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Abstract
Introduction: The neurotrophin nerve growth factor has a demonstrated role in pain transduction and pathophysiology.
Objectives: Two randomized, double-blind, placebo-controlled, phase 1 studies were conducted to evaluate safety, tolerability, and
analgesic efficacy of single doses of tanezumab, a humanized anti–nerve growth factor monoclonal antibody, in chronic or acute pain.
Methods: In the first study (CL001), patients with moderate to severe pain from osteoarthritis (OA) of the knee received a single
intravenous infusion of tanezumab (3–1000 mg/kg) or placebo in a dose-escalation (part 1; N5 42) or parallel-arm (part 2; N5 79)
study design. The second study (CL002) was a placebo-controlled dose-escalation (tanezumab 10–1000 mg/kg; N5 50) study in
patients undergoing bunionectomy surgery.
Results: Adverse event rates were generally similar across treatments. Most adverse events were generally mild to moderate in
severity and no patients discontinued as a result of adverse events. Adverse events of abnormal peripheral sensation were more
common with higher doses of tanezumab ($100 mg/kg) than with placebo. These were generally mild to moderate in severity.
Tanezumab provided up to 12 weeks of effective analgesia for OA knee pain, with statistically significant improvements at doses
$100 mg/kg (P , 0.05). By contrast, no trend for analgesic activity was found when tanezumab was administered 8 to 16 hours
before bunionectomy.
Conclusions: The demonstration of a favorable safety profile and clinical efficacy in OA pain supports clinical development of
tanezumab as a potential treatment for chronic pain conditions.
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1. Introduction

The successful management of acute and chronic pain remains
a significant medical challenge. For patients experiencing acute

pain, the therapeutic goal is total and rapid pain relief with healing
of tissue.6 Chronic pain management is complicated, as un-
derlying changes in pain sensation may result in ongoing pain
perception, even after the damage is healed, so complete relief of
pain is uncommon.6 Some therapies for relieving pain may not
provide complete efficacy and can be associated with unwanted
complications including dependency, safety, or tolerability
issues.11,12,16,29,35,37

New pain therapiesmust demonstrate improved efficacy and/or
safety, and one approach to achieve this goal is to target specific
pain mediators. The neurotrophin, nerve growth factor (NGF) has
a demonstrated role in pain transduction and pathophysiology.36

Although NGF has a critical role in early neural development,18 in
adults this role changes to other functions including neuronal
plasticity, hypersensitization to noxious stimuli, and pain signal-
ling.15,36 Exogenous NGF administration causes rapid and long-
lasting hyperalgesia and local allodynia.18,36 Elevated NGF levels
have been associated with acute and chronic pain conditions and
injured and inflamed tissues.26

Tanezumab is a humanized anti-NGF monoclonal antibody
with high specificity and affinity for NGF.1 Tanezumab
decreases NGF activity by preventing interaction between

Sponsorships or competing interests that may be relevant to content are disclosed

at the end of this article.

a Rinat Neuroscience (a subsidiary of Pfizer Inc), South San Francisco, CA, USA,
b Radiant Research, Honolulu, HI, USA, c Pfizer Inc, Clinical Development and

Operations Business Unit, Groton, CT, USA

*Corresponding author. Address: Pfizer Inc, 445 Eastern Point Rd, Groton, CT

06340. Tel.: 11 860 441 8131; fax: 11 860 686 7578. E-mail address: mark.t.

brown@pfizer.com (M.T. Brown).

Supplemental digital content is available for this article. Direct URL citations appear

in the printed text and are provided in the HTML and PDF versions of this article on

the journal’s Web site (www.painjournalonline.com).

Copyright© 2018 The Author(s). Published byWolters Kluwer Health, Inc. on behalf

of The International Association for the Study of Pain. This is an open-access article

distributed under the terms of the Creative Commons Attribution-Non Commercial-

No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and

share the work provided it is properly cited. The work cannot be changed in any way

or used commercially without permission from the journal.

PR9 3 (2018) e653

http://dx.doi.org/10.1097/PR9.0000000000000653

3 (2018) e653 www.painreportsonline.com 1

mailto:mark.t.brown@pfizer.com
mailto:mark.t.brown@pfizer.com
http://www.painjournalonline.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/PR9.0000000000000653
www.painreportsonline.com


NGF and its high-affinity (TrkA) and low-affinity (p75) recep-
tors.1 Two phase 1 studies (CL001 and CL002) were
conducted to assess the safety, tolerability, and analgesic
efficacy of a single intravenous (IV) dose of tanezumab in
chronic and acute pain. In chronic pain (study CL001),
moderate to severe knee osteoarthritis (OA) pain was used
for assessing analgesic safety and efficacy. The acute pain
model (study CL002) was acute postoperative bunionectomy
pain. Both patient populations were deemed appropriate for
first-in-human studies to assess safety while potentially
allowing for preliminary assessment of efficacy.5,13,28,31

2. Methods

Two randomized, double-blind, placebo-controlled, phase 1
studies with similar designs were conducted in compliance
with the Declaration of Helsinki and all International Confer-
ence on Harmonization Good Clinical Practice guidelines. The
studies were conducted at study centers (5 and 1 for study
CL001 and CL002, respectively) in the United States. Study
protocols and informed consent documentation were
reviewed and approved by institutional review boards. Written
informed consent was obtained from each patient before
initiation of protocol-specified procedures. After written in-
formed consent was obtained and eligibility established, the
study site assigned the patient’s randomization number;
based on this, the pharmacist assigned treatment using a list
prepared by an unblinded statistician.

2.1. Study CL001-tanezumab in osteoarthritis

Study CL001 (original Rinat study number [Pfizer study number
A4091006]) was conducted in 2 parts. Part 1 was a placebo-
controlled dose escalation (tanezumab 3–1000 mg/kg) with 6
cohorts of patients (Fig. 1A). Part 2 was a placebo-controlled,
parallel-arm comparison of tanezumab 100 or 300 mg/kg with
doses selected based on an interim analysis of safety and efficacy
data from part 1 (Fig. 1B).

2.1.1. Study population

Appendix Text 1, available online as supplemental digital content
at http://links.lww.com/PR9/A16.

2.1.2. Study design

Patients underwent screening, completing electronic diary
entries 4 times daily for 7 days before randomization. Eligible
patients were required to discontinue all pain medication (cyclo-
oxygenase [COX]-2 inhibitors, nonsteroidal anti-inflammatory
drugs, and opioid analgesics) at least 14 days before tanezumab
or placebo and for the study duration; aspirin #325 mg/d was
allowed for cardiac prophylaxis (Appendix Text 2,
available online as supplemental digital content at http://links.
lww.com/PR9/A16).

In part 1, patients were assigned to 1 of 6 sequential dose
cohorts (3, 10, 30, 100, 300, or 1000 mg/kg). Four patients

Figure 1. CL001 study design (A) part 1 sequential, single-dose, dose-escalation, placebo-controlled, randomized study and (B) part 2 parallel-arm, placebo-
controlled, randomized study.
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received tanezumab in cohorts 1 to 3 and 6 patients in cohorts
4 to 6; 2 additional patients in each cohort were randomly
assigned to placebo treatment. In part 2, patients were
randomly assigned to receive tanezumab 100 mg/kg, tanezu-
mab 300 mg/kg, or placebo (in a 1:1:1 ratio). No dosage
modifications were allowed in either part of the study.
Tanezumab or placebo was administered through slow IV
injection over 3 to 5 minutes for doses of #10 mg/kg and
through infusion at 100 mL/h for doses of $30 mg/kg on study
day 1.

After discharge on day 2, patients were to return for study
visits for safety and efficacy assessments, routine laboratory
tests, and blood sampling. Patients in part 1 cohorts 1 to 3
(3, 10, or 30 mg/kg) visited on days 3, 4, 5, 7, 14, 21, and 28
(termination visit) with safety follow-up telephone calls on days
91 and 181. Patients in part 1 cohorts 4 and 5 and part 2 (100
or 300 mg/kg) visited on days 3, 4, 7, 14, 21, 28, 42, 56, 70, 91,
136, and 181 (termination visit). Patients in part 1 cohort 6
(1000 mg/kg) visited on days 3, 4, 7, 14, 21, 28, 42, 56, 70, 91,
136, 181, and 223 (termination visit).

2.1.3. Safety evaluations

Detailed queries on the nature, onset, duration, severity, out-
come, and any relationship of events to study drug were made for
all adverse events (AEs). Any serious AEs (SAEs) (such as those
resulting in hospitalization or death, or life-threatening) were
reported to the sponsor within 24 hours of investigator
awareness. Safety assessments included physical and neuro-
logic examinations, laboratory assessments, and 12-lead ECG.
The Hopkins Verbal Learning Test–Revised4 was also conducted
at screening, baseline (day 1), day 1 (at 6 hours postinfusion), and
prespecified study visits. Patients receiving tanezumab 3 to 300
mg/kg or placebo were monitored for safety for at least 180 days;
those receiving tanezumab 1000 mg/kg or placebo were
monitored for at least 223 days.

2.1.4. Efficacy evaluations

The primary efficacy endpoint for parts 1 and 2 was the visual
analogue scale (VAS) sum of pain intensity difference (SPID) for
current pain in the index knee for days 2 to 14. Secondary
endpoints were SPID for current pain in the index knee for other
time points, SPID for walking knee pain, change from baseline in
average Western Ontario and McMaster Universities Osteoar-
thritis (WOMAC) index scores, WOMAC subscale scores, and
daily rescue medication use.3

Current index knee pain, index knee pain during walking, and
WOMACwere evaluated using a validated electronic VAS (0–100
scale; higher scores denoted greater pain).25 Current knee pain
was recorded 4 times daily and index knee pain during walking
over the past 24 hours was recorded once daily. The WOMAC
index consisted of 24 questions in 3 subscales: pain (5
questions), stiffness (2 questions), and physical function (17
questions),3 completed at office visits. Rescue medication use
was recorded daily. Pain and WOMAC scores were recorded for
28, 181, or 223 days after injection for patients receiving
tanezumab 3 to 30 mg/kg, 100 to 300 mg/kg, or 1000 mg/kg,
respectively. At the time the studies were conducted
(2004–2005), electronic diaries for recording pain and rescue
medication use were relatively new, enabling real-time data
capture in a naturalistic setting.

2.1.5. Statistical analysis

Appendix Text 3, available online as supplemental digital content
at http://links.lww.com/PR9/A16.

2.2. Study CL002-tanezumab in bunionectomy

Study CL002 (original Rinat study number [Pfizer study number
A4091007]) was a placebo-controlled dose-escalation (tanezu-
mab 10–1000 mg/kg) study with a single administration of
tanezumab in 5 cohorts of patients (Fig. 2). A planned tanezumab

Figure 2. CL002 single-dose, dose-escalation, placebo-controlled, randomized study design.
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2000-mg/kg dose cohort was not performed because of a high
frequency of AEs of abnormal peripheral sensation among
patients treated with tanezumab 1000 mg/kg.

2.2.1. Study population

Appendix Text 4, available online as supplemental digital content
at http://links.lww.com/PR9/A16.

2.2.2. Study design

The study consisted of a screening period of up to 28 days (for
discontinuation and washout of prohibited pain medications);
research unit admission for eligible patients for study drug
administration (day 1), surgery (day 2), and postoperative
observations (days 124); outpatient follow-up (through day 29
for patients receiving tanezumab 10 and 30 mg/kg, through day
181 for patients receiving tanezumab 100 and 300 mg/kg, and
through day 223 for patients receiving tanezumab 1000 mg/kg);
and safety extension telephone contact (days 92 and 181 for
patients receiving tanezumab 10 and 30 mg/kg) to assess

potential late AEs. Postoperative study visits were conducted
on days 8, 12, 20, and 29 for patients receiving tanezumab 10
and 30mg/kg, continued on days 43, 57, 71, 92, 136, and 181 for
patients receiving tanezumab 100 and 300 mg/kg, and through
day 223 for patients receiving tanezumab 1000mg/kg. Safety and
efficacy assessments, routine laboratory tests, and blood
samples were obtained during these visits.

Fifty eligible patients were randomized to receive tanezumab or
placebo (vehicle) in a 4:1 design in 1 of 5 sequential dose cohorts
(tanezumab 10, 30, 100, 300, and 1000 mg/kg). A randomization
code list for assigning tanezumab or placebo was prepared by an
unblinded statistician. Study drug or placebo was administered
through slow IV injection over 3 to 5 minutes (cohort 1) or infused
at 100 mL/h (cohorts 2–5), 8 to 16 hours before surgery; a timing
based on previous observations in part 1 of CL001 and previous
nonclinical studies.33

The surgical procedure consisted of primary unilateral first
metatarsal bunionectomy, with or without internal fixation, and
with no collateral procedures, performed under regional anes-
thesia with lidocaine (Mayo block), propofol sedation, and
prophylactic antibiotic treatment. Patients were on bed rest for

Table 1

Treatment-emergent adverse events after administration of a single dose of tanezumab in study CL001 or CL002.

Tanezumab, 3
mg/kg (n 5 4)

Tanezumab, 10
mg/kg (n 5 12)

Tanezumab, 30
mg/kg (n 5 12)

Tanezumab, 100
mg/kg (n 5 41)

Tanezumab, 300
mg/kg (n 5 40)

Tanezumab, 1000
mg/kg (n 5 14)

Placebo
(n 5 48)

Patients reporting
Any adverse event, n
(%)

3 (75.0) 9 (75.0) 12 (100.0) 37 (90.2) 35 (87.5) 13 (92.9) 36 (75.0)

Serious adverse event,
n (%)

0 0 0 0 2 (5.0)* 2 (14.3)† 0

Discontinued due to
adverse event, n (%)

0 0 0 0 0 0 0

Adverse events reported
by $5% of tanezumab-
treated patients, n (%)
Arthralgia 0 0 0 4 (9.8) 4 (10.0) 3 (21.4) 3 (6.3)
Cough 0 0 2 (16.7) 3 (7.3) 3 (7.5) 1 (7.1) 3 (6.3)
Diarrhea 0 0 2 (16.7) 6 (14.6) 8 (20.0) 3 (21.4) 2 (4.2)
Dizziness 1 (25.0) 1 (8.3) 4 (33.3) 6 (14.6) 3 (7.5) 1 (7.1) 7 (14.6)
Headache 1 (25.0) 4 (33.3) 3 (25.0) 10 (24.4) 14 (35.0) 1 (7.1) 9 (18.8)
Muscle spasms 1 (25.0) 0 1 (8.3) 1 (2.4) 2 (5.0) 3 (21.4) 2 (4.2)
Nasopharyngitis 0 0 2 (16.7) 1 (2.4) 2 (5.0) 2 (14.3) 6 (12.5)
Nausea 0 2 (16.7) 5 (41.7) 2 (4.9) 4 (10.0) 2 (14.3) 8 (16.7)
Pain in extremity 0 0 0 4 (9.8) 7 (17.5) 2 (14.3) 2 (4.2)
Peripheral edema 0 0 0 4 (9.8) 3 (7.5) 1 (7.1) 2 (4.2)
Vomiting 0 2 (16.7) 1 (8.3) 2 (4.9) 1 (2.5) 3 (21.4) 3 (6.3)

Adverse events of
abnormal peripheral
sensation‡, n (%)
Allodynia 0 0 0 0 1 (2.5) 4 (28.6) 0
Burning sensation 0 0 0 0 0 1 (7.1) 0
Dysethesia 0 0 0 3 (7.3) 2 (5.0) 3 (21.4) 0
Hyperesthesia 0 0 0 2 (4.9) 0 1 (7.1) 0
Hyperpathia 0 0 0 0 1 (2.5) 0 0
Hypoesthesia 0 0 0 2 (4.9) 2 (5.0) 0 1 (2.1)
Neuralgia 0 0 0 0 1 (2.5) 0 0
Neuritis 0 0 0 0 0 0 0
Neuropathy peripheral 0 0 0 0 0 0 0
Pallanesthesia 0 0 0 0 0 0 0
Paresthesia 0 0 0 4 (9.8) 6 (15.0) 1 (7.1) 0
Peripheral sensory
neuropathy

0 0 0 0 1 (2.5) 0 0

Sensory disturbance 0 0 0 0 0 0 0
Sensory loss 0 0 0 0 0 0 0

* Two were judged by the investigator as treatment related.

† One was judged by the investigator as treatment related.

‡ Adverse events of abnormal peripheral sensation were defined as adverse events of allodynia, hyperesthesia, paresthesia, hypoesthesia, dysesthesia, pallanesthesia, sensory disturbance, sensory loss, peripheral sensory

neuropathy, peripheral neuropathy, neuralgia, neuritis, burning sensation, and hyperpathia in CL001.
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48 hours and observed before discharge. No dosage modifica-
tions were allowed unless signs of an infusion reaction occurred.
Any signs of an allergic reaction resulted in permanent cessation
of infusion.

Patients were advised to refrain from rescue medication use
until completion of the 4-hour postoperative pain assessments
(Appendix Text 5, available online as supplemental digital content
at http://links.lww.com/PR9/A16).

2.2.3. Safety evaluations

Observed or volunteered AEs, severity, and investigator’s
opinion of relationship to study treatment were recorded. Any
SAE was reported to the sponsor within 24 hours of
investigator awareness. Safety and tolerability assessments
included physical and neurologic examinations, vital signs,

laboratory assessments, infusion-related reactions, immuno-
genicity evaluations, 12-lead ECG, cardiac telemetry, and
pulse oximetry during drug administration and surgery, wound
healing, and postoperative radiograph of the foot. The Hopkins
Verbal Learning Test–Revised was administered at screening,
before study drug administration on day 1, and on days 12, 29,
92, 136, 181, and 223 depending on cohort assignment. All
patients were monitored for safety at each protocol-specified
postoperative visit.

2.2.4. Efficacy evaluations

The pharmacodynamic activity of tanezumab was evaluated
by changes in postoperative pain compared with placebo.
Efficacy endpoints were determined through 3 measures: a 4-
point categorical (Likert) pain scale (none [0], mild [1],

Figure 3. Patient disposition in study CL001 (A) part 1 and (B) part 2.
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moderate [2], and severe [3]); a VAS pain scale ranging from
0 to 100 (higher scores denoted greater pain); and an 11-point
numerical rating scale ranging from 0 (none) to 10 (worst
imaginable) recorded pain during the preceding 24 hours.
Other efficacy measures included Patient’s Global Evaluation
(PGE) of study medication (poor [0], fair [1], good [2], very
good [3], and excellent [4]) and rescue medication use.
Evaluations of pain intensity using the categorical pain scale
and VAS were conducted at 30 minutes, 2, 4, 6, 8, 12, 16, 24,
28, 32, 36, 40, and 48 hours after completion of surgery, and
at the time of rescue medication use. After discharge, patients
recorded pain assessments and rescue medication use. Pain
intensity was recorded 4 times daily for days 4 to 11 and once
in the morning of day 12. Assessment for worst pain and least
pain using the numerical rating scale was evaluated once daily
on mornings of days 4 to 12. Daily PGE of study medication
was evaluated once daily on mornings of days 3 to 12.

2.2.5. Statistical analysis

Appendix Text 6, available online as supplemental digital content
at http://links.lww.com/PR9/A16.

3. Results

3.1. Safety

For studies CL001 and CL002 combined, the number of
patients reporting AEs was generally similar across treat-
ments, but incidence of treatment-related AEs was higher with
tanezumab treatment than placebo (Table 1). Most AEs were
mild or moderate and resolved before completion of the
studies. No patients discontinued because of AEs, but 3
tanezumab patients (Study CL002) reported 4 SAEs

considered related to treatment by the investigator: 3 events
of convulsions in 2 patients receiving 300 mg/kg (2 convulsions

were considered pseudoseizures and were reported by 1

patient) and 1 event of allodynia (1000 mg/kg) (Appendix Text

7, available online as supplemental digital content at http://

links.lww.com/PR9/A16).
For both parts 1 and 2 of study CL001, the most frequent AEs

in the tanezumab groups were headache and diarrhea. For study

CL002, the most frequent AEs in the tanezumab groups were

nausea, dizziness, and headache (Appendix Tables 1–3,

available online as supplemental digital content at http://links.

lww.com/PR9/A16).
Adverse events of abnormal peripheral sensation (such as

dysesthesia, allodynia, paresthesia, and hyperesthesia) were

more common in patients who had received tanezumab than

placebo-treated patients (Appendix Text 8, available online as

supplemental digital content at http://links.lww.com/

PR9/A16).

3.2. Study CL001

A total of 121 patients were screened for eligibility and
assigned to treatment in study CL001 (N 5 42 in part 1; N 5
79 in part 2; Fig. 3A, B). Patients assigned to treatments

received IV studymedication and were included in themodified

intention to treat analysis. Most patients completed the study

(part 1: 83.3% of tanezumab-treated patients and 100% of

placebo-treated patients; part 2: 83.0% of tanezumab-treated

patients and 96.2% of placebo-treated patients). Patient

demographics and baseline characteristics were similar

across groups, although more females (61.9%) than males

(38.1%) participated (Table 2).

Table 2

Patient baseline and demographic characteristics for study CL001.

Part 1 Part 2

Placebo
(n 5 12)

Tanezumab,
3 mg/kg
(n 5 4)

Tanezumab,
10 mg/kg
(n 5 4)

Tanezumab,
30 mg/kg
(n 5 4)

Tanezumab,
100 mg/kg
(n 5 6)

Tanezumab,
300 mg/kg
(n 5 6)

Tanezumab,
1000 mg/kg
(n 5 6)

Placebo
(n 5 26)

Tanezumab,
100 mg/kg
(n 5 27)

Tanezumab,
300 mg/kg
(n 5 26)

Age, mean 6 SD 49.8 6 7.6 47.3 6 10.5 52.8 6 7.2 51.5 6 7.9 51.8 6 4.5 53.7 6 8.9 52.8 6 6.9 54.1 6 7.2 54.7 6 7.0 53.1 6 6.3

Sex
Male, n (%) 3 (25.0) 0 1 (25.0) 2 (50.0) 4 (66.7) 4 (66.7) 2 (33.3) 8 (30.8) 11 (40.7) 11 (42.3)
Female, n (%) 9 (75.0) 4 (100.0) 3 (75.0) 2 (50.0) 2 (33.3) 2 (33.3) 4 (66.7) 18 (69.2) 16 (59.3) 15 (57.7)

Race
White, n (%) 9 (75.0) 4 (100.0) 4 (100.0) 4 (100.0) 5 (83.3) 5 (83.3) 5 (83.3) 23 (88.5) 22 (81.5) 17 (65.4)
Asian, n (%)* 0 2 (7.4) 2 (7.7)
Other, n (%) 3 (25.0) 0 0 0 1 (16.7) 1 (16.7) 1 (16.7) 3 (11.5) 3 (11.1) 7 (26.9)

Weight, mean
6 SD, kg

88.5 6 15.4 79.8 6 13.6 85.7 6 22.7 88.5 6 14.0 90.3 6 15.6 90.7 6 14.9 88.2 6 12.8 85.9 6 16.3 88.9 6 22.5 90.2 6 21.1

BMI, mean
6 SD, kg/m2

30.6 6 4.9 29.8 6 4.9 32.1 6 3.9 30.4 6 7.8 29.4 6 2.5 30.3 6 6.9 31.3 6 4.9 30.6 6 4.1 30.9 6 5.7 31.6 6 7.2

Height, mean
6 SD, cm

170.0 6 9.3 163.5 6 3.8 162.26 14.8 172.46 12.6 174.5 6 8.6 174.0 6 6.2 168.3 6 10.0 167.4 6 11.6 168.7 6 9.6 169.16 10.7

Current index knee pain,†
mean 6 SD

43.3 6 15.8 38.2 6 12.2 36.6 6 27.8 57.9 6 11.8 43.0 6 16.3 48.5 6 24.6 49.1 6 13.8 58.5 6 17.8 60.0 6 13.8 54.1 6 18.1

Walking pain,† mean 6
SD

50.4 6 18.4 54.3 6 10.7 40.6 6 32.1 61.3 6 14.1 49.8 6 18.6 60.7 6 20.1 63.0 6 12.5 65.8 6 15.1 67.6 6 12.3 58.5 6 19.2

Average WOMAC
Osteoarthritis Index,†
mean 6 SD

49.3 6 19.2 41.8 6 15.8 37.2 6 30.8 58.9 6 13.0 53.8 6 22.1 51.5 6 26.9 50.4 6 22.4 58.9 6 18.3
(n 5 24)

60.5 6 15.0
(n 5 26)

55.9 6 18.5
(n 5 25)

* Race reported as White or other in part 1.

† As measured on VAS 0 to 100.

BMI, body mass index (calculated as weight/height2); VAS, visual analogue scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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3.2.1. Efficacy

3.2.1.1. Part 1

Mean daily current index knee pain showed an initial decrease
from baseline in all tanezumab groups (Fig. 4). For days 2 to 14,
differences in SPID for current knee pain from placebo were
statistically significant (unadjusted P 5 0.0093–0.0480) for
tanezumab doses $30 mg/kg but not for doses ,30 mg/kg
(P . 0.05). For days 2 to 28, the 100-mg/kg dose was the only
dose to result in statistically significant differences from placebo
(unadjusted P 5 0.0361), but all doses assessed over days 2 to
84 (100, 300, and 1000 mg/kg) resulted in statistically significant
differences from placebo (unadjusted P 5 0.0006–0.0079).

Knee pain during walking was reduced with tanezumab, with
statistically significant differences from placebo for doses of
$100 mg/kg (Table 3). The percentage of patients with $30%
reduction in walking pain during days 2 to 84 were statistically
greater with tanezumab 100, 300, or 1000mg/kg (66.7%, 83.3%,
and 83.3%, respectively, vs placebo (16.7%) P 5 0.0062 to
0.0338; analysis not performed with tanezumab #30 mg/kg).
Tanezumab 100 mg/kg resulted in statistically greater

percentages of patients reporting $50% and $70% reduction
in walking pain compared with placebo (tanezumab 100 mg/kg:
66.7% for both; placebo: 16.7% and 8.3%, respectively;
P 5 0.0338 and 0.0091).

Greater improvement in average WOMAC scores and sub-
scales was noted with higher tanezumab doses ($100 mg/kg;
Table 3). Rescue medication use (number of pills taken) was
similar across treatments with no difference vs placebo (un-
adjusted P 5 1.000–0.1819).

3.2.1.2. Part 2

For the primary endpoint, SPID for VAS in current knee pain for days
2 to 14 for the combined treatment groups, no statistically significant
difference was found vs placebo (P 5 0.1416). Both doses of
tanezumab led to greater reduction in current index knee pain vs
placebo. When individual doses were compared with placebo, the
least squares (LS) mean difference in SPID for current knee pain vs
placebo with tanezumab 100 mg/kg was statistically significant for
days 2 to 14 (2481.0; unadjusted P 5 0.0355) and days 2 to 84
(23659.4; unadjusted P 5 0.0351), but not with tanezumab
300 mg/kg (days 2–14: 292.3, unadjusted P 5 0.6854; days

Figure 4. Current index knee pain: mean change from baseline visual analogue scale (VAS) in study CL001, part 1. Overall, knee pain was measured on VAS 0 to
100 where higher scores equal greater pain.
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Table 3

Differences vs placebo in index knee pain during walking, WOMAC scores and rescue medication use for study CL001: change from baseline; LS mean difference 6 SE.

Part 1 Part 2

Tanezumab,
3 mg/kg
(n 5 4)

Tanezumab,
10 mg/kg
(n 5 4)

Tanezumab,
30 mg/kg
(n 5 4)

Tanezumab,
100 mg/kg
(n 5 6)

Tanezumab,
300 mg/kg
(n 5 6)

Tanezumab,
1000 mg/kg
(n 5 6)

Tanezumab,
100 mg/kg
(n 5 27)

Tanezumab,
300 mg/kg
(n 5 26)

Walking pain (SPID)
Baseline mean (SD) 54.3 (10.7) 40.6 (32.1) 61.3 (14.1) 49.8 (18.6) 60.7 (20.1) 63.0 (12.5) 67.6 (12.3) 58.5 (19.2)
Days 2–14 2185 6 122.2 2143 6 122.0 2162 6 122.3 2234 6 104.9* 2324 6 107.5* 2283 6 108.6* 2320.7 6 122.8*† 2125.8 6 124.4
Days 2–28 2166 6 286.2 2211 6 285.6 2240 6 286.4 2453 6 245.6 2617 6 251.7* 2536 6 254.3*
Days 2–84 21816 6 560.4* 21874 6 574.3* 22430 6 580.1* 22122.3 6 860.9*† 21734.6 6 871.9*

Average WOMAC Osteoarthritis Index
Baseline, mean (SD) 41.8 (15.8) 37.2 (30.8) 58.9 (13.0) 53.8 (22.1) 51.5 (26.9) 50.4 (22.4) 60.5 (15.0) 55.9 (18.5)
Change at day 7 210 6 5.5 214 6 5.6* 220 6 5.5* 229 6 4.8* 222 6 4.8* 222 6 5.1* 212.4 6 5.3* 28.6 6 5.3
Change at day 14 4 6 6.1 29 6 6.1 27 6 6.0 222 6 5.3* 213 6 5.2* 210 6 6.1 29.7 6 6.0 0.7 6 6.1
Change at day 28 22 6 5.9 27 6 6.0 0 6 6.6 230 6 5.1* 216 6 5.1* 211 6 5.4* 210.3 6 5.9 24.7 6 6.1
Change at day 56 ND ND ND 230 6 7.3* 217 6 7.9* 220 6 7.7* 217.1 6 6.5*† 214.4 6 6.7*
Change at day 91 ND ND ND 218 6 6.1* 216 6 6.1* 226 6 6.4* 28.4 6 6.6 212.9 6 6.5

WOMAC pain subscale
Baseline, mean (SD) 44.4 (14.8) 37.3 (31.0) 61.9 (14.5) 52.4 (20.0) 51.6 (26.9) 47.6 (22.7) 60.1 (15.4) 52.5 (17.7)
Change at day 7 210 6 10.4 29 6 10.4 217 6 10.4 225 6 9.0* 222 6 9.0* 222 6 9.5* 213.1 6 5.4*† 25.8 6 5.4
Change at day 14 27 6 9.9 25 6 9.9 214 6 10.0 223 6 8.6* 213 6 8.6 29 6 9.9 26.4 6 6.2 25.8 6 6.2
Change at day 28 1 6 11.5 28 6 11.5 3 6 13.0 231 6 10.0* 213 6 10.0 28 6 10.6 29.6 6 6.0 23.3 6 6.1
Change at day 56 ND ND ND 237 6 14.2* 218 6 15.0 221 6 15.0 216.2 6 6.3*† 213.1 6 6.5*
Change at day 91 ND ND ND 220 6 11.1 218 6 11.1 229 6 11.6* 25.8 6 6.5 212.3 6 6.4

WOMAC physical function subscale
Baseline, mean (SD) 38.7 (25.4) 40.1 (31.1) 61.0 (13.7) 48.0 (31.7) 47.3 (28.9) 49.4 (21.4) 59.4 (18.5) 54.5 (21.6)
Change at day 7 29 6 11.5 215 6 11.4 221 6 11.5 223 6 9.9* 219 6 9.9 221 6 10.5 212.3 6 5.3* 29.7 6 5.3
Change at day 14 4 6 11.8 216 6 11.7 28 6 11.8 224 6 10.2* 217 6 10.2 215 6 11.9 28.5 6 5.9 21.8 6 5.9
Change at day 28 4 6 12.1 210 6 12.0 23 6 13.5 226 6 10.4* 217 6 10.4 214 6 11.1 210.2 6 5.9 25.8 6 6.0
Change at day 56 ND ND ND 228 6 15.4 225 6 16.9 226 6 16.3 217.1 6 6.4*† 214.1 6 6.5*
Change at day 91 ND ND ND 218 6 13.3 214 6 13.3 227 6 13.8 29.1 6 6.5 213.3 6 6.4*

WOMAC stiffness subscale
Baseline, mean (SD) 42.4 (10.9) 34.0 (30.4) 63.3 (16.3) 61.0 (17.5) 55.7 (27.8) 46.3 (24.3) 64.0 (18.8) 60.5 (18.3)
Change at day 7 212 6 10.9 219 6 11.1 222 6 10.8 238 6 9.4* 226 6 9.4* 221 6 9.9* 212.1 6 5.8* 210.3 6 5.8
Change at day 14 13 6 13.9 28 6 14.2 1 6 13.7 220 6 12.0 28 6 11.9 24 6 13.8 213.8 6 6.8* 20.7 6 6.8
Change at day 28 211 6 11.3 22 6 11.5 0 6 12.5 232 6 9.8* 217 6 9.7 210 6 10.3 210.6 6 6.3 24.9 6 6.4
Change at day 56 ND ND ND 225 6 14.2 212 6 15.5 214 6 15.5 217.5 6 7.3*† 215.5 6 7.4*
Change at day 91 ND ND ND 217 6 12.2 217 6 12.3 223 6 13.1 210.4 6 7.0 213.4 6 6.8

Summed rescue medication use
(number of pills)
Over days 2–14 23 6 11.4 27 6 11.4 29 6 11.4 0 6 9.9 213 6 9.9 25 6 9.9 22.3 6 4.8 22.7 6 4.9
Over days 2–21 0 6 17.3 25 6 17.3 29 6 17.3 9 6 15.0 213 6 15.0 26 6 15.0 23.9 6 7.8 24.2 6 7.9
Over days 2–28 21 6 22.5 26 6 22.5 216 6 22.5 2 6 19.5 217 6 19.5 3 6 19.5 28.4 6 10.4 29.2 6 10.5
Over days 2–84 ND ND ND 211 6 59.0 228 6 59.0 17 6 59.0 238.4 6 31.0 251.3 6 31.3

Walking pain and WOMAC were measured on VAS 0 to 100, rescue medication was measured as number of pills (summed); 3-, 10-, and 30-mg/kg cohorts in part 1 reported efficacy for 28 days only.

* P , 0.05 unadjusted.

† P , 0.05 adjusted for multiple comparisons.

LS, least squares; ND, not done; SPID, sum of pain intensity difference; VAS, visual analogue scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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2–84:22979.5, unadjustedP5 0.0866, Table 4). Differenceswere
not significant when adjusted for multiple comparisons.

For walking pain in the index knee, the LS mean difference
vs placebo was statistically significant over days 2 to 14 with
tanezumab 100 mg/kg (unadjusted P5 0.0101 and adjusted P

5 0.0267; Table 3), but not for tanezumab 300 mg/kg
(unadjusted P 5 0.3138 and adjusted P 5 0.6029). Over days
2 to 84, both doses of tanezumab resulted in statistically
significant differences in LS mean walking pain vs placebo
(tanezumab 100 mg/kg: unadjusted P 5 0.0151 and adjusted
P 5 0.0391; tanezumab 300 mg/kg: unadjusted P 5 0.0489
and adjusted P 5 0.1184).

Single doses of tanezumab 100 mg/kg or tanezumab
300mg/kg improved the averageWOMAC score and all WOMAC
subscale scores (Table 3). Statistically significant LS mean
differences from placebo (unadjusted comparisons) were noted
on day 7 for all WOMAC subscale scores and the average
WOMAC index scorewith tanezumab 100mg/kg (unadjustedP5
0.0163–0.0395), but not with tanezumab 300 mg/kg (unadjusted
P . 0.05 for all). At day 56, LS mean differences from placebo
were statistically significant with both doses (tanezumab
100 mg/kg: unadjusted P 5 0.0083–0.0179 and adjusted
P 5 0.0214–0.0447; tanezumab 300 mg/kg: unadjusted
P 5 0.0330–0.0457 and adjusted P . 0.05 for all). Patients
treated with tanezumab reported lower daily rescue medication
use vs placebo group over days 2 to 84; this difference was not
statistically significant (P . 0.05).

3.3. Study CL002

Fifty patients were screened for eligibility in study CL002 (Fig. 5).
All fifty patients received IV study drug (or placebo) and were
included in the modified intention to treat analysis set. Most
completed the study (94.0%). Patient demographics and
baseline characteristics were similar across groups, although
more females (90.0%) than males (10.0%) participated (Table 5).

3.3.1. Efficacy

When tanezumab was administered 8 to 16 hours before
bunionectomy, pain intensity was similar among all treatments
and no difference between active (tanezumab) and placebo
treatments was found, regardless of the pain measurement scale
used (Fig. 6). No dose response was noted and no significant
differences in the PGE were found.

The time to first rescue medication use, number of patients in
each treatment who required rescue medication, number of days
patients reported that they did not use rescue medication, and
number of times patients used them were similar across
treatments. Reported pain intensity at the time of first rescue
medication use was not different across treatments.

4. Discussion

These first-in-human dosing studies provided support for the
anti-NGF monoclonal antibody tanezumab as a treatment for

Table 4

Summed pain intensity difference for current index knee pain (VAS): days 2 to 84; study CL001, part 2.

Placebo (n 5 26) Tanezumab, 100 mg/kg (n5 27) Tanezumab, 300 mg/kg (n5 26) Tanezumab, combined (n5 53)

Baseline
Mean (SD) 58.5 (17.8) 60.0 (13.8) 54.1 (18.1) 57.1 (16.2)

Days 2–84
LS mean (SE) 26328.1 (1271.5) 29987.5 (1268.8) 29307.6 (1276.4) 29654.0 (935.8)
LS mean difference vs placebo (SE) 23659.4 (1717.3) 22979.5 (1724.7) 23325.8 (1489.2)
P, unadjusted 0.035 0.087 0.027
P, with Dunnett’s adjustment 0.087 0.200

LS, least squares; VAS, visual analogue scale.

Figure 5. Patient disposition in study CL002.
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chronic pain and justify further clinical studies. In both parts of
study CL001, a single IV infusion of tanezumab reduced chronic
OA pain and provided analgesic activity, with statistically
significant results in secondary endpoints at the highest doses.
This statistical significance was noted, despite a relatively small
number of patients, suggesting tanezumab has robust clinical
efficacy in OA. Numeric improvements in OA pain and function
were also noted in tanezumab doses #30 mg/kg, although no
statistical differences were seen. This may reflect low numbers or
the shorter follow-up period; tanezumab at 30 mg/kg or lower in
subsequent, larger studies with longer follow-up resulted in
significant improvements in pain, function, and global assess-
ments in hip or knee OA.2,8,9,14,25,27,31,32,34 Comparing the
results from later studies using a fixed-dose regimen with the
current studies (using a dosing regimen adjusted for body
weight), tanezumab 100 mg/kg is approximately equivalent to
10 mg as a fixed dose.21

Infusion of tanezumab 8 to 16 hours before bunionectomy
surgery did not result in significant efficacy. A number of factors
may explain the apparent lack of efficacy in this acute pain
condition. The presence of significant pain in the control group of
study CL002 was of short duration and the surgery produced
a small pain signal. Furthermore, it may take longer than the 8 to 16
hours for NGF to become a significant factor in the generation of an
acute pain signal. In study CL001, maximal efficacy of tanezumab
was achieved several days after administration. Thus, administra-
tion of tanezumab on the day before surgery in CL002 may have
been too close to the time of surgery to result in a significant
reduction in postsurgical pain, especially given the relatively rapid
reduction of pain with placebo. In addition, baseline pain was
reduced in some tanezumab-treated patients leading to further
confounding. As a result of the limited size of this study and its
design, tanezumab cannot be ruled out as a possible treatment for
acute pain when administered under different conditions.

In both studies, tanezumab generally exhibited good safety
and tolerability. No alterations in memory status, assessed by the
Hopkins Verbal Learning Test–Revised scores were observed
with tanezumab treatment, consistent with other stud-
ies.22,25,27,32 The overall rate for AEs was similar in tanezumab

and placebo groups. In addition, no complications of anesthesia
were noted during bunionectomy. In addition, tanezumab did not
impact the safety and tolerability of opioid analgesics used after
bunionectomy.

All patients healed normally after bunionectomy. Similarly, in
animal models of pain, anti-NGF therapy resulted in reduction of
pain behaviors, but did not impact normal bone healing in mice or
rats after bone fracture.20,24,30

Adverse events such asdysesthesia, allodynia, paresthesia, and
hyperesthesia were seen with the highest doses of tanezumab
($100 mg/kg), generally mild to moderate in severity, initially
observed by week 2 after infusion, and resolved by week 4. The
estimated half-life of tanezumab is approximately 21 days in
humans.19,21 Thus, AEs of abnormal peripheral sensation re-
solved, regardless of high tanezumab concentrations during
weeks 2 to 4. Although tanezumab 1000 mg/kg was associated
with more frequent occurrence of AEs, a larger proportion being
rated as severe, and a higher rate of AEs of abnormal peripheral
sensation (5 of 10 patients in CL002), none of the AEs were
irreversible or led to disability. In addition, although review of all data
for both studies led to the recommendation that enrollment could
continue, a protocol amendment included the termination of
enrollment in CL001 part 2 because of the reporting of 2
unexpected SAEs in CL002, namely pseudoseizure and seizur-
e—although these SAEswere determined to be unrelated to study
treatment. Over the course of both studies, the occurrence of AEs
did not reach safety stop criteria (defined as 2 patients in a cohort
experiencing grade 3 or 4 toxicities, SAEs, grade 2 or higher
peripheral neuropathy, wound dehiscence, or untoward events
during anesthesia). No maximum tolerable dose was established.

These studies provide guidance for further clinical development of
tanezumab. The 1000-mg/kg dose was associated with a high
frequency of dysesthesia; therefore, subsequent studies have since
used doses lower than 1000 mg/kg. Because of the statistically
significant improvements in pain and function seen in patients with
OA, a longer, phase 2dose-ranging trial was conducted inmoderate
to severe OA of the knee.25 The results of that study, and its open-
label extension with repeated dosing, indicated that tanezumab
infusion results in improvements in pain and function with statistical

Table 5

Patient baseline and demographic characteristics for study CL002.

Tanezumab,
10 mg/kg
(n 5 8)

Tanezumab,
30 mg/kg
(n 5 8)

Tanezumab,
100 mg/kg
(n 5 8)

Tanezumab,
300 mg/kg
(n 5 8)

Tanezumab,
1000 mg/kg
(n 5 8)

Placebo
(n 5 10)

Age, mean 6 SD 29.0 6 7.0 36.0 6 11.1 32.5 6 10.6 29.4 6 11.3 33.1 6 8.0 40.1 6 11.7

Sex
Male, n (%) 0 (0) 0 (0) 2 (25.0) 2 (25.0) 1 (12.5) 0 (0)
Female, n (%) 8 (100) 8 (100) 6 (75.0) 6 (75.0) 7 (87.5) 10 (100)

Race
White, n (%) 5 (62.5) 5 (62.5) 4 (50.0) 3 (37.5) 7 (87.5) 5 (50.0)
Black, n (%) 1 (12.5) 1 (12.5) 1 (12.5) 0 (0) 0 (0) 3 (30.0)
Asian, n (%) 0 (0) 0 (0) 1 (12.5) 0 (0) 0 (0) 1 (10.0)
Other, n (%) 2 (25.0) 2 (25.0) 2 (25.0) 5 (62.5) 1 (12.5) 1 (10.0)

Weight, mean 6 SD, kg 62.2 6 8.0 67.5 6 14.8 70.1 6 20.4 61.9 6 3.4 75.9 6 4.8 66.4 6 10.1

BMI, mean 6 SD, kg/m2 24.9 6 3.3 25.6 6 4.1 24.3 6 4.8 22.6 6 2.4 28.0 6 3.2 26.0 6 4.6

Height, mean 6 SD, cm 158.2 6 5.5 162.0 6 7.1 168.86 11.8 166.2 6 9.3 165.0 6 5.2 160.3 6 5.3

Time from dosing to surgery,
mean 6 SD, h

13.3 6 0.7 13.7 6 1.5 13.9 6 1.7 14.5 6 1.0 13.0 6 0.9 13.7 6 2.1

Duration of surgery, mean
(SD), h

0.4 6 0.1 0.4 6 0.1 0.5 6 0.1 0.4 6 0.1 0.4 6 0.1 0.4 6 0.1

BMI, body mass index (calculated as weight/height2).
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and clinical significance and few safety concerns.25,32 The results of
the phase 1 studies reported here also provided direction for the use
of tanezumab as a treatment for other pain conditions. Phase 2 trials

of tanezumab resulted in demonstration of proof of concept with
significant improvement in painful diabetic neuropathy and chronic
low back pain.7,17,22,23

Figure 6. (A) Mean categorical pain intensity (0–48 hours) and (B) summed categorical pain intensity (days 4–12) after bunionectomy in study CL002.
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The clinical development of tanezumab is focused on the
treatment of chronic pain because of the lack of significant
efficacy in the relief of acute pain reported here. Although
tanezumab administered on the day before the surgery did not
result in significant reduction in pain intensity, it may be possible
that tanezumab could be used for the treatment or prevention of
postoperative pain if it is sustained or administration occurs
earlier. Alternatively, tanezumab may have a role in the treatment
of acute pain during rehabilitation. In addition, it has been
suggested that tanezumab may provide effective reduction of
skeletal pain resulting from trauma.10 Nerve growth
factor–responsive neurons innervating tissue are necessary (but
not sufficient) for a pain state to respond to tanezumab. For
tanezumab treatment to be effective, the pain state must also be,
to some extent, dependent on NGF signaling through those
fibers. There are likely situations in which NGF signaling is not the
relevant pathway that causes the aberrant pain state.26 Further
investigation into these areas is warranted.

These first-in-human studies of tanezumab in chronic and
acute pain demonstrated the safety and tolerability of this anti-
NGF monoclonal antibody. Clinical efficacy was shown in
patients with chronic pain but not in patients with acute pain.
These studies have guided the clinical development of tanezu-
mab. Trials of longer duration in larger populations should fully
elucidate the safety, tolerability, efficacy, and clinical potential.
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