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ABSTRACT

Introduction: A recent phase 3, randomized,
placebo- and tramadol-controlled trial (56-week
treatment/24-week safety follow-up) demon-
strated efficacy of tanezumab 10 mg in patients
with chronic low back pain (CLBP) and a history
of inadequate response to standard-of-care

analgesics. Here, we report on the clinical
meaningfulness of treatment response in this
study, focused on secondary measures of pain,
interference with daily functions, overall dis-
ease status, and satisfaction with treatment.
Methods: Patients received placebo (up to
week 16; n = 406), subcutaneously administered
(SC) tanezumab 5mg (every 8 weeks; n = 407), SC
tanezumab 10 mg (every 8 weeks; n = 407), or
orally administered tramadol prolonged-release
(100–300 mg/day; n = 605) for 56 weeks. Patient’s
global assessment of low back pain (PGA-LBP),
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Brief Pain Inventory-short form(BPI-sf), Treatment
SatisfactionQuestionnaire forMedication (TSQM),
and modified Patient-Reported Treatment Impact
(mPRTI) were assessed at weeks 16 and 56.
Results: At week 16, significant (p\0.05)
improvements over placebo were evident with
tanezumab for the PGA-LBP (10 mg) andmost BPI-
sf (both doses), TSQM (both doses), and mPRTI
(both doses) items assessed. Improvements over
baseline persisted for the PGA-LBP and BPI-sf at
week 56. However, the magnitude of improve-
ments was modestly lower at week 56 relative to
week 16. Tramadol did not improve PGA-LBP or
BPI-sf scores versus placebo at week 16. Most dif-
ferences between tanezumab and tramadol at
week 56 did not reach the level of statistical sig-
nificance for all endpoints.
Conclusions: The totality of the evidence as cap-
tured by measures of pain, interference with daily
function, patient overall assessment of disease
status, and satisfaction with treatment demon-
strates the clinically meaningful benefit of tane-
zumab for some patients with CLBP compared
with placebo.ClinicalTrials.gov: NCT02528253.

Keywords: Chronic lowback pain;Nerve growth
factor; Function; Pain; Tanezumab; Tramadol

Key Summary Points

Why carry out this study?

Chronic low back pain is one of the most
common causes of long-term disability
and there is a need for novel agents that
provide meaningful symptomatic
improvement.

We report on the clinical meaningfulness
of treatment response (based on
secondary measures of pain, interference
with daily functions, overall disease
status, and satisfaction with treatment) in
a recently completed, long-term, phase 3,
randomized, and tramadol-controlled trial
of subcutaneously administered
tanezumab (5 mg and 10 mg) in patients
with chronic low back pain and a history
of inadequate response to standard-of-care
analgesics.

What was learned from the study?

Tanezumab provided significant
improvement in overall disease status,
pain and interference with daily function,
treatment satisfaction, and treatment
preference compared to placebo at
week 16. Tramadol did not improve
disease status, pain, or daily function
scores versus placebo at week 16.

Improvements (over baseline) in disease
status, pain, and daily function persisted
at week 56 but the magnitude of
improvement was modestly lower than at
week 16 and, across all endpoints, most
differences between tanezumab and
tramadol did not reach the level of
statistical significance at week 56.

Measures of pain, interference with daily
function, overall assessment of disease
status, and satisfaction with treatment
demonstrate that tanezumab is capable of
providing clinically meaningful benefit to
some patients with chronic low back pain.

INTRODUCTION

Globally, chronic low back pain (CLBP) is one of
the five most common causes of long-term dis-
ability [1–4]. A multidisciplinary approach (in-
cluding core muscle exercises, physiotherapy,
cognitive behavioral therapy, and pharmaco-
logic analgesics) is recommended to improve
both pain and function in patients with CLBP
[5]. Among pharmacologic therapies, non-ster-
oidal anti-inflammatory drugs (NSAIDs) are
recommended as first-line treatment, with tra-
madol or duloxetine as second-line treatments
[6].

While these drugs provide varying levels of
pain relief in patients with CLBP, long-term
efficacy data is sparse and their use in this
population is limited by minimal (NSAIDs and
duloxetine) or questionable (opioids) benefits
on function [6–9]. An emphasis on pain reduc-
tion as the primary measure of treatment
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success, rather than a diverse group of assess-
ments that capture the global effects of chronic
pain on the lives of patients, may have con-
tributed to broad overreliance on the use of
opioids for CLBP [7]. Clinical assessments nar-
rowly based on pain intensity fail to account for
the deterioration in physical function, loss of
mobility, inability to perform everyday activi-
ties, loss of independence, limitations on social
interaction, increased absenteeism, and loss of
productivity associated with CLBP [10–12].
Thus, there is a need for novel agents that pro-
vide meaningful improvements in symptoms
beyond pain intensity, such as interference with
daily function.

Nerve growth factor (NGF) plays an impor-
tant role in the modulation and sensitization of
nociceptors and a growing body of evidence
demonstrates that NGF-mediated sensitization
(peripheral and central) contributes to the
hyperalgesia that is characteristic of many
chronic pain states including CLBP [13–15].
Thus, NGF has become an attractive therapeutic
target in the context of CLBP and anti-NGF
medicines are currently in clinical develop-
ment. One such medicine is tanezumab, a
humanized IgG type 2 monoclonal antibody
that sequesters NGF and disrupts NGF-mediated
signaling pathways [15].

An 80-week (56-week treatment/24-week
safety follow-up), randomized, double-blind,
placebo- and tramadol-controlled phase 3
study of subcutaneously administered (SC)
tanezumab (5 mg and 10 mg) in patients with
CLBP, which is among the longest and largest
randomized controlled trials of an analgesic for
CLBP conducted to date, was recently com-
pleted and primary findings have been pub-
lished [16]. Tanezumab 10 mg met the primary
pain endpoint (based on low back pain inten-
sity [LBPI] score) and all key secondary pain
and physical function (based on Roland Morris
Disability Questionnaire [(RMDQ] score) end-
points [16]. Tanezumab 5 mg did not meet the
primary pain endpoint, which prevented for-
mal analysis of the key secondary endpoints
for this dose per the predefined testing strategy
[16].

Here, we focus on the clinical meaningful-
ness of response to tanezumab and to tramadol

in this recently completed trial through assess-
ment of secondary measures of pain, interfer-
ence with daily functions, global disease status,
and treatment satisfaction.

METHODS

Data were derived from a phase 3, randomized,
double-blind, placebo- and tramadol-controlled
trial investigating the efficacy and safety of SC
tanezumab (ClinicalTrials.gov, NCT02528253)
[16]. The study protocol was approved by an
institutional review board or independent eth-
ics committee for each participating investiga-
tional center and all patients provided written
informed consent. This study was conducted in
compliance with ethical principles of the Dec-
laration of Helsinki and Good Clinical Practice
Guidelines.

Patients

Patients aged 18 years or more with axial pre-
dominant CLBP (primary location between the
12th thoracic vertebra and lower gluteal folds,
with or without radiation into the posterior
thigh) of at least 3 months’ duration were eli-
gible. Key inclusion criteria included a low back
pain intensity (LBPI) score of at least 5 (on an
11-point numeric rating scale), a patient’s glo-
bal assessment of low back pain (PGA-LBP) score
of ‘‘fair,’’ ‘‘poor,’’ or ‘‘very poor’’ (on a 5-point
scale from ‘‘very good’’ to ‘‘very poor’’), and a
history of inadequate response (insufficient
pain relief at maximum tolerated dose or
intolerance/contraindication) to at least three
different categories of standard-of-care anal-
gesics (predominantly acetaminophen, NSAIDs,
and opioids). Full details of inclusion and
exclusion criteria have been published previ-
ously [16].

Treatment

A full description of the trial design has been
published previously [16]. Briefly, the study
included a 56-week double-blind treatment
period and a 24-week safety follow-up period.
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Patients were randomized in a 1:1:2:2:3 ratio to
receive placebo/SC tanezumab 5 mg (switch
from placebo to tanezumab at week 16), pla-
cebo/SC tanezumab 10 mg (switch from placebo
to tanezumab at week 16), SC tanezumab 5 mg,
SC tanezumab 10 mg, or orally administered
tramadol prolonged-release (once daily with
titration [up or down depending on pain relief
and tolerability] from 100 to 300 mg/day over
the first 4 weeks of treatment). SC tanezumab
was administered every 8 weeks.

To limit exposure in patients who did not
respond adequately to treatment, patients were
discontinued from the study at week 16 (prior
to the third SC dose) if they did not have at least
a 30% reduction from baseline in average LBPI
at week 16 and at least a 15% reduction from
baseline in average LBPI at any week from weeks
1 to 15. Patients were also discontinued at
week 32 (prior to the fifth SC dose) if they did
not have at least a 30% reduction from baseline
in average LBPI.

During the 56-week treatment period, rescue
medication in the form of
acetaminophen/paracetamol (maximum dose
of 3000 mg/day) was allowed up to 3 days per
week through week 16 and then daily after
week 16. Likewise, adjunctive analgesics such as
pregabalin, gabapentin, skeletal muscle relax-
ants, benzodiazepines, sedative/hypnotics,
anxiolytics, antidepressants (except mono-
amine oxidase inhibitors), and topical anal-
gesics were allowed after week 16. NSAIDs and
opioids were prohibited throughout the full
treatment period. Pre-existing, stable, non-
pharmacologic treatment regimens were
allowed for the first 16 weeks of study treat-
ment, and new regimens could be initiated after
week 16.

Assessments

Patient’s overall assessment of disease status was
assessed using the self-administered patient
global assessment of low back pain question-
naire, with scores ranging from 1 (‘‘very good’’)
to 5 (‘‘very poor’’). The PGA-LBP was adminis-
tered at baseline and at weeks 2, 4, 8, 16, 24, 32,
40, 48, 56, and 64. This manuscript reports

mean change in PGA-LBP from baseline at
week 16 (end of placebo-controlled treatment)
and week 56 (end of overall treatment).

Pain severity and impact on daily functions
over the past 24 h were assessed using the self-
administered Brief Pain Inventory-short form
(BPI-sf) questionnaire. Data on worst pain,
average pain, and pain interference were
assessed in this study. Scores for individual
questions ranged from 0 to 10, with higher
scores indicating greater pain severity or pain
interference. An overall pain interference index
(range, 0–10) is based on seven pain interfer-
ence questions relating to physical and social
functioning. The BPI-sf was administered at
baseline and at weeks 2, 4, 8, 16, 24, 32, 40, 48,
56, and 64. This manuscript reports mean
change in BPI-sf scores (worst pain, average
pain, and the overall interference index) from
baseline at week 16 (end of placebo-controlled
treatment) and week 56 (end of overall
treatment).

Patient satisfaction with study medication
was assessed at weeks 16 and 56 using the self-
administered 11-item Treatment Satisfaction
Questionnaire for Medication (TSQM). Most
TSQM items are scored on a 7-point Likert
scale, with higher scores indicating greater
satisfaction. The 11 individual items are used
to calculate four endpoints of ‘‘effectiveness,’’
‘‘side effects,’’ ‘‘convenience,’’ and ‘‘global sat-
isfaction,’’ which are scored from 0 to 100
with a higher score indicating greater
satisfaction.

Treatment preference and willingness to use
study treatment were assessed at weeks 16 and
56 using the self-administered 4-item modified
Patient Reported Treatment Impact (mPRTI)
questionnaire. Data on three of the four items
were collected in this study including types of
treatments used prior to study enrollment,
patient preference of study treatment relative to
previous treatments, and patient willingness to
use study treatment in the future. Preference
and willingness questions were scored using a
5-point Likert scale, with lower scores indicat-
ing greater preference or willingness for study
medication.
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Rescue medication use was recorded, using
an electronic diary, daily up to week 16 and
then weekly from weeks 16 to 80. The incidence
and number of days of rescue use were assessed
at weeks 2, 4, 8, 12, 16, 24, 32, 40, 48, 56, and
64, while the amount of rescue medication
taken was assessed at weeks 2, 4, 8, 12, and 16.
This manuscript reports incidence, number of
days, and amount of rescue medication data at
week 16 (end of placebo-controlled treatment)
and incidence and number of days of rescue
medication data at week 56 (end of overall
treatment).

Statistical Analysis

Changes from baseline in PGA-LBP and BPI-sf
score were compared between treatment groups
using an analysis of covariance model with
baseline score and baseline average LBPI score as
covariates, treatment as a fixed effect, study site
as a random variable, and a multiple imputation
approach to missing data.

TSQM and mPRTI responses were compared
between treatment groups via analysis of
covariance and a Cochran–Mantel–Haenszel
test using observed data (i.e., no imputation for
missing data), respectively. Incidence of rescue
medication use was compared between treat-
ment groups using a logistic regression analysis.
Mean number of days of rescue medication use
and amount of rescue medication used were
compared between groups using a negative
binomial model with terms for baseline average
LBPI score and treatment group. Missing data
were imputed using a last-observation-carried-
forward approach.

For all comparisons, significance was
declared if the 2-tailed test for the difference
between treatment groups was significant at the
0.05 level. All comparisons were unadjusted for
multiplicity. Patient disposition values and all
efficacy analyses were based on the efficacy
population, which included all patients who
received at least one dose of study treatment
grouped according to assigned treatment (i.e.,
the intent-to-treat population). See primary
publication for more detail [16].

RESULTS

Patients

Overall, 1825 patients received at least one dose
of study treatment (placebo, 406; tanezumab
5 mg, 407; tanezumab 10 mg, 407; tramadol,
605). Of these patients, 77.8% completed
treatment up to week 16 (placebo, 78.6%;
tanezumab 5 mg, 77.6%; tanezumab 10 mg,
83.0%; tramadol, 73.9%). Across all groups,
53.6% of treated patients met efficacy criteria to
remain in the study (see ‘‘Methods’’ for details)
and received study treatment at week 16 (pla-
cebo/tanezumab 5 mg, 49.0%; placebo/tanezu-
mab 10 mg, 46.6%; tanezumab 5 mg, 58.0%;
tanezumab 10 mg, 59.5%; tramadol, 50.7%).
Overall, 34.6% of treated patients completed
the 56-week treatment phase (placebo/tanezu-
mab 5 mg, 30.7%; placebo/tanezumab 10 mg,
31.4%; tanezumab 5 mg, 34.4%; tanezumab
10 mg, 39.1%; tramadol, 34.0%). ‘‘Patient meets
protocol-specified pain criteria for discontinua-
tion’’ and ‘‘insufficient clinical response’’ were
among the most common reasons for discon-
tinuation during the 56-week treatment phase
(both reasons combined: placebo/tanezumab
5 mg, 32.2%; placebo/tanezumab 10 mg, 39.7%;
tanezumab 5 mg, 27.5%; tanezumab 10 mg,
27.3%; tramadol, 26.8%). Please see the primary
publication for a more detailed overview of
patient disposition during the trial and reasons
for treatment discontinuation. The mean dose
of tramadol in the tramadol treatment arm was
203 mg at week 16 and 209 mg at week 56.

Baseline demographics and baseline charac-
teristics were similar across groups. The overall
population was largely female (57.0%), white
(72.4%), had an approximate mean age of
49 years, and had mean baseline LBPI and
RMDQ scores of approximately 7.2 and 15.0,
respectively. A majority of patients had a pain-
DETECT score of 12 or lower at baseline, indi-
cating that a neuropathic component to their
CLBP was unlikely (Fig. 1). The proportion of
patients with a score of 19 or higher (indicating
a neuropathic component was likely) was low;
placebo, 15.5%; tanezumab 5 mg, 13.0%; tane-
zumab 10 mg, 8.6%; and tramadol, 13.1%. Prior
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CLBP treatments were similar across all treat-
ment groups, with ranges of 90.5–92.9% for
acetaminophen or low-dose NSAIDs,
81.9–87.6% for prescription NSAIDs, and
67.9–73.5% for opioids.

Efficacy at Week 16

PGA-LBP
Compared with placebo, changes in PGA-LBP
score at week 16 were significantly greater in the
tanezumab 10 mg group but not in the tanezu-
mab 5 mg or tramadol groups; LS mean differ-
ence from placebo was - 0.12 for tanezumab
5 mg, - 0.16 for tanezumab 10 mg, and 0.01 for
tramadol (Table 1). Both tanezumab groups,
however, exhibited significant improvements
over tramadol; LS mean difference from tra-
madol was - 0.13 for tanezumab 5 mg and
- 0.17 for tanezumab 10 mg.

BPI-sf
Improvements in BPI-sf ‘‘worst pain’’ score at
week 16 were significantly greater in both

tanezumab groups, but not the tramadol group,
compared with the placebo group; LS mean
difference versus placebo was - 0.52 for tane-
zumab 5 mg, - 0.54 for tanezumab 10 mg,
and - 0.24 for tramadol (Table 2). Similar
results were observed for ‘‘average pain’’; LS
mean difference versus placebo was - 0.37 for
tanezumab 5 mg, - 0.46 for tanezumab 10 mg,
and - 0.17 for tramadol. No significant differ-
ences were observed between the tanezumab
and tramadol groups for ‘‘worst pain’’ or ‘‘aver-
age pain.’’ Improvements in the BPI-sf pain
interference index were significantly greater in
both tanezumab groups, but not the tramadol
group, compared to the placebo group; LS mean
difference versus placebo was - 0.41 for tane-
zumab 5 mg, - 0.58 for tanezumab 10 mg,
and - 0.15 for tramadol. LS mean differences
versus tramadol were significantly greater for
tanezumab 10 mg (- 0.43) but not for tanezu-
mab 5 mg (- 0.26).

TSQM
Both tanezumab groups demonstrated
improvement over placebo for most TSQM
endpoints at week 16 (Table 3). LS mean ‘‘ef-
fectiveness’’ scores were significantly better in
the tanezumab 5 mg (63.69), tanezumab 10 mg
(62.87), and tramadol (61.39) groups compared
with the placebo (56.67) group; no significant
difference was observed between the tanezumab
and tramadol groups. LS mean ‘‘side effect’’
scores were also significantly better in both
tanezumab groups (5 mg, 79.26; 10 mg, 79.51)
compared with the placebo (66.95) and tra-
madol (70.83) groups. LS mean ‘‘convenience’’
scores were significantly better in the tanezu-
mab 10 mg (76.37) group, but not the tanezu-
mab 5 mg (75.68) and tramadol (74.63) groups,
compared with the placebo (73.11) group; no
significant difference was observed between the
tanezumab and tramadol groups. Finally, LS
mean ‘‘global satisfaction’’ scores were signifi-
cantly better in both tanezumab groups (5 mg,
70.32; 10 mg, 68.64), but not the tramadol
(67.12) group, compared with the placebo
(64.90) group; no significant difference was
observed between the tanezumab and tramadol
groups.

Fig. 1 Baseline painDETECT categories. PainDETECT
is a 9-item questionnaire used to identify neuropathic pain
components in patients with chronic pain [35]. Total
scores range from - 1 to 38. A score of 12 or lower
indicates that pain is unlikely to have a neuropathic
component, while a score of 19 or higher suggests that pain
is likely to have a neuropathic component

1272 Pain Ther (2022) 11:1267–1285



mPRTI
All active treatments demonstrated significantly
better mPRTI scores at week 16 compared with
placebo in response to the questions ‘‘Overall,
do you prefer the drug that you received in this
study to previous treatment?’’ and ‘‘Are you
willing to use the same drug that you have
received in this study for your low back pain?’’;
no significant difference was observed between
the tanezumab and tramadol groups for either
question (Table 4).

Rescue Medication (Acetaminophen/
Paracetamol) Usage
Approximately one-third of all patients
(30.7–33.6% across all groups) used rescue

medication at week 16, and the LS mean num-
ber of days that rescue medication was used was
low (1.0–1.2 days/week). The LS mean amount
of rescue medication (acetaminophen/parac-
etamol) used was 1297–1538 mg per week. No
significant differences in these parameters were
observed across treatment groups.

Efficacy at Week 56

PGA-LBP
Sustained improvements (relative to baseline)
in PGA-LBP score were observed in all active
treatment groups at week 56, though improve-
ments appeared modestly smaller in magnitude
relative to week 16 and no significant

Table 1 Change from baseline in PGA-LBP scores at week 16 and week 56

Placebo
(N = 406)

Tanezumab 5 mg
(N = 407)

Tanezumab 10 mg
(N = 407)

Tramadol
(N = 605)

Week 16 PGA-LBP

Mean (SD) score at baselinea 3.48 (0.62) 3.47 (0.61) 3.53 (0.63) 3.50 (0.63)

LS mean (SE) change from

baseline

- 0.86 (0.05) - 0.98 (0.05) - 1.02 (0.05) - 0.85 (0.04)

LS mean (SE) difference vs

placebo

– - 0.12 (0.07) - 0.16 (0.07) 0.01 (0.06)

p value vs placebo – 0.0717 0.0207 0.8399

LS mean (SE) difference vs

tramadol

– - 0.13 (0.06) - 0.17 (0.06) –

p value vs tramadol – 0.0299 0.0060 –

Week 56 PGA-LBP

LS mean (SE) change from

baseline

– - 0.76 (0.06) - 0.74 (0.07) - 0.66 (0.06)

LS mean (SE) difference vs

tramadol

– - 0.10 (0.08) - 0.07 (0.08) –

p value vs tramadol – 0.2346 0.3634 –

PGA-LBP scores range from 1 to 5; negative values represent an improvement in pain, disability, and disease status,
respectively
LS least-squares, PGA-LBP patient global assessment of low back pain, SD standard deviation, SE standard error
aBaseline n is 406, 405, 407, and 605 for placebo, tanezumab 5 mg, tanezumab 10 mg, and tramadol, respectively
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Table 2 Change from baseline in Brief Pain Inventory-short form (BPI-sf) scores at week 16 and week 56

Placebo
(N = 406)

Tanezumab 5 mg
(N = 407)

Tanezumab 10 mg
(N = 407)

Tramadol
(N = 605)

Week 16 worst pain

Mean (SD) score at baselinea 7.92 (1.14) 7.95 (1.11) 7.92 (1.19) 7.92 (1.18)

LS mean (SE) change - 2.67 (0.15) - 3.18 (0.14) - 3.21 (0.14) - 2.90 (0.12)

LS mean (SE) difference vs

placebo

– - 0.52 (0.19) - 0.54 (0.19) - 0.24 (0.17)

p value vs placebo – 0.0058 0.0038 0.1707

LS mean (SE) difference vs

tramadol

– - 0.28 (0.17) - 0.31 (0.17) –

p value vs tramadol – 0.1083 0.0734 –

Week 16 average pain

Mean (SD) score at baselinea 6.95 (1.17) 7.00 (1.18) 6.88 (1.21) 6.97 (1.21)

LS mean (SE) change - 2.47 (0.14) - 2.84 (0.14) - 2.93 (0.14) - 2.64 (0.12)

LS mean (SE) difference vs

placebo

– - 0.37 (0.18) - 0.46 (0.18) - 0.17 (0.16)

p value vs placebo – 0.0365 0.0092 0.2923

LS mean (SE) difference vs

tramadol

– - 0.20 (0.16) - 0.29 (0.16) –

p value vs tramadol – 0.2231 0.0724 –

Week 16 Pain Interference Indexb

Mean (SD) score at baselinea 6.03 (1.89) 6.28 (1.81) 6.16 (1.93) 6.21 (1.88)

LS mean (SE) change - 2.65 (0.14) - 3.06 (0.14) - 3.23 (0.14) - 2.80 (0.12)

LS mean (SE) difference vs

placebo

– - 0.41 (0.18) - 0.58 (0.18) - 0.15 (0.17)

p value vs placebo – 0.0270 0.0019 0.3906

LS mean (SE) difference vs

tramadol

– - 0.26 (0.17) - 0.43 (0.17) –

p value vs tramadol – 0.1209 0.0107 –

Week 56 worst pain

LS mean (SE) change – - 2.66 (0.19) - 2.74 (0.18) - 2.45 (0.15)

LS mean (SE) difference vs

tramadol

– - 0.21 (0.22) - 0.29 (0.22) –

p value vs tramadol – 0.3438 0.1876 –

Week 56 average pain
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differences were observed between the tanezu-
mab and tramadol groups; LS mean difference
from tramadol was - 0.10 for tanezumab 5 mg
and - 0.07 for tanezumab 10 mg (Table 1).

BPI-sf
Sustained improvements (relative to baseline)
in BPI-sf ‘‘worst pain,’’ ‘‘average pain,’’ and the
overall pain interference index were observed in
all active treatment groups at week 56, though
improvements appeared modestly smaller in
magnitude relative to week 16 and no signifi-
cant differences were observed between the
tanezumab and tramadol groups (Table 2).

TSQM
Generally, TSQM scores for ‘‘effectiveness,’’
‘‘side effects,’’ ‘‘convenience,’’ and ‘‘global satis-
faction’’ were slightly higher in all active treat-
ment groups relative to week 16. No significant
differences were observed for the tanezumab
groups compared with tramadol, except the
tanezumab 10 mg group for ‘‘side effects’’
(Table 3).

mPRTI
A majority of patients (more than 60%) in all
active treatment groups indicated that they
‘‘definitely’’ preferred the study medication at
week 56 in response to the question ‘‘Overall, do
you prefer the drug that you received in this
study to previous treatment?’’ (Table 4). Like-
wise, more than 60% in all active groups indi-
cated that they would ‘‘definitely’’ want to use
the study medication again in response to the
question ‘‘Are you willing to use the same drug
that you have received in this study for your low
back pain?’’ No significant differences were
observed between the tanezumab and tramadol
groups regarding responses to these questions.

Rescue Medication (Acetaminophen/
Paracetamol) Usage
Approximately one-third of all patients
(34.9–35.6% across all active groups) used res-
cue medication at week 56, and the LS mean
number of days that rescue medication was used
was low (1.2–1.4 days/week); no significant dif-
ferences in these parameters were observed
between the tanezumab and tramadol groups.

Table 2 continued

Placebo
(N = 406)

Tanezumab 5 mg
(N = 407)

Tanezumab 10 mg
(N = 407)

Tramadol
(N = 605)

LS mean (SE) change – - 2.32 (0.17) - 2.51 (0.17) - 2.29 (0.14)

LS mean (SE) difference vs

tramadol

– - 0.03 (0.20) - 0.22 (0.20) –

p value vs tramadol – 0.8752 0.2663 –

Week 56 overall pain interference indexb

LS mean (SE) change – - 2.32 (0.17) - 2.44 (0.17) - 2.21 (0.15)

LS mean (SE) difference vs

tramadol

– - 0.11 (0.20) - 0.23 (0.20) –

p value vs tramadol – 0.5818 0.2562 –

Scores for all items range from 0 to 10; negative values indicate improvement in pain or pain interference
LS least-squares, SD standard deviation, SE standard error
aBaseline n is 406, 405, 407, and 605 for placebo, tanezumab 5 mg, tanezumab 10 mg, and tramadol, respectively
bSeven individual items relating to physical and social functioning contribute to calculation of the overall pain interference
index
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Table 3 Treatment Satisfaction Questionnaire for Medication (TSQM) scores at week 16 and week 56

Placebo
(N = 406)

Tanezumab 5 mg
(N = 407)

Tanezumab 10 mg
(N = 407)

Tramadol
(N = 605)

Week 16 effectiveness domain

LS mean (SE) score 56.67 (1.50) 63.69 (1.48) 62.87 (1.48) 61.39 (1.30)

LS mean (SE) difference vs

placebo

– 7.02 (2.01) 6.21 (2.01) 4.72 (1.89)

p value vs placebo – 0.0005 0.0021 0.0125

LS mean (SE) difference vs

tramadol

– 2.31 (1.87) 1.49 (1.86) –

p value vs tramadol – 0.2176 0.4235 –

Week 16 side effects domain

LS mean (SE) score 66.95 (3.76) 79.26 (3.31) 79.51 (3.31) 70.83 (2.15)

LS mean (SE) difference vs

placebo

– 12.30 (4.96) 12.55 (4.96) 3.88 (4.29)

p value vs placebo – 0.0143 0.0124 0.3675

LS mean (SE) difference vs

tramadol

– 8.42 (3.89) 8.67 (3.90) –

p value vs tramadol – 0.0319 0.0276 –

Week 16 convenience domain

LS mean (SE) score 73.11 (1.16) 75.68 (1.16) 76.37 (1.15) 74.63 (1.04)

LS mean (SE) difference vs

placebo

– 2.57 (1.38) 3.26 (1.38) 1.52 (1.30)

p value vs placebo – 0.0627 0.0187 0.2419

LS mean (SE) difference vs

tramadol

– 1.05 (1.28) 1.74 (1.27) –

p value vs tramadol – 0.4124 0.1730 –

Week 16 global satisfaction domain

LS mean (SE) score 64.90 (1.41) 70.32 (1.39) 68.64 (1.38) 67.12 (1.22)

LS mean (SE) difference vs

placebo

– 5.42 (1.86) 3.74 (1.86) 2.22 (1.75)

p value vs placebo – 0.0037 0.0449 0.2038

LS mean (SE) difference vs

tramadol

– 3.20 (1.73) 1.52 (1.72) –

p value vs tramadol – 0.0644 0.3775 –

Week 56 effectiveness domain

LS mean (SE) score – 72.66 (2.12) 72.51 (2.01) 71.21 (1.79)
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The LS mean amount of rescue medication used
at week 56 is not provided since it was not
assessed after week 16.

DISCUSSION

This study demonstrates that tanezumab 10 mg
provides significantly greater improvement in
measures of pain and pain interference with
daily functions than placebo in patients with

moderate-to-severe CLBP and a history of
inadequate response to other analgesics after
16 weeks of treatment. Moreover, tanezumab
10 mg is associated with greater improvement
in global assessment of disease status and better
treatment satisfaction scores than placebo at
week 16. Improvements in interference with
daily functions observed with tanezumab
10 mg, relative to placebo and to tramadol, are
of particular importance in the CLBP popula-
tion since reduction in pain intensity alone is

Table 3 continued

Placebo
(N = 406)

Tanezumab 5 mg
(N = 407)

Tanezumab 10 mg
(N = 407)

Tramadol
(N = 605)

LS mean (SE) difference vs

tramadol

– 1.45 (2.62) 1.30 (2.53) –

p value vs tramadol – 0.5806 0.6084 –

Week 56 side effects domain

LS mean (SE) score – 78.92 (6.32) 89.37 (4.76) 76.20 (3.09)

LS mean (SE) difference vs

tramadol

– 2.71 (6.95) 13.17 (5.60) –

p value vs tramadol – 0.6991 0.0265 –

Week 56 convenience domain

LS mean (SE) score – 78.72 (1.69) 80.52 (1.60) 78.42 (1.45)

LS mean (SE) difference vs

tramadol

– 0.30 (1.99) 2.10 (1.92) –

p value vs tramadol – 0.8795 0.2758 –

Week 56 global satisfaction domain

LS mean (SE) score – 78.11 (1.83) 78.49 (1.73) 74.57 (1.55)

LS mean (SE) difference vs

tramadol

– 3.54 (2.27) 3.93 (2.19) –

p value vs tramadol – 0.1197 0.0743 –

Week 16 numbers for placebo/tanezumab 5 mg/tanezumab 10 mg/tramadol were 329/338/343/456 for the effectiveness,
convenience, and global satisfaction domains and 39/49/49/120 for the side effect domain. Week 56 numbers for tane-
zumab 5 mg/tanezumab 10 mg/tramadol were 141/159/206 for the effectiveness, convenience, and global satisfaction
domains and 9/17/41 for the side effect domain
Each domain score ranges from 0 to 100, with higher scores indicating greater satisfaction
LS least-squares, SE standard error
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Table 4 Modified Patient Reported Treatment Impact (mPRTI) scores at week 16 and week 56

Placebo
(N = 406)

Tanezumab
5 mg
(N = 407)

Tanezumab
10 mg
(N = 407)

Tramadol
(N = 605)

Week 16

Current or most recent treatment

you were receiving for low back

pain before enrolling?

Injectable prescription

medicines

20 (6.2%) 21 (6.3%) 22 (6.5%) 39 (8.7%)

Prescription medicines

taken by mouth

213

(66.1%)

211 (63.4%) 229 (67.4%) 287

(63.8%)

Surgery 2 (\ 1.0%) 2 (\ 1.0%) 1 (\ 1.0%) 1 (\ 1.0%)

Prescription medicines

and surgery

7 (2.2%) 9 (2.7%) 10 (2.9%) 14 (3.1%)

No treatment 80 (24.8%) 90 (27.0%) 78 (22.9%) 109

(24.2%)

Overall, do you prefer the drug that

you received in this study to

previous treatment?

Yes, I definitely prefer

the drug that I am

receiving now

150

(46.6%)

172 (51.7%) 191 (56.2%) 232

(51.6%)

I have a slight preference

for the drug that I am

receiving now

57 (17.7%) 62 (18.6%) 50 (14.7%) 89 (19.8%)

I have no preference

either way

62 (19.3%) 66 (19.8%) 55 (16.2%) 82 (18.2%)

I have a slight preference

for my previous

treatment

24 (7.5%) 14 (4.2%) 23 (6.8%) 17 (3.8%)

No, I definitely prefer my

previous treatment

29 (9.0%) 19 (5.7%) 21 (6.2%) 30 (6.7%)

p value vs placebo – 0.0333 0.0244 0.0265

p value vs tramadol – 0.9512 0.8052 –
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Table 4 continued

Placebo
(N = 406)

Tanezumab
5 mg
(N = 407)

Tanezumab
10 mg
(N = 407)

Tramadol
(N = 605)

Willing to use the same drug that

you have received in this study for

your low back pain?

Yes, I would definitely

want to use the same

drug again

167

(51.9%)

191 (57.4%) 210 (61.8%) 251

(55.8%)

I might want to use the

same drug again

61 (18.9%) 80 (24.0%) 58 (17.1%) 98 (21.8%)

I am not sure 51 (15.8%) 36 (10.8%) 38 (11.2%) 64 (14.2%)

I might not want to use

the same drug again

11 (3.4%) 10 (3.0%) 13 (3.8%) 13 (2.9%)

No, I definitely would

not want to use the

same drug again

32 (9.9%) 16 (4.8%) 21 (6.2%) 24 (5.3%)

p value vs placebo – 0.0045 0.0099 0.0206

p value vs tramadol – 0.4266 0.5733 –

Week 56

Current or most recent treatment

you were receiving for low back

pain before enrolling?

Injectable prescription

medicines

– 6 (4.3%) 13 (8.2%) 9 (4.4%)

Prescription medicines

taken by mouth

– 91 (64.5%) 102 (64.2%) 147

(71.4%)

Surgery – 2 (1.4%) 0 3 (1.5%)

Prescription medicines

and surgery

– 7 (5.0%) 4 (2.5%) 3 (1.5%)

No treatment – 35 (24.8%) 40 (25.2%) 44 (21.4%)

Overall, do you prefer the drug that

you received in this study to

previous treatment?

Yes, I definitely prefer

the drug that I am

receiving now

– 90 (63.8%) 104 (65.4%) 129

(62.6%)

I have a slight preference

for the drug that I am

receiving now

– 30 (21.3%) 36 (22.6%) 42 (20.4%)

I have no preference

either way

– 15 (10.6%) 12 (7.5%) 22 (10.7%)

I have a slight preference

for my previous

treatment

– 2 (1.4%) 4 (2.5%) 7 (3.4%)

No, I definitely prefer my

previous treatment

– 4 (2.8%) 3 (1.9%) 6 (2.9%)
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an imperfect measure of therapeutic success
[17].

The first 16 weeks of the treatment period
allow for robust assessment of response to
tanezumab and tramadol since, during this
time, a placebo treatment arm was utilized, use
of rescue medication was limited to 3 days per
week, adjunctive analgesics were prohibited,
and new non-pharmacologic treatment regi-
mens could not be initiated. At week 16 tane-
zumab 10 mg significantly improved BPI-sf
worst pain, BPI-sf average pain, the BPI-sf pain
interference index, global assessment of disease
status, satisfaction with medication effective-
ness, satisfaction with medication side effects,
global satisfaction with medication, preference
for study medication over prior treatment, and
willingness to use study medication in the
future scores compared with placebo. The
totality of this evidence (based on measures of
pain, interference with daily functions, global
disease status, and treatment satisfaction) sup-
port the conclusion that tanezumab 10 mg

provided clinically meaningful benefit to some
patients in the study. These findings support
the previously published primary efficacy find-
ings of this study in which tanezumab 10 mg
was shown to improve mean LBPI (Supple-
mentary Table 1), the proportion of patients
experiencing at least 30% and at least 50%
improvement in LBPI (Supplementary Fig. 1A),
mean RMDQ score (Supplementary Table 1),
and the proportion of patients experiencing at
least 30% and at least 50% improvement in
RMDQ (Supplementary Fig. 1B) compared to
placebo at week 16 [16]. It should be noted that,
although the 5 mg dose of tanezumab did not
meet the primary LBPI endpoint at week 16
[16], it demonstrated improvements over pla-
cebo on most secondary efficacy endpoints at
week 16.

Findings with tanezumab contrast with
those of tramadol, which did not significantly
improve any measures of pain, interference
with daily functions, or global assessment of
disease status compared with placebo at

Table 4 continued

Placebo
(N = 406)

Tanezumab
5 mg
(N = 407)

Tanezumab
10 mg
(N = 407)

Tramadol
(N = 605)

p value vs tramadol – 0.6107 0.2846 –

Willing to use the same drug that

you have received in this study for

your low back pain?

Yes, I would definitely

want to use the same

drug again

– 99 (70.2%) 114 (71.7%) 133

(64.6%)

I might want to use the

same drug again

– 23 (16.3%) 31 (19.5%) 41 (19.9%)

I am not sure – 15 (10.6%) 10 (6.3%) 26 (12.6%)

I might not want to use

the same drug again

– 0 2 (1.3%) 4 (1.9%)

No, I definitely would

not want to use the

same drug again

– 4 (2.8%) 2 (1.3%) 2 (\ 1.0%)

p value vs tramadol – 0.5358 0.1082 –

Week 16 n was 322, 333, 340, and 450 for placebo, tanezumab 5 mg, tanezumab 10 mg, and tramadol, respectively
Week 56 n week 56 was 141, 159, and 206 for tanezumab 5 mg, tanezumab 10 mg, and tramadol, respectively
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week 16. Improvements in pain, interference
with daily functions, and global assessment of
disease status favored tanezumab over tramadol
at week in 16 all cases, often reaching the level
of statistical significance. This may be due, in
part, to the dose of tramadol utilized. The
mean/median dose of tramadol at week 16 was
203/200 mg and titration to higher doses (up to
300 mg/day was allowed) was likely limited by
tolerability, since opioid-related adverse events
were common in the tramadol group [16]. The
trial also enriched for patients with inadequate
response to analgesics (opioids were among the
most common) and, as a result, may have
inadvertently enriched for patients who were
inadequate responders to tramadol since the
mechanism of action of tramadol overlaps with
that of traditional opioids. However, the lack of
meaningful effect on pain and daily functions
(in particular) with tramadol (compared to pla-
cebo) observed in this study is consistent with
previous short-term studies of tramadol and
other opioids for CLBP [6, 7, 9, 18]. Movement-
evoked pain has a substantial impact on physi-
cal function and there is evidence from the
perioperative literature that the analgesic ben-
efit of this drug class may be reduced for these
episodic symptoms that interfere with everyday
activity in patients with CLBP [18, 19]. Sensiti-
zation (peripheral and central) is a key mecha-
nism underlying persistent movement-evoked
pain [20], and anti-NGF therapies have
demonstrated efficacy against movement-in-
duced pain in animal models [21, 22]. Taken
together, these lines of clinical and preclinical
evidence might suggest a role for NGF-mediated
nociceptive sensitization and hyperalgesia in
the context of movement (i.e., mechanical)-
induced pain and may explain why tanezumab,
but not tramadol, improved functional out-
comes in this study of CLBP. Notably,
improvements in physical function have also
been observed in patients with osteoarthritis
treated with tanezumab or other anti-NGF
therapies [15, 23–25].

Numerical improvements (over baseline) in
pain, interference with daily functions, and
global assessment of disease status were main-
tained in the tanezumab groups at week 56,
though magnitude of improvement was

modestly lower relative to week 16 and most
treatment effects were not significantly greater
than tramadol (mean/median dose was
209/200 mg at week 56). The treatment period
from week 16 to 56, however, was primarily
designed to assess safety, and several factors
limit the ability to make conclusions on long-
term efficacy and comparisons between groups.
The lack of difference between the tanezumab
and tramadol groups at week 56 was likely due,
in part, to discontinuation of patients; approx-
imately 65% of patients across all groups dis-
continued treatment, predominately for
efficacy-related reasons including proactive
discontinuation of non-responders at weeks 16
and 32. The result of these discontinuations is
that the study becomes enriched for responders
at later time points and later time points have a
high degree of imputation due to missing data.
Increased use of rescue medication was also
allowed after week 16. While the incidence and
number of days of rescue medication use was
similar across groups at week 56, the amount of
rescue medication used was not assessed and
could have masked the effects of study medi-
cation. The use of adjunct analgesics (excluding
NSAIDs) also increased after week 16, though
overall use during the treatment period was
similar across groups (11–14% through
week 64).

This study (including the secondary mea-
sures reported here and the primary measures
reported previously [16]) employed a variety of
patient-reported assessments of pain intensity,
function, global disease status, treatment satis-
faction, and treatment preference. The totality
of evidence from these measures demonstrates
that tanezumab 10 mg provides clinically
meaningful benefit to some patients with CLBP.
Clinically meaningful relates to effects that are
perceived by the patient as beneficial, as
opposed to statistically significant which simply
means effects were different from placebo.
Reduction in pain is a key goal for patients with
CLBP. Thus, we used the LBPI (which rates pain
severity on a scale from 0 to 10) to assess
improvement in pain intensity. To characterize
meaningful effects, we examined the propor-
tion of patients achieving 30% and 50%
improvement in LBPI, thresholds that are
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considered moderate and substantial, respec-
tively, improvements in pain for patients with
chronic pain conditions. Since improvement in
function is also key goal for patients with CLBP,
we also utilized the RMDQ. The RMDQ is a
validated back pain-specific outcome measure
that is more sensitive to change than other
functional measures in patients with axial-pre-
dominant CLBP [26]. The mean change in
RMDQ from baseline achieved among tanezu-
mab-treated patients at week 16 exceeded the
minimal clinically important difference for this
measure [26]. In addition to change in mean
score, we utilized 30% and 50% improvement
thresholds (as we did for LBPI) to assess mean-
ingful response with the RMDQ. The BPI-sf is
widely used to assess pain and is validated for
use across several indications, including low
back pain [27, 28]. A key benefit of the BPI-sf is
that it assesses both pain intensity (worst and
average pain) and the impact of pain on a
variety of daily activities. The importance of
tools, such as the PGA-LBP, that provide a
patient’s perspective on their overall disease
status is increasingly being recognized in
chronic pain conditions [29]. The PGA-LBP asks
a simple question: ‘‘Considering all the ways
your low back pain affects you, how are you
doing today?’’ and answers are rated on a
5-point Likert scale form 1 = very good to
5 = very poor. A benefit of the PGA-LBP is that it
is not focused solely on pain or function, but
rather addresses all aspects of CLBP (anxiety,
depression, socialization, etc.). Studies have
demonstrated associations between patient sat-
isfaction with treatment and clinical outcomes
[30–32], which warranted utilization of the
TSQM (a generic measure of treatment satisfac-
tion applicable to any indication or treatment)
and the mPRTI to assess preference of study
medication relative to medications the patient
has used in the past.

Despite the beneficial effects observed here, it
should be noted that there is a risk of joint-safety
events (predominantly rapidly progressive
osteoarthritis) associated with tanezumab and
other anti-NGF antibodies [18]. These events
have been observed in studies of CLBP and occur
in a dose-dependent fashion [16]. In this study,
adjudicated joint safety events occurred in 19

patients (placebo, 0; tanezumab 5 mg, 5; tane-
zumab 10 mg, 13; and tramadol, 1).

Limitations

As described earlier in the discussion, our anal-
yses are limited by certain factors. Findings with
tramadol may be limited by the relatively low
dose of tramadol utilized in the study and the
enrichment of subjects who were inadequate
responders to opioids (which have mechanism
of action similar to tramadol). In addition,
efficacy findings beyond week 16 are limited by
elements of study design. First, a substantial
proportion of patients were discontinued at
later time points. This was primarily due to the
discontinuation of non-responders (to avoid
unnecessary exposure of patients who were not
experiencing an analgesic benefit) at week 16.
In addition, increased use of rescue analgesia
and the initiation of adjunctive analgesia was
allowed after week 16, making direct compar-
isons between tanezumab and tramadol more
difficult. Finally, there was no placebo-com-
parator group after week 16.

On October 26, 2021, Pfizer Inc. and Eli Lilly
and Company announced discontinuation of
the tanezumab global clinical development
program as a result of the outcomes of regula-
tory reviews of tanezumab for the treatment of
osteoarthritis pain by the US Food and Drug
Administration and European Medicines
Agency [33, 34].

CONCLUSION

Overall, tanezumab demonstrated significant
improvements over placebo for most measures
of pain, interference with daily functions, and
treatment satisfaction after 16 weeks of treat-
ment, while changes in pain and interference
with daily functions with tramadol were not
significantly different from placebo. The effects
of tanezumab may be sustained up to
56 weeks, though conclusions on long-term
efficacy should be interpreted with caution as a
result of elements of study design. These data
highlight the potential ability of tanezumab to
provide clinically meaningful benefit in some
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patients with moderate-to-severe CLBP who
have had inadequate response to other stan-
dard analgesics.
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