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Abstract
The aim of this study is to assess the effectiveness of Radiosynovectomy (RSV) using 177Lu-labeled hydroxyapatite (177Lu-HA) 
in the treatment of painful synovitis and recurrent joint effusion of knee joints in rheumatoid arthritis (RA). Ten patients, 
diagnosed with RA and suffering from chronic painful resistant synovitis of the knee joints were referred for RSV. The joints 
were treated with 333 ± 46 MBq of 177Lu-HA particles administered intra-articularly. Monitoring of activity distribution was 
performed by static imaging of knee joint and whole-body gamma imaging. The patients were evaluated clinically before 
RSV and at 6 months after the treatment by considering the pain improvement from baseline values in terms of a 100-point 
visual analog scale (VAS), the improvement of knee flexibility and the pain remission during the night. RSV response was 
classified as poor (VAS < 25), fair (VAS ≥ 25-50), good (VAS ≥ 50-75) and excellent (VAS ≥ 75), with excellent and good 
results considered to be success, while fair and poor as failure and also by range of motion. Three phase bone scan (BS) was 
repeated after 6 months and changes in the second phase of BS3 were assessed visually, using a four-degree scale and 
in the third phase, semiquantitatively with J/B ratio to see the response. Biochemical analysis of C-reactive protein (CRP) 
and fibrinogen was repeated after 48 h, 4 and 24 weeks. In all 10 patients, no leakage of administered activity to nontarget 
organs was visible in the whole-body scan. Static scans of the joint at 1 month revealed complete retention of 177Lu-HA in 
the joints. All patients showed decreased joint swelling and pains, resulting in increased joint motion after 6 months. The 
percentage of VAS improvement from baseline values was 79.5 ± 20.0% 6 months after RS and found to be significantly 
related to patients’ age (P = 0.01) and duration of the disease (P = 0.03). Knees with Steinbrocker’s Grades 0 and I responded 
better than those with more advanced changes (Steinbrocker’s Grades III and IV) in terms of VAS improvement (75% vs. 
45.8%) (P < 0.001). The overall success rate (VAS ≥ 50) was 80%. Remission of pain during the night was achieved in 
100%, and knee flexibility was improved in 80%. The changes in the blood pool phase before RSV were 3.2 ± 0.7 and 
after the therapy 1.4 ± 0.7 (P < 0.001). The J/B ratio was: Before RSV 2.4 ± 0.3; after treatment 1.0 ± 0.2 (P < 0.05). CRP 
concentration 4 and 24 weeks after the therapy was significantly lower than before treatment. The fibrinogen level was not 
different before and after RSV. RSV side-effects assessed for the whole follow-up period were minor and not significant. 
RSV with 177Lu-HA was safe and effective in patients with knee joint chronic painful synovitis of rheumatoid origin. It 
exhibited significant therapeutic effect after 6 months follow-up period with no significant side-effects. The preliminary 

investigations reveal that 177Lu-labeled HA particles hold 
considerable promise as a cost-effective agent for RSV. 
More elaborate and controlled clinical trials are necessary 
to evaluate the therapeutic efficacy and safety of the agent 
compared with the treatment with other radionuclides and 
glucocorticosteroids.
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Introduction
Rheumatoid arthritis (RA) is a chronic disease that is 
mainly characterized by asymmetric erosive synovitis, 
particularly affecting peripheral joints.[1] Functional 
disability in patients with RA is the consequence of 
joint deformity, which is the result of pannus invasion 
of the articular cartilage, capsule, ligaments, and 
subchondral bone.[2] Current treatment for RA is based 
on a pharmacological approach,[3] physical therapy,[4] 
and patient education.[5] Synovectomy through the 
use of chemicals, radiation or by surgical means has 
been adopted as therapeutic options in RA.[6,7] Most 
chemical synovectomy is performed using intra-articular 
injection (IAI) of glucocorticosteroids, the most 
effective of which has been shown to be triamcinolone 
hexacetonide.[8] Radiation synovectomy (RSV) (also 
called radiosynoviorthesis or radiosynovectomy) is a 
local IAI of radionuclides in the form of radiolabeled 
colloidal or particulates. First used by Fellinger and 
Schmid[9] in 1952, the technique has been applied for 
over 50 years in the treatment of resistant synovitis in 
individual joints after the failure of long-term systemic 
pharmacotherapy and intra-articular steroid injections. 
It has been found that RSV relieves joint pain, improves 
joint flexibility and reduces joint effusion in about 60‑80% 
of the cases.

In RSV, the ionizing radiation, especially β−, emitted by 
intra-articularly administered radionuclide ablates the 
inflamed synovial membrane (pannus) with subsequent 
fibrosis and in this way reduces join effusions.[10] An ideal 
agent for RSV would be one which the radionuclide 
is irreversibly attached to preformed particles of 
appropriate size.[10‑13] The ideal size of such particles 
is reported to be 1‑10 µ and hence that they are small 
enough to be phagocytized, but not so small that they 
may leak out of the cavity before phagocytizing resulting 
in high dose delivered to nontarget organs.[10,11,14] In 
addition, the particles should be bio-degradable, and the 
biological half-life of such particles should be longer than 
the physical half-life of the radio nuclide tagged with 
them.[10‑13] Hydroxyapatite [Ca10(PO4) 6(OH) 2], one of the 
preferred particulates for use in RSV applications,[11-13,15-19] 
is a naturally occurring mineral form of calcium apatite, 
mainly found in bone and teeth thus it is commonly used 
as a filler to replace amputated bone.[20] The material has 
excellent biocompatibility and biodegradability.[11‑13,15‑20] 
Hydroxyapatite particles of appropriate size labeled with 
β−emitting therapeutic radioisotopes such as, 90Y, 166Ho, 
153Sm, 177Lu and 169Er have shown desirable biological 
properties in animal models and some of them have been 
found to be effective for RSV in human patients.[11-13,15-19]

Lu-177 has emerged as a pivotal radionuclide in 
the field of in vivo radionuclide therapy could be 

considered owing to its suitable nuclear decay 
characteristics (T1/2 = 6.65 days, Eβ [max] =497 keV, 
Eγ =113 keV [6.4%], 208 keV [11%]).[11,21,22] The presence 
of gamma photons of imagable energy with low 
abundance provides the additional benefit of carrying 
out simultaneous scintigraphy. Lu-177 can be produced 
in large quantity with adequately high specific activity 
in a research reactor with moderate thermal neutron flux 
owing to the high thermal neutron capture cross-section 
of 176Lu (σ =2090 × 10 −28 m2).[11,21,22] Moreover, relatively 
longer half-life of the radioisotope provides logistic 
advantage during its transportation to distant nuclear 
medicine centers. Therefore, RSV agents based on 177Lu 
will be economically more viable compared to most of 
the other agents so far in clinical use.[15]

The aim of this study was to assess the clinical utility of 
using 177Lu-labeled HA particles, prepared at hospital 
radio pharmacy using ready-to-use kits, for the RSV 
of chronic synovitis of knee joints. To the best of our 
knowledge, the present article would be the first report 
on clinical utilization of 177Lu-labeled HA particles 
in RSV. Moreover, the efficacy of RSV in RA patients 
with advanced radiographic knee damage has not been 
extensively studied.[23] In this study, the authors also 
tried to analyze the factors that may have influenced the 
response to RSV in such patients after a single injection 
of 177Lu-HA for a follow-up period of 6 months.

Materials and Methods

Production of 177Lu
Lutetium-177 was produced by thermal neutron 
irradiation of isotopically enriched lutetium 
target (lutetium oxide 82% enriched in 176Lu; obtained 
from Trace Science International, Canada) at a thermal 
neutron flux of 1.2 × 1014 n/cm2.s for a period of 21 days. 
The irradiated target was radiochemically converted to 
177LuCl3 solution after dissolving in 0.01 M suprapure 
HCl (Merck, Germany).[21] Assay of 177Lu activity 
produced was carried out by high-resolution gamma 
ray spectrometry using an HPGe detector (Canberra 
Eurisys, France) coupled to a 4K multichannel analyzer 
system after radiochemical processing. 152Eu reference 
source used for energy as well as efficiency calibration 
of the detector was obtained from Amersham Inc., USA. 
Radionuclidic purity of 177Lu was ascertained using the 
same system.[21]

HA particles
HA particles used in this study were synthesized 
and characterized following the procedure reported 
earlier.[12,13,18] The particle size distribution of HA particles 
was carried out by using a laser diffraction particle size 
analyzer (LA‑950, HORIBA, Japan). More than 95% of the 
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particles were found to be in the size range of 1–10 µm, 
with 4.33 µm being the median of distribution.

Preparation of the radiopharmaceutical
Lutetium-177-labeled HA particles suitable for 
administration into patients were formulated at the 
hospital radio pharmacy using cold kits. Cold kits of 
HA particles were prepared by mixing 5.0 ± 0.2 mg of 
HA particles (1–10 µ size range) with a suitable buffering 
agent, such that addition of 1 mL of water for injection 
into the kit vial results in a suspension of HA particles in 
a suitable buffer solution of pH ~ 8.5. For radiolabeling 
with 177Lu, 1 mL of water for injection was added to the 
kit vials followed by addition of ~ 400 GBq (10 mCi) 
of 177Lu activity as 177LuCl3 solution. The contents of 
the kit vials were mixed thoroughly for 30‑min using 
vortex mixture at room temperature and subsequently 
set aside for 60‑min without any futer agitation. The 
pH of the reaction mixture was found to be ~ 7–8. 
Subsequently, the supernatant was carefully separated 
from the precipitated 177Lu-labeled HA particulates. The 
radiolabeled HA particles obtained as precipitate were 
subjected to a further washing using 1 mL of sterile, 
pyrogen free normal saline to ensure the removal of 
free 177Lu activity. Finally, the radiolabeled particulates 
were suspended in sterile normal saline, autoclaved and 
used for animal studies or human clinical applications 
after measurement of dose. The yield and radiochemical 
purity of the 177Lu-labeled HA particles were determined 
by following the procedure already reported.[13]

In vitro stability studies of 177Lu‑HA
In vitro stability of 177Lu-labeled HA particles was 
studied in normal saline as well in human serum. For 
this, the radiolabeled particles were suspended in 1 mL 
of normal saline and freshly isolated human serum. The 
suspensions were stored at 37°C for 21 days (>3 half‑lives 
of 177Lu) in case of saline and 48 h in case of serum. At the 
end of different time intervals, the radiochemical purities 
of the suspended 177Lu-HA particles were determined by 
following the reported procedure.[13]

The radiochemical preparation showed excellent in vitro 
stability in saline up to a period of 21 days (>3 half‑lives 
of 177Lu) and in human serum up to 48 h studied, both at 
37°C. The radiochemical purity of the preparation was 
found to be retained to the extent of > 99% up to the 
study period in both cases.

Biological studies of 177Lu‑HA in animal 
model
The biological behavior of 177Lu-HA particles was 
ascertained by carrying out biodistribution and 
imaging studies in Wistar rats with arthritis affected 
knee joints. Induction of arthritis was carried out in 

male Wistar rats using complete Freund’s adjuvant 
following the procedure reported earlier. 177Lu-labeled 
HA particles (~2 MBq) suspended in 100 µL of saline 
was injected intra-articularly into the arthritis affected 
knee joints of each animal to monitor its biodistribution. 
100 µL saline was injected into the other joint (control). 
The animals were sacrificed by CO2 asphyxiation, at 
the end of 3 h and 7 days post-injection (p.i.). Three 
rats were used for each time point. The tissues and the 
organs were excised, washed with saline and the activity 
associated with each organ/tissue was measured in a 
flat‑type NaI (Tl) scintillation counter. Distribution of the 
activity in different organs was calculated as percentage 
of injected activity (dose) (%ID) per organ from these 
data. For imaging studies, ~20 MBq of the radiolabeled 
preparation suspended in 100 µL of saline was injected 
into the arthritis affected joints. Sequential whole-body 
scintigraphic images were acquired in the single head 
digital Single-photon emission computed tomography 
gamma‑camera at 30‑min, 3 h, 1, 2, 4 and 7 days p.i. 
using a low-energy high-resolution collimator. All the 
animal experiments were carried out in compliance with 
relevant national laws relating to the conduct of animal 
experimentation.

The results of the biodistribution studies showed 
retention of >98% of the injected activity within the 
joint cavity even after 7 days p.i. Almost no activity was 
detected in blood and most of the major organ/tissue. 
The whole-body scintigraphic images of Wistar rats 
recorded at 30‑min, 2 and 7 days after intra‑articular 
administration of 177Lu-HA preparation into the arthritis 
induced knee joints show that all the injected activity 
remained localized in the synovium even at 7 days 
postadministration. No activity could be detected in any 
other organs/tissue thereby confirming that practically 
no leakage of instilled particles had occurred. This 
observation has been corroborated with the results of 
the biodistribution studies.

Selection of patients
The examined group consisted of 10 patients with RA 
and chronic painful synovitis: 7 women and 3 men; 
between 28 and 50 years of age (the mean age was 
41.2 ± 7.2 years). Indication for RSV was persistent knee 
joint effusion and painful synovitis that was recurrent 
in spite of local corticosteroid injections and optimal 
systemic treatment of disease with modifying drugs in a 
stable dose for a period not shorter than 4 weeks before 
RSV. IAI with corticosteroid was prohibited within 
4 weeks before RSV. The mean duration of the disease 
was 18.7 ± 14 months (range: 3–48 months). All 10 knee 
joints (7 right and 3 left knees) studied, had a history of 
knee pain at exercise, severe enough to limit their normal 
physical activity over the preceding 3 months, while 5 
out of the 10 knee joints (50%) had also night pain. The 
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knee flexibility was normal in 6 out of 10 joints (60%) 
and reduced < 20° in 2/10, between 20° and 40° in 1/10 
and > 40° in 1/10 knees. Concentration of the C‑reactive 
protein (CRP) was also measured in all patients by 
means of the immunoturbidimetric method (normal 
values: 0–5 mg/mL) and the fibrinogen level was 
ascertained using the coagulometric method (normal 
values: 1.8–3.3 g/L). Changes in the knee joints caused 
by RA were consistent with radiological Steinbrocker’s 
classification.

Bone scintigraphy
A 3-phase bone scintigraphy (BS) was performed before 
therapy by intravenous injection of 99mTc‑MDP (740 MBq) 
with detectors positioned over the knee joints in anterior 
and posterior projections in all phases of the examination, 
with a dual head gamma-camera (Siemens Symbia True 
Point) equipped with a low-energy high-resolution 
collimator. The first phase (blood flow phase) was 
obtained immediately after radio-tracer administration. 
Dynamic acquisition was performed over a period 
of 2‑min with the time resolution of 2 s. The second 
phase (blood pool phase) was carried out at 5-min after 
injection with a 10‑min static acquisition. Delayed, 
static images (the third phase or metabolic phase) were 
obtained 2.5–4 h after radiotracer administration.

Bone scans were routinely evaluated pretreatment 
to confirm synovitis and post treatment for response 
evaluation.[24,25] Assessment of the second phase 
additionally included the four-degree scale of blood pool 
changes: (1) Normal blood pool, (2) slightly increased 
blood pool, (3) markedly increased blood pool, and 
(4) severely increased blood pool. Semi quantitative 
evaluation of the third phase was performed by 
employing the region of interest method. The J/B ratio 
was calculated dividing the average number of counts 
per pixel in the region of the treated knee joint by the 
average number of counts in the distal part of the femoral 
shaft on the side of the affected joint.[24]

RSV injection and technique
RSV treatment was performed in all knee joints with precise 
intra-articular single knee injection of a typical dose of 
333 ± 46 MBq of 177Lu-HA under sterile conditions. Before 
joint puncture, local anesthesia was administered with 
2% lidocaine hydrochloride. Aspiration of synovial fluid 
prior to the administration of the radiopharmaceutical 
was performed in order to avoid back flushing due 
to high hydrostatic pressure. Depo‑Medrol (40 mg in 
1 mL) was injected into the joint immediately before 
the injection of 177Lu-labeled HA particles in order to 
reduce the risk of acute radiation induced synovitis and 
also to avoid skin radiation necrosis.[26] Subsequently, 
333 ± 46 MBq (range: 259–370 Mbq) of 177Lu-labeled HA 
particles dispersed in 1 mL of sterile, apyrogenic normal 

saline was administered intra-articularly, and then the 
needle was flushed with 2–4 mL of normal saline. In 
case of any uncertainty about the exact location of the 
tip of the needle, arthrography was performed to check 
the correct location. Immediately after injection, the knee 
was flexed to augment inter articular distribution and the 
range of flexion was recorded. An orthopedic bandage 
was applied as a semi rigid splint. Patient remained 
nonweight bearing for 4 h with leg supported. The 
treated joints were immobilized for about 48 h in order to 
prevent migration of radiolabeled particles to local lymph 
nodes. Radionuclide leakage along the needle track or 
any local and general side-effects were not observed in 
examined group of patients. Patients were allowed to 
go home 4 h p.i. advised to take rest. Imaging of activity 
distribution with a dual head gamma-camera showed 
appropriate homogeneously intra-articular distribution 
of the radionuclide within the joint space.

Follow‑up evaluation
The analysis of RSV treatment outcome after 6 months 
follow-up, in all knees was based on detailed information 
from the patient, clinical examination and three phases 
BS. Treatment outcome was examined in terms of joint 
pain during exercise improvement measured with a 
100‑point visual analog scale (VAS) pain score, before 
and at 6 months after treatment. Any improvement 
of the knee pain was measured and calculated as a 
mean (±standard deviation [SD]) percentage change 
from the baseline VAS score. The RSV treatment outcome 
was assessed as excellent, good, fair and poor.[27,28] 
Excellent and good results were considered as treatment 
success, fair, and poor as treatment failure. Patients with 
excellent results had an improvement of VAS score equal 
or higher than 75%, patients with good response had 
VAS scores of 50–75%. Patients with a fair result had 
VAS scores 25–50%, while patients with a poor result, 
had no benefit from treatment, joint pain continued 
and VAS score was <25%. The presence or absence of 
pain during the night before and after RSV treatment 
was recorded according to patient’s judgment and 
was used as another treatment response variable. The 
improvement of patient’s knee flexibility was considered 
as an objective treatment response, measured by the 
angle of knee flexion (<20°, between 20° and 40°, >40°). 
We also compared RSV influences with patient’s age, the 
duration of symptoms and the X-ray grading. Knee joints 
were assigned in groups according to the radiographic 
RA findings, using the Steinbrocker radiological grading 
system (Grades 0‑IV).[22] Comparison of soft tissue 
two phase BS was also performed to see the decrease 
in inflammation. Obtained results were subjected to 
statistical analysis, which included the calculation of 
mean values and standard deviations of all studied 
parameters. Correlations between parameters were 
analyzed and the significance of correlation coefficients 
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was verified with the t-test. Differences in mean values of 
evaluated parameters were assessed by Student’s paired 
t-test and the P < 0.05 was considered as significant.

Results

Preparation of radiopharmaceuticals
Lutetium‑177 was produced with a specific activity 
of 20–25 mCi/µg and radionuclidic purity of 
99.985 ± 0.005%. 177Lu-labeled HA particles were 
prepared in high radiochemical purity of 99.2 ± 0.3% 
following the procedure described in the experimental 
section. The trace quantity of unlabeled 177LuCl3 was 
washed off and radiochemically pure 177Lu-HA was 
obtained for administration into patients.

Bone scintigraphy
All patients demonstrated increased tracer activity in 
the afflicted knee joints and representative images are 
shown in Figures 1 and 2.

Retention of 177Lu‑HA in the knee joints
In all patients treated with 177Lu-HA, no leakage of 
activity from the knee joint cavity to any other nontarget 
organs could be visible in the whole-body scans recorded 
using 208 keV gamma photon of 177Lu up to 1 month 
postadministration of 177Lu-HA. Figure 3 shows the 
representative static whole-body scan of the same patient 
recorded 1 h postadministration of 177Lu-HA, indicating 
excellent localization of the agent in joint cavity. The 
images of the same patient recorded 1 month posttherapy 
are shown in Figure 4, which depicts near complete 
retention of the administered activity in the knee joint 
cavity. This excellent retention of the radiolabeled 
particulates in the joint cavity with almost no leakage 
of activity to any other nontarget organs is one of the 
major requirements of a successful RSV procedure. 
Routine whole-body sweep images were done1 h, 1 week 
and 1 month after IAI, for confirming bio distribution 
patterns; which showed no significant extra articular 
tracer leaching. In addition, the radiation dose to the 
gonads was negligible as all the injections were in the 
knee joints, which were far away from the gonads and 
no extra articular or inguinal node activity was present 
in any of the cases.

Figure 1: Representative anterior and posterior second phase blood 
pool images of 99mTc-MDP bone scan prior to the 177Lu-HA therapy 
showing increased tracer pooling in the right knee joint suggesting 

active synovitis

Figure 2: Representative third phase 99mTc-MDP whole-body scan 
of the same patient indicating increased tracer activity in the right 

knee joint

Figure 3: Lu-177 HA images of the same patient recorded 
immediate injection and 1 month post therapy, which depicts 

complete retention of the administered activity in the knee joint 
cavity

Figure 4: Static knee joint images taken 1 month post therapy, 
depicting near complete retention of the administered activity in the 

knee joint cavity
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Efficacy of the treatment
Six months after RSV, the VAS improvement from 
baseline values of the knee pain for the whole group was 
79.5% ±20.0%. For patients aged between 25–35 years 
and 35–50 years, the mean VAS improvement was 82.1% 
±14.5% and 57.2% ±17.4%, respectively. There was a 
statistically significant difference (P = 0.01) between these 
two groups. Patients with symptoms lasting < 1 year, had 
a mean VAS improvement of 85.5% ±17.0%, significantly 
higher than the corresponding value of 58.4% ±18.6% 
of patients with the disease lasting for 1 or more 
years (P = 0.03).

Visual analog scale improvement for knees with 
Steinbrocker’s Grades 0 and I, versus knees with more 
advanced (Steinbrocker’s Grades III and IV) radiographic 
changes, was 75% versus 45.8% (P < 0.001). In a further 
analysis, concerning the radiographic changes, it 
seems that at 6 months after RSV treatment the success 
rate was 100% for knees without or with mineral 
osteoarthritis (OA) radiographic changes (Steinbrocker’s 
Grades 0 and I) and 85% for knees with moderate OA 
radiographic changes (Steinbrocker’s Grade II).However, 
in knees with advanced (Steinbrocker’s Grades ΙΙΙ and 
ΙV) degenerative changes, the RSV success rate was 
significantly reduced (52.2% in 6 months), compared 
to the joints with no or minimal radiographic changes.

The overall success rate of RSV as a percentage of 
knee joints studied is shown in Table 1. None of the 
patients showed complete failure (VAS improvement 
score 0%), one patient showed VAS improvement of 
25–50% termed as failure. Three patients showed VAS 
improvement between 50% and 75%, seven patients 
showed VAS improvement of 75–100% among that 
complete response (VAS improvement score 100%) was 
seen in 2/10 knees.

The outcome results in terms of VAS for joint improvement 
related to the three phase BS changes are shown in Table 2. 
VAS improvement for knees with moderately increased 
blood pooling (score 3), versus severely increased (score 4) 

scintigraphic changes, was 76.5% versus 59.4% (P < 0.001). 
In a further analysis, concerning the scintigraphic changes, 
it seems that at 6 months after RSV treatment the success 
rate was 90% for knees with moderately increased blood 
pooling and 75% for knees with severe grade blood pooling. 
However, in knees with more increased blood pooling, 
the RSV success rate was significantly reduced (70% in 
6 months), compared to the joints with mild or moderate 
scintigraphic changes. After 6 months, the improvement in 
knee pain correlated with the decrease in soft tissue pooling 
in the treated joints. More the improvement in VAS score, 
more decrease in blood pooling compared to pretherapy 
scintigraphic changes noted. Changes in the third phase 
of BS3 (the J/B ratio) were: Before the therapy 2.4 ± 0.3; 
after treatment 1.0 ± 0.2 (P < 0.05). It was also statistically 
significant pre and posttreatment.

At 6 months after RSV treatment, night pain was 
absent in 5 out of the 5 knees (100%). Knee flexibility 
was improved on 3/4 knees (75%) at 6 months and not 
improved in 1 patient. Specifically knee flexibility was 
reduced to <20°, between 20° and 40° and > more than 
40° in 2/4, 1/4 and 1/4 cases (for direct comparison 
with abnormal knee flexibility before RSV). The 
side-effects during the follow-up period were minimal: 
No side-effects occurred including thromboses or skin 
radiation necrosis.

Mean concentrations of CRP (mg/l) were: Before therapy 
67.3 ± 10.5, 48 h after therapy 43 ± 18.4, 4 weeks after 
therapy 35.8 ± 12.5, 24 weeks after therapy 16.5 ± 6.4. 
Mean levels of fibrinogen (g/l) were respectively: 
5.3 ± 0.6; 5.0 ± 0.5; 4.7 ± 0.6; 4.3 ± 0.8. CRP concentration 
4 and 24 weeks after the therapy was significantly lower 
than before treatment. The fibrinogen level was not 
different before and after RSV.

Discussion
This study demonstrated that 177Lu-HA can be potentially 
used as a viable option for radiosynovectomy of the knee 
joints. The choice of this radiopharmaceutical was made 

Table 1: Percentage of VAS improvement before and after therapy
Number of joints Excellent Good Fair Poor Success Failure

VAS≥75-100 VAS≥50-75 VAS>25-50 VAS<25
10 7 2 1 0 9 1
VAS: Visual analog scale

Table 2: Results of three‑phase bone scan and acute phase reactants before and after therapy
Number 

of patients
Three‑phase bone scan CRP (mg/dl) Fibrinogen (g/l)

Second‑phase Third‑phase
Before therapy 10 3.2±0.7 2.4±0.3 67.3±10.5 5.3±0.6
6 Months after therapy 10 1.4±0.7 1.0±0.2 16.5±6.4 4.3±0.8
P value P<0.001 P<0.05 P<0.05 NS
NS: Not significant; CRP: C‑reactive protein
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based on the optimal penetration of beta radiation in the 
synovia. Bio distribution of 177Lu-HA can be easily studied 
scintigraphic imaging utilizing the gamma photons emitted 
by 177Lu. Histopathological findings in the early phase after 
intra-articular administration of 177Lu-HA reveal reduction 
in the quantity and size of the synovial villi, decreased 
hyperemia and the thickness of the synovia. In the late 
phase after RSV, synovial fibrosis is predominantly seen. 
The beta radiation, because of its short penetration distance, 
reaches only structures in the intermediate vicinity of 
the joint cavity, while the gamma photons co-emitted by 
177Lu-HA can reach more remote organs. In this connection, 
the radiation dose to the gonads is the main topic. The 
highest dose results from a RSV of the hip joint. For RSV of 
other joints, the dose to the gonads is clearly smaller because 
of the greater distance to the gonads and a lower activity 
injected. For an activity of 150 MBq of 177Lu administered at 
the hip, the maximal gamma radiation dose to the gonads 
was estimated as 3.5 mSv.[28]

Based on the in vitro stability studies and bio distribution 
studies performed in animal models, it has been observed 
that 177Lu-HA is highly stable and leakage from the synovial 
site is negligible.[13,15] Based on the posttherapy whole-body 
imaging studies conducted on human patients, we have 
seen that when the treated joint was immobilized, activity 
in the lymph nodes was undetectable and leakage was 
negligible even at 1 month post therapy. Significant 
intra-articular retention at 1 month also suggests excellent 
in vivo stability of the preparation in human.

According to our prospective study, the RSV overall 
success rate (VAS ≥ 50%) was 80% at 6 months, indicating 
a high short‑term beneficial effect in pain remission 
of knee joints. Markou and Chatzopoulos[23] studied 
Yttrium‑90‑silicate radiosynovectomy treatment of 
painful synovitis in knee and they published results after 
6 months, the RSV overall success rate (VAS ≥ 50%) was 
83.8% at 6 months, indicating a high short‑term beneficial 
effect in pain remission at exercise of OA knee joints. We 
also find similar response with 177Lu-HA. An equally 
significant beneficial effect of RSV in complete remission 
of the joint pain during the night was found in 100% of 
the joints. Our results in this case is also correlated with 
that of Markou and Chatzopoulos,[23] which showed 
night pain remission of 88.6%. Improvement of knee 
flexibility, as we have shown, has also been reported by 
others[29] and is probably associated with the ablation of 
the synovial membrane, reduction of knee effusion and 
pain remission.

The mean VAS improvement observed at 6 months 
was inversely related to patients’ age, duration of 
symptoms and the radiographic grading of OA. Similarly 
to other studies, RSV seemed to be less beneficial in 
older patients, in cases of long duration of the disease 

and in advanced OA stages (Steinbrocker’s Grades 
ΙΙΙ and ΙV).[23,30,31] The examined group of patients seems 
to be homogenous in terms of disease entities and the 
intensity of the inflammatory process in the knee joints. 
Considering indications for RSV, it should be kept in 
mind, that the response to the therapy is incomplete 
in patients with advanced articular changes (degree III 
and IV of Steinbrocker’s classification), joint instability 
or synovial hypertrophy exceeding penetration rate of 
beta radiation.

In our study, not only clinical evaluation was considered, 
but also the concentration of acute phase proteins, in 
particular CRP, which decreases significantly after 
RSV, and scintigraphic evaluation (particularly in the 
blood pool phase). One of the conditions, that qualify 
a patient for RSV, is the presence of inflammatory 
changes in BS3.[26] In this paper, we have tried to assess 
the therapeutic effectiveness of RSV, by means of 
BS3. BS3 plays a crucial role in the diagnosis of early 
articular changes. In more advanced stages its role is 
complementary to radiographical investigations in the 
assessment of prognosis and therapy efficacy.[32] Similar 
to other authors,[32,33] we have observed a considerable 
normalization of the blood pool and to a lesser degree of 
metabolism after RSV. This observation proves BS3 to be 
a useful diagnostic tool that truly reflects joint changes.

Repeated RSV treatment procedures may be applied in 
the same joint after a minimum interval of 6 months, 
according to EANM guidelines.[26] Single RSV treatment, 
response usually has a delay of onset of 3–6 months and 
lasts up to 24 months. For this reason, we followed‑up 
our patients for 6 months. The co-administration of 
glucocorticoids immediately after the 177Lu-HA injection 
is considered to have a beneficial effect as early as the 
1st week and up to 4 months and is used to reduce the 
risk of acute radiation induced synovitis, due to 177Lu 
injection.[3] The RSV side-effects and complications 
observed were minimal and not significant as is usually 
expected.[34]

Conclusion
Preliminary clinical investigations were carried out on 
the efficacy of 177Lu-labeled HA particles in RSV after 
intra‑articular administration of 333 ± 46 MBq does of the 
agent in a small group of patients suffering from recurrent 
joint effusions and chronic synovitis of knee joints. The 
study indicated the potentiality of the agent as a viable 
and cost-effective radiopharmaceutical for use for the 
treatment of chronic RA of knee joints. The significant 
pain relief and improved mobility observed in all patients 
treated was encouraging. RSV efficacy can be confirmed 
by imaging and biochemical tests. Moreover, there is 
minimal radiation risk involved in the procedure and can 



Shinto, et al.: 177Lu‑labeled hydroxyapatite for knee joint radiosynovectomy

88 World Journal of Nuclear Medicine/Vol 14/Issue 2/May 2015

be performed on outpatient basis. Since, the number of 
centers performing radiation synovectomy is increasing 
all over the world, 177Lu-HA showed the potential to 
emerge as a promising and cost-effective candidate 
considering its large-scale production feasibility and 
logistic advantage for transportation to distant places.
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