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Abstract

Background: A recent phase 3 study demonstrated that treatment with tanezumab, a nerve growth factor inhibitor,
or nonsteroidal anti-inflammatory drugs (NSAIDs) improves pain and physical function in participants with moderate-
to-severe osteoarthritis (OA) of the hip or knee. Here, we evaluated the time course and clinical importance of these
initial efficacy findings using a mixture of primary, secondary, and post hoc endpoints.

Methods: Participants on stable NSAID therapy and with a history of inadequate response to other standard OA anal-
gesics were enrolled in an 80-week (56-week treatment/24-week safety follow-up), randomized, NSAID-controlled,
phase 3 study primarily designed to assess the safety of tanezumab for moderate-to-severe OA of the knee or hip.
Participants received oral NSAID (twice daily naproxen, celecoxib, or diclofenac) or subcutaneous tanezumab (2.5mg
or 5mg every 8 weeks). Non-responders were discontinued at week 16. Changes from baseline in WOMAC Pain and
Physical Function, Patient’s Global Assessment of Osteoarthritis (PGA-OA), and average pain in the index joint were
compared between tanezumab and NSAID groups over the 56-week treatment period. Clinically meaningful response
(e.g., >30% and >50% improvement in WOMAC Pain and Physical Function), rescue medication use, and safety were
also assessed.

Results: All groups improved WOMAC Pain, WOMAC Physical Function, PGA-OA, and average pain in the index joint
over the 56-week treatment period relative to baseline. Across all groups, improvements generally occurred from the
time of first assessment (week 1 or 2) to week 16 and then slightly decreased from week 16 to 24 before stabilizing
from weeks 24 to 56. The magnitude of improvement and the proportion of participants achieving >30% and >50%
improvement in these measures was greater (unadjusted p<0.05) with tanezumab than with NSAID at some time-
points on or before week 16. Adverse events of abnormal peripheral sensation, prespecified joint safety events, and
total joint replacement surgery occurred more frequently with tanezumab than with NSAID.
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Conclusions: Tanezumab and NSAID both provided early and sustained (up to 56 weeks) efficacy relative to baseline.
Improvements in pain and function were clinically meaningful in a substantial proportion of participants. Adverse
events of abnormal peripheral sensation and joint safety events occurred more frequently with tanezumab than with

Trial registration: ClinicalTrials.gov NCT02528188. Registered on 19 July 2015.
Keywords: Tanezumab, Nonsteroidal anti-inflammatory drugs, Osteoarthritis, Nerve growth factor, Clinical-trial,

Background

Osteoarthritis (OA) is the most common form of arthri-
tis and represents a significant global burden, yet few safe
and effective therapies exist [1]. A combination of phar-
macological, physical, and behavioral approaches is rec-
ommended for the management of OA, though recent
guidelines highlight the need for new treatment options
[2, 3]. The cornerstone of pharmacologic treatment is
nonsteroidal anti-inflammatory drugs (NSAIDs), which
demonstrate efficacy for OA-related pain in short-term
clinical trials and are typically recommended over other
pharmacological agents [2, 4, 5]. However, due to the
potential for gastrointestinal, cardiovascular, and renal
complications, their use is not recommended in patients
at risk for these adverse events (AEs) and their long-term
use is not recommended in any patient [2, 4]. Acetami-
nophen provides little-to-no efficacy for OA-related pain,
and long-term use of opioids is not recommended due to
serious safety concerns and a lack of long-term efficacy
in chronic pain conditions [2, 4—6]. Indeed, the lack of
sufficient pain management options when the risks of
NSAIDs and COX-2 inhibitors were increasingly recog-
nized may have contributed to an increase in opioid pre-
scribing for arthritic conditions such as OA [7].

Nerve growth factor (NGF) is associated with pro-
nociceptive functions implicated in the pathogenesis of
pain including promotion of peripheral and central sensi-
tization and enhanced local neuronal sprouting at sites of
inflammation, within the dorsal root ganglion, and, pos-
sibly, within the dorsal horn [8]. Tanezumab is a mono-
clonal antibody against NGF under investigation for the
treatment of the signs and symptoms of moderate-to-
severe OA for whom other analgesics are ineffective, con-
traindicated, or not tolerated. In short-term studies of
OA, intravenous (IV) tanezumab has typically provided
greater improvements in pain and function compared
with NSAIDs or opioids and was generally well-tolerated
[9].

A recent phase 3, randomized, double-blind, active-
controlled, multicenter, parallel-group study investi-
gated the long-term safety and efficacy of subcutaneous
(SC) tanezumab compared with NSAIDs in participants
with moderate-to-severe OA of the hip or knee [10]. The

overall safety profile of tanezumab was consistent with
previous shorter-term OA studies, and tanezumab was
associated with significantly more joint safety events than
NSAIDs in a dose-dependent fashion. Both tanezumab
and NSAIDs improved self-reported pain and physical
function at 16-week and 56-week timepoints. Here, we
focus our evaluation on details regarding the time course
and maintenance of these efficacy responses over 1 year
of treatment with tanezumab or NSAIDs and character-
ize the clinical meaningfulness, patient satisfaction, and
treatment preferences associated with these responses.

On October 26, 2021, Pfizer Inc. and Eli Lilly and Com-
pany announced the discontinuation of the tanezumab
global clinical development program as a result of the
outcomes of regulatory reviews of tanezumab for the
treatment of osteoarthritis pain by the U.S. Food and
Drug Administration and European Medicines Agency
(11, 12].

Methods

Study design

This phase 3, randomized, double-blind, double-dummy,
active-controlled (NSAID), parallel-group study (Clini
calTrials.gov: NCT02528188) was conducted at 446 clini-
cal research, specialist/general practice, or hospital sites
in the USA, Europe, Latin America, and Asia-Pacific
region from July 2015 to February 2019.

The study consisted of a screening period of up to 37
days (including a 2- to 30-day washout phase for prohib-
ited medications and an initial pain assessment period
[IPAP] of 7 days prior to baseline), a 56-week double-
blind treatment period, and a 24-week safety follow-up
period that began 8 weeks after final SC injection. The
co-primary efficacy endpoints were change in Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC® 1996 Nicholas Bellamy. WOMAC?® is a reg-
istered trademark of Nicholas Bellamy [CDN, EU, USA])
Pain, WOMAC Physical Function, and Patient Global
Assessment of Osteoarthritis (PGA-OA) at week 16 for
each tanezumab group versus the NSAID group. The full
methodology for this study has been reported previously
[10].
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Study sample

Eligibility criteria included age > 18 years, body mass
index (BMI) < 39 kg/mz, American College of Rheu-
matology classification criteria for hip or knee OA, a
Kellgren-Lawrence (KL) grade > 2 in index joint (most
painful hip or knee) as confirmed by the central reader,
WOMAC Pain and WOMAC Physical Function scores of
> 5 at baseline, and a PGA-OA rating of “fair,” “poor,” or
“very poor” at baseline. A documented history of inad-
equate pain relief or intolerance to standard OA pain
treatment (inadequate pain relief with acetaminophen,
tramadol, or non-tramadol opioid analgesic; intolerance
or contraindication to tramadol or non-tramadol opioid;
or unwillingness to take a non-tramadol opioid analgesic)
was also required. Finally, participants were required to
be receiving treatment with a qualifying NSAID regimen
averaging > 5 days per week during the 30 days prior
to the screening visit. Exclusion criteria included radio-
graphic evidence in any joint of prespecified bone or joint
conditions (e.g., destructive arthropathy characteristic of
rapidly progressive OA [RPOA], atrophic OA, subchon-
dral insufficiency fracture, primary osteonecrosis, or
pathologic or stress fracture) as determined by a central
musculoskeletal radiologist; history of osteonecrosis or
osteoporotic fracture, or significant trauma or surgery to
a knee, hip, or shoulder within the previous year; history
or presence of clinically significant neurological, cardio-
vascular, or psychiatric disorders, cancer (except certain
skin cancers), fibromyalgia, or sciatica; oral or intramus-
cular corticosteroid within 30 days or intra-articular cor-
ticosteroid injection in the index joint within 12 weeks
or in any other joint within approximately 30 days of the
IPAP; or intraarticular hyaluronic acid injection in the
index joint within 30 days or long-acting hyaluronic acid
formulation injection in the index joint within approxi-
mately 18 weeks of the IPAP.

Interventions

Participants received a stable, open-label, dosing regi-
men of oral NSAID (naproxen 500 mg twice daily [BID],
celecoxib 100 mg BID, or diclofenac extended-release
75 mg BID) for at least the last 2 weeks of the screening
period (participants receiving stable naproxen, celecoxib,
or diclofenac prior to screening received the same
NSAID during screening, while those receiving other
stable NSAIDs prior to screening were assigned to nap-
roxen, celecoxib, or diclofenac at the investigator’s discre-
tion during screening). After the screening period ended,
participants were randomized in a 1:1:1 manner to tan-
ezumab 2.5 mg SC plus oral placebo, tanezumab 5 mg
SC plus oral placebo, or oral NSAID (the same NSAID
regimen received during screening) plus SC placebo. SC
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study medication was administered by site staff every 8
weeks (up to 7 doses) through week 56. Participants self-
administered oral study medication BID for up to 56
weeks.

Except for the 24-h period prior to study visits, the res-
cue medication (acetaminophen) was permitted for par-
ticipants requiring additional pain relief at doses < 3000
mg/day for up to 3 days/week up to week 16 and then
daily after week 16. The use of non-assigned NSAIDs was
prohibited through week 64, but occasional use of other
analgesics was permitted for self-limiting conditions
unrelated to OA.

To continue receiving SC study medication beyond
week 16, participants had to meet pre-specified efficacy
criteria including a > 15% reduction in WOMAC Pain
subscale score from baseline to weeks 2, 4, or 8, and a >
30% reduction in WOMAC Pain score from baseline in
the index joint at week 16. Participants not meeting both
these criteria were discontinued (reason defined as “met
pain criteria for discontinuation”) from the treatment
period at week 16 and entered a 24-week early termina-
tion follow-up period.

Efficacy measures

Participants completed WOMAC and PGA-OA ques-
tionnaires at baseline and weeks 2, 4, 8, 16, 24, 32, 40,
48, 56, and 64 [13]. The 1-item PGA-OA assesses cur-
rent overall OA status on a 5-point Likert scale from
1 = very good to 5 = very poor. Change from baseline
was analyzed and presented for these measures at each
assessment timepoint up to week 56; Week 64 data
were only used to assess response following treatment
discontinuation.

Participants used an electronic diary (eDiary) to assess
average pain in the index joint over the past 24 h (on a
numeric rating scale [NRS] from 0 = no pain to 10 =
worst possible pain) daily to week 16 and then weekly
until week 80. Change from baseline was analyzed for
days 1-7 and for weeks 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24, 32,
40, 48, and 56; Week 64 data (not shown) were only used
to assess response following treatment discontinuation.

The proportion of participants achieving > 30% (mod-
erate), > 50% (substantial), > 70%, or > 90% improve-
ment from baseline in WOMAC Pain, WOMAC Physical
Function, and the proportion meeting Outcome Meas-
ures in Rheumatology-Osteoarthritis Research Society
International (OMERACT-OARSI) treatment response
criteria (see Fig. 5 footnote for definition) was analyzed
at weeks 2, 4, 8, 16, 24, 32, 40, 48, and 56 [14—16]. The
proportion of patients achieving > 30%, > 50%, > 70%,
or > 90% improvement from baseline in average pain
in the index joint was analyzed at weeks 1, 2, 3, 4, 6,
8, 10, 12, 16, 20, 24, 32, 40, 48, and 56. To characterize
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time course and long-term maintenance of effect, these
responder data are presented for weeks 2, 4, 8, 16, and
56. The thresholds of improvement of > 30% and > 50%
were evaluated since they represent moderate and sub-
stantial, respectively, thresholds of clinically meaningful
improvement in patients with chronic pain [14]. In order
to provide a more complete assessment of treatment effi-
cacy, we also evaluated thresholds of > 70% and > 90% to
explore whether even greater levels of improvement can
be achieved with tanezumab or NSAID treatment.

Minimum Clinically Important Improvement (MCII)
and Patient Acceptable Symptom State (PASS) are cat-
egorical patient-reported outcomes that aim to define
treatment response at the individual/patient level. MCII
is defined as the smallest change in measurement that
signifies an important improvement in patient symp-
toms and PASS is defined as the value beyond which par-
ticipants consider themselves well. Both endpoints were
assessed at weeks 16 and 56 and were based on objective
response criteria (changes in average pain in the index
joint, WOMAC Physical Function, and PGA-OA scores;
see footnote to Supplementary Fig. 1 for explanation of
response criteria). The proportion of participants achiev-
ing an early sustained MCII or PASS response, defined
as meeting the respective criteria at weeks 4 through
16, was also assessed. The week 4 timepoint was chosen
based on tanezumab pharmacokinetics (achievement of
steady-state) and since it was the first timepoint where a
large proportion of participants experienced meaningful
(> 30%) symptom improvement, and week 16 was cho-
sen since it was the pre-specified primary efficacy time-
point and included limits on rescue medication up to this
timepoint.

Participants recorded rescue medication use in the
eDiary daily through week 16 and then weekly through
week 80. The incidence of rescue medication use and
the mean/median number of days of rescue medication
use per week were analyzed and presented for weeks 2,
4, 8, 16, 24, 32, 40, 48, and 56. The amount (mg) of res-
cue medication taken was analyzed for weeks 2, 4, 8, and
16 only, since the amount of rescue medication was not
assessed daily after week 16.

The modified Patient-Reported Treatment Impact
(mPRTI) questionnaire and the Treatment Satisfaction
Questionnaire for Medication V.II (TSQM) were com-
pleted at weeks 16 and 56 to assess study treatment pref-
erence and satisfaction.

Safety measures

Musculoskeletal and neurological examinations, moni-
toring of AEs, and review of joint pain scores were
conducted by investigators throughout the study.
Radiographs of the bilateral hips, knees, and shoulders
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(obtained at screening and weeks 24, 56, and 80) were
evaluated by trained central readers to monitor for pos-
sible joint safety events. Possible joint safety events,
identified post-screening, were adjudicated by a blinded
external committee of experts, and prespecified joint
safety events were included in a composite joint safety
endpoint (Supplementary Text 1). Full details of the
safety measures used in the study and their results have
been published previously [10].

Statistical methods

The sample size was established, primarily, to have a
high probability of observing participants with any com-
ponent of the primary composite joint safety endpoint,
assuming a low event rate, rather than for efficacy assess-
ments. However, a sample size of approximately 1000
participants per group was estimated to provide 76%
power for comparison of the co-primary efficacy end-
points (change in WOMAC Pain, WOMAC Physical
Function, and PGA-OA at week 16) for both tanezumab
groups versus the NSAID group. The intent to treat the
population (all randomized participants who received >
1 dose of SC study medication) was the primary analysis
set for efficacy and safety.

Changes from baseline in WOMAC Pain, WOMAC
Physical Function, and PGA-OA were prespecified co-
primary (week 16) or secondary (other study weeks) effi-
cacy endpoints. All other assessments were prespecified
secondary endpoints except for analyses of responder
rates for MCII, PASS, and average pain in the index joint,
which were exploratory post hoc endpoints.

As reported previously, the co-primary and key second-
ary (proportion of participants with > 50% improvement
in WOMAC Pain at week 16) endpoints were included in
a multiple testing procedure to control the family-wise
type 1 error, using a graphical gatekeeping strategy [10].
Since the tanezumab 5 mg dose failed to achieve statis-
tical significance for one co-primary endpoint (PGA-OA
at week 16), hypothesis testing of the tanezumab 2.5 mg
dose for the co-primary endpoints and of both doses
for the key secondary endpoint could not be performed
[10]. Since the objective of the current manuscript is to
evaluate the time course of treatment effect and clini-
cal importance of response using a mixture of primary,
key secondary, other secondary, and post hoc endpoints,
data in this manuscript are presented with unadjusted p
values for directional guidance and consistency across
timepoints.

An analysis of covariance (ANCOVA) model was used
for the analysis of change from baseline in WOMAC
Pain, WOMAC Physical Function, PGA-OA, and aver-
age pain in the index joint scores with a multiple impu-
tation approach for missing data (dependent on the
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reason for missing data). Responder rates for WOMAC
Pain, WOMAC Physical Function, average pain in the
index joint, OMERACT-OARSI, MCII, and PASS were
analyzed using logistic regression with a mixed base-
line-observation-carried-forward (BOCF)/last-obser-
vation-carried-forward (LOCF) approach to missing
data. Rescue medication use was analyzed using logistic
regression (incidence) or negative binomial (amount and
number of days) models with a LOCF approach to miss-
ing data. mPRTI (treatment preference) scores were ana-
lyzed using a Cochran-Mantel-Haenszel test (stratified
by combinations of index joint, highest KL grade, and
NSAID) using observed data. TSQM (treatment satis-
faction) scores were analyzed using an ANCOVA model
with observed data.

Results

Patient disposition and baseline characteristics

Of 3021 participants randomized, 2996 received > 1 dose
of SC study medication: tanezumab 2.5 mg = 1002, tan-
ezumab 5 mg = 998, and NSAID = 996 (diclofenac =
193 [19.4%], celecoxib = 321 [32.2%], and naproxen =
482 [48.4%]). Patient characteristics were similar across
groups: female = 63.6-66.5%, mean age = 60.3-61.2
years, proportion aged >65 years = 32.1-36.2%, and the
knee as the index joint = 84.9-85.5%. The mean (stand-
ard deviation, [SD]) scores at baseline were WOMAC
Pain = 7.0 (1.1) in all groups; WOMAC Physical Func-
tion = 7.1 (1.1) in both tanezumab groups and 7.0 (1.1)
in the NSAID group; and PGA-OA = 3.5 (0.6) in both
tanezumab groups and 3.4 (0.6) in the NSAID group.
Prestudy analgesic treatment history is shown in Supple-
mentary Table 1.

Overall, 1807 (60.3%) of treated participants received
SC medication at week 16 and 1312 (43.8%) com-
pleted the 56-week treatment period. Of those partici-
pants completing the 56-week treatment period, 1222
(93.1%) also completed the safety follow-up period
(to week 80). The most common reasons for discon-
tinuations during the treatment period were “partici-
pant met pain criteria for discontinuation”(i.e., did not
achieve reductions from baseline in WOMAC Pain of
> 15% at week 2, 4, or 8, and of > 30% at week 16;
overall = 21.7%, tanezumab 2.5 mg = 22.4%, tane-
zumab 5 mg = 20.7%, NSAID = 22.1%); “other” (over-
all = 9.5%, tanezumab 2.5 mg = 10.0%, tanezumab
5 mg = 9.8%, NSAID = 8.8%); “AE” (overall = 7.9%,
tanezumab 2.5 mg = 7.4%, tanezumab 5 mg = 10.4%,
NSAID = 5.8%); and “insufficient clinical response”
(i.e., any participant- or investigator-directed discon-
tinuation related to inadequate efficacy not specifically
due to the WOMAC Pain criteria described above;
overall = 7.1%, tanezumab 2.5 mg = 6.0%, tanezumab
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5.0 mg = 6.3%, NSAID = 9.1%). The category “other”
was used for patients who discontinued due to reasons
that prevented them from further participation, such
as a move or change in life or work circumstances.

Use of NSAIDs, other than study treatment, was low
across all treatment groups for each 8-week SC dosing
interval up to week 56; the mean number of days was
< 1.5, and the median number of days was 0 for each
interval.

Efficacy

WOMAC subscales and PGA-OA

All  treatment groups improved WOMAC Pain,
WOMAC Physical Function, and PGA-OA scores
over the 56-week treatment period relative to baseline
(Fig. 1A-C). Across all groups, improvements for each
outcome generally occurred between weeks 2 to 16 and
then slightly decreased from week 16 to 24 before stabi-
lizing from weeks 24 to 56. There was no evidence of a
rebound effect (increase above baseline) at week 64 (16
weeks after the last dose of SC study medication) in any
treatment group for any outcome measure (Supplemen-
tary Table 2).

Changes from baseline in WOMAC Pain, WOMAC
Physical Function, and PGA-OA were generally similar
across treatment groups, though improvements were
sometimes greater (unadjusted p < 0.05) with tanezumab
than with NSAID at timepoints on or before week 16
(Fig. 1A-C).

Average pain

All treatment groups provided sustained improve-
ment in average pain in the index joint over the 56-week
treatment period relative to baseline (Fig. 2). However,
improvements were greater (unadjusted p < 0.05) for
tanezumab at some time-points (2.5 mg from weeks
3-20; 5 mg from weeks 4—24) than for NSAID.

WOMAC Pain, WOMAC Physical Function, and average pain
responder status

The proportion of participants achieving > 30%, >
50%, > 70%, and > 90% improvement, from baseline,
in WOMAC Pain at weeks 2, 4, 8, 16, and 56 is shown
in Fig. 3A-D. Across all groups, the proportion of par-
ticipants achieving moderate (> 30%) improvement in
WOMAC Pain was 68.9-72.9% at week 16 and 51.2—
53.1% at week 56. The proportion of participants achiev-
ing substantial (> 50%) improvement in WOMAC Pain
was 51.5-56.5% at week 16 and 41.5-44.3% at week 56.
The proportion of participants achieving > 30%, > 50%,
> 70%, and > 90% improvement in WOMAC Pain was
larger (unadjusted p < 0.05) in the tanezumab groups
than in the NSAID group at some timepoints, typically



Neogi et al. Arthritis Research & Therapy (2022) 24:78 Page 6 of 13

A) WOMAC Pain B) WOMAC Physical Function
0-1 0-
o o
o o
So 17 e 11
c c £ c *
°% * 2% *
i (7]
gﬁ —2- + ag -2 +
r
+ —— 5 +
E¥ -3 Ev -3+
% %
—4=TT T T T T T T =4 =T T T T T T T
24 8 16 24 32 40 48 56 24 8 16 24 32 40 48 56
Weeks Weeks
C) Pga-0A
0.00
M —@— Tanezumab 2.5 mg
® -0.25
© O —@— Tanezumab 5 mg
£ £
©°$-0.50 —m— NSAID
w & I
(20 075 +
f= —Vv.
&
» -1.00
a
-1.25

TT 1 T T T T T T
24 8 16 24 32 40 48 56

Weeks
Fig. 1 Change in WOMAC Pain, WOMAC Physical Function, and PGA-OA. LS mean (SE) changes, from baseline, in WOMAC Pain (A), WOMAC Physical
Function (B), and PGA-OA (C) scores are shown over the 56-week treatment period. *Unadjusted p < 0.05 for tanezumab 2.5mg versus NSAID.
+Unadjusted p < 0.05 for tanezumab 5mg versus NSAID. LS, least squares; NSAID, nonsteroidal anti-inflammatory drug; PGA-OA, Patient’s Global
Assessment of Osteoarthritis; SE, standard error; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index

A) Days 1-7 B) Weeks 1-56
0.004 04
3 &
€ - - © o
% 2 0.25 * £ ]
mi] -
% 8-0.50 %n
sE s5 o
[} S
g & -0.75+ g+
(7]
(2] |
-
-1.00 T T T T T T 1 -3 TTIT T T 17T T T T T T T 1
0 1 2 3 4 5 6 7 1234 6 81012 16 20 24 32 40 48 56
Days Weeks

—@— Tanezumab 2.5 mg —@— Tanezumab 5 mg —— NSAID
Fig. 2 Change in average pain in the index joint. LS mean (SE) changes, from baseline, in average pain in the index joint scores are shown over the
first 7 days (A) and full 56 weeks (B) of treatment. *Unadjusted p < 0.05 for tanezumab 2.5mg versus NSAID. +Unadjusted p < 0.05 for tanezumab
5mg versus NSAID. LS, least squares; NSAID, nonsteroidal anti-inflammatory drug; SE, standard error
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WOMAC Physical Function (Fig. 4A-D) and for average  Across all treatment groups, the proportion of partici-

pain in the index joint (Fig. 5A-D). pants meeting criteria for OMERACT-OARSI responder
status over the course of the treatment period was
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43.7-46.7% at week 2, 75.1-78.3% at week 16, and 54.5—
56.5% at week 56 (Fig. 6). The proportion of participants
meeting response criteria was greater (unadjusted p <
0.05), compared with NSAID, in both tanezumab groups
at week 4 and in the tanezumab 5 mg group at Week 8.

MCIl and PASS

A similar proportion of participants achieved MCII at
week 16 (tanezumab 2.5 mg = 48.3%, tanezumab 5 mg
= 48.0%, NSAID = 44.9%) and week 56 (tanezumab 2.5
mg = 39.3%, tanezumab 5 mg = 37.0%, NSAID = 40.1%)
in the tanezumab and NSAID groups (Supplementary
Fig. 1A). The proportion of participants with an early
sustained MCII response from week 4 through week 16
was greater (unadjusted p < 0.05) with both doses of
tanezumab (2.5 mg = 22.6%, 5 mg = 23.7%) than with
NSAID (18.0%) (Supplementary Fig. 1B). The proportion
of participants achieving PASS was similar across groups
at week 16 (tanezumab 2.5 mg = 28.3%, tanezumab 5 mg
= 29.6%, NSAID = 27.2%) and week 56 (tanezumab 2.5
mg = 27.5%, tanezumab 5 mg = 25.0%, NSAID = 26.2%)
(Supplementary Fig. 1C). The proportion of participants
with an early sustained PASS response from week 4
through week 16 was greater (unadjusted p < 0.05) with

tanezumab 5 mg (9.9%) than with NSAID (6.9%) (Supple-
mentary Fig. 1D). An early sustained PASS response from
week 4 through week 16 was achieved in 8.8% of partici-
pants in the tanezumab 2.5 mg group.

Use of rescue medication

The incidence of rescue medication use and the mean/
median number of days of rescue medication use per
week were similar in the tanezumab and NSAID groups
from week 2 to week 56 (data not shown). The amount
(mg) of rescue medication used was lower (unadjusted p
< 0.05) in the tanezumab 5 mg group than in the NSAID
group at weeks 4 and 8 (Supplementary Table 3).

Patient-reported treatment preference (mPRTI)

and treatment satisfaction (TSQM)

A greater (unadjusted p < 0.05) proportion of partici-
pants in the tanezumab 5 mg group (80.3%) slightly or
definitely preferred the drug they received in the study
to previous OA treatment they had received compared
with patients in the NSAID group (73.6%) at week 16. A
greater (unadjusted p < 0.05) proportion of participants
receiving tanezumab also reported that they would be
willing to use the drug they received in the study for OA
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pain in the future (both doses at week 16, 2.5 mg dose
at week 56) (Supplementary Table 4). Least squares (LS)
mean (standard error [SE]) global treatment satisfaction
scores were better (unadjusted p < 0.05) in both tane-
zumab groups compared with NSAID at week 16 (tane-
zumab 2.5 mg = 70.3 [1.0], tanezumab 5 mg = 70.7 [1.0],
NSAID = 67.1 [1.0]) though there was little difference
across groups at week 56 (Supplementary Table 5).

Safety

Safety findings from this study have been published
previously [10]. Briefly, the incidence of AEs, serious
AEs (SAEs), and treatment discontinuations due to AEs
(but continuing in the study) during the 56-week treat-
ment period was highest with tanezumab 5 mg (AEs =
67.1%, SAEs = 8.0%, discontinuations = 8.8%) and simi-
lar between the tanezumab 2.5 mg (AEs = 62.8%, SAEs
= 5.1%, discontinuations = 5.3%) and NSAID (AEs =
60.3%, SAEs = 4.6%, discontinuations = 5.2%) groups.
The most common SAEs were musculoskeletal or con-
nective tissue events in tanezumab groups (Supplemen-
tary Table 6). AEs of abnormal peripheral sensation were
more frequent in both tanezumab groups (2.5 mg =

6.2%, 5 mg = 9.0%) than in the NSAID group (4.6%), but
a majority of these events resolved by the end of study
(tanezumab 2.5 mg = 72.6%, tanezumab 5 mg = 76.7%,
NSAID = 87.0%) and neurologic diagnoses were similar
across all groups.

Observation time-adjusted rates per 1000 patient-years
(95% confidence interval [95% CI]) of the composite joint
safety endpoint were higher with tanezumab (2.5 mg =
38.3 [28.0, 52.5], unadjusted p = 0.001; 5 mg = 71.5 [56.7,
90.2], unadjusted p < 0.001) than with NSAID (14.8 [8.9,
24.6]). Likewise, observation time-adjusted rates of total
joint replacement surgery were higher with tanezumab
2.5 mg (51.8 [39.6, 67.9], unadjusted p =0.003) and 5 mg
(79.7 [64.0, 99.2], unadjusted p < 0.001) compared with
NSAID (25.7 [17.5, 37.7]).

Discussion

In this randomized trial primarily designed to assess
long-term safety in participants with moderate-to-severe
OA of the knee or hip, a history of inadequate response
to standard OA analgesics, and on a stable dose of oral
NSAIDs prior to enrollment, improvements in pain and
function were observed early (by week 1 or 2, depending
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on the time of first assessment for a particular instru-
ment) and were sustained throughout the 56-week treat-
ment period in response to treatment with SC tanezumab
or oral NSAID. Improvements were clinically meaningful
in a large proportion of participants and were supported
by assessments of patient preference and satisfaction with
study treatment over 56 weeks, complementing previous
reports of tanezumab efficacy at 16 weeks [17, 18] and 24
weeks [19] in patients with moderate-to-severe OA.

The proportion of participants achieving > 30% reduc-
tion in WOMAC Pain or Physical Function, meeting
OMERACT-OARSI response criteria, and achieving
MCII or PASS at weeks 16 and 56 provide evidence for
sustained and clinically meaningful efficacy across all
treatment groups in the current study. Further, the pro-
portion of participants achieving clinically meaningful
response may be underestimated in our analysis since
MCII and PASS definitions were based on previous
4-week studies that, compared with the current study,
enrolled participants with less severe OA-related pain
(>30 mm on a scale from 0 to 100mm) and did not
require a history of inadequate response to standard
analgesics [20, 21]. Likewise, though a reduction in pain
of >30% is considered a benchmark for “moderate”
clinically meaningful improvement, lower reductions in
chronic pain (10-20%) may be considered meaningful to
some patients [15].

Across all efficacy measures, the magnitude of
improvements observed with tanezumab was at least
similar to, and sometimes greater (unadjusted p < 0.05)
than, NSAID at timepoints up to and including week 16.
Efficacy was generally more similar (with a few excep-
tions) between the tanezumab and NSAID groups after
week 16. Exclusion of inadequate responders using pre-
specified criteria at week 16, and other discontinuations
due to lack of efficacy, may have contributed to this
finding in the following ways. First, a consequence of
these discontinuations is that the trial is enriched with
responders at later timepoints in all groups, inducing a
selection bias and making it difficult to detect treatment
differences across groups. Second, all discontinuations
(related to efficacy or tolerability) contributed to a reduc-
tion in the amount of observed data at later timepoints;
less than half of treated participants had efficacy data
available at week 56. Although a BOCF approach was
utilized consistently across treatment groups to account
for missing data due to efficacy-related study discon-
tinuation, this approach tends to underestimate mean
changes from baseline and makes detection of treatment
differences more difficult (this approach may also explain
some of the slight loss of efficacy observed in all treat-
ment groups from weeks 16 to 24). Discontinuation of
non-responders limits comparisons of efficacy between
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the tanezumab and NSAID groups at timepoints beyond
week 16 but was incorporated into study design, since the
primary objective was to assess long-term safety, to limit
exposure and minimize potential AEs in patients who
did not experience an efficacy response. Increased use
of rescue medication was allowed after week 16, and this
could have also potentially confounded efficacy assess-
ment of study treatments and comparisons across groups
at later timepoints. Though the proportion of patients
using rescue medication (and the mean number of days
rescue medication was used) was similar across groups
after week 16, the amount (mg/day) of rescue medication
used was not assessed daily after week 16 and this limits
an evaluation of whether any potential differences in res-
cue medication use contributed to the lack of treatment
difference in the tanezumab and NSAID groups at later
timepoints.

Since participants received stable NSAID treatment
prior to baseline in this study, there should have been
little-to-no efficacy response observed in the NSAID
group. However, substantial efficacy was observed in the
blinded NSAID group, suggesting a greater than expected
“placebo-like” response based on previous NSAID-con-
trolled studies of tanezumab [22, 23]. Supporting this
theory, the proportion of participants discontinuing
treatment for not meeting prespecified efficacy criteria
at week 16 (21.7% across all treatment arms) was lower
than expected based on projections (35-45%) from ear-
lier phase 3 studies of tanezumab. This “placebo-like”
response may have also contributed to smaller than
expected differences in WOMAC Pain among the tan-
ezumab and NSAID treatment groups. While a greater
than expected “placebo-like” response was observed with
the WOMAC Pain subscale, the NSAID response was
more typical (smaller) using the daily average pain NRS
and significant treatment differences were observed for
both tanezumab groups versus NSAID at multiple time-
points from weeks 4 to 20. Efforts to minimize placebo
response (e.g., patient education on the topic and man-
agement of treatment expectations) were not specifically
addressed in the study design. Alternatively, it is also
possible that participants were not taking NSAIDs in a
truly stable basis prior to trial enrollment, resulting in
a greater-than-expected response when stable NSAID
study treatment was initiated. An unexplained increas-
ing placebo response, however, has been observed over
the course of the switch from phase 2 IV to phase 3 SC
studies in the tanezumab development program, and
a similar phenomenon has been observed in late-stage
clinical development programs of other analgesics, possi-
bly related to the greater patient expectation of treatment
response in late stages of clinical development programs
[24, 25].
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It should be noted that improvements observed
for average pain in the index joint (using the eDiary
NRS) were typically lower than those observed for the
WOMAC Pain subscale, which may reflect inherent dif-
ferences in the assessment tools or how they were admin-
istered. The eDiary NRS was completed by the patient at
home and consisted of a single question on pain sever-
ity over the previous 24 h, while the WOMAC Pain was
completed at clinic visits (and screening to determine
trial eligibility) and assessed five different aspects of “the
pain you felt” over the last 48 h. It is possible that the dis-
crepancy between eDiary NRS and WOMAC Pain scores
may be partly due to unconscious cues associated with
clinic visits.

Over the 56-week treatment period, tanezumab 2.5 mg
and 5 mg doses yielded generally similar results across
endpoints. There were some instances, however, where
tanezumab 5 mg may have provided better efficacy than
tanezumab 2.5 mg. At weeks 8 and 16, for example,
improvements in WOMAC Pain and WOMAC Physical
Function were statistically greater with tanezumab 5 mg,
but not tanezumab 2.5 mg, compared to NSAIDs. Direct
comparisons, however, were not performed between
tanezumab dose groups and firm conclusions on possi-
ble differences in efficacy cannot be made. Though tan-
ezumab 5 mg may have demonstrated moderately better
efficacy than tanezumab 2.5 mg at some time points,
it should be noted that the 5 mg dose exhibited a less
favorable AE profile, including joint-related AEs, than the
2.5 mg dose.

Conclusion

This study is the longest assessment of tanezumab in
participants with OA to date (56-week treatment and
24-week safety follow-up), which is notable since long-
term trial data on OA treatments, including NSAIDs, is
generally lacking [26]. Though firm conclusions on long-
term efficacy (and comparisons of efficacy across groups)
are limited due to elements of trial design (e.g., enrich-
ment for responders, BOCF approach to missing data),
this study suggests that treatment with SC tanezumab
(2.5 mg and 5 mg) or oral NSAIDs provides early and
sustained (up to 56 weeks) efficacy relative to baseline
in participants with moderate-to-severe OA of the knee
or hip and a history of inadequate response to standard
OA analgesics. Improvements in pain and function were
clinically meaningful in a substantial proportion of par-
ticipants. Though tanezumab was well-tolerated in most
participants, dose-dependent joint safety events occurred
more frequently with tanezumab than with NSAID and
should be taken into account when assessing tanezumab’s
overall risk/benefit profile.
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