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The Efficacy, Tolerability, and Joint Safety of Fasinumab in
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Objective. To prospectively assess the efficacy, general safety, and joint safety of fasinumab, an anti-nerve growth
factor monoclonal antibody, in osteoarthritis (OA) hip and/or knee pain.

Methods. Patients with moderate-to-severe OA pain (knee or hip) and history of inadequate response or intoler-
ance to analgesics were randomized to receive fasinumab (at 1 mg, 3 mg, 6 mg, or 9 mg) or placebo every 4 weeks
over 16 weeks and were followed up to week 36. Efficacy end points were the change from baseline to week 16 in the
pain and physical function subscale scores of the Western Ontario and McMaster Universities OA Index (WOMAC),
and patient global assessment (PGA) of OA. Joints were monitored at scheduled assessments (by plain film radiog-
raphy and magnetic resonance imaging) during treatment and follow-up, and if prompted, at the time of active joint
symptoms.

Results. Of the 421 patients randomized, 342 completed the 36-week study. All doses of fasinumab yielded sta-
tistically significant and clinically important reductions in pain compared to placebo (least squares mean difference
in WOMAC pain subscale scores at week 16 ranging —0.78 to —1.40), without any clear dose dependence. Physical
function and PGA scores improved in parallel. Treatment-emergent adverse event rates were 17% with fasinumab
and 10% with placebo, and 4% and 1% of patients, respectively, discontinued treatment. Arthropathies (25 in total,
7% of fasinumab-treated patients and 1% of placebo-treated patients) occurred in a dose-dependent manner, with
2 occurring in patients receiving the lowest dose of fasinumab and 10 in patients receiving the highest dose. Most of
the arthropathies (16 of 25) were discovered with scheduled radiographs and not based on symptoms. Destructive
arthropathy (in 1 of 337 treated patients) occurred in 1 patient who was receiving 6 mg fasimumab.

Conclusion. Fasinumab provided improvements in OA pain and function, even in those benefitting little from pre-
vious analgesics. The observed benefit-to-risk relationship favors further clinical development to explore the lowest
doses of fasinumab in patients with knee or hip OA.

INTRODUCTION Biologic agents that specifically block NGF to treat pain may obvi-

ate many of the side effects of currently used analgesic medica-

Nerve growth factor (NGF), a neurotrophin released by injured
or inflamed tissue, mediates peripheral pain by binding to its
receptors, tropomyosin receptor kinase A and p75, on nociceptive
neurons (1). Although strongly expressed on nociceptive neurons,
the tissue distribution of these receptors is broader and includes
bone and cartilage as well as other non-neuronal tissues (1).
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tions, such as opioids and nonsteroidal antiinflammatory drugs
(NSAIDs), which rely on different mechanisms of action (2,3). This
new therapeutic could benefit patients experiencing pain from
osteoarthritis (OA), a progressive, chronic disease characterized
by joint breakdown and functional loss (3). However, NGF-directed
therapies exhibit their own unique side effect profile in OA, which
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includes alterations in peripheral sensation and development of
arthropathies (3-5).

Fasinumab is a recombinant, fully human, IgG4 anti-NGF
monoclonal antibody that binds selectively to NGF without affect-
ing signaling via other neurotrophins, such as neurotrophin 3 and
brain-derived neurotrophic factor (6). In a proof-of-concept study
involving 217 patients with OA knee pain, fasinumab (adminis-
tered intravenously on days 1 and 57 of the 24-week study at
0.03, 0.1, and 0.3 mg/kg—corresponding to approximate doses
of 2 mg, 7 mg, and 20 mg, respectively, per administration) was
generally well tolerated and, compared to placebo, significantly
reduced walking knee pain and improved the Western Ontario
and McMaster Universities OA Index (WOMAC) subscale scores
for pain and function at the 8- or 16-week assessments (6). In
that study, the 2 highest doses provided generally greater ben-
efits than the lowest dose. Based on these results, the doses of
fasinumab selected for further study ranged from 1 mg to 9 mg
subcutaneously every 4 weeks.

The current study assessed the efficacy and safety of fasi-
numab in patients with moderate-to-severe knee and/or hip OA
pain who had an inadequate response or intolerance to standard-
of-care analgesic therapies, including NSAIDs, acetaminophen, or
opioids. To better understand the benefits and risks of this new
therapeutic agent, this study was designed to evaluate pain relief
and functional benefit while closely monitoring side effects, includ-
ing symptomatic and clinically silent joint changes. Extensive radi-
ographic monitoring of the joints was performed at baseline and
over the course of the trial, supplemented by additional imaging
prompted by any clinically meaningful change in joint symptoms.
Findings were adjudicated by a blinded committee of expert bone
radiologists. This was the first study with an anti-NGF antibody to
prospectively conduct regular radiologic evaluation of major joints
over the course of a clinical study in all patients, while assessing
clinical joint symptoms.

PATIENTS AND METHODS

Patients. Eligible patients were ages 40-80 years, had
OA of the knee and/or hip based on the American College of
Rheumatology OA classification criteria (7,8), with radiologic
confirmation of the diagnosis based on a Kellgren/Lawrence
(K/L) severity grade of >2 on a scale of 0-4 (9), and demon-
strated moderate-to-severe OA pain, defined as a WOMAC
pain subscale score of >4 both at screening (index joint being
selected according to the worst pain and K/L score) while
receiving the usual analgesic medications, and at randomiza-
tion, 7 days after withdrawal of the analgesic therapy. Eligible
patients had a history of inadequate pain relief with, or intol-
erance to, acetaminophen, >1 oral NSAID, and >1 opioid (or
unwillingness to use opioids) and required regular analgesic
use for OA pain (average of 4 days/week during the 4 weeks
prior to screening). Patients were excluded if they had a history

of other joint diseases, index joint trauma within 30 days of
screening, active fibromyalgia, another moderate-to-severe
pain condition, or a body mass index (BMI) of >39 kg/m?.

Study design. This phase lIb/lll double-blind, placebo-
controlled study was conducted at 61 sites in the United States.
Patients were randomized (1:1:1:1:1) to receive fasinumab at
1 mg, 3 mg, 6 mg, or 9 mg or placebo, administered subcuta-
neously every 4 weeks for a total of 4 doses, with the last dose
at 12 weeks. The primary efficacy analysis was conducted at
16 weeks (see Supplementary Figure 1, available on the Arthri-
tis & Rheumatology web site at http://onlineliorary.wiley.com/
doi/10.1002/art.41012/abstract), and follow-up was carried out
until week 36.

Random number generation with SAS software was used
to assign treatment, via a centralized Interactive Voice-Web
Response System. Patients were stratified by index joint (knee
or hip) and K/L score (grades 2 or 3 versus grade 4) using block
sizes of 5. The investigational product (IP) was provided to sites in
1-ml vials (6 mg/ml fasinumab or placebo, in a blinded manner).
The site study pharmacist (or designee) prepared the volume
for each patient and administered it without knowledge as to
whether the IP was fasinumab or placebo. All other site person-
nel involved in assessment of patients were blinded with regard
to treatment assignment. Efficacy and safety assessments were
performed through week 36.

Patients were required to stop analgesic medications at a
prerandomization visit, 7 days before randomization. Pain scores
were obtained before and after withdrawal of previous analge-
sics. Although these scores had to meet a pain threshold (pain
score of >4 points on a 0-10 scale), there was no requirement
for pain flare.

From the time of the prerandomization visit and continuing
through week 20, patients could take rescue analgesics (1-2 tab-
lets of acetaminophen at 325 mg every 4-6 hours) as needed for
intolerable pain (maximum of 2,600 mg per day), which had to
be discontinued >48 hours prior to the start of each study visit
through week 16. Patients could receive opioids after the week 16
visit, if needed, but were not allowed to take any NSAIDs (oral or
topical, except aspirin <100 mg/day for cardiac prophylaxis) until
>16 weeks after the last dose of study drug (week 28).

An independent data monitoring committee periodically
reviewed all unblinded data and made recommendations to the
sponsor as to the conduct of the study, in accordance with the eth-
ics principles outlined in the Declaration of Helsinki and consistent
with International Conference on Harmonisation Guidelines for Good
Clinical Practice and applicable regulatory requirements. The study
committees included the independent data monitoring committee
and a joint adjudication committee, as described in Supplemen-
tary Methods (available on the Arthritis & Rheumatology web site
at  http://onlinelibrary.wiley.com/doi/10.1002/art.41012/abstract).
Informed consent was obtained from all patients prior to enroliment.
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Efficacy end points. The primary efficacy end point was
change from baseline to week 16 in the WOMAC pain subscale
score (scale of 0-10), which represented the average score in
response to 5 questions assessing joint pain while walking, using
stairs, at rest in bed, sitting or lying, and standing (minimal clinically
important difference [MCID] 0.75 [10]).

Secondary efficacy end points were change from baseline to
week 16 in the WOMAC physical function subscale score (scale of
0-10, average score in response to 17 questions; MCID 0.67 [10])
and patient global assessment (PGA) of OA (scale of 1-5, with 5
being worst [11]).

Exploratory efficacy end points included the following: daily
and weekly walking index joint pain scores on a Numeric Rating
Scale (NRS) (scale of 0-10, with 0 = no pain; MCID ~1 point [12]);
the percentage of patients who responded to treatment according
to >280% and >50% reductions at week 16 in the WOMAC pain and
physical function subscale scores; and rate of treatment response
on the Outcome Measures in Rheumatology (OMERACT)-
Osteoarthritis Research Society International (OARSI) responder
index (13). An additional post hoc exploratory analysis was per-
formed to assess the response to fasinumab according to the
occurrence of pain flare after discontinuation of a prior analge-
sic, defined by thresholds of change in the score from screen-
ing to randomization of —1, —1.5, and -2 points on the 10-point
WOMAC pain subscale.

Safety end points. Safety was evaluated based on the
frequency of treatment-emergent adverse events (TEAEs), AEs
of special interest (adjudicated arthropathy and sympathetic

nervous system dysfunction), and laboratory tests. Joint
safety was monitored in all patients via plain radiographs of
the shoulders, hips, and knees at screening, at the end of the
treatment period (week 16), and at study end (week 36). Imag-
ing was also conducted at any time for worsening joint pain
that was assessed as inconsistent with the patient’s normal
OA pain. Magnetic resonance imaging (MRI) was performed
at baseline, 16 weeks, and 36 weeks on the index and con-
tralateral joints, and on any joint with a K/L score at baseline of
>3. Additional MRIs were performed if follow-up radiographs
exhibited important interval changes.

Based on reports of joint AEs that were previously
described in clinical trials with anti-NGF antibodies (3-5), the
incidence of adjudicated arthropathy, an umbrella term for
rapidly progressive OA type 1 (RPOA-1), RPOA-2, subchon-
dral insufficiency fracture, and primary osteonecrosis, was
determined during this study. RPOA-1 was defined as joint
space narrowing exceeding prespecified thresholds. For a
baseline joint space width (JSW) of >2 mm, the reduction had
to be >2 mm or 50% (whichever was greater). For joints with
a baseline JSW of <2 mm, a reduction in JSW of O qualified
as RPOA-1. For the hips, thresholds were similar, except that
the criteria centered on the baseline JSW and change in JSSW
of 1.5 mm. MRI was used to confirm cartilage loss in RPOA-1.
RPOA-2 was defined as changes in bone structure on plain
film radiography or MRI.

Primary osteonecrosis was defined as a focal circum-
scribed or extended region of mottled radiolucency without
evidence of subchondral collapse or bone fragmentation, as

Screened for eligibility
(n =1,214)

Excluded
(n=793)
»| * Did not meet inclusion criteria

* Met exclusion criteria
« Withdrew before completion of assessment

Randomized
(n =421)

Allocated to placebo
(n=83)

Discontinued study drug
(n=16)
« Patient withdrawal of consent (n = 7)
« Lack of efficacy (n = 3)
« Investigator/sponsor decision (n = 2)
« Lost to follow-up (n = 2)
« Adverse event (n = 1)
» Non-compliance with protocol by patient (n = 1)

Completed treatment
(n=867;81%)

Allocated to fasinumab
(n=338)

1 mg every 4 weeks (n = 85)

3 mg every 4 weeks (n = 84)

6 mg every 4 weeks (n = 85)

9 mg every 4 weeks (n = 84)

Discontinued study drug
(n=44)
« Patient withdrawal of consent (n = 19)
« Adverse event (n = 12)
« Investigator/sponsor decision (n = 6)
* Lost to follow-up (n = 5)
* Non-compliance with protocol by patient (n = 2)

Completed treatment
(n =29%4; 87%)

Figure 1. Disposition of the patients.
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Table 1. Patient demographics and baseline clinical characteristics (full analysis set)*
Fasinumab
Placebo 1mg 3mg 6 mg 9 mg Combined Total
Characteristic (n=83) (n=85) (n=284) (n =85) (n=284) (n =338) (n=421)

Age, mean = SD years 60.1+72 60.7 £8.9 60.7 £89 60.1+79 61.5+78 60.6 £ 8.1 60.6+ 8.1
Female, no. (%) 54 (65.1) 59 (69.4) 54 (64.3) 51 (60.0) 54 (64.3) 218 (64.5) 272 (64.6)
White, no. (%) 65 (78.3) 64(75.3) 61 (72.6) 61 (71.8) 67 (79.8) 253 (74.9) 318 (75.5)
BMI, mean + SD kg/m? 31.8+4.5 30.6+5.0 309+47 30.5+49 31.8+5.0 30.95+49 3112+49
Index joint, no. (%)

Hip 9(10.8) 10 (11.8) 10(11.9) 11(12.9) 10(11.9) 41 (12.1) 50(11.9)

Knee 74(90.2) 75(88.2) 74 (88.1) 74 (87.1) 74 (88.1 297 (88.1) 371(88.1)
K/L score, no. (%)

1 0 0 0 1(1.2) 1(0.3) 1(0.2)

2 23(27.7) 31(36.5) 30(35.7) 30(35.3) 28(33.3) 119 (35.2) 142 (33.7)

3 26(31.3) 20(23.5) 21(25.0) 20(23.5) 21 (25.0) 82 (24.3) 108 (25.7)

4 34 (41.0) 34 (40.0) 33(39.3) 35(41.2) 34 (40.5) 136 (40.2) 170 (40.4)

* BMI = body mass index; K/L = Kellgren/Lawrence (radiologic severity score).

confirmed by MRI. Subchondral insufficiency fracture was
defined as subchondral radiolucency, a possible sclerotic lin-
ear component, and articular surface flattening without signif-
icant collapse or fragmentation, as confirmed by MRI. Based
on imaging studies, all suspected arthropathies were adjudi-
cated by an independent blinded committee of musculoskel-
etal radiologists with formal training on reading methodology,
using training set image data.

In addition, patients were monitored for sympathetic nerv-
ous system dysfunction using prespecified criteria, including an
autonomic dysfunction questionnaire and thresholds for positional
changes in blood pressure or heart rate.

Statistical analysis. The statistical analysis plan was
designed prior to the study start and finalized prior to database
lock and unblinding. A sample size of 375 randomized patients
was required in balanced allocation to the 5 treatment arms in
order to detect a difference of 1.1 in the primary end points (active
treatment versus placebo), with an assumed SD of 2.3 and Type
1 error rate of 0.05, providing statistical power of at least 83%.
A combination of the Hochberg procedure (14) and gatekeeping
method was used to address multiplicity, by applying the Hoch-
berg method to test first the 6-mg and 9-mg doses versus pla-
cebo, at a significance level of 0.05, followed by sequential testing
of the 3-mg and 1-mg doses versus placebo, each at a signifi-
cance level of 0.05.

Efficacy variables were analyzed using a mixed-effects
model repeated-measures (MMRM) approach. The model
included randomization strata, baseline score, treatment,
and treatment-by-visit interaction. Data from all patients were
used in the primary efficacy analysis according to intent-to-
treat principles, using the MMRM approach and with no
imputation for missing data. Least squares (LS) mean val-
ues for the change from baseline to week 16, as well as LS
mean differences between fasinumab doses and placebo,

with their corresponding SEs, P values, and 95% confidence
intervals, were obtained by MMRM.

RESULTS

Disposition of the patients. The study was conducted
from May 2015 through July 2016, during which 1,214 patients
with knee and/or hip OA were screened, and 421 were ran-
domized to receive either fasinumab (n = 338) or placebo
(n = 83) (Figure 1), with follow-up through week 36. During
the study, 419 patients received >1 dose of study medication
(1 patient randomized to receive placebo and 1 randomized
to receive 9 mg fasinumab discontinued before drug adminis-
tration). A total of 342 patients completed the entire 36-week
study (n = 294 in the fasinumab group [87%] and n = 67 in the
placebo group [81%)]).

Demographic and baseline clinical characteristics
of the patients. Demographics and baseline clinical charac-
teristics were generally balanced across the treatment groups
(Table 1). Most patients (66%) had K/L radiologic OA severity
scores of 3 or 4. The index joint was mostly the knee (~88%
of patients). Patients who were enrolled had a history of inad-
equate pain relief with acetaminophen (99%), NSAIDs (98%),
and opioids (45%), with 2.6%, 8.3%, and 19% of patients,
respectively, reporting intolerance to these drugs. Further-
more, 64% of patients were unwilling to take opioids. Of those
who took opioids in the past, nearly 100% reported having
tried both strong (e.g., hydrocodone) and weak (e.g., trama-
dol) opioids.

Efficacy. Significantly greater reductions in WOMAC pain
subscale scores were observed from baseline to week 16 with all
4 dose levels of fasinumab compared to placebo. The LS mean
difference in WOMAC pain scores in the active treatment groups



1828

DAKIN ET AL

Table 2. Change from baseline to week 16 in WOMAC pain subscale scores (full analysis set)*

Fasinumab
Placebo 1 mg 3mg 6 mg 9 mg
(n=283) (n=85) (n=84) (n=85) (n=84)
Baseline
No. of patients 83 85 84 85 84
WOMAC pain score
Mean + SD 6.4+1.7 6.3+1.6 64+16 6.1+14 6.5+1.5
Median (range) 6.4 (1.4,10.0) 6.2(3.0,9.4) 6.2(3.0,10.0) 6.2(2.0,9.6) 6.6 (3.6, 10.0)
Week 16
No. of patients 71 75 78 77 79
WOMAC pain score
Mean + SD 39+26 28+22 29+ 231 3.2+24 27+25
Median (range) 4.2 (0.0,9.0) 2.4(0.0,8.2) 2.4(0.0,7.6) 2.8(0.0, 8.0) 2.2 (0.0, 10.0)
Change from baseline
No. of patients 71 75 78 77 79
WOMAC score change
Mean + SD 24+24 -3.5+21 -34+24 -31+£23 -3.8+25
Median (range) -2.2(-8.6,2.2) -3.2(-8.4,0.2) -3.5(-7.8,2.6) -3.4(-76,1.6) -3.8(-8.8,1.2)
LS mean + SE -2.3+0.29 -34+03 -33+03 -3.0+03 -37+0.3
95% Cl -2.8,-17 -39,-238 -3.9,-2.8 -3.6,2.5 -4.2,-31
Difference vs. placebo
LS mean + SE = -11+04 -11+04 -0.8+04 -1.4+£04
95% Cl = -1.8,-0.4 -1.8,-0.4 -1.5,-0.1 -2.1,-0.7
P = 0.0025 0.0029 0.0304 0.0001

* Analyses were based on a mixed-effects model repeated-measures approach.

The prespecified time for assessment of the primary

efficacy end point of Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain subscale scores was 16 weeks.
Change from baseline (versus placebo) was significant for all doses of fasinumab at weeks 2, 4, 8, and 12 (nominal P < 0.05). Post hoc
analysis, difference versus placebo for fasinumab doses of 1 mg, 3 mg, 6 mg, and 9 mg: at week 20, -0.61, -0.92, -0.67, and -1.02, re-
spectively (P < 0.05 for 3 mg and 9 mg versus placebo); at week 36, —0.24, 0.21, 0.33, and 1.00, respectively (P < 0.05 only for 9-mg dose

versus placebo). LS = least squares; 95% Cl = 95% confidence interval.

compared to placebo ranged from —0.78 to —1.40, without any
clear dependence on dose level (Table 2 and Figure 2). Pain
subscale score reductions, evident by week 2, were maintained
throughout 16 weeks of treatment (Figure 2A). A per-protocol
analysis provided similar results (data not shown). During the fol-
low-up (after week 16), pain scores in all fasinumab dose groups
returned toward baseline levels, although not fully. A subgroup
analysis of the WOMAC pain subscale scores stratified by age,
sex, race, K/L score, index joint, weight, and BMI demonstrated
results that were generally consistent with the overall results (see
Supplementary Figures 2A-E, available on the Arthritis & Rheu-
matology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.41012/abstract). In addition, all 4 doses of fasinumab yielded
statistically significant and clinically meaningful improvements
from baseline to week 16 in the WOMAC physical function sub-
scale scores as compared to placebo (Figure 2B and Supplemen-
tary Table 1, available on the Arthritis & Rheumatology web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.41012/abstract),
paralleling changes in the WOMAC pain subscale scores.
Across all doses, fasinumab reduced PGA scores (week 16
versus baseline) as compared to placebo, with reductions that
were statistically significant with the 1-mg and 9-mg doses (>30%
improvement in PGA scores; P = 0.0132 and P = 0.008, respec-
tively). PGA scores returned to baseline levels during follow-up.
Treatment with fasinumab also resulted in clinical benefit
across most of the exploratory end points, although our study

was not specifically powered for these comparisons. Statistically
significant reductions in the NRS walking pain score were noted
by week 2 and were maintained over the 16-week treatment
period across all fasinumab doses (see Supplementary Figure
3, available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.41012/abstract).

In responder analyses, substantial treatment effects,
defined as >30% improvement from baseline in WOMAC
pain and physical function subscale scores, were observed
with fasinumab compared to placebo. A greater proportion
of patients receiving fasinumab achieved >30% improvement
in both the WOMAC pain score (63.5-73.8% of fasinumab-
treated patients versus 47% of patients receiving placebo) and
physical function score (61.2-71.4% of fasinumab-treated
patients versus 44.6% of patients receiving placebo). Similar
results were demonstrated when the responder analyses were
based on >50% improvement thresholds, yielding statistically
significant differences in all 4 fasinumab dose groups com-
pared to placebo at week 16.

In the responder analysis based on the OMERACT-OARSI
responder index, greater proportions of patients receiving fasi-
numab exhibited clinically meaningful treatment responses com-
pared to those receiving placebo (72.9%, 72.6%, 63.5%, and
78.6% of patients treated with fasinumab at 1 mg, 3 mg, 6 mg, and
9 mg, respectively, versus 51.8% of patients receiving placebo; all
P < 0.01 except for the comparison of the 6-mg dose to placebo).
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Figure 2. Change from baseline in Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain (A) and physical function
(B) subscale scores by visit, and change from baseline in WOMAC pain subscale score in patients exhibiting pain flare (C) compared to those
not exhibiting pain flare (D) upon withdrawal of a prior analgesic (full analysis set). Pain and physical function subscales were each normalized

to a scale of 0-10, as described in Patients and Methods.

WOMAC pain scores were also assessed in patients with
and those without pain flare upon withdrawal of a prior analgesic.
The proportion of patients who experienced a pain flare after anal-
gesic withdrawal (pain score >1 on a scale of 0-10) was ~25%
across doses. Patients with pain flare had worse mean pain scores
at baseline compared to those without flare. Improvements in the
mean pain scores at week 16 with fasinumab ranged from —1.12
to —1.81 in patients with pain flare compared to change in mean
pain scores ranging from —0.87 to —1.14 in those without pain flare
(Figures 2C and D). Patients with a pain flare, compared to those
without pain flare, who were randomized to receive placebo had
higher baseline pain scores (mean 6.96 versus 6.22), and showed
more improvement in pain scores at week 16 (LS mean difference
in score —3.68 versus —2.19). Similar trends were noted in analy-
ses using higher pain thresholds. Greater treatment effects were
observed in patients with higher baseline pain scores or who exhib-
ited greater worsening of pain on withdrawal of the prior analgesic
therapy.

Safety. The duration of treatment was similar between the
placebo and pooled fasinumab groups (mean + SD 101 = 26
days with placebo versus 105 + 20 days with fasinumab). Fur-
thermore, the duration of observation was similar between the

groups (mean + SD 219 + 75 days with placebo and 236 + 54
days with fasinumab).

During the 16-week treatment period, the incidence of
TEAEs was 62% with fasinumab and 55% with placebo (Table 3).
Nervous system and musculoskeletal symptoms were more
frequent following treatment with fasinumab (17% and 19%,
respectively) than with placebo (9% and 17%, respectively). The
pooled fasinumab group, as compared to the placebo group,
had a higher incidence of paresthesia (3% versus 0%) and
arthralgia (8% versus 2%). Of the 12 paresthesia events in 10
patients, 10 were mild, 2 were moderate, and none were severe;
~50% of these events resolved by the study end. There was 1
event of carpal tunnel syndrome. Preexisting neuropathies were
an exclusion criterion. There was no indication of sympathetic
nervous system dysfunction.

During treatment, in the pooled fasinumab dose groups com-
pared to the placebo group, there were variably higher rates of
infections (21% versus 16%; generally of the respiratory tract) and
a decreased rate of vascular disorders (6% versus 10%; mostly
hypertension). In follow-up, these imbalances were less evident.
Across all tfreatment groups, most AEs were mild-to-moderate in
severity. The incidence of serious TEAES during treatment was
low (2% with placebo versus 1% with fasinumab). There was no
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Table 3. TEAEs reported in >3% of patients during the treatment and follow-up periods, by system organ class (safety analysis set)*

Fasinumab
Placebo 1mg 3 mg 6 mg 9 mg Combined
(n=82) (n = 85) (n=84) (n =85) (n =83) (n=337)
Treatment period
>1 TEAE 45 (54.9) 54 (63.5) 52 (61.9) 55 (64.7) 48 (57.8) 209 (62.0)
Infections and infestations 13(15.9) 18(21.2) 17 (20.2) 16 (18.8) 21(25.3) 72(21.4)
Upper respiratory tract 1(1.2) 5(5.9) 3(3.6) 3(3.5) 7(8.4) 18 (5.3)
infection
Urinary tract infection 3(3.7) 5(5.9) 1(1.2) 4(4.7) 3(3.6) 13(3.9)
Sinusitis 3(3.7) 1(1.2) 2.4 2(2.4) 4(4.8 9(2.7)
Musculoskeletal and connec- 14.(17.1) 16 (18.8) 15(17.9) 18 (21.2) 14(16.9) 63(18.7)
tive tissue disorders
Arthralgia 2(2.4) 9(10.6) 5(6.0) 8(9.4) 5(6.0) 27 (8.0)
Back pain 2(2.4) 4(4.7) 1(1.2) 2(2.4) 3(3.6) 10(3.0)
Joint swelling 0 1(1.2) 6(71) 3(3.5) 0 10(3.0)
Pain in extremity 3(3.7) 3(3.5) 1(1.2) 2(2.4) 4 (4.8) 10(3.0)
Musculoskeletal pain 4(4.9 0 1(1.2) 2(2.4) 1(1.2) 4(1.2)
Myalgia 0 1(1.2) 0 2(2.4) 0 3(0.9)
Osteoarthritis 0 0 0 0 3(3.6) 3(0.9)
Nervous system disorders 7 (8.5) 15(17.6) 14(16.7) 15(17.6) 13(15.7) 57 (16.9)
Headache 5(6.1) 7(8.2) 2(2.4) 4(4.7) 4(4.8) 17 (5.0)
Paresthesia 0 2(2.4) 4(4.8) 0 4 (4.8) 10(3.0)
Dizziness 2(2.4) 3(3.5) 224 3(3.5) 1(1.2) 9(2.7)
Hypoesthesia 1(1.2) 2(2.4) 3(3.6) 2(2.4) 1(1.2) 8(2.4)
Gastrointestinal disorders 7 (8.5) 9(10.6) 12 (14.3) 9(10.6) 5(6.0) 35(10.4)
Nausea 3(3.7) 6(7.1) 1(1.2) 2(2.4) 1(1.2) 10(3.0)
Diarrhea 3(3.7) 1(1.2) 1(1.2) 4(4.7) 2(2.4) 8(2.4)
Dry mouth 1(1.2) 3(3.5) 4(4.8) 1(1.2) 0 8(2.4)
Vomiting 0 1(1.2) 3(3.6) 1(1.2) 2(2.4) 7(2.1)
Vascular disorders 8(9.8) 6(7.1) 4(4.8) 5(5.9) 4(4.8) 19 (5.6)
Orthostatic hypotension 3(3.7) 3(3.5) 3(3.6) 3(3.5) 2(2.4) 11 (3.3)
Hypertension 4(4.9) 1(1.2) 1(1.2) 2(2.4) 1(1.2) 5(1.5)
Skin and subcutaneous tissue 1(1.2) 6(7.1) 4(4.8) 2124 5(6.0) 17 (5.0)
disorders
Rash 0 1(1.2) 2(2.4) 1(1.2) 4 (4.8) 8(2.4)
Follow-up period
>1 posttreatment AE 31(37.8) 36 (42.4) 38(45.2) 42 (494 44 (53.0) 160 (47.5)
Musculoskeletal and connec- 10(12.2) 15(17.6) 20(23.8) 25(29.4) 23(27.7) 83 (24.6)
tive tissue disorders
Arthralgia 5(6.1) 3(3.5) 11 (13.1) 12 (14.1) 9(10.8) 35(10.4)
Rapidly progressive OA 0 2(2.4) 2(2.4) 5(5.9) 7 (8.4) 16 (4.7)
OA 0 3(3.5) 4(4.8) 3(3.5) 4 (4.8) 14(4.2)
Musculoskeletal pain 2 (2.4) 2(2.4) 5(6.0) 4(4.7) 1(1.2) 12 (3.6)
Joint swelling 1(1.2) 1(1.2) 2(2.4) 4(4.7) 1(1.2) 8(2.4)
Pain in extremity 1(1.2) 1(1.2) 1(1.2) 3(3.5) 2(2.4) 7(2.1)
Infections and infestations 7 (8.5) 11 (12.9) 15(17.9) 8(9.4) 12 (14.5) 46 (13.6)
Upper respiratory tract 0 2(2.4) 7(8.3) 3(3.5) 0 12 (3.6)
infection
Urinary tract infection 2(2.4) 3(3.5) 2(2.4) 0 1(1.2) 6(1.8)
Bronchitis 1(1.2) 0 1(1.2) 0 3(3.6) 4(1.2)
Vascular disorders 4(4.9) 2 (2.4 5(6.0) 3(3.5) 5(6.0) 15 4.5)
Orthostatic hypotension 4(4.9) 2(2.4) 4 (4.8) 0 4 (4.8) 10 (3.0

* Adverse events (AEs) were defined according to the Medical Dictionary of Regulatory Activities (version 18.0) with system organ class preferred
terms. A patient who reported >2 treatment-emergent AEs (TEAEs) with the same preferred term was counted only once for that term. A patient
who reported >2 TEAEs with different preferred terms within the same system organ class was counted only once in that system organ class.

Values are the number (%) of patients. OA = osteoarthritis.

apparent fasinumab dose relationship in terms of the proportion of
patients with serious TEAEs. A low proportion of patients discontin-
ued therapy due to TEAEs (4% [n = 14] in the fasinumab group and
1% [n = 1] in the placebo group). No group exhibited a predom-
inant cause of discontinuation, as the reasons for discontinuation

spanned musculoskeletal, nervous system, skin, and subcutane-
ous tissue disorders, with incidence rates of 0-2% for each.
During the 20-week follow-up, the incidence of TEAEs was
higher in the combined fasinumab group than in the placebo group
(48% versus 38%) (Table 3), although the incidence of serious
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Table 4. Adjudicated arthropathies and total joint replacements (safety analysis set)*

Fasinumab
Placebo 1 mg 3mg 6 mg 9 mg Combined
(n=282) (n =85) (n=84) (n =85) (n=283) (n =337)
Arthropathiest
No. of arthropathies 1 4 6 12 24
Patients with >1 arthropathy 1(1.2) 2( 4(4.8) 6(7.1) 10(12.0) 22 (6.5)
RPOAZ 0 2( 2(2.4) 5(5.9) 7(8.4) 16 (4.7)
Subchondral insufficiency fracture 1(1.2) 2(2.4) 1(1.2) 3(3.6) 6(1.8)
Joint replacements
No. of joint replacements 4 4 4 3 14
Patients with >1 joint replacement8 3(3.7) 3(3.5) 3(3.6) 4(4.7) 3(3.6) 13(3.9)
No. of joint replacements per 1,000 81.2 56.5 73.8 72.7 53.8 64.2
patient-yearsf
Joint replaced
Knee 3 4 3 2 12
Hip 0 0 1 1 2
Shoulder 1 0 0 0 0

* Except where indicated otherwise, values are the number (%) of patients.
t Arthropathies include those during the treatment and follow-up periods combined, detected on scheduled and unsched-

uled radiographic assessments.

¥ Of the rapidly progressive osteoarthritis (RPOA) events, 2 patients had RPOA-2 (1 in the 6 mg fasinumab group and 1 in the
9 mg fasinumab group) and 14 patients (16 events) had RPOA-1 (across fasinumab doses). Two patients (both in the 9 mg

fasinumab group) had bilateral RPOA-1.
§ Two patients had bilateral joint replacements.

9 The corresponding 95% confidence intervals (95% Cls) were as follows: for placebo, 95% Cl 63.5, 98.9; for 1 mg fasinumab,
95% Cl 41.8, 71.2; for 3 mg fasinumab, 95% Cl 57.0, 90.6; for 6 mg fasinumab, 95% Cl 56.0, 89.4; for 9 mg fasinumab, 95% ClI

39.4, 68.2; for fasinumab doses combined, 95% Cl 48.5, 79.9.

TEAEs was similar between the groups (6% of fasinumab-treated
patients versus 5% of placebo-treated patients), varying across
the fasinumab dose groups.

Due to the historical interest in arthropathy associated with
anti-NGF treatment, careful analyses were performed to detect
both symptomatic arthropathy and arthropathies detected via
routine radiologic surveillance without requiring presence of
symptoms. Adjudicated arthropathies were detected in 23
patients (5%) overall, involving 25 joints (13 index joints and 12
non-index joints) in 7% of patients in the combined fasinumab
group and 1% of patients in the placebo group (Table 4).

An increase in arthropathies according to fasinumab
dose and time was observed during the study. There was a
clear dependence on the fasinumab dose, with 1 arthropathy
observed in the placebo group compared to 2 arthropathies
in patients receiving the 1-mg dose, 4 in patients receiving
the 3-mg dose, 6 in patients receiving the 6-mg dose, and 12
in patients receiving the 9-mg dose. Arthropathies consisted
of RPOA in 5% of patients in the fasinumab group (with joint
space narrowing [RPOA-1] in 14 patients; with bony changes
[RPOA-2] in 2 patients) compared to none in the placebo
group. Subchondral insufficiency fracture occurred in 1.8% of
patients in the combined fasinumab group and 1.2% in the
placebo group. Most arthropathies (16 of the 25) were discov-
ered by a scheduled radiologic assessment. The incidence of
arthropathy prompted by symptoms (9 of 25), outside of routine
assessment, was low (1 in the placebo group, 1 in the 1-mg
dose group, 3 in the 3-mg dose group, 2 in the 6-mg dose

group, and 2 in the 9-mg dose group, involving subchondral
insufficiency fracture in 5 patients, RPOA-1 in 3 patients, and
RPOA-2 in 1 patient). No primary osteonecrosis was observed.

Because MRI is superior to radiography for observing
changes in joint structure, its use for monitoring resulted in
detection of subtle changes in bone structure, with variable
degrees of severity, that were not evident on radiography. To
highlight those cases that were most severe, reflecting the level
of destructive joint changes for this class of drug as outlined by
the 2012 Arthritis Advisory Committee (15), a blinded post hoc
analysis was performed on all adjudicated arthropathies to iden-
tify destructive arthropathy, which was defined as abnormal bone
fragmentation, destruction, or fracture during the study, including
near-total or total collapse of an articular surface, and subluxa-
tion/malalignment, all inconsistent with radiographic findings in
advanced OA, and readily observed on radiography. Destructive
arthropathy was identified in only 1 patient, who was receiving
6 mg fasinumab (<0.3% of the 337 fasinumab-treated patients).

Overall, 16 patients (4%) underwent 18 joint replacements,
predominantly involving the knees (15 with knee replacement, 2
with hip replacement, and 1 with shoulder joint replacement). Joint
replacements occurred at an incidence of 3—4 per group (Table 4),
with no evidence of either drug or dose dependence.

Routine monitoring of laboratory test findings revealed no
significant changes, except in the levels of alkaline phosphatase
(ALP), which increased in a time- and dose-dependent manner
during the trial, although group mean values remained within
the normal range (see Supplementary Figure 4, available on the
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Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.41012/abstract). In 3 patients (1 receiving pla-
cebo and 2 receiving 6 mg fasinumab), the study-defined cutoff
for a significant ALP elevation (1.5x the upper limit of normal) was
exceeded. All 3 of these patients had ALP levels that were above
normal limits at baseline, which, over the follow-up, increased by
48.9%, 74.2%, and 19.4%, respectively. The mean increase in
ALP levels, likely being of bone origin given the lack of liver enzyme
changes, were marginally greater (7—9 units) in those who devel-
oped arthropathy compared to those without arthropathy, which
occurred in only the highest 2 fasinumab dose groups. During the
follow-up, ALP values largely resolved across the groups by week
36, although they had not returned fully to baseline levels. There
were no deaths during the study.

DISCUSSION

In this phase lIb/lll study involving patients with moderate-to-
severe OA, fasinumab was superior to placebo for improving pain
and physical function. Patients receiving fasinumab, as compared to
those receiving placebo, demonstrated statistically significant and
clinically important reductions in WOMAC pain and physical func-
tion subscale scores. The placebo-adjusted group mean improve-
ments in the WOMAC pain scores ranged from -0.78 to —1.40
points, exceeding the MCID (10). Responder analyses (thresholds
of >30% and >50% reductions in WOMAC pain and physical func-
tion subscale scores) confirmed that a substantially greater pro-
portion of patients receiving fasinumab achieved improvements
compared to placebo. Furthermore, notable relief in the severity of
walking pain was achieved within 7 days of initiation of fasinumab
therapy across all 4 doses, as evidenced by the NRS walking pain
scores. Overall, efficacy was observed at all doses of fasinumab.
No obvious dose—response relationship was observed to suggest
having met or exceeded the threshold for maximal response.

Improvements in pain and function with fasinumab should
be placed in the context of published data with regard to anal-
gesic treatments. A recent meta-analysis across 17 trials in OA
showed that acetaminophen, the analgesic of first choice for OA
pain, provided very modest pain relief, with an improvement of
~0.4 points from a baseline pain score of 6 points on the 10-
point WOMAC pain subscale (16). In another analysis (17), the
effect size of acetaminophen versus placebo (pain score reduc-
tion —0.09) was substantially lower than that of any of the studied
NSAIDs (reductions ranging from —0.39 to —0.49 with naproxen,
ibuprofen, and diclofenac). Effect sizes with celecoxib, the only
selective cyclooxygenase 2 inhibitor available in the United States,
with pain score reductions ranging from —-0.11 to —0.34 across
dosages, were lower than that seen with nonspecific NSAIDs.
A comprehensive meta-analysis comparing opioids to NSAIDs
in OA showed little difference in pain relief between these cate-
gories of analgesics (18). A more recent review arrived at similar
conclusions (19). In our study, patients receiving fasinumab aver-

aged an improvement of >3.4 points on the 10-point WOMAC
pain subscale score (-3.5, -3.4, —=3.1, and -3.8 points with the
1-mg, 3-mg, 6-mg, and 9-mg doses, respectively), representing
a 50-568% improvement from baseline and yielding effect sizes of
-0.46, -0.45, -0.32, and -0.59 points across fasinumab doses
of 1 mg, 3 mg, 6 mg, and 9 mg, respectively. For some of these
doses, the effect size was substantially greater than has been
reported with acetaminophen, opioids, and some NSAIDs.

Evaluation of effect size must take into consideration trial
design. Most OA analgesic trials enrolled patients who had experi-
enced pain flare upon withdrawal of a prior analgesic therapy, with
flare being identified by an increase of >10 points on the WOMAC
0-100 pain scale (or 1 point on a 0-10 scale) (20,21). In contrast,
our study enrolled patients who had OA knee and/or hip pain both
at screening and at baseline, but pain flare was not an enroliment
criterion, and therefore patients were enrolled whose pain may
not have been adequately treated with a prior analgesic. Most
patients did not exhibit pain flare after analgesic withdrawal. In the
subgroup of patients who did experience a pain flare, treatment
responses were greater than in those who did not, consistent
with the greater treatment effect observed in OA trials employing
a study design that required flare (19). One group reported that
pain and functional scores in study designs that did not require
pain flare may underestimate treatment effects by 37-50% (20),
although another study, using a different methodology, did not
observe such a difference (21). Clinical trials assessing the efficacy
of fasinumab compared to NSAIDs have been initiated.

With respect to other anti-NGF antibodies, a knee OA proof-
of-concept study compared tanezumab, a humanized IgG2
anti-NGF monoclonal antibody administered intravenously at a
dose of 10-200 pg/kg on days 1 and 56, to placebo, employ-
ing a study design that required pain flare (defined as WOMAC
pain score worsening of >10 points) (22). Improvements in pain
scores from baseline were demonstrated in a relatively flat dose
response at the lowest 3 doses, with the best efficacy observed
at the highest 2 doses. In subsequent phase lll studies of tane-
zumab (at doses ranging from 2.5 to 10 mg given intravenously
every 8 weeks) in patients with knee OA (23) and hip OA (24),
with a study design requiring flare, these efficacy results were
largely recapitulated.

Fasinumab was generally well tolerated in the present study.
Although the rate of TEAEs was higher with fasinumab than with
placebo, there were few discontinuations attributable to TEAEs.
ALP elevations in treated patients may reflect the effect of fasi-
numab on anabolic bone metabolism or, perhaps, could have
been the result of increases in physical activity (not quantified in
this study) after relief of pain, stimulating bone formation (25-27).
Although study populations may vary across clinical trials, the
proportions of patients with nervous system and musculoskeletal
disorders, which was higher with fasinumab than with placebo,
appeared to be consistent with the rates previously reported
with tanezumab (5), and may be related to the inhibition of NGF,
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although few patients discontinued treatment and there were no
cases of sympathetic nerve dysfunction.

Despite the promise of efficacy seen with anti-NGF agents,
enthusiasm for this class of drugs has been tempered by obser-
vations of treatment-associated arthropathies. To our knowledge,
this is the first study of an NGF inhibitor to incorporate routine,
prospective, intense radiologic joint assessment using both radi-
ographs and MR, to comprehensively document the occurrence
of nonsymptomatic, as well as symptomatic, arthropathies. Fasi-
numab was associated with a greater rate of adjudicated arthrop-
athies, which were clearly dose dependent, compared to placebo,
with most being nonsymptomatic and dominated by joint space
narrowing (RPOA-1). There were no reports of osteonecrosis, and
the rates of joint replacements were comparable across treatment
arms.

The rate of destructive arthropathy reported in our study was
small (1 of 338 patients randomized to receive fasinumab at 6 mqg)
and difficult to compare to rates reported in studies with the other
NGF inhibitors, in which joint events of this type were observed
largely upon retrospective assessment of radiographs performed
to assess symptoms and after patient referral for joint replacement
(28-31). Insights into the etiology of the arthropathies observed in
this trial await additional analysis of specific bone and other bio-
markers, and qualitative and quantitative assessments of physical
activity. Data on the efficacy and safety of fasinumab over longer
treatment periods will emerge from larger, ongoing clinical trials
(see http://www.clinicaltrials.gov).

In conclusion, in this phase llb/Ill study involving >400
patients with knee and/or hip OA, fasinumab demonstrated a
substantial degree of analgesia in patients with moderate-to-
severe pain from OA, without clear evidence of dependence on
dose level for efficacy, even in patients who had not experienced
benefits with prior analgesics, a group previously excluded in
most other pain studies in OA. This represents an important,
previously unaddressed patient population. Fasinumab was
well tolerated by most patients, with a clear dose-dependent
increase in joint-related abnormalities. The observation that the
efficacy of lower doses was similar to that of higher doses but
was associated with lower rates of arthropathy demands that
future studies explore the benefit versus risk at these lower
doses of fasinumab.
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