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Abstract
Purpose To evaluate the safety and efficacy of a novel technique of preconditioning autologous blood with gold particles
(GOLDIC®) and injection in patients with moderate to severe knee osteoarthritis (KOA).
Methods During this phase 2a, proof-of-concept (PoC) open label study, 83 consecutive patients that 64 patients met inclusion
criteria (mean age: 64.8 years; 89 knees) with radiographically proven KOA, received four ultrasound guided intra-
articular knee injections of GOLDIC® at three to six day intervals. Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and Knee injury and Osteoarthritis Outcome Score (KOOS) were evaluated at
baseline, four weeks, three, six months, one, two and four years (T1–T6). The incidence of treatment related severe
adverse events (SAEs) recorded. Intra-articular gelsolin level in patients with effusion was determined.
Results KOOS and WOMAC scores improved for the full duration of the study (P < 0.05), minimal clinically important
difference (MCID) was observed at all time points in all KOOS subscores, with no reported SAEs. Intra-articular
gelsolin level increased after treatment with reduction of effusion. No statistically significant evidence of an association
between patient demographics and outcome were identified. Nine patients failed treatment, with 32 months mean time to
failure and underwent total knee arthroplasty.
Conclusion PoC study of GOLDIC® as a novel device for conservativemanagement of moderate to severe KOAwas confirmed.
GOLDIC® produces rapid and sustained improvements in all indices after treatment, with no SAEs.
Trial registration § 13 Abs.2b AMG Bavaria (Protokol Reg OBB 5-16) (Ref 53.2-2677.Ph_3-67-2)—Date 3/20/2010 retrospec-
tively registered.

Keywords Stemcell therapy .Kneegeneral .Goldic .Painmanagement . Platelet-richplasma .Bonemarrowaspirate concentrate

Introduction

Osteoarthritis is one of the most common conditions of joints
[1]. Greater numbers of people are developing symptomatic
osteoarthritis of knee due to increased longevity [2].
Degenerative conditions pose treatment challenges not only
for physicians but also for patients [3–5]. Patients with
Kellgren-Lawrence (K-L) grades 2–3 knee osteoarthritis
(KOA) can suffer due to pain and physical limitations for
many decades [6]. Total knee replacement (TKR) is the last
option for K-L grades 3–4 KOA [7]. TKRs are invasive, and
can be associated with many direct complications and other
medically related morbidities and in the rare instance, mortal-
ity [7]. Intra-articular (IA) injection therapy has generated in-
creased interest [8]. IA hyaluronic acid (HA) and corticoste-
roids are commonly used, with short-term pain relief [9, 10].
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Autologous blood–based products such as platelet rich plasma
(PRP) and autologous conditioned serum (ACS), and stem
cells are also utilized. However, they may not be effective
long-term and in all K-L grades of KOA [11–15].

We developed an innovative technique of producing a con-
ditioned serum rich in cytokines (Gold-IC) by utilizing spe-
cialized gold particles. Gold compounds (aurothiomalate) in-
hibit the production of nitric oxide (NO) from chondrocytes;
Nitric oxide mediates the destructive effects of IL-1 and
TNF-αwhich include reduced collagen and proteoglycan pro-
duction, apoptosis of chondrocytes, and stimulation of matrix
metalloproteases [16]. In vitro studies have shown that incu-
bation with gold particles inhibit catabolic factors, increases
anticatabolic and anabolic factors and also increases the level
of gelsolin which is a key protein in cellular metabolism [17].

The exact mode of action of the GOLDIC® procedure is not
well understood. In vitro studies have shown a significant in-
crease in plasma gelsolin level in the autologous serum and in-
creased gelsolin level in synovial fluid after every GOLDIC®
injection. Both gelsolin and G-CSF have been shown to promote
regeneration [18–21]. Gelsolin is an actin-binding protein and
occurs in both cellular cytoskeleton and in the plasma [22]. The
cytoskeleton is responsible for the viscoelasticity of cells.
Gelsolin also regulates other important cell functions including
cell motility, phagocytosis, apoptosis, and the activation of
thrombocytes, and its plasma concentration is decreased in vari-
ous tissue degenerative diseases. Experiments have shown de-
creased plasma gelsolin concentrations in animals with sepsis,
and treatment with gelsolin had a positive effect on the survival
rate in these animals [23]. Plasma gelsolin serves as a buffer to
intercept inflammatory reactions of the body andwas found to be
decreased in rheumatoid arthritis [24]. Interestingly, the gelsolin
level were found more reduced in the affected joints in compar-
ison to plasma level.

The first GOLDIC® trial in horses showed significantly im-
proved lameness [25]. The first human clinical trial investigated
healing of tendoachilles, with significant follow-up clinical and
MRI improvement. Compared to other blood-based biological
methods, only the GOLDIC® procedure has been demonstrated
upregulation of plasma gelsolin (pGSN) and granulocyte colony
stimulation factor (G-CSF), both of which play an important role
in tissue regeneration [26].

Encouraged by the results of these two GOLDIC® studies,
we conducted this PoC open label trial to evaluate the safety
and clinical effectiveness of GOLDIC® in patients with KOA.

Methods

Study design and treatment

This was a single-center phase 2a, PoC, open-label trial to assess
the efficacy and safety of autologous intra-articular GOLDIC®

therapy in patients withmoderate to severe KOA. The studywas
conducted in accordance with the principles of the Declaration
of Helsinki and the International Conference on Harmonization
Guidance for Good Clinical Practice. The clinical use and the
study of autologous gold-induced serum (Goldic®) inKOAwas
approved by competent regional council in accordance with §
13 Abs.2b AMG Bavaria (Protokol Reg OBB 5-16) (Ref 53.2-
2677.Ph_3-67-2), and all patients provided written informed
consent in accordance with local requirements.

Treatment of 83 consecutive patients was investigated retro-
spectively from prospectively collected data. Of those who met
the inclusion and exclusion criteria (Table 1) that yielded 64
patients (37M and 27 F) and 89 knees enrolled during the period
2008–2015 at the Regenerative Medicine Centre Tegernsee,

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Study
design

• Consecutive patients
treated with intraarticular
Goldic® injections.

• Patients recruited
•Minimum 4 year follow-up

• Patients surgically treated
concomitantly with some
other treatment platform
or a part of another study.

• Had knee surgery other
than debridement.

• Excluded surgical
procedures included:

❖ Chondroplasty
❖ Marrow stimulation

procedure
❖ Other cellular therapy
❖ Collagen implantation

therapy
❖ Implanted simultaneously

with scaffold device.

Participants • Human subjects aged ≥ 18
years.

• Chronic knee pain or
symptoms for at least 3
months.

• Radiographic confirmation
of Kellgren-Lawrence
Grades 2–4 osteoarthritis
of knee joint.

• Active infection.
• Pregnancy.
• Neurological disorders.
• Spondyloarthropathies.
• Gout, hyperlipidemia.
• Inflammatory arthritis
• Metal sensitivity.
• Pathologies of the lower

limb which would
interfere with the
evaluation of
osteoarthritis of knee
joint.

Patients were also excluded
if they received in the two
months prior to treatment:

• Any intraarticular
injections.

• Had taken any
symptomatic slow-acting
drugs in osteoarthritis
(SYSADOA): oral or top-
ical steroids and/or non-
steroidal
antiinflammatories
(NSAIDs).
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Germany. All patients recruited for the trial were followed for a
minimum of 4 years after the last GOLDIC® injection. Patients
returned to the clinic at four weeks, three, six months, one, two
and four years (T1–T6), and were assessed with WOMAC and
KOOS by independent clinic nursing staff trained to administer
the instrument with minimal intervention.

Patients

Patients with KOA with minimum three months of knee pain
and/or swelling and a radiographic diagnosis of knee osteoar-
thritis K-L grades 2–4 as determined by independent muscu-
loskeletal radiologists on plain radiographs or MRI were in-
cluded in this study. Twenty-five patients underwent either
simultaneous or staggered bilateral injections based on clinical
symptomatology, see patient flow diagram (Fig. 1).

GOLDIC® therapy

For GOLDIC® therapy, 4 × 10 mL of blood was collected from
each patient using four GOLDIC® BTS syringes (Arthrogen

GmbH, Ringsee, Germany) at the time of initiating therapy. All
four syringes were incubated at 37 °C for 24 hours. Incubation
must be less than 28 hours or the chances of red blood cell lysis is
increased and is not desirable as it changes the characteristics of
the serum injectate negatively. Addition of anticlotting agent is
not required as even if clot forms, it does not impact separating
the cells and creation of the activated serum.

After the incubation process, the four tubes were centri-
fuged at 4000 rpm (2250g) for ten minutes. Then supernatant
conditioned serum was collected and filtered through a
0.22-μM syringe tip filter (Millex GP, Merck Millipore,
Tullagreen, Carrigtwohill, Cork, Ireland), and was then used
for immediate IA injection or stored at − 20 °C for later use up
to eight weeks from processing. All patients received four IA
injections of approximately 3 ml. GOLDIC® serum every
three to six days. In all cases, an ultrasound guided intra-
articular injection was performed by superolateral approach
under aseptic technique with a 22G spinal needle [27]. If a
knee effusion was present, the synovial fluid was aspirated
under aseptic condition, and the amount of aspirated fluid
was documented and sent to an independent laboratory for

Fig. 1 Flow diagram
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p-GSN analysis. Patients were advised to use ice pack/cold
therapy for any knee pain at home and to avoid prolonged
walking and standing for 24 hours after injection. Patients
were also instructed to use only paracetamol (1 g up to four
times per day) for post-injection pain and to strictly avoid
NSAIDs. Post-injection rehabilitation, patients were asked to
avoid strenuous exercise, were allowed only nonimpact exer-
cises such as walking, cycling, and pool exercises; subse-
quently, gradual resumption of normal sport or recreational
activities was allowed. Supervised physiotherapy and or knee
supports were not required.

Assessments

The primary efficacy endpoint was change in WOMAC and
KOOS before and at four weeks, three, six months, one, two
and four years following the intervention [28, 29].

TheWOMAC score was calculated out of the present study
KOOS dataset. The primary safety endpoint was the incidence
of SAEs during the entire treatment period.

Intra-articular gelsolin measurement

Joint fluid samples were obtained by direct aspiration
before GOLDIC® injection, centrifuged at 800g for 15
minutes, separated and cryopreserved at − 80 °C. The
individual biochemical parameters were determined fol-
lowing a standardized protocol using commercially
available kits. Samples were analyzed in batches within
eight weeks of collection (Department of Immunology,
University of Heidelberg). After 1:5000 dilution, the
concentrations of gelsolin (μg/ml) was measured using
a human plasma gelsolin ELISA kit (SK00384-01,
AVISCERA BIOSCIENCE, INC. Santa Clara, CA/
USA). Based on the different dilution in the synovial
fluid [30], the gelsolin values were corrected using urea
concentration (Urea Assay Kit ab83362, Abcam plc,
Cambridge/UK).

Statistical methods

Statistical analysis was performed by an independent statisti-
cian. The Kolmogorov-Smirnov-Test normality test showed
no significant deviation compared to normal distribution in
WOMAC and KOOS. Gelsolin evaluation data were analyzed
by descriptive statistics only given the limited number of
cases. Data were expressed as means and standard deviation.

We calculated a post hoc sample size based on the ability to
detect an effect size of 1/3 with power of b = 80% and two-
sided significance level a = 5%, which showed that it was
necessary to include at a minimum 71 knees.

Results

Patients

A total of 64 patients (89 knees) with KOA were included in
the trial. There were 37male and 27 female patients; mean age
was 64.8 years (± 12.9 years); 47 patients had right and 42 had
left knee involvement. Twenty-five patients had bilateral
KOA (Table 2). The mean BMI was 28.2 (± 3.65 kg/m2),
and 17 patients had previously undergone knee surgery prior
to treatment. Fourteen knees had grade 2, 36 had grade 3, and
39 knees had grade 4 K-L KOA.

Efficacy

KOOS and WOMAC scores showed statistically significant
improvement in follow-up timepoints compared to T0, (P <
0.05) (Table 3). The best improvement in KOOS subgroups
could be seen for the pain criterion (Fig. 2). The WOMAC
subscale for function demonstrated the most significant im-
provement (Fig. 3). All KOOS and WOMAC subscores
showed significant improvement in the mean for nearly all
follow-up timepoints compared to T0 (P < 0.05) (Table 3).
Concerning the grade of KOA, best results were seen in pa-
tients with grades 2 and 3 KLKOA (Supplementary Data, Fig.
2B and 3B), but significant improvement were seen also in
patients with grade 4 KL KOA (Supplementary Data, Fig. 2C
and 3C). Clinical results were not influenced by previous sur-
gery, age or BMI. MCIDwas met KOOS (8–10 point change)
(Table 3) for all timepoints and sub-scores. Nine patients
failed treatment and underwent total knee replacement at
mean of 32 months following procedure.

In the nine knees with an effusion that could be aspirated, the
IA gelsolin (p-GSN) level showed a significant increase after the
first GOLDIC® injection from 7.68 (± 4.68 mcg/mL) to 12.51
(± 6.78 mcg/mL). After the second and third injection, the p-
GSN levels slightly increased to 13.74 (± 5.74 mcg/mL) and
15.18 (± 8.58 mcg/mL) respectively. The amount of effusion

Table 2 Baseline demographics and characteristics of the 64 patients
(89 knees). *Mean given for all baseline characteristics except for gender
and affected knee

Baseline characteristics Mean* StdDev (+, −)

BMI (kg/m2) 28.2 3.6

Age (years) 64.8 12.9

Gender (male/female) 37/27

Side (right/left) 47/42

OA grade II
OA grade III
OA grade IV

N = 14
N = 36
N = 39

OA Osteoarthritis
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decreased from 12.6 (± 3.8 mL) to 4.6 (± 2.4 mL) after the first
aspiration and injection, to 1.8 (± 1.1 mL) after the second in-
jection and finally to 1.2 (± 0.7 mL). After the third GOLDIC®
injection, five of the nine patients showed no effusion.

Safety

Other than prolonged pain and swelling in four patients, no
other adverse, or severe adverse events observed in this study.

Discussion

To our knowledge, this is the first investigation to report the
efficacy of a novel biological device using gold particles as
inducer of autologous proteins production (GOLDIC® meth-
od) for the treatment of KOA. The use of autologous blood
products for the treatment of osteoarthritis is not new. For a
few decades, preparations such as PRP, ACS, or autologous
conditioned plasma (ACP) have been used with varying de-
grees of success [11–15, 31]. Alpha granules of platelet are
rich sources of various growth factors like platelet-derived
growth factor, transforming growth factor-beta, and vascular
endothelial growth factor [32]. PRP use in the treatment of
KOA is often debatable and conflicting in the current litera-
ture; studies reports PRP as better, having same effect or
worse than hyaluronic acid in relieving pain in KOA
[11–15]. Duration of effect of PRP has also been shown to
be variable lasting for six months to one year [11–15]. The
variable results could be explained by a lack of standardized
technique of PRP preparation; variable types, other factors
like gamma interferon, the number and site(s) of PRP injec-
tions [11–15]. In comparison to PRP, the technique of
GOLDIC® preparation is standardized and uniform, so con-
tent and quality of the GOLDIC® serum is consistent.
Another autologous blood product used in osteoarthritis is
autologous conditioned serum (ACS); In this procedure, the
patient’s blood is taken up and cultured in special syringes
containing special glass beads that stimulate peripheral leuko-
cytes to produce antiinflammatory cytokines such as
interleukin-1 receptor antagonist (IL-1ra) [13]. Conditioned
autologous serum (CAS) like GOLDIC® also has IL-1ra that
inhibit intra-articular destructive effects of interleukin-1 (IL-1)
along with other factors that are present in the PRP (platelet-
derived growth factor, insulin like growth factor and vascular
endothelial growth factor) [26]. But in comparison, ACS

requires multiple blood harvests for six injections, to be given
at a widely spread and lengthy injection (0, 7, 14, 90, 180, 270
days) schedule [13]. It does not seem to promote long-lasting
restoration of joint homeostasis as multiple injections over a
nine month period are required. Treatment regimens for
GOLDIC were designed to ensure that in the hands of the
general practitioner the results of treatment will be uniform
across different patient groups who may use the platform.
Initial subjects for treatment were lame race horses, and jum-
pers, as animals cannot communicate their level of improve-
ment, we can only ascertain response to treatment by the func-
tional improvement. Up to ten injections were administered to
animal subjects; however after years of experience, no addi-
tional benefit was seen after four injections. There is also some
scientific basis of the treatment as well, seen in humans, before
the trial began, in patients with swelling prior to treatment.
Ninety-four percent of effusions were eliminated after the
fourth injection, whereas 67% of effusions ceased after the
third injection, therefore four injection series were selected
for treatment standardization and to ensure optimal outcome.
Additionally, as illustrated in the study, p-GSN levels signif-
icantly improved after the second injection, but only 55% of
patients had eliminated their effusion at the completion of
three injections. This point will continue to be observed in
future investigations.

Although, in vivo studies demonstrate that ACS indeed
improves pain and function in humans having KOA, however
one in vitro study showed that ACS has increased levels of
both anti-inflammatory and pro-inflammatory cytokines—
tumor necrosis factor-alpha (TNF-α) when it was applied to
osteoarthritis explant tissue, additionally, it did not have any
direct effect on cartilage metabolism [13].

The first GOLDIC® trial in horses showed a significant
improvement in clinical symptoms of horse joint disease and
lameness [25]. First human clinical trial in tendoachilles
showed a promising clinic results and impressive healing
demonstrated on follow-up MRI [26]. Good results of these
two GOLDIC® studies encouraged us to conduct this pro-
spective trial to evaluate effectiveness in patients with KOA.
Other objectives of this study were to evaluate its safety pro-
file influencing the result of treatment of KOA.

In Germany, where the study took place, we were very
stringent in the selection of patients who were administered
the treatment, as most medical treatments are fully covered by
the health system whereas, novel treatments although allowed
by regulatory authorities when administered by the inventor,
the cost of administration was covered by patients. Currently
an ongoing investigation is examining cost-benefit analysis of
GOLDIC® comparing other common injectable treatments.

A total of 64 patients (89 knees) with KOA were included
in the trial. Sixty-four patients with affected 89 knees had
statistically significant improvement in the global WOMAC
and KOOS score at nearly all timepoints compared to baseline

�Fig. 2 a KOOS scores for baseline, 4 weeks, 3, 6 months, 1, 2, and 4
years after treatment with GOLDIC injections. S = symptoms, P = pain,
ADL = activity in daily living, Sp = sports, QOL = quality of life. b
KOOS mean scores for K-L grades 2 and 3 at baseline 4 weeks, 3, 6
months, 1, 2, and 4 years after treatment with GOLDIC injections. c
KOOS mean scores for K-L grade 4 at baseline, 4 weeks, 3, 6 months,
1, 2, and 4 years after treatment with GOLDIC injections
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(P < 0.05). The best improvement in KOOS subgroups could
be seen for the criterion activity in pain. The WOMAC sub-
scale for function the score showed the most impressive im-
provement. Best results were seen in younger patients with
grades 2–3 K-L KOA, but good results were also seen in
elderly patients with severe osteoarthritis. A good response
in K-L grade 4 KOA showed that injected GOLDIC® is like-
ly, not just working on promoting anabolism and preventing
catabolism but is also helping in restoring the overall joint
homeostasis. The best results in K-L grade 2 KOA show that
the problem ismore biological, and good results in K-L grades
3–4 KOA demonstrate that other mechanical factors such as
osteophytes, bone loss, instability, and deformity may be par-
tially affecting the outcome of GOLDIC® therapy. Besides
grade of osteoarthritis, other variables such as previous sur-
gery, sex, age, and BMI did not seem to influence the clinical
outcome. With the improvement plateauing after two years,
redosing is a possibility and may lead to an additive and dis-
ease modifying effect; however, this will be better evaluated
within the confines of a randomized controlled trial with sham
or saline comparison.

Another objective of this study was to evaluate the intra-
articular gelsolin concentration during follow-up period.
There was a significant elevation of intra-articular gelsolin
concentration after the 1st injection in patients with effusion.
Interestingly, the increased gelsolin level was accompanied by
the reduction of the amount of synovial fluid production.
Therefore, we can postulate that GOLDIC® may influence
the overall joint homeostasis and reduce synovial effusion
modulating the cytokine level, thus leading to an improve-
ment in the clinical outcome. A subsequent study would be
required to attempt to establish the disease modifying role of
GOLDIC® therapy.

We also intended to evaluate the safety profile of
GOLDIC® therapy by documenting any SAEs during the
treatment and follow-up periods. No severe complications,
or other SAEs occurred among the study subjects. Only minor
adverse events were detected, such as a mild pain and effusion
after the injections, which persisted for not more than two
days in a few patients. Only one elderly patient with bilateral
osteoarthritis of knee joint had diffuse swelling and pain
which persisted for five days. Compared to other blood-
based biological methods, only the GOLDIC® procedure
has shown upregulation of plasma gelsolin (pGSN) and gran-
ulocyte colony stimulation factor (G-CSF) which both play an
important role in tissue regeneration [18–21]. The results of

the present study documented significant long-lasting benefits
of the GOLDIC® method which have not been seen in other
blood-based platforms such as PRP, ACS, or ACPwith effects
peaking at the two year mark instead of at three months for
HA and six months for PRP, thus opening the possibility
of repeat dosing and lengthening the period of symp-
tomatic improvement; however, this will need to be in-
vestigated directly within new trials [9–15, 31].

The exact mode of action of the GOLDIC® procedure is
not well understood. In vitro studies have shown a significant
increase in plasma gelsolin level in the autologous serum and
increased gelsolin level in synovial fluid after every
GOLDIC® injection. Both gelsolin and G-CSF have been
shown to promote regeneration [18–21]. Therefore, it is an
important finding that GOLDIC® injections resulted in a sig-
nificant increase of gelsolin in the synovial fluid.

Two of the major limitations of this investigation are the
lack of randomization and blinding. Additionally, the design
of this study did not include a control arm; limiting the con-
clusions, we can draw about the independent regenerative
impact of the GOLDIC®therapy. Although the data were col-
lected prospectively, and the investigation had been registered
in a recognized trial registered, our data were analyzed retro-
spectively. The standard to introduce novel treatments should
obviously be appropriately powered randomized controlled
trials with robust outcome measures and adequately long fol-
low-up. Nevertheless, we were stringent in the selection of
patients who were administered the treatment under study,
and patients were accurately followed up for at least four years
after the index procedure. To ameliorate this shortcoming, the
next step in this investigation would be to conduct blinded
randomized control trials, with long-term follow-up, assessing
the effectiveness of GOLDIC® therapy in KOA. This would
allow the results of this body of research to be more general-
izable to larger bodies of patients. Another limitation of this
study is the evaluation of knee health and improvement pri-
marily using patient-reported outcome measures. While this is
common practice and was paired with measures of pGSN,
imaging of the knee joint at sequential time points pretreat-
ment and follow-up could help quantify the regenerative prop-
erties of GOLDIC® therapy.

The goal of the study should establish appropriate
feasibility, and rationale for organizing a multicentric
randomized placebo-controlled trial. Such a trial could
also identify subgroups of patients that will benefit
more from this treatment platform. In future investiga-
tions, PROMs, PROMs relation to PASS (patient ac-
ceptable symptom state), and objective measures such
as functional tests such as isometric/isokinetic strength,
as well as JSW (joint space width) on plain weight
bearing radiographs, as well as qualitative and quantita-
tive MRI results are planned to evaluate the outcomes
of treatment more thoroughly.

�Fig. 3 aWOMAC scores for baseline, 4 weeks, 3, 6 months, 1, 2, and 4
years after treatment with GOLDIC injections. b WOMAC mean scores
for K-L grades 2–3 at baseline, 4 weeks, 3, 6 months, 1, 2, and 4 years
after treatment with GOLDIC injections. cWOMAC mean scores for K-
L grade 4 at baseline, 4 weeks, 3, 6 months, 1, 2, and 4 years after
treatment with GOLDIC injections
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Conclusion

PoC study of GOLDIC® as a novel device for conservative
management of moderate to severe KOA was confirmed.
GOLDIC® produces rapid and sustained improvements in
all indices after treatment, with no SAEs.
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