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Abstract

BACKGROUND—Increased expression of nerve growth factor in injured or inflamed tissue is 

associated with increased pain. This proof-of-concept study was designed to investigate the safety 

and analgesic efficacy of tanezumab, a humanized monoclonal antibody that binds and inhibits 

nerve growth factor.

METHODS—We randomly assigned 450 patients with osteoarthritis of the knee to receive 

tanezumab (administered at a dose of 10, 25, 50, 100, or 200 μg per kilogram of body weight) or 

placebo on days 1 and 56. The primary efficacy measures were knee pain while walking and the 

patient’s global assessment of response to therapy. We also assessed pain, stiffness, and physical 

function using the Western Ontario and Mc-Master Universities Osteoarthritis Index (WOMAC); 

the rate of response using the criteria of the Outcome Measures for Rheumatology Committee and 

Osteoarthritis Research Society International Standing Committee for Clinical Trials Response 

Criteria Initiative (OMERACT-OARSI); and safety.
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RESULTS—When averaged over weeks 1 through 16, the mean reductions from baseline in knee 

pain while walking ranged from 45 to 62% with various doses of tanezumab, as compared with 

22% with placebo (P<0.001). Tanezumab, as compared with placebo, was also associated with 

significantly greater improvements in the response to therapy as assessed with the use of the 

patients’ global assessment measure (mean increases in score of 29 to 47% with various doses of 

tanezumab, as compared with 19% with placebo; P≤0.001). The rate of response according to the 

OMERACT-OARSI criteria ranged from 74 to 93% with tanezumab treatment, as compared with 

44% with placebo (P<0.001). The rates of adverse events were 68% and 55% in the tanezumab 

and placebo groups, respectively. The most common adverse events among tanezumab-treated 

patients were headache (9% of the patients), upper respiratory tract infection (7%), and paresthesia 

(7%).

CONCLUSIONS—In this proof-of-concept study, treatment with tanezumab was associated with 

a reduction in joint pain and improvement in function, with mild and moderate adverse events, 

among patients with moderate-to-severe osteoarthritis of the knee. (Funded by Rinat 

Neuroscience; ClinicalTrials.gov number, .)

NERVE GROWTH FACTOR IS A NEUROTRO-phin that regulates the structure and 

function of responsive sensory neurons, including small-diameter nociceptive afferents. 

There has been increasing recognition of the potential role of nerve growth factor in pain 

modulation through nociceptor sensitization.1–7 In animals and humans, exogenous nerve 

growth factor increases pain either locally or systemically, depending on the dose and the 

route of administration.8,9 Increased expression of nerve growth factor is found in inflamed 

tissues from patients with conditions such as arthritis, pancreatitis, and prostatitis.10–12 

Levels of nerve growth factor are also elevated in animal models of inflammatory pain, and 

pharmacologic inhibition of the activity of nerve growth factor in these models reduces or 

blocks signs of pain. Therefore, nerve growth factor appears to have a role in causing and 

augmenting pain in these models.1,13–15 The development of therapeutic interventions that 

are based on antagonism of nerve growth factor is of interest.16,17

The treatment options for patients with painful osteoarthritis of the knee are inadequate. 

Nonsteroidal antiinflammatory drugs and narcotic analgesics are commonly used18,19; 

however, these medications have well-described gastrointestinal and cardiorenal side effects,
20,21 and the response to them is unsatisfactory in some patients.22–23 Potent analgesic 

medications with acceptable side-effect profiles may help to avoid or delay surgical 

intervention.24

Tanezumab is a humanized IgG2 monoclonal antibody directed against nerve growth factor 

that blocks the interaction of nerve growth factor with its receptors, TrkA and p75.25 A small 

phase 1 clinical trial showed that a single intravenous injection of tanezumab substantially 

reduced pain in patients with osteoarthritis of the knee.26–27 We report the results of a proof-

of-concept study of tanezumab in patients with advanced osteoarthritis of the knee who did 

not have a satisfactory response to nonopiate pain medications or who were considered to be 

candidates for invasive intervention. We compared the safety, side-effect profile, and efficacy 

of repeat doses of tanezumab as compared with placebo.
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METHODS

STUDY POPULATION

We enrolled patients, 40 to 75 years of age, who had osteoarthritis of the knee as diagnosed 

on the basis of American College of Rheumatology criteria,28 with radiographic 

confirmation (Kellgren-Lawrence grade 2 or higher, on a scale of 0 to 4, with higher 

numbers indicating more severe signs of osteoarthritis). Patients were eligible only if they 

were unwilling to take nonopiate pain medications or had had an unsatisfactory response to 

them or if they were candidates for or seeking invasive interventions such as intraarticular 

injections or total knee replacement. All pain medications except the “rescue” medications, 

acetaminophen and tramadol, were discontinued at the screening visit. At the time of 

randomization, patients had to have pain while walking on a flat surface (the walking-pain 

measure of the Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC]) 

that they rated between 50 and 90 on a visual-analogue scale that ranged from 0 to 100, with 

100 indicating maximal pain. In addition, among patients who discontinued pain medication 

during the screening period, an increase in the walking-pain score of 10 or more was 

required between screening and randomization.

The exclusion criteria were pregnancy, a history of or current symptoms of an autoimmune 

disorder, cancer within the previous 5 years except for cutaneous basal-cell or squamous-cell 

cancer resolved by excision, allergic reaction to monoclonal antibodies or IgG-fusion 

proteins, infection with hepatitis B or hepatitis C virus or the human immunodeficiency 

virus, drug abuse, fibromyalgia, clinically significant cardiac disease, diabetes mellitus 

requiring oral treatment or insulin, clinically significant neurologic disease, or a clinically 

significant psychiatric disorder. All participants provided written informed consent.

STUDY DESIGN AND OVERSIGHT

Patients were recruited between March 30, 2006, and May 3, 2007, at 46 study centers in the 

United States and were screened within 30 days before randomization. Eligible patients who 

were taking pain medication other than acetaminophen and tramadol underwent a washout 

period (of at least 5 half-lives of the medication). Patients rated their knee pain and recorded 

the score in an electronic diary every day for 3 days before randomization to establish their 

baseline pain score. Eligible patients were randomly assigned on day 1, with the use of an 

interactive voice-response system, to placebo or to tanezumab at a dose of 10, 25, 50, 100, or 

200 μg per kilogram of body weight, such that there were equal numbers in each study 

group. A pharmacist at each study site received each patient’s randomization number and 

prepared each patient’s dosing solution. Other than the pharmacist at each site and one 

statistician at the contract research organization, all the staff members and patients involved 

in the study were unaware of the group assignments.

The study medication was administered intravenously on days 1 and 56. Study visits were 

scheduled for days 14, 28, 70, 84, 112, 136, and 182, during which safety and efficacy 

assessments were performed and serum samples for routine laboratory tests and for 

pharmacokinetic analyses were obtained. In addition, patients were contacted by telephone 

on day 42 to ask about adverse events. Patients recorded their knee pain and their use of 
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rescue medication daily in an electronic diary. The rescue medications that were permitted 

were acetaminophen at a dose of 3000 mg or less per day, tramadol at a dose of 400 mg or 

less per day, or both, during the washout period and days 1 through 28 (weeks 1 through 4) 

and acetaminophen at a dose of 3000 mg per day for the remainder of the study. Patients 

could enter an open-label extension of the trial (ClinicalTrials.gov number, ) at week 16 (day 

112) if they had received two doses of the study drug and had been followed for at least 8 

weeks after the last dose.

The study was designed and coordinated by Rinat Neuroscience, a subsidiary of Pfizer. An 

external data and safety monitoring board monitored safety, and day-to-day study 

operations, including data management, were overseen by PPDI (a contract research 

organization contracted by Pfizer). The data were analyzed by Pfizer. The first author wrote 

the first draft of the manuscript. All the authors were involved in the design of the study and 

interpretation of the data, contributed to the writing of the manuscript, made the decision to 

submit the manuscript for publication, attest that the study was performed in accordance 

with the protocol and the statistical analysis plan, and vouch for the accuracy and 

completeness of the reported results. Editorial support was provided by UBC Scientific 

Solutions and was funded by Pfizer. The study protocol was approved by the local ethics 

committee at each study center before patient enrollment began. The protocol, including the 

statistical analysis plan, is available with the full text of this article at NEJM.org.

EFFICACY ASSESSMENTS

The primary efficacy outcomes were the change from baseline in the pain the patient felt in 

the index knee while walking on a flat surface and in the patient’s global assessment of 

response to therapy, averaged over weeks 1 through 16. Secondary efficacy outcomes 

included the change from baseline in overall knee pain and in scores on the WOMAC 

subscales for pain, stiffness, and physical function. Pain while walking and overall knee pain 

were recorded daily in an electronic diary, whereas the patient’s global assessment of 

response to therapy and scores on the WOMAC subscales were recorded on study-visit days. 

Pain, the patient’s global assessment, and scores on the WOMAC subscales were assessed 

with the use of a visual-analogue scale that ranged from 0 to 100. In the case of pain and 

WOMAC scores, a lower score indicated improvement (i.e., less pain, less stiffness, and less 

limitation of physical function), whereas in the case of the patient’s global assessment, a 

higher score indicated improvement (i.e., a better response to therapy). Another secondary 

outcome was the response to therapy on the basis of the criteria of the Outcome Measures 

for Rheumatology Committee and Osteoarthritis Research Society International Standing 

Committee for Clinical Trials Response Criteria Initiative (OMERACT-OARSI).29 Patients 

were classified as having had a response if the WOMAC pain or physical-function score 

decreased by 50% or more and by 20 or more points on the visual-analogue scale or if two 

of the following three findings were recorded: a decrease in the WOMAC pain score by 20% 

or more and by 10 or more points on the visual-analogue scale, a decrease in the WOMAC 

physical-function score by 20% or more and by 10 or more points on the scale, or an 

increase in the score on the patient’s global assessment by 20% or more and by 10 or more 

points on the scale. Rescue medication use, also a prespecified secondary outcome, was 

recorded daily in the patients’ diaries.
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SAFETY ASSESSMENTS

The nature, onset, duration, severity, and outcome of all adverse events, as well as any 

relationship of an adverse event to the study drug were ascertained and documented at each 

visit. Safety assessments included physical and neurologic examinations (e.g., evaluation of 

mental status, strength, reflexes, sensation, and coordination), cognitive testing with the use 

of the Hopkins Verbal Learning Test-Revised,30 assessment of postural vital signs, and 

electrocardiography. Clinically significant abnormalities on a neurologic examination 

performed by the investigator or adverse events suggestive of peripheral neuropathy were 

further evaluated by an independent neurologist.

STATISTICAL ANALYSIS

We estimated that we would need to enroll 75 patients in each group for the study to have 

80% power to detect a difference between the tanezumab groups and the placebo group of 

15 points or more on the visual-analogue scale for the primary outcomes (the average 

change from baseline through week 16 in knee pain while walking and in the patient’s 

global assessment of response to therapy), with an effect size of 0.5 (indicating a moderate 

difference).31 With respect to the intensity of pain, decreases of 10 or more points on a 

visual-analogue scale that ranges from 1 to 100 are considered to be minimally important 

improvements, and decreases of 20 or more points are considered to be moderately 

important improvements.32

Changes from baseline in all the measures that were assessed with the use of a visual-

analogue scale were determined with a mixed-model, repeated-measures analysis, with 

model terms for study site, study group, study week, and the interaction between study 

medication and study week, and with the baseline score on the visual-analogue scale as a 

covariate, with no imputation for missing data. A repeated-measures analysis was also used 

to assess the number of rescue medication pills taken. For the analysis of rates of response 

according to OMERACT-OARSI criteria (calculated on the basis of the average change from 

baseline to week 16), we used the Cochran- Mantel-Haenszel test, stratified according to 

study site, to compare the proportions of patients in the tanezumab groups who had a 

response with the proportion of those in the placebo group who had a response.

RESULTS

BASELINE CHARACTERISTICS OF THE PATIENTS

Of the 450 patients who underwent randomization, 440 received at least one dose of the 

study medication and underwent at least one efficacy assessment (the modified intention-to-

treat population) (Fig. 1). Most patients in the modified intention-to-treat population had a 

Kellgren-Lawrence grade of 3 (52%) or 4 (17%) and severe pain33 both at the time of 

screening (mean [±SD] score on the visual-analogue scale, 58±12) and at the time of 

randomization, after washout of previous medications (score on the visual-analogue scale, 

71±11). A total of 87% of the patients reported taking pain medication for knee pain before 

they enrolled in the study. The baseline characteristics of the patients were similar across 

study groups (Table 1).
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EFFICACY

As compared with placebo, tanezumab, at all the doses studied, was associated with an 

improvement in the primary efficacy measures. The mean reduction from baseline in the 

score on the visual-analogue scale for knee pain while walking, averaged over weeks 1 

through 16, ranged from 31.0 to 45.2 points with various doses of tanezumab, as compared 

with 15.5 points with placebo (a reduction of 45 to 62% with tanezumab vs. 22% with 

placebo, P<0.001 for the comparison of all doses of tanezumab with placebo) (Fig. 2A). We 

observed significant improvements among patients receiving tanezumab as compared with 

those receiving placebo by the end of the first week, and significant improvements continued 

to be seen throughout the remainder of the treatment period. The mean increase from 

baseline in the score on the patient’s global assessment of response to therapy, averaged over 

weeks 1 through 16, ranged from 16.3 to 23.7 points with various doses of tanezumab, as 

compared with 9.2 points with placebo (an increase of 29 to 47% with tanezumab vs. 19% 

with placebo, P≤0.001 for the comparison of all doses of tanezumab with placebo) (Fig. 2B). 

By week 2, the scores on the patient’s global assessment had improved in the group 

receiving 25 μg of tanezumab per kilogram, as compared with placebo (P=0.002); by week 

4, the scores had improved in the groups receiving 50 μg, 100 μg, and 200 μg of tanezumab 

per kilogram, as compared with placebo (P = 0.01, P<0.001, and P<0.001 for the three 

comparisons, respectively); and during weeks 10 and 12, the scores improved in the group 

receiving tanezumab at a dose of 10 μg per kilogram, as compared with placebo (P=0.008). 

The improvements were maintained through week 16 in the groups receiving 25 μg, 100 μg, 

and 200 μg of tanezumab per kilogram.

The mean reductions from baseline in overall knee pain over the course of weeks 1 through 

16 were similar in magnitude to those reported for knee pain while walking (reductions of 

43 to 62% with tanezumab vs. 23% with placebo, P<0.001 for the comparison of all doses of 

tanezumab with placebo). Treatment with tanezumab, as compared with placebo, was also 

associated with reductions in the mean WOMAC scores for pain (reductions of 46 to 64% 

vs. 23%), stiffness (48 to 65% vs. 22%), and physical function (47 to 65% vs. 22%) over the 

same period (P<0.001 for all comparisons) (Table 2). The percentage of patients who had a 

response to therapy according to OMERACT-OARSI criteria, averaged over weeks 1 

through 16, was significantly higher with tanezumab treatment than with placebo (74 to 93% 

vs. 44%, P<0.001 for the comparison of all doses of tanezumab with placebo) (Table 2). 

Rescue medications that were allowed per protocol were used less frequently by tanezumab-

treated patients than by placebo-treated patients during weeks 1 through 16 (odds ratio with 

tanezumab, 0.50; 95% confidence interval [CI], 0.24 to 1.02; P=0.05) and was significantly 

lower during weeks 1 through 4 (odds ratio, 0.49; 95% CI, 0.24 to 0.99; P = 0.04).

SAFETY

Among patients in the tanezumab groups, the three most common adverse events were 

headache, upper respiratory tract infection, and paresthesia (Table 3). The incidence of 

treatment-related adverse events was higher among patients treated with 100 μg or 200 μg of 

tanezumab per kilogram than among patients who received lower doses (28% and 35% in 

the groups receiving 100 μg and 200 μg per kilogram, respectively, vs. 11 to 18% in the 

groups receiving other doses).
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Peripheral sensory symptoms, including paresthesia, were reported in 14% of the patients 

receiving tanezumab and in 4% of those receiving placebo (Table 3); the severity of these 

adverse events was mild in 56 of the 70 patients with these symptoms in the tanezumab 

groups and in all 3 patients with these symptoms in the placebo group and was moderate in 

the remaining 14 patients in the tanezumab groups. The results of neurologic examinations 

of these patients were predominantly normal; in patients with clinically significant changes, 

abnormalities were minor and consisted mainly of changes in sensation in the extremities 

and diminished deep-tendon reflexes. A total of 15 patients had abnormal peripheral 

sensation that was unresolved at the final visit. Of these 15 patients, 6 had clinically 

significant findings on neurologic examination: decreased ankle reflexes in 1 patient who 

was receiving 100 μg of tanezumab per kilogram; decreased temperature and a sensation of 

sharp pain, vibration, or both, in the toes or feet in 4 patients (1 each in the groups receiving 

25 and 100 μg of tanezumab per kilogram and 2 in the group receiving 200 μg per 

kilogram); and bilateral decreased sensation in pain, fine touch, and temperature in a radial-

nerve distribution in 1 patient who was receiving 100 μg of tanezumab per kilogram; all 

other aspects of the neurologic examination were normal.

Additional follow-up data were available for 7 patients with abnormal peripheral sensation 

who subsequently participated in the open-label extension study, and in each case, the 

adverse event resolved before the patient’s entry into the extension study. Similarly, follow-

up data were available for 1 of the 6 patients with neurologic findings, and in the case of this 

patient, the neurologic findings had normalized by the time of the baseline visit in the open-

label extension study.

The mean time to the onset of abnormal sensory symptoms was 33 days (median, 14) after 

the first dose of tanezumab, and the mean duration of symptoms was 18 days (median, 4) 

across tanezumab groups. Some differences in the onset and duration of these symptoms 

were noted: allodynia, dysesthesia, and hyperesthesia tended to develop primarily after the 

first dose of tanezumab had been administered and were relatively short-lived, whereas the 

onset and duration of paresthesia were more variable.

Serious adverse events were reported in 6 patients (2%) receiving tanezumab (appendicitis, 

bacterial arthritis, cellulitis, spinal stenosis, breast cancer, and syncope) and in 1 patient 

(1%) receiving placebo (noncardiac chest pain). A total of 6% of tanezumab-treated patients 

withdrew from the study because of adverse events; no placebo-treated patients withdrew 

because of adverse events (Fig. 1). We observed no clinically important changes in 

electrocardiographic findings, postural vital signs, or mental status or cognition in any of the 

study participants, and we did not detect the presence of antitanezumab antibodies in any of 

the patients assigned to a tanezumab group.

One site in the current study also participated in a subsequent phase 3 trial and was closed 

by the sponsor owing to substantial noncompliance with Good Clinical Practice guidelines 

and with the protocol in that phase 3 study. Therefore, all analyses from the current study 

were repeated, with the 23 patients from that site excluded; only very small changes in the 

efficacy and safety results and slight increases in P values were seen when the patients from 
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that site were not included in the analyses (see the Supplementary Appendix, available at 

NEJM.org).

DISCUSSION

Two injections of tanezumab — a monoclonal antibody that inhibits nerve growth factor — 

8 weeks apart at doses ranging from 10 to 200 μg per kilogram resulted in clinically 

significant reductions in knee pain, stiffness, and limitations of physical function in patients 

with moderate-to-severe knee osteoarthritis. Entries in daily pain diaries indicated that 

differences between tanezumab therapy and placebo were apparent within days after the first 

injection, and the efficacy persisted throughout the 4-month treatment period. Although the 

study was not powered to assess dose response, and no formal dose-response analysis was 

performed, the reductions in pain appeared to be greater among patients taking higher doses 

of tanezumab (100 or 200 μg per kilogram) than among those taking lower doses, with no 

clear benefit of the 200-μg dose over the 100-μg dose. Clinically meaningful pain relief is 

often described as a reduction in pain intensity of approximately 30% from the baseline 

level,34,35 and in this study, reductions ranged from 45 to 62% with tanezumab. 

Furthermore, reductions in pain with tanezumab therapy resulted in pain scores that were 

equal to or lower than those reported by patients at the time of screening, when they were 

taking their previously prescribed pain medications.

The majority of adverse events that were reported by patients taking tanezumab, including 

abnormal peripheral sensations, were mild to moderate in severity. The occurrence of 

adverse events appeared to be dose-dependent. Since nerve growth factor is thought to act on 

small-diameter sensory afferents, the occurrence of paresthesia and other signs associated 

with large-fiber sensory function is interesting. The more frequent occurrence of these 

events within a short time after administration of the first dose suggests that there may be 

transient changes in sensitivity or “tone” of different afferent fiber populations, leading to 

altered sensations. Owing to their largely transient nature, it is unlikely that these adverse 

events are indicative of neurodegenerative changes. The transient nature of these events is 

consistent with findings in long-term studies of the safety of highdose tanezumab in 

nonhuman primates.36 Elucidation of the mechanisms underlying these effects and any 

potential long-term consequences require further investigation. The assessed measures of 

mental status and cognition were unchanged, suggesting that the effects of tanezumab were 

limited to the peripheral nervous system.

The limitations of this study include the lack of a comparison group receiving a different 

active treatment, a study population that was too small for a statistical comparison of 

efficacy according to dose, and short-term exposure to tanezumab (since knee pain from 

osteoarthritis usually requires long-term treatment). However, our study shows efficacy in 

patients with more severe osteoarthritis than those in other trials. For example, two 

studies37,38 of glucosamine and chondroitin in patients with osteoarthritis of the knee 

excluded patients who had the highest degree of severity on radiography (a Kellgren-

Lawrence grade of 4), whereas 17% of our study population had this degree of severity. 

Baseline scores for knee pain on the visual-analogue scale in these two other studies were 54 
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and 57, respectively, whereas our population had a mean score for knee pain on the day of 

randomization of 71±11.

Since the completion of this study and through May 24, 2010, progressively worsening 

osteoarthritis associated with radiographic evidence of bone necrosis developed in 16 

subjects participating in 1 of 13 phase 3 studies of tanezumab for osteoarthritis of the hip 

and knee; all 16 subjects required total joint replacements. The affected joints were the knee, 

hip, or shoulder (predominantly unilateral involvement), with more than half the cases 

occurring in a joint other than the index joint under evaluation in the study. These 16 events 

led the Food and Drug Administration (FDA) on June 22, 2010, to put the osteoarthritis 

clinical program for tanezumab on clinical hold until more information can be obtained to 

determine the true incidence and the causality of these events. More recently, the FDA 

requested the suspension of two additional trials of tanezumab, one involving patients with 

low back pain and the other involving patients with diabetic neuropathy.

Our proof-of-concept study showed that tanezumab had a favorable efficacy profile for the 

treatment of moderate-to-severe knee pain associated with osteoarthritis. Longer trials 

involving larger samples are needed to better understand safety and tolerability issues and 

explore the clinical potential of tanezumab as an alternative to current pharmacologic 

treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Randomization and Follow-up.
Eligible patients could enter the open-label extension (OLE) of the study at week 16.
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Figure 2. Change from Baseline in Patients’ Assessment of Knee Pain while Walking and in 
Patients’ Global Assessment of Response to Therapy.
The patient’s assessment of knee pain while walking and the patient’s global assessment of 

response to therapy were obtained at baseline and at the indicated times with the use of a 

visual-analogue scale that ranged from 0 to 100. In the case of knee pain, a decrease in the 

score indicates improvement (i.e., less pain); in the case of the patient’s global assessment, 

an increase in the score indicates improvement (i.e., a better response to therapy). Changes 

are reported as least-squares means ±SE. P<0.001 for the comparisons of all doses of 

tanezumab with placebo in the assessment of knee pain and global assessment of response, 
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except for the comparison of 10 μg of tanezumab per kilogram of body weight with placebo 

in the patient’s global assessment, for which P = 0.001.
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