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Abstract
Background

Intra-articular injection of hyaluronic acid (HA) has favorable effects on pain relief and knee function
along with the low incidence of serious adverse reactions. Although various HA products are available for
the treatment of knee osteoarthritis, it is still controversial whether differences in HA products have any
clinically signi�cant difference in e�cacy and safety. In light of the above, the e�cacy and safety of
intra-articular injection of biological fermentation–derived high-molecular-weight HA (NRD101) was
investigated in a double-blind comparative manner in Chinese patients with knee osteoarthritis.

Method

A multicenter, prospective, randomized, double-blind, parallel, active control, non-inferiority study was
conducted in Chinese patients with knee osteoarthritis. Patients were randomized to receive �ve
consecutive weekly injections of either NRD101 or Artz (a non-crosslinked low-molecular-weight HA
derived from combs of roosters) followed by 4 weeks follow-up. The primary e�cacy endpoint was the
change from baseline in the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
NRS pain subscale score at Week 5. Secondary e�cacy endpoints included WOMAC stiffness and
physical function subscale score, local pain, range of joint motion, and overall improvement.

Results

Among 267 randomized patients, 259 patients completed the study. The change from baseline in
WOMAC NRS pain subscale score at Week 5 was −2.98 ± 0.193 in the NRD101 group and −2.66 ± 0.194
in the Artz group, and the trial met the non-inferiority criteria. E�cacy in the NRD101 group tended to be
consistently higher than in the Artz group for most items of WOMAC. Several subgroup analyses also
showed differences between the two groups, tending to favor NRD101. Adverse events were seen in
26.0% (34/131) of patients in the NRD101 group and 38.3% (51/133) in the Artz group.

Conclusions

NRD101 improved knee pain in Chinese patients with osteoarthritis after �ve consecutive weekly
injections. NRD101 tended to be somewhat more effective than Artz. No new safety concerns were
identi�ed.

Trial registration: JapicCTI, JapicCTI-173531. Registered 10 March 2017, https://www.clinicaltrials.jp/cti-
user/trial/Search.jsp

Introduction
Knee osteoarthritis is a degenerative disease of the knee joint involving progressive damage to the
cartilage and joint against the background of genetic alterations, menopause-related estrogen de�ciency,
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and aging (1). Pain in the damaged joints can severely interfere with activities of daily living. Knee
osteoarthritis is one of the leading causes for reduced quality of life (2). In countries with aging
populations, the numbers of patients with knee osteoarthritis are increasing (3). It has also been shown
that older Chinese, especially women, have a higher prevalence of knee osteoarthritis than does the US
white population (4). Knee osteoarthritis is becoming a major public health problem in China due mainly
to the rapidly aging population(5).

Hyaluronic acid (HA) is commonly regarded as one of the most important components of the synovial
�uid, and the concentration and the molecular weight of hyaluronic acid in the synovial �uid decrease as
osteoarthritis progresses (6). The main purpose of intra-articular HA injections (IA-HA) is to restore the
elasticity and viscosity of the synovial �uid to protect against the degradation of cartilage. The modality
of IA-HA has received favorable clinical attention because of its bene�cial effects on pain relief and knee
function and the low incidence of serious adverse reactions (7, 8).

Various HA products are now available for clinical use, each with differing molecular weights (ranging
from 500 to 6000 kDa), molecular structure (crosslinked or non-crosslinked), process of manufacturing
(animal-derived or biological fermentation–derived), and so on (9). NRD101 (marketed under the brand
name of SUVENYL®) is a high-molecular-weight (HMW) HA product (average 1500–3900 kDa) produced
by a biological fermentation process. NRD101 was con�rmed by randomized controlled trial (RCT) to
have greater effectiveness in the treatment of knee osteoarthritis in Japanese patients compared with an
avian-derived low-molecular-weight (LMW) HA product (averaging 500–1200 kDa) (10). Although there
are con�icting reports as to whether differences in HA products have any clinically signi�cant difference
in e�cacy and safety (11), several RCTs have shown that LMW HA products of 800–1500 kDa are
superior to other HA products of lower molecular weight (500–730 kDa) in e�cacy with a similar safety
pro�le (12) and that biological fermentation–derived HMW HA (2400–3600 kDa) has a better safety
pro�le than that of avian-derived crosslinked HMW HA (6000 kDa) with comparable e�cacy (13).

In light of the above, we conducted a multicenter, prospective, randomized, double-blind, positive-drug,
parallel, active control, non-inferiority study to compare the e�cacy and safety of IA injection of
biological fermentation–derived HMW HA (NRD101) with that of avian-derived LMW HA (Artz) in Chinese
patients with knee osteoarthritis.

Methods

Study design
This con�rmatory study was carried out from July 2017 to July 2018 as a multicenter, prospective,
randomized, double-blind, parallel, active control, non-inferiority study.

Patients were randomized in a 1:1 ratio by a computerized system to receive either a biological
fermentation–derived HMW HA product, named NRD101/SUVENYL® (Chugai Pharmaceutical Co., Ltd.,
Tokyo, Japan) with an average molecular weight of 1500–3900 kDa or a non-crosslinked LMW HA
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product derived from roosters’ combs, named Artz/ARTZ® (also marketed under the names of Artzal or
Supartz) (Seikagaku Corporation, Tokyo, Japan) with an average molecular weight of 500–1200 kDa.
Patients received 2.5 mL injections of the assigned study drug (NRD101 or Artz) into the knee joint cavity
once a week for 4 consecutive weeks (a total of �ve injections from Week 0 to Week 5). Needle puncture
and aspiration were conducted where appropriate. The use of local anesthetics was prohibited. If the
subject had osteoarthritis in both knees, only one knee (not both) was treated. A standard manual and
necessary training for the injection method was provided to investigators before study initiation.
Evaluation of the primary endpoint was carried out 1 week after the �nal dose (at Week 5). Final
evaluation of e�cacy and safety was carried out 4 weeks after the �nal dose (at Week 8). To ensure
study blindness, the investigator who administered the study drug was not allowed to evaluate the
patients he or she had treated.

The study was registered with JapicCTI (Japic ID: JapicCTI-173531).

Patients
Ambulatory outpatients aged 40 to less than 80 meeting the following criteria were enrolled: diagnosed
with knee osteoarthritis based on the American College of Rheumatology (ACR) clinical classi�cation
criteria; classi�ed as Kellgren–Lawrence (K-L) Grade 2 or Grade 3 at the tibiofemoral joint of the study
knee, with the grade of the contralateral knee not exceeding that of the study knee; chronic pain lasting
for at least 1 month prior to the signature date of the informed consent form; and a mean Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) for pain (�ve items) determined at
Week 0 of at least 5 on an 11-point numeric rating scale (NRS). Patients diagnosed with secondary knee
osteoarthritis or other diseases/disorders causing functional impairment of the knee were excluded from
this study. Patients who had rheumatic diseases, knee osteoarthritis on the contralateral knee requiring
medical treatment into the knee joint cavity, or a history of lower-extremity arthroplasty were also
excluded. Skin diseases or infections around the area of injection site, serious cardiac disorders, renal
failure, hematologic diseases, diabetes mellitus, and severe hepatic impairment were set as exclusion
criteria for safety reasons. The following medications or therapies were prohibited during the following
de�ned periods up to the end-of-study visit: opioids for knee osteoarthritis before and during the study,
local injections of HA into either knee, or opioids for pain other than for knee osteoarthritis from 24 weeks
before the �rst study dose; local injection of corticosteroids or anesthetics into either knee, external
application of corticosteroids for either knee, oral, suppository, or intravenous doses of corticosteroids
from 4 weeks before the �rst study; and surgical treatment of either knee, exercise therapy for either knee,
or Chinese patent medicines used to treat knee osteoarthritis from 2 weeks before the �rst study dose.
External application of anti-in�ammatory or analgesic medication to the study knee, oral, suppository, or
intravenous administration of anti-in�ammatory or analgesic medication, physical or orthotic therapy of
the knee, muscle relaxants, and psychotropic agents (including somnifacients) were not allowed to be
newly started and if the patient was already receiving any of them at the start of the period, the treatment
regimens were not allowed to be changed during the study. Acetaminophen up to 4 g a day was allowed
for reducing the pain as a rescue therapy during the study.
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Outcomes
The demographics and baseline characteristics of patients were collected. The following clinical
outcomes were assessed and reported: WOMAC Osteoarthritis Index NRS 3.1 simpli�ed Chinese for
mainland China on an 11-point Numerical Rating Scale (0 to 10) consisting of pain, stiffness, and
physical function domains; local pain consisting of spontaneous pain, tenderness, nighttime pain, and
movement pain scored on a 4-item scale (0, none; 1, mild; 2, moderate; 3, severe); range of motion in the
joint (angles of extension and �exion of the knee joint); and overall improvement (− 3 to + 3 from
baseline). WOMAC was a patient-reported outcome and the other outcomes were assessed by
investigators. The primary e�cacy endpoint was the change from baseline in WOMAC NRS pain at Week
5. Secondary e�cacy endpoints included WOMAC stiffness and physical function, local pain, range of
motion in the joint, and overall improvement.

All adverse events (AEs) reported by patients were also recorded at each visit, and clinical laboratory
examinations for hematology and serum chemistry were conducted at screening, Week 5 (or withdrawal),
and Week 8.

Statistical analysis
All randomized patients who received at least one dose of the study drug were included in the safety
analysis set, and all randomized patients who received at least one dose of the study drug and for whom
WOMAC NRS pain data were available for baseline and one or more time points after the start of the
study treatment were included in the full analysis set. The full analysis set was the target population for
primary e�cacy analysis.

Based on the meta-analysis conducted as part of the Osteoarthritis Research Society International
(OARSI) recommendations, the effect sizes of hyaluronic acid preparations for intra-articular injection
treatment of knee osteoarthritis were calculated to be 0.60 (95% con�dence interval [CI] 0.37, 0.83) (14).
The same effect sizes (0.60) were assumed for improvements in the WOMAC Visual Analogue Scale
(VAS) pain score by treatment with NRD101 and Artz. In addition, the standard deviations for the changes
in WOMAC VAS pain were assumed to be 2.5 cm for NRD101 and Artz therapies. Using these
assumptions, the lower limit of the two-sided 95% CI for the difference in WOMAC VAS pain (Artz − 
placebo) was computed to be − 0.925 cm. The score will be extrapolated as − 0.925 points in the case of
using the 11-point NRS. Consequently, the non-inferiority margin was set at − 0.925 points in this study.
To demonstrate the non-inferiority of NRD101 versus Artz with a power of 80%, a total of 232 patients in
two arms of 116 was necessary. The target population size was 260 patients (two arms of 130 each)
taking into consideration drop-outs and other factors reducing the sample size.

Subject demographics and baseline data (continuous and categorical) were presented for both treatment
arms using summary statistics.
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For the primary endpoint, the non-inferiority of NRD101 versus Artz was investigated for the change from
baseline of WOMAC NRS pain at Week 5. The least-squares estimate of two-sided 95% CI for the
difference (NRD101 − Artz) in the primary endpoint was determined using an analysis of covariance
(ANCOVA) model with baseline WOMAC NRS pain and K-L Grade as covariates. The criterion for non-
inferiority would be met unless the lower limit of the CI was below the non-inferiority margin of − 0.925
points. Secondary analyses focused on data summaries (i.e., descriptive statistics) of the primary and
secondary endpoints in the full analysis set and the per-protocol set by planned treatment arm. The
summary of WOMAC NRS included the rating for each question, the subscale scores of the three
subsections, and the change from baseline at each visit. Transitions in the subscale scores of WOMAC
questions were plotted as appropriate.

AEs were codi�ed according to MedDRA (version 20.0), and the numbers of subjects who experienced
AEs as well as the numbers of AEs themselves (i.e., incidence) were tabulated by event according to
MedDRA preferred term. AEs for which a causal relationship with the study drug could not be ruled out
were classi�ed as adverse reactions to the study drug and, where necessary, tabulated separately to other
AEs according to the number of subjects and incidence. The severity of AEs was assessed according to
the following criteria (mild: discomfort noticed, but no disruption of normal daily activity; moderate:
discomfort su�cient to reduce or affect normal daily activity; severe: incapacitating with inability to work
or to perform normal daily activity). AEs that met any of the following criteria were handled as serious
AEs: is fatal, is life threatening, requires or prolongs inpatient hospitalization, results in persistent or
signi�cant disability/incapacity, results in congenital anomaly/birth defect in a neonate/infant born to a
mother exposed to the investigational product, or is a signi�cant medical event in the investigator’s
judgment. The safety analysis set was employed for safety analysis.

Statistical analyses including subgroup analyses were pre-speci�ed in the statistical analysis plan before
the database was locked and the randomization codes opened.

Randomization was conducted according to two strati�cation factors consisting of WOMAC NRS pain
(no more than 7 or greater than 7 points) and K-L Grade (2 or 3).

Results
Patient disposition and demographics

A total of 351 patients were screened from 14 sites. Of these, 84 failed screening, and �nally 267 patients
were randomized, including 133 in the NRD101 group (test group) and 134 in the Artz group (control
group). Among all randomized patients, 259 patients (97%) completed the study and 8 patients (3%)
discontinued the study (Fig. 1). The reasons for early discontinuation were as follows: �ve patients
withdrew consent, including two from the NRD101 group and three from the Artz group; two patients
discontinued due to the occurrence of an AE, all in the Artz group; one patient in the NRD101 group was
withdrawn due to being mistakenly injected with Artz (this discontinuation was at the suggestion of the
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site’s ethics committee). In whole, the persistence rate of subjects in this study remained high, and there
was no clear difference in early discontinuation between the two groups.

For analysis set classi�cation, 264 subjects were included in the safety analysis set, including 131 in the
NRD101 group and 133 in the Artz group; 250 subjects were included in the full analysis set, including
127 in the NRD101 group and 123 in the Artz group; 230 subjects were included in the per protocol set,
including 118 in the NRD101 group and 112 in the Artz group. Three subjects were excluded from the
safety analysis set due to a violation of the informed consent process (an unblinded investigator signed
the informed consent form as an impartial witness of these illiterate subjects).

Of the 250 patients in the full analysis set, 82.0% were female, the mean age was 60.9 ± 8.19 years old,
and the mean body mass index was 25.3 ± 3.39 kg/m2. The mean baseline of WOMAC NRS pain was
6.60 ± 1.135, and the median duration of chronic pain of study knee was 1.88 years. For K-L grade, 48.8%
of subjects were judged as Grade 2. There was no difference in baseline characteristics between the two
groups (Table 1).

E�cacy outcomes

In the full analysis set, the change in WOMAC NRS pain from baseline on a Last Observation Carried
Forward basis at Week 5 was −2.98 ± 0.193 points in the NRD101 group and −2.66 ± 0.194 points in the
Artz group; the difference between the two groups was 0.33 ± 0.258 points with a 95% CI of −0.18 to 0.83
points. The lower limit of 95% CI was −0.18 points, which was not below the non-inferiority margin of
−0.925 points. Therefore, it is considered that the NRD101 group was not inferior to the Artz group, and
the trial attained the primary e�cacy end point. The improvement in WOMAC pain in the NRD101 group
tended to be greater than in the Artz group from Week 3 to the end of the study (Fig. 2). The change in
WOMAC NRS stiffness from baseline at Week 5 was −2.63 ± 2.393 points in the NRD101 group and −2.21
± 2.422 points in the Artz group, and the change in WOMAC NRS physical function was −2.48 ± 2.155 in
the NRD101 group and −2.31 ± 1.986 in the Artz group. For most items of the WOMAC, the NRD101 group
consistently tended to show greater improvement from baseline at Week 5 than did the Artz group (Table
2). On the other hand, rates of improvement of local pain were similar between the NRD101 and Artz
groups (Table 3). The range of motion in the joint was signi�cantly improved compared with baseline in
both treatment groups although no difference between the groups was observed. The mean change in
maximum extension angle (degree) from baseline at Week 5 was −1.13 (95% CI −1.70, −0.55) in the
NRD101 group and −1.22 (95% CI −1.76, −0.68) in the Artz group; the mean change in maximum �exion
angle (degree) from baseline at Week 5 was 7.48 (95% CI 5.66, 9.30) in the NRD101 group and 5.93
(95% CI 4.13, 7.72) in the Artz group. The number of patients showing an overall improvement ([number
showing ≤2-point change from baseline]/[total number of patients]) at Week 5 was higher in the NRD101
group (60.0%) than in the Artz group (53.4%), but no statistically signi�cant difference was observed
between the two groups (odds ratio: 1.31, [95% CI 0.79, 2.18]).
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The results of the pre-speci�ed subgroup analyses of primary outcome (WOMAC NRS pain change at
Week 5) were essentially consistent with the results in the overall population, with NRD101 tending to be
more effective than Artz in most subgroups (Table 4). Among them, NRD101 showed the tendency of
greater pain reduction than Artz in the subgroup of patients whose duration of chronic pain was >1 year
and ≤5 years (difference: −1.01 [95% CI −1.83, −0.19]) and patients whose body weight was >50 kg and
≤60 kg (difference: −1.22 [95% CI −2.23, −0.21]).

Overall, there was no difference in the use of acetaminophen as a rescue therapy between the two
groups.

Safety

Among all subjects in the safety analysis set, the percentage of subjects with AEs was 32.2% (85/264):
26.0% (34/131) in the NRD101 group and 38.3% (51/133) in the Artz group (Table 5). The most common
AEs were viral upper respiratory tract infection 5.3% (14/264), upper respiratory tract infection 3.8%
(10/264), and arthralgia 3.0% (8/264). There was no difference between the two groups in the incidence
of arthralgia (3.1% [4/131] for NRD101 and 3.0% [4/133] for Artz). As for injection site–related events,
there was only one subject with injection site erythema and one subject with injection site pain in the
NRD101 group, and one subject with injection site rash in the Artz group. The proportion of subjects who
experienced severe AEs was 0.8% in the NRD101 group and 2.3% in the Artz group. Two out of 264
subjects (0.8%) developed serious AEs: sleep apnea syndrome (one event in one subject in the NRD101
group) and hypertension worsened (one event in one subject in the Artz group). Neither serious AE was
related to the study drug, and the dose of study drug remained unchanged. Among all subjects in the
safety analysis set, 14 (5.3%) experienced 20 adverse reactions: 4.6% (6/131) in the NRD101 group and
6.0% (8/133) in the Artz group. AEs leading to discontinuation occurred only in the Artz group (one
subject due to arthralgia and plica syndrome, one subject due to rash). No subject died during the study.
Thus, no new safety concerns were identi�ed throughout the study.

Discussion
In this study, we evaluated the e�cacy and safety of �ve consecutive intra-articular injections of HMW HA
derived from a biological fermentation process (NRD101) into patients with osteoarthritis of the knee, and
we succeeded in verifying its non-inferiority to avian-derived LMW HA (Artz) in the symptomatic
improvement of pain. In addition, for many e�cacy endpoints (e.g., treatment effect in each domain of
WOMAC, overall improvement, etc.), NRD101 tended to be consistently more effective than Artz.
Furthermore, statistically signi�cant differences were observed in some subgroup analyses of WOMAC
pain reduction, while the opposite result (the effect of Artz being signi�cantly greater than NRD101) was
not observed in any of the pre-de�ned subgroup analyses, suggesting that HMW HA may be more
powerful than LMW HA in terms of control of clinical symptoms. These �ndings are essentially
consistent with the results of previous RCTs in which NRD101 or intermediate-molecular-weight HA (GO-
ON; Rottapharm Madaus, Monza, Italy) were found to have better e�cacy than LMW HA (10, 12). A head-
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to-head RCT designed to con�rm superiority is considered necessary to conclude whether the differences
in e�cacy observed here are truly clinically meaningful or not.

In terms of safety, there were trends toward fewer AEs in the NRD101 group than in the Artz group , and
the numbers of severe AEs, adverse reactions to the HA preparation, and AEs leading to trial
discontinuation also tended to be less in the NRD101 group than in the Artz group. These two
formulations have different manufacturing processes: NRD101 is a HA derived from a biological
fermentation process, and Artz is avian-derived HA. These differences might in�uence safety outcomes. A
systematic review that aimed to determine product differences in HAs for osteoarthritis of the knee
showed that biological fermentation–derived HAs caused a signi�cantly smaller incidence of effusion
compared with avian-derived HAs, and also the former demonstrated fewer acute �are-ups at the injection
site than did the latter (15). Nevertheless, in the current study, the incidence rates of AEs of interest, such
as injection site–related events and arthralgia were not different between the two groups; therefore, it is
impossible to rule out the possibility that the differences in incidence rates of AEs observed in this study
were a chance result. In addition, in recent years, potential safety concerns have arisen about whether
crosslinked HMW HA may pose a higher risk of injection site–related events such as painful acute local
reactions (16). Thus, further investigations including real-world data are required in order to clarify the
differences in safety pro�les among different HA formulations.

NRD101 has the intrinsic properties of endogenous HA, especially in terms of molecular weight and
production process. The molecular weight of NRD101 is comparatively high but is regarded as close to
that of endogenous HA in healthy knee joints (17). In addition, NRD101 is produced by a biological
fermentation process (and is not animal-derived), without arti�cial cross-linking. The results of this study
and accumulated evidence suggest that NRD101 may provide a better effect with respect to symptomatic
pain and function with fewer AEs compared with animal-derived LMW HAs, and may also have a better
safety pro�le than that of arti�cially crosslinked HMW HA products.

However, this study has a number of several limitations. First, this study was not a placebo-controlled
study. In trials of knee osteoarthritis, intra-articular saline injections are usually employed as the “placebo”
control (IA-placebo). In some previous trials examining the treatment effect of IA-HA compared with IA-
placebo, results obtained were not consistent, probably due to the lack of unity of the trial designs (18,
19), and there is still uncertainty with regard to the therapeutic effects of different types of HA products
on knee osteoarthritis (16). Therefore, in this study, we carefully considered which comparator drug to use
and we selected Artz, which has robust evidence showing e�cacy and safety superior to that of IA-
placebo. For instance, its superiority over IA-placebo has been strongly con�rmed by an individual-patient-
data-driven meta-analysis selecting only clinical trials that used Artz (20). Although our study results
combined with the evidence of Artz suggest that NRD101 would be superior to IA-placebo in symptomatic
endpoints, there is no doubt that direct comparison with IA-placebo would provide more robust evidence.
Second, the planned observations were of relatively short-term clinical symptoms and functional
improvement. In other words, the study period was just 8 weeks including 4 weeks after the end of the
last dose, and it was not designed to observe long-term effects. Although the carryover effect of repeated
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IA-HA has been reported for other HA products (21), it is not realistic to extrapolate that data to NRD101
directly. Third, the effect on cartilage preservation was not assessed in this study. Recent clinical evidence
in patients with knee osteoarthritis has shown that IA-HA extends the period before total knee
replacement surgery is required (22) and preserves knee-joint cartilage (23). NRD101 showed a preventive
effect on cartilage destruction in a rabbit model of knee osteoarthritis induced by partial meniscectomy
(24), but its actual effect on humans is still unclear. Altman et al. (17) suggested on the basis of basic
research that a higher molecular weight HA product might provide better chondroprotective effects.
Disease modi�cation properties including preservation of cartilage are clinically important and need to be
investigated through RCTs with different HA products.

Conclusions
In conclusion, NRD101 as a biological fermentation–derived HMW HA product improved knee pain in
patients with osteoarthritis after �ve consecutive weekly injections, and was non-inferior to Artz. In
addition, NRD101 tended to be consistently more effective than Artz in most items of WOMAC, and
several subgroup analyses showed signi�cant differences between the two groups, favoring NRD101. No
new safety concerns were identi�ed. On the other hand, it is not possible to conclude whether the
differences seen here between the two HA products truly contribute to improved clinical bene�t,
necessitating a superiority trial on a larger scale and with a longer follow-up period.
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Tables
Table 1. Baseline demographics (full analysis set)



Page 14/19

  NRD101 (N=127) Artz (N=123)

Female, n (%) 104 (81.9%) 101 (82.1%)

Mean age, years (SD) 61.1 (8.59) 60.7 (7.78)

Mean height, cm (SD) 161.70 (7.024) 161.50 (7.189)

Mean body weight, kg (SD) 66.29 (10.286) 66.03 (10.576)

Mean BMI, kg/m² (SD) 25.30 (3.244) 25.30 (3.547)

Baseline WOMAC NRS pain, score (0–10)    

  Mean (SD) 6.58 (1.140) 6.62 (1.133)

  Median 6.40 6.40

Duration of chronic pain in study knee, years    

  Mean (SD) 3.23 (4.012) 3.75 (4.685)

  Median 1.53 2.27

Category of duration of chronic pain, n (%)    

  ≤6 months 40 (31.5%) 29 (23.6%)

  >6 months – ≤1 year 12 (9.4%) 15 (12.2%)

  >1 year – ≤5 years 46 (36.2%) 51 (41.5%)

  >5 years 29 (22.8%) 28 (22.8%)

Study knee    

  Right knee, n (%) 74 (58.3%) 61 (49.6%)

KL grade of tibiofemoral joint of study knee    

  2 (minimal) 62 (48.8%) 60 (48.8%)

  3 (moderate) 65 (51.2%) 63 (51.2%)

SD = standard deviation; BMI = body mass index; NRS = numeric rating scale; KL = Kellgren–Lawrence

Table 2.  Forest plot of changes from baseline for each item of WOMAC at Week 5 (full analysis set)
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Categories of WOMAC (24 items):

Pain (5 items): walking on �at surface (A01), going up or down stairs (A02), at night while in bed (A03),
sitting or lying (A04), and standing upright (A05)

Stiffness (2 items): after �rst awakening in the morning (B06) and after periods of inactivity later in the
day (B07)

Physical function (17 items): descending stairs (C08), ascending stairs (C09), getting out of a chair (C10),
remaining in a standing position (C11), bending to pick something up off the �oor (C12), walking on a �at
surface (C13), getting in and out of a car (C14), going shopping (C15), putting on socks or stockings
(C16), getting out of bed (C17), taking off socks or stockings (C18), lying in bed (C19), getting in and out
of the bathtub/shower (C20), remaining in a sitting position (C21), getting on or off the toilet (C22),
performing heavy domestic duties (C23), and performing light domestic duties (C24)

Table 3.  Improvement rate for local pain* (full analysis set)
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    Score difference (Week 5 − Baseline)  

Item Arm Improved No
change

Worsened Percentage of improved
patients (Improved/Total)

    −3 −2 −1 0 +1 +2 +3  

Spontaneous
pain

NRD101 2 23 60 36 5 1 0 66.9% (85/127)

Artz 5 27 46 41 3 1 0 63.4% (78/123)

Tenderness NRD101 4 34 53 33 3 0 0 71.7% (91/127)

Artz 9 31 48 32 3 0 0 71.5% (88/123)

Nighttime
pain

NRD101 2 25 56 42 1 1 0 65.4% (83/127)

Artz 4 17 48 52 2 0 0 56.1% (69/123)

Movement
pain

NRD101 2 36 62 25 2 0 0 78.7% (100/127)

Artz 8 30 61 24 0 0 0 80.5% (99/123)

*As assessed by an investigator.

Table 4.  Pre-de�ned subgroup analysis of primary outcome (change in WOMAC NRS pain at Week 5) (full
analysis set)
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Table 5.  Complications (safety analysis set)
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Incidence of complications  NRD101 (N=131) Artz (N=133)

Subjects Events Subjects Events

General

  AE 34 (26.0%) 53 51 (38.3%) 80

  Severe AE 1 (0.8%) 1 3 (2.3%) 3

  Serious AE 1 (0.8%) 1 1 (0.8%) 1

  Adverse reaction to study drug 6 (4.6%) 8 8 (6.0%) 12

  Serious adverse reaction to study drug 0 0 0 0

  AE leading to discontinuation of study drug 0 0 2 (1.5%) 3

  Death 0 0 0 0

AE with incidence rate ≥2%

  Viral upper respiratory tract infection 3 (2.3%) 3 11 (8.3%) 12

  Upper respiratory tract infection 6 (4.6%) 6 4 (3.0%) 4

  Arthralgia 4 (3.1%) 4 4 (3.0%) 4

  Blood uric acid increased 4 (3.1%) 4 1 (0.8%) 1

  Urinary tract infection 0 0 3 (2.3%) 3

  Blood glucose increased 1 (0.8%) 1 3 (2.3%) 3

  Cough 1 (0.8%) 1 3 (2.3%) 3

AE = adverse event

Figures
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Figure 1

Disposition of patients

Figure 2

Transition of WOMAC NRS pain (full analysis set)


