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ABSTRACT
Purpose: To evaluate the safety and efficacy of fulranumab as adjunct or monotherapy in 
patients with knee or hip pain related to moderate-to-severe osteoarthritis.
Methods: Osteoarthritic patients (aged ≥18 years) from 4 phase 3 randomized, double-blind 
(DB), placebo-controlled studies were randomized to receive placebo, fulranumab 1 mg 
every 4 weeks (Q4wk), or 3 mg Q4wk in 16-week DB phase, followed by a 52-week post-
treatment follow-up phase. Safety assessments included treatment-emergent adverse events 
(TEAEs), and neurological, sympathetic and joint-related events of interest. Efficacy 
assessments included pain and physical function subscales of Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) scores.
Findings: Of 245 patients from the ITT set (median age, 64 years; women, 62%), 84 (34%) 
completed DB phase; the majority of discontinuations (57%) were due to early study 
termination. In DB phase, incidence of TEAEs in fulranumab 3 mg (57.8%) and 1 mg 
(56.8%) was similar to placebo (56.8%). Two events adjudicated as joint-related events of 
interest include rapidly progressive osteoarthritis and fracture of unknown etiology. There 
were no new neurological TEAEs. Fulranumab showed evidence of efficacy in improving 
pain and physical function based on WOMAC subscales scores. Due to premature study 
termination, the number of patients enrolled were too small to make any definitive efficacy 
claims.
Implications: Treatment with fulranumab was generally tolerated with no new safety signals. 
Within the limited sample analyzed, fulranumab showed evidence of improvement of pain 
and function in patients with moderate-to-severe osteoarthritis who had failed prior therapy 
and were candidates for joint replacement surgery.
Highlights:  

Key words: Efficacy–Fulranumab–Osteoarthritis of the Hip and Knee–Safety–
WOMAC Scores

• Fulranumab as adjuvant or monotherapy was well tolerated with no new safety signals
• Fulranumab demonstrated evidence suggestive of efficacy in osteoarthritic pain of hip and
knee
• Fulranumab demonstrated evidence suggestive of improvement of pain and physical
function in osteoarthritis
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1 INTRODUCTION:
Osteoarthritis, a common joint degenerative disorder usu-
ally occurring in the knee and hip joints is the tenth leading
cause of global age-specific disability worldwide [1] . Pain
associated with osteoarthritis is a major cause of reduced
physical activity and impairment of quality of life. Despite
the availability of various treatment options, including non-
pharmacologic and pharmacologic interventions, the man-
agement of osteoarthritic pain remains complex due to its
chronicity and the side effects of existing therapies [2] [3].

Based on clinical evidence, treatment recommendations
for the management of knee and hip osteoarthritis have been
developed and published by the Osteoarthritis Research
Society International (OARSI), American Academy of Or-
thopaedic Surgeons (AAOS) American College of Rheuma-
tology (ACR) and European League Against Rheumatism
(EULAR) [4–6]. Treatment recommendations differ slightly
but include acetaminophen, oral or topical non-steroidal
anti-inflammatory drugs (NSAIDS), tramadol, intraarticu-
lar corticosteroid, and opioids. Though opioids and NSAIDs
are widely used in clinical practice they have limited effec-
tiveness in chronic pain management and have significant
safety concerns when used chronically [7, 8]. These limita-
tions of pharmacologic interventions underscore the need to
develop new pharmacotherapies that target the underlying
mechanism of chronic pain.

Nerve growth factor (NGF) may play a key role in the
generation of pain and hyperalgesia and its level is elevated
in chronic pain conditions. With the advent of new ther-
apeutics targeting NGF, accumulating evidence suggests a
role for anti-NGF antibodies in controlling pain due to os-
teoarthritis [9] and the painful arthritic knee joint [10].

Fulranumab (JNJ-42160443) is a human recombinant
immunoglobulin-G2 antibody that neutralizes the biologic
action of human NGF [11] [12] Several phase II and phase
III studies in patients with osteoarthritis have demonstrated
safety and efficacy of anti-NGFs including fulranumab as
adjuvant or monotherapy in reduction of pain and improve-
ment in function when compared to placebo or active com-
parators in patients with moderate-to-severe pain related
to knee and hip osteoarthritis [12] [13] [14] [15] [12–15]. In
a systematic review and meta-analysis of 13 randomized
controlled studies of anti-NGF agents including tanezumab,
fulranumab, and fasinumab for treatment of osteoarthritic
knee or hip, all anti-NGF agents showed superior efficacy
when compared against placebo or active control [15]. The
United States Food and Drug Administration (US FDA)
placed twoclinical holds on development studies of all anti-
NGFs in humans, due to data related joint (2010) and the-
oretical sympathetic safety concerns (2012). A2012 inde-
pendent FDA arthritis advisory committee, after review
of anti-NGF joint safety data, concluded that there was
an increased prevalence of rapidly progressive osteoarthri-
tis (RPOA) compared to background rates and that this
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increase appeared related to higher doses of anti-NGF ther-
apy, longer exposures and concurrent NSAID use. The com-
mittee recommended continued study of anti-NGF agents
but with implementation of stringent mitigation strategies.

The FDA raised a theoretical concern about potential
anti-NGF effects on the sympathetic nervous system based
on published literature [16]. A retrospective review of hu-
man safety data across all anti-NGF clinical data showed no
evidence of a clinical safety signal for sympathetic nervous
dysfunction. Additional preclinical studies required by the
FDA prior to initiation of these studies showed reversible
shrinkage of neuron cell size, no sympathetic neuronal loss,
and a no effect level above the doses used in this study
(internal data). The FDA lifted the clinical hold on anti-
NGF development in March 2015 with stringent guidelines
including a number of measures to mitigate joint-related
risks, such as limiting trials to the use of the lowest effec-
tive doses, prohibition of concurrent NSAID use, exclusion
of patients with pre-existing RPOA, limiting study patients
to those who were scheduled for or recommended for joint
replacement, and the implementation of screening and pe-
riodic radiologic joint assessments [17–20]. Additional close
monitoring of neurological function, including specific car-
diovascular (CV) sympathetic nervous system monitoring
was also required. All fulranumab clinical studies were pre-
maturely discontinued by the sponsor based on an internal
strategic portfolio decision and not due to any new safety
signals [21]. This publication describes the safety findings
as well as efficacy data from 4 incomplete phase III stud-
ies using fulranumab to treat osteoarthritic joint pain with
inadequate response to standard therapies.

2 PATIENTS AND METHODS:
Study Design:

In these four phase III studies, we evaluated the safety
and efficacy of fulranumab when given as adjuvant or
monotherapy for treatment of moderate-to-severe pain in
patients with osteoarthritis of hip or knee who had failed
prior therapy and were candidates for joint replacement
surgery. The four studies, PAI3001, PAI3002, PAI3003, and
PAI3007 were similar in design but there were differences
in the populations chosen to demonstrate the utility of ful-
ranumab in four common osteoarthritis treatment failure
scenarios.

Study PAI3001 evaluated the efficacy of fulranumab as
an adjuvant therapy in patients who were on opioids but
had inadequate efficacy. Study PAI3002 evaluate the effi-
cacy of fulranumab in patients who tried, failed and discon-
tinued one or more strong opioids. Study PAI3003 evalu-
ated the efficacy of fulranumab in patients who had tied,
failed and discontinued any opioid including weak opioids.
Since both opioids and NSAIDs were excluded, PAI3002 and
PAI3003, were considered monotherapy studies. PAI3007
was a safety study in which patients could use any combina-
tion of therapies. Since NSAIDs could not be given concur-
rently with anti-NGF therapy, PAI3007 included the option
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to receive a blinded NSAID in the comparator group or a
blinded placebo in the fulranumab treatment groups as a re-
placement for their prior NSAID. Many patients enrolled in
PAI3007 were recruited in countries where opioids are not
considered as standard of care therapy for osteoarthritic
pain. All four studies included patients scheduled for or
planning a joint replacement surgery.

Over 300 sites were planned for these four randomized,
16-week, double-blind (DB), placebo-controlled studies of
fulranumab. However, at the time of program termination
only 80 sites in Australia, Canada, Hungary, New Zealand,
Belgium, Poland, Czech Republic, United Kingdom, Spain,
Sweden, South Korea, and the United States were recruiting
patients. The safety and efficacy of fulranumab as adjunc-
tive therapy (study PAI 3001, 3007) or monotherapy (study
PAI 3002, 3003) was compared with placebo in patients with
hip or knee osteoarthritis, who had failed or all prior therapy
and were candidates for joint replacement surgery Figure 1.

All studies consisted of a 3-week screening phase (includ-
ing a 7-day NSAID analgesic washout period), a 16-week
DB treatment phase, and a post-treatment follow-up phase
(up to 48 weeks, ending approximately 52 weeks after the
last injection of study drug). During the first 20 weeks of
the post-treatment phase (4 to 24 weeks after the last in-
jection of study drug), both efficacy and safety assessments
were performed; during weeks 21 to 48 of this phase (25 to
52 weeks after the last injection of study drug), only safety
was assessed.

If a patient withdrew early from any phase up to 24
weeks after last study drug injection, they were asked to
agree to be followed in a limited safety follow-up (LSFU).
The purpose of this follow-up was to monitor patients for
joint-related and unresolved neurologic or CV sympathetic-
related safety up to 24 weeks after the last injection. When
a patient underwent a joint replacement surgery, the pa-
tient was followed for up to 24 weeks or until the end of
the study. All phases following screening were blinded to
treatment.

Patients:
The patient population in the four phase III studies in-

cluded male and female patients aged ≥18 years, diagnosed
with knee or hip osteoarthritis based on ACR Criteria and
radiographic evidence of osteoarthritis (Kellgren-Lawrence
class ≥2).

All the study protocols were approved by the respective
Institutional Review Board or Independent Ethics Commit-
tee. The studies were conducted in accordance with the Dec-
laration of Helsinki (1989) and local applicable laws and
regulations. All patients provided written informed consent
prior to their participation in the studies.

Study Treatment:
During the 16-week DB treatment phase, eligible pa-

tients were randomized (1:1:1) to receive subcutaneous in-
jections (into the thigh or abdomen) of placebo, fulranumab
1 mg, or 3 mg every 4 weeks (Q4wk). In studies PAI3001,
3002, and 3003, patients were stratified by study joint
(hip/knee), baseline bodyweight (<85 kg and ≥85 kg), and
joint replacement surgery (planned or scheduled). In study

PAI3007, patients were stratified by study joint (hip/knee),
prior opioid use, and medically suitable patients to re-
ceive supplemental oral analgesic (celecoxib 100 mg twice
daily/placebo equivalent).

Randomization was based on a computer-generated ran-
domization schedule and was balanced by using randomly
permuted blocks and stratified by study joint (hip or knee)
or joint replacement surgery status (planned or scheduled).

In agreement with regulatory authorities, events of inter-
est were defined based on previous safety observations from
phase II studies, based on a theoretical association with the
use of anti-NGF agents or experience with other monoclonal
antibodies. These included joint-related and non-joint re-
lated events (i.e., sensory and motor neurologic, CV sym-
pathetic dysfunction, hepatic insufficiency, and renal failure
events). All events of interest were assessed by the study
site at every visit. An unblinded Independent Data Moni-
toring Committee (IDMC) and 2 blinded Independent Ad-
judication Committees (IACs) were appointed before the
start of all studies to review all safety data. The IDMC
reviewed all unblinded safety data, including events of in-
terest adjudicated by the IACs. Both IACs were blinded
to treatment group and reviewed all potential joint and
neurological/CV sympathetic events of interest on an on-
going basis throughout the study, adjudicating whether the
event met predefined criteria as an event of interest. The
joint safety IAC composed of rheumatologists, radiologists,
and orthopaedic surgeons, reviewed all events suspicious for
RPOA, osteonecrosis, or joint destruction based on pre-
defined radiological criteria, and all patients meeting pre-
defined criteria for a complication after joint replacement
surgery. The neurological IAC was composed of neurologists
and cardiologists who reviewed all sensory and motor neu-
rologic events and all potential CV sympathetic events of
interest meeting predefined criteria (see safety assessments
below).

Depending on the study, patients were allowed concur-
rent standard of care (pharmacologic or non-pharmacologic
with the exception of chronic NSAID use or use of acetylsal-
icylic acid >325 mg/day). Standard of care required concur-
rent opioid treatment for osteoarthritis pain therapy during
the DB treatment phase for PAI3001. Patients could change
their standard of care for medical reasons only after consul-
tation with the investigator and the sponsor.

Safety Assessments:
Safety evaluations were performed at each visit by moni-

toring treatment-emergent adverse events (TEAEs) and se-
rious TEAEs. Possible events of interest for the program
were defined as sensory or motor neurologic events with a
modified common terminology criteria for adverse events
(CTCAE) grade of ≥2 (i.e. with objective clinical findings),
CV sympathetic events of orthostatic hypotension, symp-
tomatic or asymptomatic bradycardia (≥ decrease of 10
beats/minute or ≥ decrease 5 beats/minute if baseline was
< 60) or hypotension (10 mm Hg systolic blood pressure
decrease and/or 5 mm Hg diastolic blood pressure decrease
from baseline), syncope, hepatic insufficiency, renal failure,
and joint-related events of interest: RPOA, primary os-
teonecrosis, spontaneous osteonecrosis of the knee, fracture
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Figure 1. Study design of fulranumab phase III studies in patients with hip andknee osteoarthritis
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of unknown etiology, and subchondral insufficiency fracture.
Neurological evaluations included assessment of poten-

tial neurologic abnormalities measured by Total Neuropathy
Score-nurse (TNSn) [22], an abbreviated neurological exam
that assessed cranial nerves 2 through 12, motor strength
and sensation to light touch in upper and lower extremities,
tendon reflexes, coordination, proprioception, and signs con-
sistent with carpal tunnel syndrome. Sympathetic dysfunc-
tion was evaluated by monitoring adverse events associated
with decreased sympathetic-tone by performing orthostatic
blood pressure and pulse rate measurement), by adminis-
tering the TNSn autonomic questionnaire, and by assess-
ing pupillary light reflex. Joint-related safety evaluations in-
cluded X-rays of all major joints at screening, week 17 of DB
and week 48 of post-treatment follow-up phase. A Kellgren-
Lawrence score, Numerical Rating Scale (0-10 NRS) pain
evaluation of all major joints via e-diary, monthly West-
ern Ontario and McMaster University Osteoarthritis Index
(WOMAC) pain evaluations (0-10 NRS scale), a joint ex-
amination of all major joints (i.e., both hips, both knees,
and both shoulders) at clinic visits, and a NRS pain assess-
ment of non-study joints. The subcutaneous injection-site
evaluations were scored on a scale of 0 to 3 (0 no reaction,
3 severe reaction). All possible neurological, sympathetic
and joint-related events of interest were assessed by both
a blinded IAC and an unblinded IDMC. Other safety as-
sessments included clinical laboratory findings, vital signs,
physical examination, and electrocardiogram.

Efficacy Assessments
Efficacy assessments included WOMAC subscales

scores [23] [24] and NRS [25] for the study joint, Patient
Global Assessment (PGA) [26, 27] using an NRS 0-10
scale. Additional efficacy endpoints included Short-Form-
36 Health Survey (SF-36) subscales [28], EuroQoL 5
dimensions and 5 levels (EQ-5D-5L) scale [29] , Medical
Outcomes Study (MOS) sleep scale, rescue and other
osteoarthritic medication use, and Australian/Canadian
Osteoarthritis Hand Index (AUSCAN) [30]. The WOMAC
subscales and PGA scores at week 17 compared to baseline
were the primary endpoints for all studies except for study
PAI3007. All these assessments were planned initially
but due to discontinuation of fulranumab development
program only specific efficacy analysis (mentioned below)
were performed.

Statistical Analysis:
The primary efficacy analysis was predefined in the pro-

tocols (3 of 4 studies), but due to early termination of the
studies, no such analysis was performed. However, a post
hoc analysis was performed on the endpoints (predefined in
the 3 protocols) generated from all the 4 studies.

The intent-to-treat (ITT) analysis set included all ran-
domized patients who received at least 1 injection of ful-
ranumab or placebo and was used for all efficacy and safety
analyses.

All the continuous variables were summarized by de-
scriptive statistics that included the number of observa-
tions, mean, standard deviation (SD), median, minimum

and maximum, whereas categorical variables were summa-
rized by frequency distribution with the number and per-
centage of patients in each group. The follow-up analysis
set is a subset of the ITT analysis set, which included only
patients who entered the post-treatment follow-up phase
(patients with a 24 weeks post-treatment follow-up phase
disposition, or with LSFU phase disposition). The efficacy
variables at each time point and at the double-blind-last
observation carried forward (DB-LOCF) endpoint and the
change from baseline for each WOMAC subscale were sum-
marized with descriptive statistics. The LSFU analysis set is
a subset of the follow-up analysis set that included only pa-
tients who entered the LSFU phase (patients with a LSFU
phase disposition). All TEAEs and serious TEAEs were
summarized by system organ class and preferred term. Clin-
ical laboratory abnormalities, vital signs, electrocardiogram,
physical and neurological examinations, and injection-site
reactions were

3 RESULTS:
Patient Disposition and Demographics

Of 247 randomized patients among all 4 studies, 245 were
included in the ITT analysis set (placebo, n=81; fulranumab
1 mg, n=81; fulranumab 3 mg, n=83). Of these 245 patients
in the ITT analysis set, 84 patients (34%) completed the
DB phase and 161 patients (66%) discontinued; most of the
discontinuations (57%) were due to study termination by
the sponsor. Of the 137 patients (56%) entering the 24-
week follow-up phase, 94 patients (38%) completed and 4
(2%) patients entered the 52-week follow-up phase Figure 2.
Overall, 29 (12%) patients entered the LSFU phase and 20
(8%) patients completed this phase.

The demographic and baseline characteristics between
the treatment groups and placebo were comparable Ta-
ble 1. The baseline mean pain and function values were
lower in the fulranumab 1 mg group than in the placebo
and fulranumab 3 mg groups. A total of 92 patients re-
ceived all 4 injections of study drug through the DB phase
(placebo, n=32; fulranumab 1 mg, n=26; and fulranumab 3
mg, n=34).

All values are expressed as Mean (SD) unless other-
wise mentioned. FUL, fulranumab; N, number of patients;
n, subpopulation; NRS, numerical rating scale; OA, os-
teoarthritis; Q4wk,for every 4 weeks; SD, standard of devia-
tion; WOMAC, Western Ontario and McMaster University
Osteoarthritis Index.

∗Age is the greatest integer not larger than ((screening
visit date of-date of birth+1)/365.25).

#If multiple race categories are indicated, then race is
recorded as “Multiple”.

†Body mass index is calculated as: (kg)/(height
(cm)/100)2.

‡ WOMAC pain subscale score is average of the 5 pain
items score. WOMAC 3.1 questionnaire consists of 24 items,
an aggregate of 3 individual subscales for pain and physical
function that were rated on a 0 – 10 rating scale.
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Figure 2. Patientdisposition of data pooled from fulranumab four phase III studies

§ WOMAC physical subscale score is average of the 17
physical function items score.

The baseline value is defined as the mean of the non-
missing pain intensity scores for the last 6 consecutive morn-
ings and evenings in the screening phase, looking back from
the last non-missing entry prior to the first injection date
and time. The 11-point NRS rating scale with range of 0 to
10 (0 = no pain and 10 = pain as bad as you can imagine)
was used to measure the intensity of pain.

¶Duration since diagnosis in years will be calculated as:
(informed consent date-date of diagnosis + 1)/365.25.

Safety:
Both fulranumab 1 mg and 3 mg Q4wk was generally tol-

erated and no new safety signals were reported during these
4 phase III studies. Overall among all 4 studies, the inci-
dence of TEAEs in fulranumab 3 mg Q4wk (57.8%) and 1
mg Q4wk (56.8%) was similar to the placebo group (56.8%)
in the DB phase. In the post-treatment follow-up phase in-
cluding LSFU, the incidence of TEAEs was 74.4% in com-
bined fulranumab treatment groups and 63.0% in placebo
group Table 2. All the TEAEs reported were mild to mod-
erate in intensity. In the post-treatment follow-up phase,
the most commonly reported TEAEs in fulranumab-treated
groups included arthralgia (n=11, 6.7% vs placebo, n=4,
4.9%), osteoarthritis (n=8, 4.9% vs placebo, n=7, 8.6%),
headache (n=8, 4.9% vs placebo, n=3, 3.7%), pain in ex-
tremity (n=7, 4.3% vs placebo, n=3, 3.7%) and hypoten-
sion (n=7, 4.3% vs placebo, n=2, 2.5%). Paraesthesia was

reported in 1 patient each in placebo and 1 mg fulranumab
groups, 2 patients in the 3 mg fulranumab group. No TEAEs
of hypoaesthesia or dysesthesia were reported in patients re-
ceiving fulranumab.

The serious TEAEs during the DB phase were similar
in the placebo and combined fulranumab treatment groups
(1.2% in both groups). The incidence of serious TEAEs dur-
ing the post-treatment follow-up phase was higher in ful-
ranumab 1 mg Q4wk (9.9%) than that in fulranumab 3 mg
Q4wk (3.6%) or placebo (6.2%) and the most commonly
reported serious TEAEs in fulranumab-treated groups were
musculoskeletal disorders (n=4, 2.4%) and osteoarthritis
(n=4, 2.4%) and in placebo was osteoarthritis (n=2, 2.5%).
A report of osteoarthritis was usually associated with a
joint replacement after treatment stopped. No deaths due
to TEAEs or serious TEAEs were reported throughout the
DB and post-treatment follow-up phases Table 2. No neu-
rologic, hepatic, or renal events of interest were noted.

FUL, fulranumab; Q4wk, for every 4 weeks; TEAE,
treatment-emergent adverse event.

There were 10 possible joint-related events of interest re-
ported and reviewed by the IAC Table 3. The events were
adjudicated as one RPOA (in fulranumab 1 mg group), one
fracture of unknown etiology (second metatarsal fracture in
fulranumab 3 mg group), 7 as normal osteoarthritic pro-
gression (4 patients in fulranumab 3 mg, 2 patients in ful-
ranumab 1 mg and 1 patient in placebo group), and one
event was not evaluable (refused X-rays).
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Table 1. Demographics and baseline characteristics of fulranumab phase III studies

Parameter FUL 3 mg Q4wk
(N=83)

FUL 1 mg Q4wk
(N=81)

Placebo
Q4wk
(N=81)

Age*, years 63.0 (9.59) 62.0 (10.14) 64.4 (8.63)
Baseline age group, n (%)
<65 years

46 (55.4) 48 (59.3) 36 (44.4)

Female, n (%) 43 (51.8) 56 (69.1) 53 (65.4)
Race#, n (%)
White
Black or African American
Asian
Other
Multiple

67 (80.7)
11 (13.3)
4 (4.8)
0
0

57 (70.4)
15 (18.5)
7 (8.6)
0
1 (1.2)

54 (66.7)
17 (21.0)
8 (9.9)
1 (1.2)
0

Body mass index†, kg/m2 31.5 (4.79) 31.8 (4.85) 31.3 (4.92)
WOMAC pain subscale score‡ 7.5 (1.06) 7.5 (1.07) 7.6 (1.17)
WOMAC physical subscale score§ 7.5 (1.06) 7.4 (1.07) 7.6 (1.12)
Study joint NRS score 7.4 (1.25) 7.3 (1.25) 7.7 (1.29)
Type of study joint, n (%)
Knee
Hip

72 (86.7)
11 (13.3)

72 (88.9)
9 (11.1)

71 (87.7)
10 (12.3)

Kellgren-Lawrence score 4, n (%)
Right knee
Left knee
Right hip
Left hip

13 (15.7)
13 (15.7)
1 (1.2)
0

10 (12.3)
16 (19.8)
1 (1.2)
2 (2.5)

23 (28.4)
14 (17.3)
1 (1.2)
1 (1.2)

Diagnosis of OA prior to study enrollment, n
(%)
Right knee
Left knee
Right hip
Left hip

52 (62.7)
58 (69.9)
16 (19.3)
20 (24.1)

50 (61.7)
57 (70.4)
17 (21.0)
18 (22.2)

67 (82.7)
59 (72.8)
19 (23.5)
19 (23.5)

Duration since diagnosis, years¶
Right knee
Left knee
Right hip
Left hip

8.15 (6.38)
8.10 (6.78)
8.49 (6.95)
8.50 (8.89)

7.86 (9.42)
8.64 (8.22)
7.73 (8.75)
8.46 (8.59)

8.91 (7.46)
7.92 (7.12)
6.86 (4.42)
8.19 (5.56)

Joint replacement surgery status, n (%)
Planned
Scheduled

81 (97.6)
2 (2.4)

80 (98.8)
1 (1.2)

81 (100)
0

Patients with OA risk factors, n (%)
Prior joint injury
Gout
Osteoporosis
Dysplasia

29 (34.9)
9 (10.8)
6 (7.2)
0
1 (1.2)

30 (37.0)
12 (14.8)
1 (1.2)
4 (4.9)
0

21 (25.9)
9 (11.1)
1 (1.2)
2 (2.5)
1 (1.2)

There were 201 reported possible neurological/CV events
of interest reviewed by the IAC Table 3. No sensory or mo-
tor neurological events were reported. Twenty events were
adjudicated as meeting predefined criteria as an event of
interest; all were considered by the adjudicators as having a
plausible explanation for the event other than study drug,
and all events were reversible or transient: 15 hypotension
(7 patients in fulranumab 1 mg and 8 patients in placebo
group), 4 bradycardia (2 patients in fulranumab 3 mg, 1 pa-
tient in fulranumab 1 mg, and 1 patient in placebo group),
1 orthostatic hypotension (in fulranumab 1 mg group). All
were mild to moderate in intensity and asymptomatic.

FUL, fulranumab; OA, osteoarthritis; Q4wk, for every
4 weeks; RPOA, rapidly progressive osteoarthritis. In all
the 4 studies, there was no clinically significant increase
in TNSn subscore or total score, and none of the patients
were referred for neurologic consultations based on TNSn
findings. No treatment-related changes were observed in

neurological examinations throughout the DB and post-
treatment follow-up phases. No injection-site reactions were
reported throughout the study period. The overall incidence
of changes in laboratory test abnormalities, vital signs, and
electrocardiogram throughout the DB and post-treatment
phases were not clinically significant compared to base-
line values. There were no clinically significant laboratory
changes.

Efficacy:
The Western Ontario and McMaster University

Osteoarthritis Index Subscale Scores:
Greater mean improvements in the WOMAC subscales

(pain reduction and physical function) were observed in the
fulranumab groups compared with the placebo group at the
DB-LOCF endpoint Table 4. Treatment with fulranumab 3
mg Q4wk showed a significant decrease in pain and physical
function (p<0.05) compared to placebo.
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Table 2. Treatment-emergent adverse events (TEAEs; ≥3% in any group) and serious TEAEs in patients during
post-treatment follow-up phase of fulranumab phase III studies (ITT analysis set)

TEAEs, n (%) FUL 3 mg Q4wk
(n=83)

FUL 1 mg Q4wk
(n=81)

Placebo Q4wk
(n=81)

Patients with ≥3 % TEAEs
Musculoskeletal and connective tissue events
Pain in extremity
Arthralgia
Back pain
Joint swelling
Musculoskeletal pain
Osteoarthritis
Muscle spasm

60 (72.3)
19 (22.9)
5 (6.0)
3 (3.6)
3 (3.6)
2 (2.4)
2 (2.4)
1 (1.2)
1 (1.2)

62 (76.5)
25 (30.9)
2 (2.5)
8 (9.9)
3 (3.7)
4 (4.9)
3 (3.7)
7 (8.6)
3 (3.7)

51 (63.0)
22 (27.2)
3 (3.7)
4 (4.9)
3 (3.7)
0
5 (6.2)
7 (8.6)
0

Neurological events
Headache

12 (14.5)
5 (6.0)

11 (13.6)
3 (3.7)

11 (13.6)
3 (3.7)

Gastrointestinal events
Nausea
Diarrhea

7 (8.4)
4 (4.8)
3 (3.6)

8 (9.9)
1 (1.2)
1 (1.2)

3 (3.7)
0
1 (1.2)

Vascular events
Hypotension
Orthostatic hypotension
Investigations
Decreased blood pressure (systolic)
Decreased blood pressure (diastolic)
Decreased heart rate

5 (6.0)
2 (2.4)
2 (2.4)
37 (44.6)
8 (9.6)
16 (19.3)
19 (22.9)

13 (16.0)
5 (6.2)
4 (4.9)
32 (39.5)
10 (12.3)
14 (17.3)
21 (25.9)

5 (6.2)
2 (2.5)
2 (2.5)
26 (32.1)
10 (12.3)
15 (18.5)
14 (17.3)

Cardiac events
Bradycardia

3 (3.6)
2 (2.4)

2 (2.5)
2 (2.5)

4 (4.9)
3 (3.7)

Infections
Nasopharyngitis
Sinusitis
Lower respiratory tract infection
General disorders, injury
Fatigue
Muscle strain
Fall

7 (8.4)
2 (2.4)
1 (1.2)
0
0
3 (3.6)
1 (1.2)

17 (21.0)
4 (4.9)
2 (2.5)
1 (1.2)
3 (3.7)
2 (2.5)
2 (2.5)

15 (18.5)
4 (4.9)
3 (3.7)
3 (3.7)
1 (1.2)
0
4 (4.9)

Patients with ≥1 serious TEAEs
Osteoarthritis
Cerebrovascular accident
Carotid artery stenosis
Spigelian hernia
Biliary colic
Bronchitis
Cellulitis
Skin bacterial infection
Ankle fracture
Rectal cancer stage IV
Pneumothorax spontaneous
Pulmonary thrombosis

3 (3.6)
1 (1.2)
1 (1.2)
0
0
0
0
0
0
0
0
0
0

8 (9.9)
3 (3.7)
0
1 (1.2)
1 (1.2)
1 (1.2)
0
1 (1.2)
0
1 (1.2)
0
1 (1.2)
1 (1.2)

5 (6.2)
2 (2.5)
0
0
0
0
1 (1.2)
0
1 (1.2)
0
1 (1.2)
0
0

Table 3. Summary of events adjudicated in fulranumab phase III studies (ITT analysis set)

FUL 3 mg Q4wk
(n=83)

FUL 1 mg Q4wk
(n=81)

Placebo Q4wk
(n=81)

Total number of events adjudicated, N=211
Adjudicated joint events, n=10
RPOA - Type 1 0 1 0
RPOA - Type 2 0 0 0
Primary osteonecrosis 0 0 0
Subchondral insufficiency fracture 0 0 0
Fracture of unknown etiology 1 0 0
Normal OA progression 4 2 1
Other 0 0 0
Not assessable 1 0 0
Adjudicated neurological events, n=201
Neuropathy 0 0 0
Syncopal Events 0 0 0
Bradycardia 2 1 1
Hypotension 0 7 8
Orthostatic Hypotension 0 1 0
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The mean change from baseline to the DB-LOCF phase in
PGA scores showed numerical improvement in fulranumab
3 mg Q4wk treatment group; though it did not reach statis-
tical significance in the fulranumab 3 mg group compared
with placebo group (p=0.101; Table 4).

DB-LOCF, double-blind-last observation carried for-
ward; FUL, fulranumab; PGA, patient global assessment;
WOMAC, Western Ontario and McMaster University Os-
teoarthritis Index; SE, standard error; ITT, intent-to-treat.

4 DISCUSSION:
Inhibition of NGF could be a potential alternative ther-
apy to treat patients with osteoarthritic pain of hip and
knee who have an inadequate response to current and prior
analgesics. Multiple publications suggest that the anti-NGF
class compounds provide efficacy in management of os-
teoarthritic pain and improvement of physical functioning
as compared with placebo, opioids and NSAIDs [15] [31].
This post hoc analysis of 4 phase III studies using ful-
ranumab as adjuvant or monotherapy in patients with
moderate-to-severe osteoarthritis insufficiently controlled
by standard pain therapy are consistent with previous NGF
inhibitor results in the OA population.

Once every 4 week dosing of both fulranumab 1 mg and
3 mg was generally tolerated with no new safety signals
observed during these 4 phase III studies. The safety pro-
file of fulranumab was comparable with placebo and similar
to previous fulranumab studies [13, 14, 32, 33]. During the
DB and post-treatment follow-up phases, the overall rate of
TEAEs was similar among placebo and fulranumab treat-
ment groups. No pattern in TEAEs and serious TEAEs sug-
gested any new safety signals.

Rapid joint destruction and osteonecrosis leading to joint
replacement surgery were identified as specific tolerability
concerns for the anti-NGF class [31]. One case of RPOA
was observed in this study. The incidence of RPOA in the
general osteoarthritis population has not been well-defined
however RPOA is suggested as a part of the natural spec-
trum of osteoarthritis progression [34]. Higher incidence
rates of RPOA are reported in patients with hip osteoarthri-
tis in comparison to knee osteoarthritic patients. RPOA is
also associated with combination therapy of anti-NGFs with
NSAIDs in patients with pre-existing osteoarthritis [33].

Peripheral symptoms of distal paraesthesia, dysaesthe-
sia and hypoesthesia are known to be associated with anti-
NGF therapies. Paraesthesia was reported in one patient
each in placebo and 1 mg fulranumab group (1.2%) and
2 patients (2.4%) in the 3 mg fulranumab group. None of
the intense neurological monitoring with examinations and
use of TNSn demonstrated any evidence of a safety signal.
Despite strict definition criteria for hypotension, bradycar-
dia, and orthostatic hypotension, whether symptomatic or
not, no safety signal emerged to suggest that fulranumab
has an effect on the sympathetic nervous system. After de-
tailed case review, the IAC assessed plausible reasons other
than study drug for all events adjudicated as a sympathetic-
related event of interest (EOI). No pattern suggesting drug

related sympathetic adverse events were observed. However
larger sample size, including patients at greater risk of de-
veloping sympathetic-related event of interest are required
to verify this hypothesis.

Although evidence for efficacy was seen within the studies
the numbers of patients enrolled in each study was too small
to make any definitive claim of efficacy (study PAI3001,
78/450 patients enrolled; study PAI3002, 17/450 patients
enrolled, PAI3003, 41/450 patients enrolled; study PAI3007,
101/900 patients enrolled). As a result of sponsor’s decision
to prematurely terminate the studies, the phase III stud-
ies had about 4% to 20% of the planned sample size for
randomization and approximately 70% of treated patients
discontinued DB phase resulting in reduced sample size and
curtailed treatment exposure duration.

The pain scores for inclusion in the studies were blinded
to minimize the potential selection bias and obtain a more
accurate estimate of the true effect of the treatment. Based
on data from phase II program for fulranumab in patients
with signs and symptoms of osteoarthritis of the hip or knee,
the SD of reported NRS pain scores collected 7 days prior
to screening phase was calculated. Prior analysis from other
studies demonstrated that patients with excessive variabil-
ity of daily pain scores, potentially due to inaccurate use
of the pain scales, could be identified and excluded, includ-
ing patients who are not able to discriminate the effects
of active treatment versus placebo [35] [36]. Retrospective
analysis of fulranumab data in osteoarthritis resulted in a
choice of a SD >1.1 in NRS scores during the screening pe-
riod as an exclusion criteria in the present studies to reduce
variance in the reporting of pain intensity to obtain a more
accurate estimate of treatment effect.

A major unmet medical need is an effective therapy for
painful OA of the hand. An exploratory analysis using the
AUSCAN in study participants with pre-existing hand OA
failed to show any evidence of efficacy.

The analysis from these four phase III studies demon-
strated that fulranumab as adjuvant or monotherapy
showed evidence of efficacy in improving pain (fulranumab
3 mg, p=0.041; fulranumab 1 mg group p=0.648) and phys-
ical function (fulranumab 3 mg, p=0.031; fulranumab 1 mg
group p=0.491) verses placebo based on WOMAC subscales
scores in patients with moderate-to-severe osteoarthritis.
Fulranumab treatment group 3 mg Q4wk showed improve-
ments in PGA at the DB-LOCF endpoint compared to
the placebo group. In previous studies, fulranumab demon-
strated significant improvement in efficacy measures of
pain relief data in patients with moderate-to-severe os-
teoarthritic pain [12–14]. Numerical reduction of pain
over time with fulranumab treatment groups persisted into
post-treatment follow-up phase as well. The efficacy ef-
fect sizes observed in the monotherapy studies (PAI3002
& PAI3003) were numerically larger than in the adjunctive
studies (PAI3001 and PAI3007) (data not shown).

Although trends for efficacy were observed in our stud-
ies, the number of patients enrolled was too small to make
any efficacy assertion for the treatment group. The efficacy
signal in study PAI3007 may have been diluted since a sig-
nificant proportion of the comparator group used NSAIDs,
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Table 4. Mean (SE) change from baseline in WOMAC subscale and PGA at end of DB-LOCF phase of fulranumab
study (ITT analysis)

Change from baseline, mean (SD) Comparison vs placebo, mean (SE)
Efficacy
parameters

FUL 3 mg
(n=79)

FUL 1 mg
(n=76)

Placebo
(n=78)

FUL 3 mg vs
placebo

P-
value

FUL 1 mg vs
placebo

P-
value

WOMAC subscale
a. Pain -3.31 (2.22) -2.61 (2.44) -2.11 (2.25) 0.90 (0.44) 0.041 0.20 (0.44) 0.648
b. Physical
function

-3.21 (2.24) -2.49 (2.41) -1.89 (2.23) 0.95 (0.44) 0.031 0.30 (0.44) 0.491

PGA -3.2 (2.46) -2.2 (2.51) -2.0 (2.15) 0.81 (0.49) 0.101 −0.24 (0.49) 0.622

however there was still a trend for efficacy in this study even
when confounded by NSAIDs. In remaining 3 studies where
comparator was restricted to placebo in both monotherapy
(PAI3002, PAI3003) and add-on settings (PAI3001) there
was a consistent efficacy signal.

In these four randomized, DB, placebo-controlled phase
III studies, fulranumab showed no new safety signals with
a safety profile comparable to placebo. Fulranumab demon-
strated analgesic efficacy as monotherapy or adjuvant ther-
apy to opioids in the limited number of patients enrolled
in these studies. The overall results support the view that
anti-NGF agent, fulranumab was generally tolerated and
provides pain relief with improvement in physical function
in patients who failed to respond adequately to opioids or
NSAIDs and who were planning or scheduled for a joint
replacement surgery.

Acknowledgements:
Lakshmi Kasthurirangan, PhD, SIRO Clinpharm Pv.

Ltd. provided medical writing assistance and Harry Ma,
PhD (Janssen Research & Development, LLC) provided
additional editorial support for this manuscript. The au-
thors thank the study participants without whom this study
would not have been accomplished and also thank the in-
vestigators for their participation in this study.

Data Sharing Statement:
The data sharing policy of Janssen Pharmaceutical Com-

panies of Johnson & Johnson is available at https://www
.janssen.com/clinical-trials/transparency. As noted on this
site, requests for access to the study data can be submitted
through Yale Open Data Access (YODA) Project site at h
ttp://yoda.yale.edu.

Conflict of Interest:
Conception and design: KK, SW, PS, JT, JH; Collec-

tion and assembly of data: KK, SW, PS, NZ, JT; Data
analysis and interpretation: KK, SW, PS, NZ, JL, JH, JT.
All authors are employees of Janssen Research & Develop-
ment and are shareholders in the parent company (John-
son & Johnson). At the time of publication, KK had re-
tired from services of Janssen Research & Development. The
studies presented in this report were sponsored by Janssen
Research & Development, LLC, USA. Janssen Research &
Development facilitated the study design, provided writing
assistance and editorial support for the manuscript, and re-
viewed and approved the manuscript prior to submission.

All authors participated in the development and review of
this manuscript and confirm that they have read the Jour-
nal’s position on issues involved in ethical publication and

affirm that this report is consistent with those guidelines.
All authors meet ICMJE criteria and all those who fulfilled
those criteria are listed as authors. All authors had access
to the study data, provided direction and comments on the
manuscript, made the final decision about where to publish
these data and approved submission to this journal. Publi-
cation of this article was not contingent upon approval by
Janssen Research & Development.

REFERENCES
[1] Vos T, Allen C, Arora M. regional, and national incidence

prevalence, and years lived with disability for 310 diseases
and injuries, 1990–2015: a systematic analysis for the Global
Burden of Disease Study 2015. Lancet 388:1545-1602;. Avail-
able from: https://doi.org/10.1016/S0140-6736.

[2] Thysen S, Luyten FP, Lories RJU. Targets, models and
challenges in osteoarthritis research. Dis Model Mech;8(17-
30):2015. Available from: https://doi.org/10.1242/dmm.
016881.

[3] Neogi T. The epidemiology and impact of pain in os-
teoarthritis. Osteoarthritis Cartilage 21:1145-1153;. Avail-
able from: https://doi.org/10.1016/j.joca.2013.03.018.

[4] McAlindon TE, Bannuru R, Sullivan MC, et al. OARSI
guidelines for the non-surgical management of knee os-
teoarthritis. Osteoarthritis Cartilage;22(363-388):2014.
Available from: https://doi.org/10.1016/j.joca.2014.01.003.

[5] American Academy of Orthopaedic Surgeons. Treat-
ment of osteoarthritis of the knee. Evidence-
based guideline. Edition. 2013;2. Available
from: https://www.aaos.org/research/guidelines/
treatmentofosteoarthritisofthekneeguideline.pdf.

[6] Fernandes L, Hagen KB, Bijlsma JW, et al. EULAR rec-
ommendations for the non-pharmacological core manage-
ment of hip and knee osteoarthritis. Ann Rheum Dis
72:1125-1135;. Available from: http://dx.doi.org/10.1136/
annrheumdis-2012-202745.

[7] Pivec R, Issa K, Naziri Q, Kapadia BH, Bonutti PM, Mont
MA. Opioid use prior to total hip arthroplasty leads to worse
clinical outcomes. Int Orthop 38:1159-1165;.

[8] Al-Saeed A. Gastrointestinal and Cardiovascular Risk
of Nonsteroidal Anti-inflammatory Drugs. Oman Med
J;26(385-391):2011. Available from: http://dx.org/10.5001/
omj.2011.101.

[9] McNamee KE, Burleigh A, Gompels LL, et al. Treatment
of murine osteoarthritis with TrkAd5 reveals a pivotal role
for nerve growth factor in non-inflammatory joint pain.
Pain;149(386-392):2010. Available from: https://doi.org/10.
1016/j.pain.2010.03.002.

[10] Shelton DL, Zeller J, Ho WH, Pons J, Rosenthal A. Nerve
growth factor mediates hyperalgesia and cachexia in auto-

Journal of Current Medical Research and Opinion, Vol 02 Iss 04, 130–140 (2019)

https://doi.org/10.1016/S0140-6736
https://doi.org/10.1242/dmm.016881.
https://doi.org/10.1242/dmm.016881.
https://doi.org/10.1016/j.joca.2013.03.018.
https://doi.org/10.1016/j.joca.2014.01.003.
https://www.aaos.org/research/guidelines/treatmentofosteoarthritisofthekneeguideline.pdf.
https://www.aaos.org/research/guidelines/treatmentofosteoarthritisofthekneeguideline.pdf.
http://dx.doi.org/10.1136/annrheumdis-2012-202745.
http://dx.doi.org/10.1136/annrheumdis-2012-202745.
http://dx.org/10.5001/omj.2011.101.
http://dx.org/10.5001/omj.2011.101.
https://doi.org/10.1016/j.pain.2010.03.002.
https://doi.org/10.1016/j.pain.2010.03.002.


143 Kathleen M Kelly et al.

immune arthritis. Pain;116(8-16):2005. Available from:
https://doi.org/10.1016/j.pain.2005.03.039.

[11] Matthews GL, Hunter DJ. Emerging drugs for osteoarthri-
tis. Expert Opin Emerg Drugs; 2011.

[12] Sanga P, Katz N, Polverejan E. Safety and Efficacy of Ful-
ranumab in Patients With Moderate-to-Severe Osteoarthri-
tis Pain: A Phase II Randomized, Double-Blind, Placebo-
Controlled Extension Study. Arthritis Rheumatol;69(763-
73):2017. Available from: https://doi.org/10.1002/art.
39943.

[13] Mayorga AJ, Wang S, Kelly KM, Thipphawong J. Effi-
cacy and safety of fulranumab as monotherapy in patients
with moderate to severe, chronic knee pain of primary os-
teoarthritis: a randomized, placebo- and active-controlled
trial. Int J Clin Pract;70(493-505):2016. Available from:
https://doi.org/10.1111/ijcp.12807.

[14] Sanga P, Katz N, Polverejan E. safety, and tolerability of
fulranumab, an anti-nerve growth factor antibody, in the
treatment of patients with moderate to severe osteoarthritis
pain. Pain 154:1910-1919;. Available from: https://doi.org/
10.1016/j.pain.2013.05.051.

[15] Schnitzer TJ, Marks JA. A systematic review of the effi-
cacy and general safety of antibodies to NGF in the treat-
ment of OA of the hip or knee. Osteoarthritis Cartilage 23
Suppl;1(8):2015. Available from: https://doi.org/10.1016/j.
joca.2014.10.003.

[16] Ruit KG, Osborne PA, Schmidt RE, Johnson EM, Snider
WD. Nerve growth factor regulates sympathetic ganglion
cell morphology and survival in the adult mouse. J Neu-
rosci. 1990;10:2412–2419. Available from: https://doi.org/
10.1523/JNEUROSCI..

[17] Bannwarth B, Kostine M. Nerve growth factor antagonists:
is the future if monoclonal antibodies becoming clearer?
Drugs 77:1377-1387;.

[18] M BJA. Current status of nerve growth factor antibodies for
the treatment of osteoarthritis pain. Clin Exp Rheumatol 35
Suppl. Miller R E, Malfait A. 2017;107:85–87.

[19] Mullard A. Drug developers reboot anti-NGFs pain pro-
grammes. Nat Rev;14(279-298):2015. Available from: https:
//doi.org/10.1038/nrd4612.

[20] Dolgin E. Panel backs pain drug studies with new safety
checks. Nat Med;18(4):2012–10.

[21] Announces Discontinuation of Fulranumab Phase 3 De-
velopment Program in Osteoarthritis Pain. Janssen
Research & Development, LLC Janssen. 2016 3;Available
from: https://www.jnj.com/media-center/press-releases/
janssen-announces-discontinuation-of-fulranumab-phase-
3-development-program-in-osteoarthritis-pain.

[22] V CK. Total neuropathy score: validation and reliability
study. Neurology 53:1660-1664; 1999. Available from: https:
//doi.org/10.1212/WNL.53.8.1660.

[23] Bellamy N. The WOMAC Knee and Hip Osteoarthritis In-
dices: development, validation, globalization and influence
on the development of the AUSCAN Hand Osteoarthritis
Indices. Clin Exp Rheumatol 23 Suppl 39:S148–53; 2005.

[24] McConnell S, Kolopack P, Davis AM. The Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC): a review of its utility and measurement proper-
ties. Arthritis Rheum. 2001;45:453–461.

[25] Ornetti P, Dougados M, Paternotte S, Logeart I, Gossec L.
Validation of a numerical rating scale to assess functional
impairment in hip and knee osteoarthritis: comparison with
the WOMAC function scale. Annals of the rheumatic dis-
eases 70:740-746; 2011. Available from: http://dx.doi.org/
10.1136/ard.2010.135483.

[26] Ehrich EW, Davies GM, Watson DJ, Bolognese JA, Seiden-
berg BC, Bellamy N. Minimal perceptible clinical improve-
ment with the Western Ontario and McMaster Universities
Osteoarthritis Index questionnaire and global assessments
in patients with osteoarthritis. J Rheumatol. 2000;27:2635–
2641.

[27] Gentelle-Bonnassies S, le Claire P, Mezieres M, Ayral X,
Dougados M. Comparison of the responsiveness of symp-
tomatic outcome measures in knee osteoarthritis. Arthritis
Care Res. 2000;13:280–285.

[28] Martin DP, Engelberg RU, Agel J. Swiontkowski MF. Com-
parison of the musculoskeletal function assessment question-
naire with the short form-36, the Western Ontario and Mc-
Master Universities Osteoarthritis Index, and the Sickness
Impact Profile health-status measures. J Bone Joint Surg
Am. 1997;79:1323–1335.

[29] Conner-Spady BL, Marshall DA, Bohm E. Reliability and
validity of the EQ-5D-5L compared to the EQ-5D-3L in pa-
tients with osteoarthritis referred for hip and knee replace-
ment. Qual Life Res 24:1775-1784;.

[30] Bellamy N, Campbell J, Haraoui B. Clinimetric properties
of the AUSCAN Osteoarthritis Hand Index: an evaluation
of reliability, validity and responsiveness. Osteoarthritis and
Cartilage; 2002.

[31] Chang DS, Hsu E, Hottinger DG, Cohen SP. Anti-nerve
growth factor in pain management: current evidence. J
Pain Res;9(373-383):2016. Available from: http://doi.org/
10.2147/JPR.S89061.

[32] Wang H, Romano G, Frustaci ME. Fulranumab for treat-
ment of diabetic peripheral neuropathic pain: A random-
ized controlled trial. Neurology;83(628-637):2014. Available
from: https://doi.org/10.1212/WNL.0000000000000686.

[33] Sanga P, Polverejan E, Wang S, Kelly KM, Thipphawong
J. Efficacy, safety, and tolerability of fulranumab as an ad-
junctive therapy in patients with inadequately controlled,
moderate-to-severe chronic low back pain: a randomized,
double-blind, placebo-controlled, dose-ranging, dose-loading
phase II study. Clin Ther;38(1435-50):2016. Available from:
https://doi.org/10.1016/j.clinthera.2016.03.030.

[34] Flemming DJ, Gustas-French CN. Rapidly Progressive Os-
teoarthritis: A Review of the Clinical and Radiologic Pre-
sentation. Curr Rheumatol Rep;19(42):2017–10.

[35] Dworkin RH, Turk DC, Peirce-Sandner S, et al. Considera-
tions for improving assay sensitivity in chronic pain clinical
trials: IMMPACT recommendations. Pain 153:1148-1158;.
Available from: https://doi.org/10.1016/j.pain.2012.03.003.

[36] Farrar JT, Troxel AB, Haynes K. Effect of variability in
the 7-day baseline pain diary on the assay sensitivity of
neuropathic pain randomized clinical trials: An ACTTION
study. Pain 155:1622-1631;. Available from: https://doi.org/
10.1016/j.pain.2014.05.009.

Journal of Current Medical Research and Opinion, Vol 02 Iss 04, 133–143 (2019)

https://doi.org/10.1016/j.pain.2005.03.039.
https://doi.org/10.1002/art.39943.
https://doi.org/10.1002/art.39943.
https://doi.org/10.1111/ijcp.12807.
https://doi.org/10.1016/j.pain.2013.05.051.
https://doi.org/10.1016/j.pain.2013.05.051.
https://doi.org/10.1016/j.joca.2014.10.003.
https://doi.org/10.1016/j.joca.2014.10.003.
https://doi.org/10.1523/JNEUROSCI..
https://doi.org/10.1523/JNEUROSCI..
https://doi.org/10.1038/nrd4612.
https://doi.org/10.1038/nrd4612.
https://www.jnj.com/media-center/press-releases/janssen-announces-discontinuation-of-fulranumab-phase-3-development-program-in-osteoarthritis-pain
https://www.jnj.com/media-center/press-releases/janssen-announces-discontinuation-of-fulranumab-phase-3-development-program-in-osteoarthritis-pain
https://www.jnj.com/media-center/press-releases/janssen-announces-discontinuation-of-fulranumab-phase-3-development-program-in-osteoarthritis-pain
https://doi.org/10.1212/WNL.53.8.1660.
https://doi.org/10.1212/WNL.53.8.1660.
http://dx.doi.org/10.1136/ard.2010.135483.
http://dx.doi.org/10.1136/ard.2010.135483.
http://doi.org/10.2147/JPR.S89061.
http://doi.org/10.2147/JPR.S89061.
https://doi.org/10.1212/WNL.0000000000000686.
https://doi.org/10.1016/j.clinthera.2016.03.030.
https://doi.org/10.1016/j.pain.2012.03.003.
https://doi.org/10.1016/j.pain.2014.05.009.
https://doi.org/10.1016/j.pain.2014.05.009.

	Introduction:
	Patients and Methods:
	Results:
	Discussion:



