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Objective—Through binding to folate receptor-β (FR-β), the new 99mTc–EC20 (Etarfolatide) 

imaging technique detects activated but not resting macrophages in vivo. The goal of this study 

was to investigate macrophage-related inflammation in osteoarthritis (OA).

Methods—Twenty-five individuals (50 knees) with symptomatic OA of at least one knee 

underwent SPECT-CT imaging of both knees and planar imaging of the whole body after injection 

of Etarfolatide. Scans and knee radiographs were scored blinded to clinical information including 

knee and other joint site pain severity. Measures of association controlled for age, gender, BMI 

and employed repeated measures to adjust for correlation between knees.

Design—Activated macrophages were present in the majority (76%) of knees. The quantity of 

knee-related macrophages was significantly associated with knee pain severity (R=0.60, p<0.0001) 

and radiographic knee OA severity including joint space narrowing (R=0.68, p=0.007), and 

osteophyte (R=0.66, p=0.001). Macrophages were also localized to joints commonly affected by 

OA including hand finger joints (12%), thumb bases (28%), shoulders (26%), great toes (18%) and 

ankles (12%). The presence of joint pain at fingers, wrists, ankles and great toes was significantly 

positively associated with presence of activated macrophages at these sites (p<0.0001–0.04).

Conclusions—This study provides the first direct in vivo evidence for macrophage involvement 

in OA in a substantial proportion of human knees. The association of quantity of activated 

macrophages with radiographic knee OA severity and joint symptoms suggests that drugs targeting 

macrophages and macrophage-associated inflammatory pathways may have the potential to be 

both symptom and structure modifying.
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Introduction

Although it is well accepted that inflammation and activated synovial macrophages play a 

key role in rheumatoid arthritis (RA) [1], as evinced by recent reviews, the role of 

inflammation in osteoarthritis (OA) has been heavily debated [2, 3]. Evidence is mounting 

that low-grade inflammation induced by the metabolic syndrome, innate immunity and 

inflammaging all play a role in the pathogenesis of OA [3]. In OA, cartilage destructive 

responses are mediated by both chondrocyte and synovial macrophage derived 

inflammation-related degradative proteases, aggrecanases and matrix metalloproteinases [4–

6]. Joint inflammation is also believed to play a role in the phasic progression of OA [7, 8].

99mTc–EC20 (Etarfolatide) is a folate receptor-specific molecular imaging agent developed 

to non-invasively localize sites of activated macrophage accumulation and regions of folate 

receptor positive tumor growth [9]. The basis for these capabilities lies in the high affinity 

of 99mTc–EC20 (Kd ~1 nM) for glycosylphosphatidylinositol-anchored folate receptor β 
(FR-β) on activated, but not resting macrophages or other immune cells [10], and folate 

receptor α (FR-α) on some tumors [11–15]. The major folate transport pathways for 

essentially all other cells in the body involve either the reduced folate carrier or proton 

coupled folate transporter [16], both of which prefer reduced folates over oxidized forms of 

the vitamin and neither of which can transport folate-linked drugs like 99mTc–EC20 [17]. In 
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a pilot study of 40 patients with rheumatoid arthritis, the number of actively involved joints 

by Etarfolatide uptake was correlated with inflammatory indicators, erythrocyte 

sedimentation rate and C reactive protein [18]. Thus, Etarfolatide allows for noninvasive, 

whole body assessments of high affinity folate receptor expression and provides a means to 

quantify inflammation related to activated macrophages. The purpose of this study was to 

investigate the involvement of macrophages in OA through Etarfolatide imaging. 

Specifically, we evaluated the frequency, localization, and intensity of Etarfolatide uptake, 

its association with symptoms and radiographic severity of knee OA, and its presence and 

association with joint symptoms at other sites throughout the body. We hypothesized that a 

subset of subjects with knee OA would have knee inflammation, as reflected by Etarfolatide 

uptake. Knowing that inflammation is a major cause of pain in knee OA [19], we further 

hypothesized that Etarfolatide uptake would correlate with joint symptoms.

Patients and Methods

Study Description

This investigator-initiated single center study was conducted at Duke University Medical 

Center. Participants ≥18 years old were recruited on the basis of radiographic OA (Kellgren 

Lawrence grade 1–4 severity) [20] in at least one knee, and knee pain in the index knee on 

most days of any one-month in the last year [21]. A total of 25 participants were enrolled. 

Participants were excluded with a history of any of the following conditions: rheumatoid 

arthritis or other known inflammatory arthropathy; avascular necrosis; periarticular fracture; 

current anticoagulant therapy; current immune modulator therapy or any such therapy within 

4 weeks of study procedures; inability to discontinue use of non-steroidal anti-inflammatory 

drugs within 3 days prior to study procedures (although low dose aspirin of up to 325 mg per 

day was permitted); Paget's disease; villonodular synovitis; joint infection; ochronosis; 

neuropathic arthropathy; acromegaly; hemochromatosis; Wilson's disease; 

osteochondromatosis; arthroscopic knee surgery within the previous 12 months; intra-

articular injection or systemic (oral, intravenous, or intramuscular) steroid within the 

previous 6 months; any knee replacement; lactation; relationship to personnel directly 

affiliated with this study or their family members; and current or recent (last 30 days) 

enrollment in a clinical trial involving an off-label use of an investigational drug or device. 

All women of childbearing potential (n=7) were screened by serum β-HCG and had a 

confirmed negative result within the 48 hours prior to any imaging procedures.

Self-reported joint pain intensity was ascertained by the NHANES I criterion [21] and 

recorded on a 0–3 point scale (none, mild, moderate, and severe) for the knee (as pain, 

aching or stiffness on most days of any one-month in the last year). "Joints that bothered" 

the individual were selected and scored (0–3) from a defined list of 21 other joint sites 

throughout the body.

This clinical investigation was conducted according to Declaration of Helsinki principles, 

with the approval of the Duke University Medical Center Institutional Review Board and the 

Food and Drug Administration (IND 108,677). Written informed consent was received from 

participants prior to inclusion in the study and the study was registered at ClinicalTrials.gov 

(NCT01237405) prior to enrollment of the first participant.
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Imaging

A total of 25 individuals underwent Etarfolatide imaging of both knees and the whole body. 

Etarfolatide (EC20, provided by Endocyte, Inc) consists of folate, the targeting moiety, 

linked to a chelating moiety to which 99mTc was non-covalently coupled on the day of the 

imaging procedure (in the Duke Radiopharmacy) to provide a nuclear medicine imaging 

agent suitable for localizing activated macrophages throughout the body (Figure 1). One 

hour after intravenous injection of this radiopharmaceutical, single-photon emission 

computed tomography combined with high-resolution computed tomography (SPECT/CT) 

images were acquired for all 50 knees with scan slice thickness 13.25 mm for coronal 

images and 8.18 mm for the transaxial images. Following the knee scans, anteroposterior, 

and posteroanterior planar images of the whole body were acquired approximately 80 

minutes after Etarfolatide injection. All images were acquired using a GE Infinia Hawkeye 

detector (GE Healthcare) with resolution of ~8.5 mm for planar and SPECT imaging and 

~9.5 mm for whole body scans. Knee SPECT/CT images were scored by the consensus of 

two readers blinded to the clinical data; several weeks later, 30% of the images were 

rescored in a blinded fashion by one reader for assessment of intra-rater reliability. Knee 

images were scored by anatomic location (medial, lateral and patellofemoral compartments), 

tissue localization (joint capsule, synovium and subchondral bone), and intensity of uptake 

(0–3: 0=normal, 1=mild, 2=moderate, 3=intense). Overall intensity of Etarfolatide uptake 

was graded for 7 sites for each knee: medial, lateral and patellofemoral joint capsule; medial 

and lateral synovium; and medial and lateral subchondral bone. The designation 'capsular' 

was consistently applied to uptake immediately adjacent to the joint; this could represent 

uptake in the capsule, underlying synovium or both. The designation 'synovial' was applied 

to uptake in a pattern consistent with proliferative synovium in any location around the joint 

including the synovial membrane and membranes of the communicating bursae (such as the 

suprapatellar and popliteal bursae). It was not possible to identify macrophages in synovial 

fluid on Etarfolatide SPECT/CT images.

Because 17–94% of solid tumors express an FR isoform (FR-α) that binds folate [17], all 

whole body images were immediately evaluated qualitatively for any suspicious activity 

outside of joint tissues; no such lesions were identified. The intensity of joint tissue uptake 

on whole body planar images was scored semi-quantitatively (0–3: 0=normal, 1=mild, 

2=moderate, 3=intense) for 30 sites (17 different joint groups) throughout the body beyond 

the knees: bilateral glenohumoral and acromioclavicular shoulders, elbows, wrists, hands 

(finger joints), thumb bases, hips, sacroiliac, medial and lateral ankles, forefoot, big toes, 

and sternoclavicular joints; and unilateral cervical, thoracic and lumbar spine, and 

manubriosternal joint.

Knee radiographs were obtained as previously described using an optimal and standardized 

method with the SynaFlexer™ frame [22]. Radiographs were graded blinded to other 

imaging and clinical data by the consensus of two experienced readers and scored for global 

Kellgren Lawrence (KL) grade [20] as well as features of joint space narrowing severity 

(scored 0–3) and osteophyte size (scored 0–3) using a standardized atlas [23].
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Immunohistochemical analysis of synovial fluid cells

A total of 48 synovial fluid samples were obtained, 28 by direct aspiration and 20 by small 

volume lavage. Samples were spun at 3500 RPM for 10 minutes after which aliquots of the 

supernatant were frozen at −80°C and the cell pellet preserved in 100 µl of RNAlater and 

frozen at −80°C. We gained access to a Shandon Cytospin at the end of the study; it was 

therefore only possible to attempt cytospins of synovial fluid cells of the final 4 samples. 

Sufficient numbers of cells (≥50,000) were obtained from the index knee of the final two 

patients (patients 24 and 25) to perform preliminary immunofluorescent analyses for M1 

(iNOS) and/or M2 (TGF-β) macrophage markers. These samples were centrifuged at 2500g, 

4°C, for 15 minutes; the cell pellet was washed twice with 1ml cold phosphate-buffered 

saline (PBS), then centrifuged at 1000g, 4°C, for 15 minutes. After the second wash, cells 

were resuspended in PBS to a concentration of 1000 cells per microliter. A total of 5µl of 

10% BSA-PBS was added to a 50µl cell suspension and the samples were spun at maximum 

speed for 1–3 minutes. Slides were rinsed briefly in cold PBS, fixed in ice-cold 100% 

acetone for 10 mins, washed twice with ice cold PBS then stored at −80°C until 

immunostained.

Cytospin preps were fixed with paraformaldehyde and permeabilized with Triton X-100 

using BD Cytofix/Cytoperm™ Plus Fixation and Permeabilization Kit (BD Biosciences), 

followed by incubation with 1% BSA in PBST (PBS with 0.25% Triton X-100) for 30 mins 

at room temperature to block nonspecific binding of antibodies. The cytospins were 

pretreated using the Strepavidin/Biotin Blocking Kit (Vector Laboratories) before adding 

biotinylated antibody to block the enodogenous biotin or biotin-binding proteins. The 

cytospins were then stained with the following primary antibodies at 1:100 dilution 

overnight at 4°C: a biotinylated anti-FR-β monoclonal antibody [24] (gift of Dr. Phil Low), 

rabbit polyclonal anti-human iNOS/NOS II antibody (ab15323, Abcam), and mouse anti-

human TGF-β (MCA797, AbD Serotec). The cytospins were incubated in 1% BSA for 1 hr 

at room temperature in the dark with a mixture of secondary antibodies raised in different 

species with different fluorochromes: AlexaFluor 635-conjugated Strepavidin (Invitrogen) 

for FR-β, goat-anti-rabbit FITC (Sigma) for iNOS, and Donkey-anti-mouse DyLight 549 

(Jackson ImmunoResearch) for TGF-β. Cytospins were washed extensively in PBS, and 

mounted with a drop of a glycerol-based, aqueous mounting medium (Vector Laboratories). 

Cells were counterstained by incubation with 0.1–1 µg/ml Hoechst or DAPI (DNA stain) for 

1 min. Cells were analyzed with a V1000 confocal unit and a 60×/1.2 NA oil objective 

(Olympus). Images were processed using FLUOVIEW software (Olympus).

Statistical Analysis

The abundance of activated macrophages was determined by scoring the intensity of 

Etarfolatide uptake for each region of interest on knee SPECT/CT images. Intra-rater 

reliability of knee Etarfolatide SPECT/CT knee scoring was assessed by determination of 

the weighted kappa statistic (appropriate for ordinal data) for the images scored twice, 

several weeks apart, blinded to the original scores. Associations of macrophage presence and 

relative abundance with severity of radiographic knee OA and severity of knee joint 

symptoms were assessed by repeated measures multivariable regression employing 

generalized estimating equations (GEE) [25] to account for the correlation between fellow 

Kraus et al. Page 5

Osteoarthritis Cartilage. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



knees as implemented in SAS 9.3 (SAS Institute Inc., SAS Campus Drive, Cary, North 

Carolina 27513). These analyses controlled for age, gender, and body mass index (BMI). 

Cytospins of synovial fluid were evaluated qualitatively for expression of the FR-β folate 

receptor, and macrophage M1 (iNOS) and M2 (TGF-β) markers. The association of site-

specific intensity of Etarfolatide uptake and joint symptoms was determined by Pearson 

correlation. A p value <0.05 was considered significant. Data were analyzed using SAS 

software.

Results

Participants

A total of 25 participants with radiographic knee OA completed the full study protocol 

(Figure 2). The cohort was 72% female, 92% Caucasian, mean (SD) age 62.4 ± 15.8 years 

(range 30–89), and mean (SD) BMI 29.2 ± 4.8 (range 22.5–38.4) kg/m2. Despite only 

requiring unilateral knee radiographic OA for study entry, the majority (76%) of participants 

had moderate to severe bilateral knee radiographic OA with 24% mild (KL grade 1), 58% 

moderate (KL grade 2–3), and 18% severe (KL grade 4). Immediately upon injection of 

Etarfolatide, one participant reported dysgeusia (an impairment or dysfunction of the sense 

of taste), a known side effect of Etarfolatide that lasted for 9 minutes. No other adverse 

events were observed. There is a potential for Etarfolatide to sensitively identify folate 

receptor bearing epithelial cancers [15]; however, no findings suggestive of cancer were 

identified in this study.

Frequency of activated macrophages in the knee

SPECT/CT images were obtained on all 50 knees. The intra-rater reliability of scoring 

Etarfolatide uptake was substantial to near perfect for all knee regions (Table 1). 

Representative images for capsular, synovial and subchondral bone Etarfolatide uptake are 

provided (see Figure 3 A–D). The majority of knees (76%) were positive for activated 

macrophages in at least one knee region; overall joint capsule uptake was observed in 66% 

of knees (medial, lateral and/or patellofemoral compartments), synovial uptake in 52% of 

knees, and subchondral bone uptake in 16% of knees. Joint capsule and synovial uptake 

were observed together in 38% of knees and joint capsule together with bone uptake in 8% 

of knees. A few knees (6%) had uptake in all these locations (Figure 3).

Frequency of activated macrophages in other joints

The frequency of uptake of EC20 was also assessed for the whole body outside the knee 

(Table 2). Not unexpectedly, Etarfolatide uptake captured by planar gamma camera imaging 

was less intense and localized than results by SPECT/CT for the knees. Nevertheless, whole 

body imaging and scoring were possible. Several general conclusions could be drawn from 

the images. Outside the knee, activated macrophages were definitely present in other joints; 

the sites with the highest frequency of uptake were those often affected by OA, including the 

finger joints (12%) and thumb bases (28%), shoulders (26%), big toes (18%) and ankles 

(12%). This is particularly interesting given the fact that these subjects were only recruited 

for their knee OA and not for OA symptoms at any other joint site.
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Association of activated macrophages and clinical features of joint pain and OA severity

We analyzed the correlation of Etarfolatide uptake with clinical symptoms based on self-

reported pain, aching and stiffness (PAS); the mean (SD) knee pain score was 1.6 ± 0.9 

(range 0–3). Among the 50 imaged knees, 6% had no symptoms, 48% mild, 28% moderate, 

and 18% severe knee PAS. A total of 88% of the imaged knees were symptomatic in the last 

month. Analyzed on a knee basis (n=50), knee symptoms were significantly associated with 

synovial (R=0.47, p<0.0001, parameter estimate 0.23, 95% CI 0.13, 0.33) and joint 

(tibiofemoral) capsular (R=0.46, p=0.004, parameter estimate 0.23, 95% CI 0.08, 0.39) 

Etarfolatide uptake, but not patellofemoral or subchondral bone Etarfolatide uptake (with 

GEE adjusted for age, gender, BMI) (Table 2). Knee symptoms were even more strongly 

associated with Etarfolatide uptake combining (as z-scores) synovial and capsular 

Etarfolatide uptake (R=0.60, p<0.0001). Very interestingly, Etarfolatide uptake was also 

strongly and significantly associated with presence of joint symptoms at several other joints, 

including the finger, thumb base, wrist, ankle and great toe joints (Table 2).

Etarfolatide uptake was significantly positively associated with radiographic severity of knee 

OA. Synovial and joint capsular uptake were associated with severity of joint space 

narrowing, indicative of cartilage loss and/or meniscal extrusion (R=0.67, p=0.006, 

parameter estimate 0.16, 95% CI 0.04, 0.27 for synovial uptake; and R=0.68, p=0.007, 

parameter estimate 0.23, 95% CI 0.06, 0.41 for joint capsular uptake). Synovial and joint 

capsular uptake were also associated with severity of osteophytes (size and number), 

indicative of the anabolic joint response to the disease (R=0.60, p=0.01, parameter estimate 

0.76, 95% CI 0.17, 1.34 for synovial uptake; and R=0.66, p=0.001, parameter estimate 0.99, 

95% CI 0.39, 1.99 for joint capsular uptake) (adjusted for age, gender and BMI by GEE).

It was possible to perform immunohistochemistry on synovial fluid of two patients whose 

samples yielded sufficient cells (≥50,000) for cytospins. Knee radiographs and matching 

Etarfolatide SPECT/CT images are shown for these two participants (Figure 4). The left 

knees were more severely affected radiographically, and had greater Etarfolatide uptake and 

pain than their contralateral knees. Synovial fluid cytospins were immunostained for FR-β 
and inducible nitric oxide synthase (iNOS, a pro-inflammatory M1 macrophage marker), 

while the second sample could be additionally immunostained with antibodies against 

transforming growth factor-β (TGF-β, an anti-inflammatory M2 macrophage marker) 

(Figure 4). Immunostains of these two patients revealed that all synovial fluid cells co-

expressed FR-β and iNOS. The second synovial fluid sample demonstrated the co-

localization of TGF-β, iNOS and FR-β on all the cells, suggesting a potential block in 

transition of macrophages from a pro-inflammatory (M1) to an anti-inflammatory/repair 

(M2) state.

Discussion

To our knowledge, this study provides the first direct in vivo evidence for macrophage 

involvement in human OA. Several very important inferences can be made from the results 

of this study. First, that macrophages and inflammation are strongly associated with joint 

symptoms and radiographic severity of knee OA. In contrast, radiographic severity of knee 

OA is itself generally not a strong predictor of symptoms. The fact that the presence of 
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activated macrophages in joints outside the knee was also associated with symptoms 

suggests that macrophage associated inflammation is a generalizable phenomenon and 

possibly an etiologic or aggravating factor in OA symptoms at affected joints throughout the 

body.

SPECT/CT combines the functional imaging data of nuclear medicine co-registered with the 

preCIe anatomical data of CT, all performed in one imaging session, to yield a 3D 

representation of the joint. Interestingly, the frequency of inflammation in OA knees as 

detected by SPECT/CT was remarkably congruent with the frequency of signs of 

inflammation in symptomatic knee OA detected in ultrasound (70–78% effusions, 34% 

synovial thickening) or MRI (80–81% effusions, 50% synovial thickening) [26, 27] studies. 

The frequency of macrophage-related inflammation in the hands of our study subjects (30%) 

was also congruent with the observed frequency of inflammation in finger joints (up to 21%) 

from recently published studies [28, 29]. Although inflammation has been associated with 

knee OA progression [30–32], this study was limited to a cross-sectional analysis and 

therefore could not directly address the association of Etarfolatide uptake and OA 

progression risk.

SPECT imaging with Etarfolatide has demonstrated activated macrophages in murine 

models of rheumatoid arthritis and post-traumatic OA from injury (transection of the 

anterior cruciate ligament) or chemical insult (intra-articular monoiodoacetate) [33]. To date, 

proof of concept that macrophage targeting could be anti-arthritic has been demonstrated by 

folate-targeted therapy for adjuvant-induced arthritis in rats [34–36].

Immunostains of joint fluids from the knees of two subjects showed coexpression of FR-β 
and an M1 macrophage marker. One of the fluids could be additionally stained for an M2 

marker; this sample showed the coexpression of FR-β with both M1 and M2 macrophage 

markers. These preliminary findings are consistent with a recent study showing that FR-β 
positive macrophages in OA synovial tissues express a mixed pattern of both M1 (iNOS) 

and M2 (IL-10 and TGF-β) markers [37]. Macrophages play a dual role with involvement in 

inflammation as well as regeneration. In fact, salamander limb regeneration is dependent 

upon a regeneration-permissive environment that is dependent on macrophages [38]. A 

block in the M1 to M2 transition has been implicated in failure to heal chronic skin wounds 

[39]. We posit that a similar block in transition of macrophages from a pro-inflammatory 

(M1) to an anti-inflammatory/repair (M2) state perpetuates ongoing joint degeneration and 

prevents tissue repair and healing in OA. These preliminary findings require confirmation in 

a larger sample.

Macrophages comprise a continuum of activation states determined by the local tissue and 

cytokine microenvironment [40, 41]. Activated macrophages associated with tumors [40], 

asthma [42] and atherosclerosis [43] all express FR-β and regulatory M2 macrophage 

phenotypes [44]. M2 macrophages can be sub-divided into several subsets [45]. Although 

M2 macrophages are generally considered to be involved in immunosuppression and tissue 

repair, their reduction, reflected in reduction of Etarfolatide uptake in the inflamed lesions of 

murine models of rheumatoid arthritis, ulcerative colitis, pulmonary fibrosis, and 

atherosclerosis, predict a beneficial clinical response to treatment [46]. Our preliminary 
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immunohistochemistry results suggested an activated pro-inflammatory state of the FR-β 
positive synovial fluid macrophages based on iNOS expression (both cases), and an M2 

phenotype based on TGF-β expression (one case). Moreover, the intensity of Etarfolatide 

uptake correlated with radiographic severity of joint space narrowing and osteophyte. 

Results of our secondary analyses of soluble macrophage-associated markers (CD14 and 

CD163), reported separately [32], showed that their synovial fluid concentrations correlated 

with intensity of Etarfolatide imaging scores and radiographic osteophyte and joint space 

narrowing severity. In addition, these soluble markers in the synovial fluid of a longitudinal 

cohort predicted OA progression [32]. Soluble CD14 and CD163 are generally considered to 

reflect an M2 phenotype. Taken together, these results suggest that the activated 

macrophages identified by Etarfolatide imaging represent disease mediating cells in a variety 

of chronic diseases, including OA. Neither computed tomography nor radiographs can 

identify inflammation, so Etarfolatide imaging provides a means of identifying a subgroup 

with inflammation related to macrophages who are at risk for OA progression. From this 

perspective, this imaging technology could be very useful for research and clinical trial 

purposes. However, the radiation exposure attributable to SPECT/CT would likely preclude 

its routine use. The preCIe magnetic resonance imaging features that correlate with 

Etarfolatide uptake have not yet been eludicated. Ideally, a soluble or MRI (no radiation 

exposure involved) biomarker could be identified corresponding to these findings that would 

facilitate routine identification and monitoring of inflammatory OA subsets in the context of 

clinical trials and the clinic.

There were several limitations of this study. For one, it represented a small sample size 

however this was partially mitigated by the analysis of both knees with appropriate control 

for correlation with GEE. By design, this study was intended to be an initial survey of the 

potential utility of Etarfolatide imaging in knee OA and did not include a control group. In 

addition, cytospins could only be attempted on 4 synovial fluids with successful 

immunohistochemistry on two of these due to sufficiency of cell yield. These results are 

therefore preliminary and need to be further validated. The whole body Etarfolatide scores 

were generated from antero-posterior and postero-anterior gamma camera body images but 

were of lower resolution than the SPECT scans of the knee. It would not be unexpected that 

deep structures, such as the hip, would be poorly imaged under these circumstances. 

However, the lack of Etarfolatide uptake in the spine was surprising considering the fact that 

reporting of some back symptoms was positive in 64%, 24% and 60% of individuals for the 

neck, upper and lower back, respectively. The reasons for the lack of concordance of 

Etarfolatide uptake with spine symptoms are unknown but may be technical (higher 

resolution and longer scan times needed) or biological (the mechanisms of back pain in the 

majority of these patients are unrelated to activated macrophages). Given the limited number 

of positive scores for these sites, the results should be interpreted with caution.

In summary, this study is the first direct in vivo indication in humans for activated 

macrophage involvement in OA. These results provide insights into the pathogenesis and 

role of inflammation in OA. Etarfolatide imaging demonstrates that macrophage-related 

inflammation in OA is a common finding. The agent is safe and well tolerated and may have 

utility in selecting patients for clinical trials who are likely to benefit from macrophage-

targeted therapy such as provided by folate receptor targeting. In contrast to radiographs, 
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Etarfolatide imaging provides an objective disease indicator that is significantly associated 

with severity of joint symptoms. These results also suggest that macrophages are etiologic 

factors in OA pain at joint sites throughout the body.
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Fig 1. Structure of the EC20 imaging reagent
Folate, the targeting moiety, is shown on the left; the chelating agent to which 99mTc is 

conjugated, is shown on the right.
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Fig 2. Consort Flow Diagram
Flow of participants through each stage of the observational study.
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Fig 3. Representative patterns and intensity of Etarfolatide uptake in each of the 50 knees
Representative images (top row) of Etarfolatide uptake in the: A) joint 'capsule' (showing 

capsular and/or underlying synovial uptake, indicated in coronal view by arrowhead); B) 

'synovium' (showing uptake by proliferative synovium in the posterior synovial recess, 

indicated in coronal and sagittal views by arrow); C) 'synovium' and joint 'capsule' (indicated 

in sagittal view by arrow and arrowhead, respectively); and D) bone (indicated in coronal 

view by asterisk). Heat map graphic (bottom) representing the uptake intensity for each knee 

as quantified for three regions: joint 'capsule', 'synovium' and subchondral bone; the 

maximum score for each joint region was 6, 6 and 5, respectively.
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Fig 4. Knee radiographs, Etarfolatide scans and synovial fluid cell immunohistochemistry for 
knees of two study participants
In both participants, the left knee was the index knee. The panels on the left correspond to 

one participant and on the right to a second participant). Top: Bilateral anteroposterior knee 

radiographs show osteoarthritis bilaterally with more severe disease of the left knees for 

each participant; total osteoarthritis severity scores (joint space narrowing plus osteophyte) 

were 5, 9, 3 and 11 for right and left knees of participants 24 and 25 respectively. 

Corresponding pain scores were 1, 3, 1 and 3 respectively. Middle: The total Etarfolatide 

knee scores were 3, 5, 0 and 9 respectively (the second row shows SPECT images and the 

third row shows matched fused SPECT-CT images of the knee; coronal and transaxial 

images include both right and left knees, and the sagittal images include the index left knees 

of each participant. Synovial fluid cytospins were stained for iNOS, FR-β and TGF-β. 

Merged images demonstrate co-expression of FR-β (identifying the cells as activated 

macrophages), an M1 macrophage marker (iNOS) and an M2 macrophage marker (TGF-β). 

R=right knee; L=left knee.
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Table 1

Intra-rater reliability of scoring of Etarfolatide SPECT/CT knee images.

Knee Location Kappa
Statistic

95% CI Agreement*

Joint (Capsule)
tibiofemoral 0.78 0.60 – 0.96 Substantial

patellofemoral 0.64 0.25 – 1.00 Substantial

Synovial 0.68 0.41 – 0.96 Substantial

Subchondral Bone 0.90 0.72 – 1.00 Almost perfect

CI = confidence interval

*
Magnitude guidelines reflecting the strength of agreement have been described by Landis and Koch: a value <0 indicates no agreement; a value 

between 0–0.2 slight agreement; 0.21–0.4 fair agreement; 0.41–0.6 moderate agreement; 0.61–0.8 substantial agreement; and 0.81–1.00 almost 
perfect agreement [47].
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Table 2

Correlations of Etarfolatide uptake and presence of joint symptoms in and beyond the knee.

Joint Site
Positive Etarfolatide

scan
N (Frequency)

Correlation of
Etarfolatide scan with
symptoms at same site

R
(Pearson)*

p value
(Pearson)

Knee – tibiofemoral joint capsule 33 (66%) 0.46 0.004

Knee – synovium 26 (52%) 0.47 <0.0001

Shoulder-glenohumoral 13 (26%) 0.35 0.13

Wrist 4 (8%) 0.35 0.010

Hand-total 15 (30%) 0.79 0.002

Hand-interphalangeal 6 (12%) 0.55 0.040

Hand-thumb base 14 (28%) 0.42 0.026

Sternoclavicular 1 (2%) NA NA

Hip 2 (4%) 0.14 0.76

Sacroiliac 1 (2%) NA NA

Ankle-total 6 (12%) 0.57 <0.0001

Big Toe 8 (16%) 0.74 <0.0001

Upper Back / thoracic spine 1 (4%) 0.40 0.003

*
p<0.05 are depicted in bold; No uptake was observed in the acromioclavicular shoulder, elbow, cervical or lumbar spine, manubriosternal, or 

forefoot joints.

NA=not assessed
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