joints, we performed a subanalysis of
only joints with marked uptake to assess
the effect on the scan performance. These
results are presented in bold in the re-
spective cells of Tables II and 111, treating
“mild” uptake as “none” for the scan.
These analyses show a decrease in
sensitivity for the FolateScan in the
patients with RA (47% vs. 19% for
swollen joints; Table II). There are not
as many involved joints by the Folate-
Scan compared to the clinical examina-
tion, because many of the clinically ac-
tive joints are dismissed as uninvolved
by the scan when this higher threshold
is used. For the patients with OA, scan
appeared more specific, and was often
not as positive in painful OA joints,
perhaps because they are not swollen
(i.e. lack inflammation).
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FolateScan uptake in extra-articular or-
gans of patients with and without RA is
presented in Table I'V. FolateScan ap-
peared to be safe, with bruising at the
injection site being the only recorded
side effect. No other adverse reactions
were reported by any subjects.

Discussion

FolateScan, technetium Tc 99m EC20,
is a folate-targeted imaging agent which
we hypothesized may have a potential
application as a diagnostic test to de-
tect inflammation in the synovium and
extraarticular tissues. This increased
uptake is in large part related to the in-
creased numbers of macrophages seen
in inflammatory conditions such as RA
and other diseases.

Pre-clinical studies of RA imaging in
both mice with collagen-induced ar-
thritis and in rats with adjuvant-induced
arthritis yielded results similar to those
see in humans. Inflamed and/or swollen
joints displayed significant uptake of
EC20, and the livers of arthritic (but not
healthy) rodents also demonstrated re-
tention of the imaging agent (6, 9). Fur-
ther, analyses of the cell type responsi-
ble for EC20 accumulation in inflamed
tissues revealed exclusive uptake by
activated macrophages in these rodent
. models (28).

The primary objectives of this study
were to assess the safety and articular
Fig. 1. Whole body FolateScan of a patient with active rheumatoid arthritis demonstrating increased uptake of EC20 during active joint in-

activity in multiple joints. In addition, there is activity in the parotid glands and salivary glands of the flammation in patients with RA. In our
lower jaw. This latter uptake could be suppressed by pretreatment with 1 to 2 mg of iv folate. Study, FolateScan appeared to have

Table III. Comparison of joints assessed as swollen by clinical examination to joint uptake on FolateScan.

Study subjects n. Number of swollen Number of active Number of clinically Number of clinically Excess number of
joints as assessed by  joints as assessed by  swollen joints detected ~ swollen joints not  active joints detected
clinical examination FolateScan by FolateScan detected by FolateScan by FolateScan

compared to clinical
examination

Rheumatoid arthritis 40 205 460 97 108 363
124 38 167 86

Active 26 195 375 94 101 281
102 38 157 64

Inactive 14 10 85 4 7 82
22 0 10 22

Osteoarthritis 6 4 44 2 2 42
4 1 3 3

*values in each cell are total number of joints assessed as involved for each cohort.
Figures in bold include only joints with “marked” uptake on the FolateScan as active by scan.
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Fig. 2. FolateScan in a patient with osteoarthri-
tis of the knees, carpometacarpal joints of the
thumbs, and distal interphalangeal joints of the
hands, showing no increased uptake in the joints.
FolateScan is avidly taken up in the spleen and
liver in all subjects.

relatively high specificity for detection
of actively involved joints in patients
with RA, with modest sensitivity. There
was a striking difference in the uptake
of FolateScan compared to joints as-
sessed as active by clinical examina-
tion, suggesting either that the scan is
overly sensitive for the detection of in-
flamed joints, or that the conventional
clunial examination underestimates
the true extent of joint activity in pa-
tients seen in the clinic. This would
have important clinical implications,
as it is well appreciated that in the face
of even apparently clinically quiescent

Table IV. FolateScan uptake in extra-articular organs.

Patients with active

Patients with inactive

Healthy control ~ Osteoarthritis

rheumatoid arthritis rheumatoid arthritis subjects (n=6)
(n=26) (n=14) (n=5)

Lung 1 (4%) 0 (0%) 0 0
Kidney 26 (100%) 12 (85%) 5 (100%) 6 (100%)
Skin 0 (0%) 0 (0%) 0 0 (100%)
Brain 0 (0%) 0 (0%) 0 0 (0%)
Large bowel 16 (62%) 8 (57%) 5 (100%) 4 (67%)
Small bowel 16 (62%) 7 (50%) 4 (60%) 5 (83%)
Liver 25 (96%) 14 (100%) 5 (100%) 6 (100%)
Spleen 19 (73%) 10 (68%) 4 (75%) 6 (100%)

disease, continued low grade, even
clinically undetectable inflammatory
disease activity may lead to joint dam-
age with the resultant consequences for
joint function and patient well-being.
A method of detecting such disease
activity could advance the control of
disease, justifying continued or more
aggressive management strategies for
such patients.

Most or all subjects including the nor-
mal controls and those with RA and OA
had increased uptake in liver, spleen,
kidney, and small and large bowel,
likely limiting its utility for evaluation
of inflammatory organ involvement.
FolateScan is a relatively minimally
invasive procedure which has a good
safety profile. It has the potential to
provide real-time information which is
more complete than the clinical assess-
ment, at least with respect to inflamma-
tory arthritis. A methodological limita-
tion of the study is that the clinical ex-
amination was used as the comparator
standard, although it may not be sensi-
tive enough to serve this purpose. Other
potential comparators could include use
of magnetic resonance imaging (MRI),
ultrasonograpy (US) or synovial biop-
sy, but these have limitations in terms
of validity, practicality and/or patient
acceptance, whereby MRI is emerg-
ing as a potentially useful technique for
evaluation of joint activity and damage
(29, 30). The FolateScan technique al-
lows imaging of all joints in a single
session, and is less time consuming
than MRI or US. In this study, the clini-
cal examination of the joints was used
as the standard for comparison of joint
involvement, since this, and not MRI,

258

is the standard of practice in the clinic
and in clinical trials, and because funds
were not available for MRI. Future
studies of FolateScan in RA could in-
clude serial examination before and af-
ter therapeutic intervention to provide
further evidence of the utility of the
technique for assessing active arthritis
as well as comparison to MRI.
Because depletion of macrophages
greatly reduces folate receptor and
abolishes uptake of EC20, it is conceiv-
able that folic acid could be exploited
to target therapeutic agents to sites of
inflammatory autoimmune disease en-
riched in activated macrophages (7, 8).
Further studies will serve to define the
potential role and usefulness of FolateS-
can as a diagnostic tool to assess active
inflammation, including comparisons
with other techniques such as MRI
and US and cost considerations, and to
identify patients that might respond to
folate-targeted therapies.
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