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ABSTRACT
Objectives To study the efficacy and safety of 
fasinumab in moderate- to- severe, chronic low back pain 
(CLBP).
Methods In this phase II/III, double- blind, placebo- 
controlled study, patients with CLBP aged ≥35 
years with inadequate pain relief/intolerance to 
acetaminophen, non- steroidal anti- inflammatory drugs 
and opioids were randomised to fasinumab 6 or 9 mg 
subcutaneous every 4 weeks (Q4W), 9 mg intravenous 
every 8 weeks (Q8W) or placebo. Primary endpoint 
was change from baseline to week 16 in average daily 
low back pain intensity (LBPI) numeric rating score. Key 
secondary efficacy variables included Roland- Morris 
Disability Questionnaire (RMDQ) and Patient Global 
Assessment (PGA). The results are based on a modified 
intent- to- treat analysis of 563/800 planned patients 
when enrolment was stopped early given emerging 
signals of joint risk in other osteoarthritis (OA) studies at 
doses being tested here.
Results Significant placebo- adjusted LBPI reductions 
at week 16 were observed for fasinumab 9 mg Q4W 
and Q8W (least squares mean (standard error) −0.7 
(0.3); both nominal p<0.05), but not 6 mg (–0.3 (0.3); 
p=0.39). RMDQ and PGA improvements to week 
16 were greatest for fasinumab 9 mg intravenous. 
Numerically greater efficacy occurred in patients with, 
versus those without, peripheral OA (pOA) over 16 
weeks. Treatment- emergent adverse events (AEs) 
occurred in 274/418 (65.6%) patients in the combined 
fasinumab groups and 94/140 (67.1%) placebo patients. 
Joint AEs, mostly rapid progressive OA type 1, were more 
frequent in the combined fasinumab groups (19 events 
in 16 patients (3.8%) vs 1 event in 1 patient (0.7%) for 
placebo); all except one occurred in pOA patients.
Conclusions Fasinumab highest doses, but not lower 
dose, improved both CLBP pain and function. Most joint 
AEs occurred in pOA patients, consistent with earlier 
findings in symptomatic OA. Further study is needed of 
patients with CLBP with and without pOA to determine 
optimal benefit–risk.

INTRODUCTION
Low back pain (LBP) is a major international 
health problem.1 According to the Global Burden 
of Disease 2017 study, LBP ranked highest among 
other conditions as measured in disability- adjusted 
life years.2 Although most patients are believed to 
recover quickly from acute episodes, recurrence is 
common.3 Chronic LBP (CLBP) is defined as pain 

persisting for ≥3 months.4 Guidelines recommend 
initial treatment with non- pharmacological inter-
ventions, including exercise and multidisciplinary 
rehabilitation.5–8

Key messages

What is already known about this subject?
 ► Inadequate relief of chronic pain has a profound 
effect on an individual’s quality of life and is 
associated with substantial healthcare costs 
and loss of productivity.

What does this study add?
 ► There remains an unmet medical need for 
alternative treatment options that have 
analgesic efficacy, mitigate the risks associated 
with current treatment options and provide an 
acceptable risk/benefit profile.

 ► Nerve growth factor (NGF) inhibitors have 
the potential to provide pain relief via a 
mechanism distinct from that of commonly used 
analgesic medications such as non- steroidal 
anti- inflammatory drugs (NSAIDs) and opioids, 
and thus avoid NSAID or opioid adverse effects 
such as increased risk of cardiovascular events, 
gastrointestinal toxicity, drowsiness, respiratory 
depression, dependence and abuse.

 ► Treatment with NGF inhibitors has been 
associated with dose- dependent risk of 
joint damage including rapidly progressive 
osteoarthritis (OA), that may be more likely in 
individuals with peripheral OA (pOA) than in 
those without pOA, and neurologic symptoms, 
including paraesthesia.

 ► Higher doses were required to relieve chronic 
low back pain (CLBP) than was observed in 
previous studies in patients with pain due to hip 
and knee OA.

How might this impact on clinical practice or 
future developments?

 ► The results observed in this study support 
continued evaluation of fasinumab as a possible 
new treatment option for patients with CLBP 
with inadequate pain control, or who are 
intolerant to or have a contraindication for 
existing therapies.

 ► For future studies in CLBP, consideration will be 
given to dose of fasinumab to seek the most 
favourable risk–benefit profile.
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If these interventions are inadequate or if CLBP persists, 
guidelines recommend non- steroidal anti- inflammatory drugs 
(NSAIDs) as first- line pharmacological treatments and duloxetine 
and tramadol as second- line treatments.7 Stronger opioids are an 
option only if patients fail the afore- mentioned treatments and 
if the potential benefits outweigh the risks.7 However, long- term 
use of both NSAIDs and opioids is limited by tolerability issues 
and adverse effects, such as gastrointestinal bleeding, cardiovas-
cular events, and the potential for abuse and dependence.9

Neurotrophins are a family of polypeptide growth factors 
that play a role in the proliferation, differentiation, survival 
and death of neuronal and non- neuronal cells.10 Nerve growth 
factor (NGF) was the first neurotrophin identified.11 It provokes 
pain,12 13 is elevated in the synovial fluid of patients with osteo-
arthritis (OA)14 15 and its receptors are upregulated in injured 
and inflamed tissues.16 17 NGF produced by peripheral tissues 
binds neurotrophic receptors (low- affinity p75 and high- affinity 
tropomyosin- related kinase A) on nociceptive neurons to modu-
late pain.18 19 NGF inhibitors might, therefore, provide pain 
relief via a novel mechanism, potentially avoiding the risks of 
NSAID or opioids.

Fasinumab is a fully human monoclonal antibody shown to 
reduce pain in OA.20 21 This study evaluated the efficacy and 
safety of fasinumab for moderate- to- severe CLBP in patients 
with intolerance to, or inadequate pain relief from, acetamino-
phen, oral NSAIDs and opioids.

METHODS
Patient and public involvement
This phase II/III, randomised, double- blind, double- dummy, 
placebo- controlled study (NCT02620020) was conducted at 
105 sites in the USA, Canada and Europe.

Study population
Eligible patients were ≥35 years old with CLBP and history 
of inadequate pain relief or intolerance to analgesic therapy, 
including acetaminophen, at least one oral NSAID and at least 

one opioid (or unwillingness to take opioids), and a diagnosis 
of moderate- to- severe CLBP (Quebec Task Force category 1: no 
radiating pain, or Quebec Task Force category 2: proximal radia-
tion above the knee)22 for ≥3 months prior to screening. An LBP 
intensity Numeric Rating Scale (LBPI NRS) score ≥4 at both 
screening and at randomisation (after withdrawal of previous 
pain medication(s), without requirement for pain flare), and a 
Patient Global Assessment (PGA) of LBP of fair, poor or very 
poor at screening were also required. Presence of OA was not 
exclusionary (see online supplemental methods for full inclusion 
and exclusion criteria).

Study design and treatments
The study consisted of a screening period (up to 30 days), a 
7- day prerandomisation period during which all pain medication 
except study- provided rescue medication was discontinued, a 
16- week randomised treatment period and a 20- week follow- up 
period. Patients were randomised (1:1:1:1) according to a 
computer- generated central randomisation scheme and assigned 
by interactive voice response system, to either: fasinumab 6 mg 
subcutaneously (SC) every 4 weeks (Q4W), fasinumab 9 mg SC 
Q4W, fasinumab 9 mg intravenously (IV) every 8 weeks (Q8W) 
or placebo SC Q4W or IV Q8W. Patients randomised to fasi-
numab 6 mg or 9 mg SC received a loading dose (extra nominal 
dose) on day 1 (total dose of 12 or 18 mg, respectively), followed 
by nominal doses at weeks 4, 8 and 12 (total of four doses). 
Patients randomised to fasinumab 9 mg IV Q8W were not 
loaded, receiving IV fasinumab 9 mg on day 1 and week 8 (total 
of two doses). To maintain treatment blinding, patients received 
double- dummy placebo injections (IV or SC) on days of dose 
administration.

Randomisation was stratified by baseline LBPI NRS score 
(<7,≥7), duration of CLBP (<5 years, ≥5 years) and maximum 
Kellgren- Lawrence (K- L) score (≤2, >2) at any knee or hip joint 
at screening.

The primary efficacy endpoint was the change from baseline 
to week 16 in the average daily LBPI NRS score on an 11- point 

Figure 1 Patient disposition. EOT, end of treatment; FDA, US Food and Drug Administration; IV, intravenous; mITT, modified intent- to- treat; Q4W, 
every 4 weeks; Q8W, every 8 weeks; SC, subcutaneous; W, week. *Includes, among other reasons: out of screening window, study stopped by sponsor; 
patients could be excluded for >1 reason.
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(0–10) NRS. The average daily LBPI NRS score was defined 
as the average of daily LBPI NRS scores for the 7 days before 
and including the nominal visit. Secondary endpoints included 
change from baseline to weeks 2, 4, 8, 12 and 16 in Roland- 
Morris Disability Questionnaire (RMDQ) total score and PGA 
score, and change from baseline to weeks 2, 4, 8 and 12 in LBPI 
NRS score.

In October 2016, the US Food and Drug Administration 
(FDA) placed the study on partial clinical hold following a single 
case of rapidly progressive osteoarthritis (RPOA) that occurred 
in a patient with knee OA (K- L score 3 at screening), prompting 
review of study entry criteria. Since patients with concomitant 
OA could have received fasinumab doses that had been elimi-
nated by the sponsor from an ongoing fasinumab phase III OA 
study (NCT02683239) due to the rate of arthropathy, the FDA 
required that the protocol be amended to either exclude patients 
with peripheral OA (pOA) or to lower the doses to be studied. 
Since 70% of the target sample (563/800 patients) had already 
been randomised, investigators and relevant health authori-
ties were notified that the sponsor stopped enrolment and any 
further dosing. The statistical analysis plan was updated prior 
to database lock and a final analysis was performed on comple-
tion of all protocol- described study visits, to allow assessment of 
safety and efficacy, including subgroup analyses of the primary 
and secondary endpoints by pOA status.

Safety assessments
The safety and tolerability of fasinumab compared with placebo 
was assessed by treatment- emergent adverse events (TEAEs) 
during treatment (including the day from first dose of study drug 
to 4 weeks after last dose of SC study drug or 8 weeks after last 
dose of IV study drug, whichever was later) and post- treatment 
(up to 20 weeks) adverse events (AEs). Joint and general 
safety were monitored independently (see online supplemental 
methods) as previously described.21

Statistical analysis
The primary efficacy endpoint, change from baseline to week 16 
in average daily LBPI NRS score, was analysed using a mixed- 
effect model repeated measures approach based on the modified 
intent- to- treat (mITT) analysis set, according to a prespecified 
analysis established prior to database lock, in response to the 
early termination of dosing in the study. The mITT analysis set 
included all randomised patients who received at least one dose 
of allocated treatment, including all data available up to 5 weeks 
(4 weeks visit interval + 1 week allowable visit window) after the 
last dose of study drug. Analyses were deemed exploratory (all 
p values are nominal). Further details are provided in the online 
supplemental methods.

The safety analysis set included all randomised patients who 
received any study drug. Sensitivity analyses for the primary and 
secondary endpoints used the full analysis set (all randomised 

Table 1 Demography and baseline characteristics (full analysis set)

Placebo
(n=141)

Fasinumab

Total
(N=563)

6 mg SC Q4W
(n=141)

9 mg SC Q4W
(n=140)

9 mg IV Q8W
(n=141)

Combined
(n=422)

Age (years), mean (SD) 58.1 (12.5) 58.2 (11.3) 56.6 (11.0) 55.4 (10.5) 56.7 (11.0) 57.1 (11.4)

Age category, n (%)

  <65 years 93 (66.0) 95 (67.4) 109 (77.9) 117 (83.0) 321 (76.1) 414 (73.5)

  ≥65 years 48 (34.0) 46 (32.6) 31 (22.1) 24 (17.0) 101 (23.9) 149 (26.5)

Sex, n (%)

  Male 58 (41.1) 56 (39.7) 56 (40.0) 60 (42.6) 172 (40.8) 230 (40.9)

  Female 83 (58.9) 85 (60.3) 84 (60.0) 81 (57.4) 250 (59.2) 333 (59.1)

Race, n (%)

  White 127 (90.1) 119 (84.4) 118 (84.3) 116 (82.3) 353 (83.6) 480 (85.3)

  Black or African American 13 (9.2) 19 (13.5) 19 (13.6) 21 (14.9) 59 (14.0) 72 (12.8)

  Asian 1 (0.7) 2 (1.4) 2 (1.4) 1 (0.7) 5 (1.2) 6 (1.1)

  American Indian or Alaska Native 0 1 (0.7) 0 1 (0.7) 2 (0.5) 2 (0.4)

  Native Hawaiian or other Pacific Islander 0 0 0 1 (0.7) 1 (0.2) 1 (0.2)

  Other 0 0 1 (0.7) 1 (0.7) 2 (0.5) 2 (0.4)

Body mass index (kg/m2), mean (SD); n 29.7 (4.8); 141 29.0 (5.1); 139 29.6 (4.7); 140 30.1 (4.4); 141 29.6 (4.7); 420 29.6 (4.8); 561

Average daily LBPI NRS score, mean (SD); n 6.5 (1.3); 140 6.5 (1.3); 139 6.7 (1.3); 140 6.5 (1.2); 141 6.5 (1.3); 420 6.5 (1.3); 560

Duration of chronic LBP (years), mean (SD); n 11.8 (10.2); 126 13.6 (12.1); 131 13.7 (13.0); 135 12.7 (10.7); 134 13.3 (12.0); 400 13.0 (11.6); 526

Maximum K- L score at any knee or hip joint at screening, n (%)

  0 25 (17.7) 16 (11.3) 35 (25.0) 25 (17.7) 76 (18.0) 101 (17.9)

  1 51 (36.2) 49 (34.8) 35 (25.0) 43 (30.5) 127 (30.1) 178 (31.6)

  2 40 (28.4) 52 (36.9) 42 (30.0) 50 (35.5) 144 (34.1) 184 (32.7)

  3 21 (14.9) 21 (14.9) 23 (16.4) 18 (12.8) 62 (14.7) 83 (14.7)

  4 4 (2.8) 3 (2.1) 5 (3.6) 5 (3.5) 13 (3.1) 17 (3.0)

pOA, n (%)

  Yes 82 (58.2) 94 (66.7) 68 (48.6) 78 (55.3) 240 (56.9) 322 (57.2)

  No 59 (41.8) 47 (33.3) 72 (51.4) 63 (44.7) 182 (43.1) 241 (42.8)

Baseline average daily LBPI NRS score was defined as the average of the non- missing daily LBPI NRS scores for 5 days prior to randomisation (from day –4 to day 1). pOA defined by medical 
history and/or K- L score ≥2 in hip or ≥3 in knee.
IV, intravenous 
; K- L, Kellgren- Lawrence; LBP, lower back pain; LBPI NRS, Lower Back Pain Intensity Numeric Rating Scale; pOA, peripheral osteoarthritis; Q4W, every 4 weeks; Q8W, every 8 weeks; SC, 
subcutaneous.
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Table 2 Change from baseline to week 8 and week 16 in the average daily LBPI NRS, RMDQ and PGA of LBP scores (mITT analysis set)

Placebo
(n=140)

Fasinumab

6 mg SC Q4W
(n=139)

9 mg SC Q4W
(n=139)

9 mg IV Q8W
(n=140)

LBPI NRS

Baseline average daily LBPI NRS score, mean (SD); n 6.5 (1.3); 139 6.5 (1.3); 137 6.7 (1.3); 139 6.4 (1.2); 140

Week 8

Average daily LBPI NRS score, mean (SD); n 5.3 (2.1); 96 4.7 (2.0); 99 4.3 (2.4); 105 4.1 (2.3); 103

Change from baseline to week 8, mean (SD); n –1.3 (1.8); 95 –1.9 (1.9); 98 –2.4 (2.2); 105 –2.3 (2.2); 103

  LS mean (SE) –1.2 (0.2) –1.8 (0.2) –2.3 (0.2) –2.2 (0.2)

  95% CI –1.6 to –0.8 –2.2 to –1.4 –2.7 to –1.9 –2.6 to –1.8

Difference versus placebo, LS mean (SE) –0.5 (0.3) –1.1 (0.3) –1.0 (0.3)

  95% CI   –1.06 to –0.03 –1.57 to –0.55 –1.48 to –0.47

  P value versus placebo   0.04 <0.01 <0.01

Week 16

Average daily LBPI NRS score, mean (SD); n 4.7 (2.0); 50 4.3 (1.9); 48 4.2 (2.3); 55 3.9 (2.4); 56

Change from baseline to week 16, mean (SD); n –1.9 (2.1); 49 –2.1 (1.9); 48 –2.6 (2.0); 55 –2.5 (2.2); 56

  LS mean (SE) –1.7 (0.2) –2.0 (0.2) –2.5 (0.2) –2.4 (0.2)

  95% CI –2.19 to –1.29 –2.46 to –1.56 –2.90 to –2.03 –2.83 to –1.97

Difference versus placebo, LS mean (SE) –0.3 (0.3) –0.7 (0.3) –0.7 (0.3)

  95% CI –0.88 to 0.34 –1.32 to –0.12 –1.26 to –0.07

  P value versus placebo 0.39 0.02 0.03

RMDQ

Baseline RMDQ total score, mean (SD); n 10.9 (5.3); 132 10.8 (5.2); 135 10.7 (5.7); 136 11.7 (5.3): 136

Week 8

RMDQ total score, mean (SD); n 7.9 (5.6); 100 5.7 (5.2); 101 5.9 (5.6); 105 5.6 (5.4); 104

Change from baseline to week 8, mean (SD); n –3.2 (4.9); 92 –5.4 (5.3); 97 –4.7 (4.9); 102 –6.2 (5.4); 101

  LS mean (SE) –3.1 (0.5) –5.3 (0.5) –5.0 (0.5) –5.9 (0.5)

  95% CI –3.99 to –2.17 –6.18 to –4.40 –5.86 to –4.10 –6.77 to –5.01

Difference versus placebo, LS mean (SE) –2.2 (0.6) –1.9 (0.6) –2.8 (0.6)

  95% CI   –3.42 to –1.01 –3.10 to –0.70 –4.01 to –1.61

  P value versus placebo   <0.01 <0.01 <0.01

Week 16

RMDQ total score, mean (SD); n 6.6 (5.6); 50 5.1 (4.9); 48 4.8 (4.6); 55 5.0 (5.2); 57

Change from baseline to week 16, mean (SD); n –3.8 (4.5); 46 –6.0 (5.7); 46 –6.2 (4.7); 55 –6.6 (5.6); 55

  LS mean (SE) –3.8 (0.5) –6.0 (0.5) –5.8 (0.5) –6.3 (0.5)

  95% CI –4.88 to –2.76 –7.09 to –4.97 –6.78 to –4.76 –7.30 to –5.28

Difference versus placebo, LS mean (SE) –2.2 (0.7) –2.0 (0.7) –2.5 (0.7)

  95% CI –3.65 to –0.77 –3.36 to –0.54 –3.88 to –1.06

  P value versus placebo <0.01 <0.01 <0.01

PGA of LBP

Baseline PGA, mean (SD); n 3.5 (0.7); 140 3.5 (0.7); 139 3.4 (0.8); 139 3.4 (0.7); 140

Week 8

PGA, mean (SD); n 3.0 (0.8); 100 2.7 (0.8); 101 2.6 (0.9); 105 2.5 (1.0); 104

Change from baseline to week 8, mean (SD); n –0.5 (0.8); 100 –0.8 (0.9); 101 –0.8 (0.9); 105 –0.9 (1.0); 104

  LS mean (SE) –0.5 (0.1) –0.8 (0.1) –0.8 (0.1) –0.9 (0.1)

  95% CI (–0.65 to –0.33) (–0.94 to –0.62) (–0.95 to –0.64) (–1.05 to –0.74)

Difference versus placebo, LS mean (SE) –0.3 (0.1) –0.3 (0.1) –0.4 (0.1)

  95% CI   –0.51 to –0.08 –0.52 to –0.09 –0.62 to –0.19

  P value versus placebo   0.01 0.01 <0.01

Week 16

PGA, mean (SD); n 2.8 (0.8); 50 2.5 (0.9); 48 2.5 (0.9); 55 2.3 (1.0); 57

Change from baseline to week 16, mean (SD); n –0.7 (0.8); 50 –0.9 (1.1); 48 –0.8 (1.0); 55 –1.0 (0.9); 57

  LS mean (SE) –0.7 (0.1) –0.9 (0.1) –0.8 (0.1) –1.0 (0.1)

  95% CI –0.88 to –0.49 –1.08 to –0.69 –1.03 to –0.65 –1.20 to –0.83

Difference versus placebo, LS Mean (SE) –0.2 (0.1) –0.1 (0.1) –0.3 (0.1)

  95% CI –0.46 to 0.07 –0.41 to 0.11 –0.59 to –0.07

  P value versus placebo 0.15 0.26 0.01

Analyses are based on MMRM model with baseline randomisation strata, baseline score, treatment, visit and treatment- by- visit interaction. P values are nominal. Average daily LBPI NRS score was defined as the 
average of the non- missing daily LBPI NRS scores for the 7 days before and including the nominal visit. The daily LBPI NRS score for the week 16 nominal visit day was missing for all patients because the daily LBPI NRS 
score was entered each day starting at 18:00 and clinic visits typically occurred during the day with diaries returned at the end of the visit. Therefore, the average LBPI NRS score at week 16 was based on 6 days.
IV, intravenous; LS, least squares; mITT, modified intent- to- treat; MMRM, mixed effect model repeated measures; LBP NRS, Lower Back Pain Numeric Rating Scale; PGA, Patient Global Assessment; Q4W, every 4 weeks; 
Q8W, every 8 weeks; RMDQ, Roland- Morris Disability Questionnaire; SC, subcutaneous.
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patients). Assuming a significance level of 0.05 and a 20% 
dropout rate by week 16, an enrolment of 200 patients per 
treatment group would provide at least 91% power to detect a 
treatment difference of 0.9 between fasinumab 9 mg SC Q4W 
and placebo for the primary efficacy endpoint with a common 
SD of 2.4.

To assess potential differences in efficacy and safety between 
those with and without pOA at baseline, subgroup analyses were 
performed on the primary and secondary efficacy endpoints, 
using medical history and/or radiographic evidence of OA 
(K- L score ≥2 at the hip or K- L score ≥3 at the knee based 
on screening radiographs), in line with key components of the 
American College of Rheumatology OA criteria.23 Subgroup 
analyses for the primary efficacy endpoint were also conducted 
for randomisation strata (baseline LBPI NRS score (<7, ≥7), 

duration of chronic LBP (≥5 years, <5 years) and maximum K- L 
score in any knee or hip joint (≤2,>2)).

RESULTS
Overall, 1783 patients were screened; 563 patients were 
randomised (figure 1). Patient demographic and baseline char-
acteristics were generally balanced across groups (table 1). Most 
patients (82.2%) had a maximum K- L score at any knee or hip 
joint of ≤2 at screening; 14.7% and 3.0% of patients had scores 
of 3 and 4, respectively, (table 1). Of 558 patients who received 
at least one dose of study drug (safety analysis set), 35.3% to 
42.4% of the fasinumab SC groups and 36.4% of the placebo 
SC group received all planned doses through week 16; corre-
sponding values for IV groups were 54.3% (fasinumab 9 mg 
Q8W) and 51.4% (placebo) (online supplemental table 1).

Efficacy
Baseline LBPI scores were comparable across treatment groups 
(table 2). Significant reductions versus placebo in LBPI scores 
from baseline to week 16 were observed in the fasinumab 9 mg 
SC Q4W and 9 mg IV Q8W groups (least squares mean (standard 
error) −0.7 (0.3), nominal p=0.02; and −0.7 (0.3), nominal 
p=0.03, respectively), but not for the 6 mg SC Q4W group 
(–0.3 (0.3); nominal p=0.39) (table 2). Pain scores improved 
as early as week 2 (figure 2A). At week 8, all fasinumab doses 
provided reductions in LBPI scores versus placebo (least squares 
mean (standard error) 6 mg SC –0.5 (0.3), nominal p=0.04; 
9 mg SC Q4W –1.1 (0.3), nominal p<0.01; 9 mg IV Q8W –1.0 
(0.3), nominal p<0.01) (table 2). Mean baseline RMDQ (10.7 
to 11.7) and PGA (3.4 to 3.5) scores were comparable across 
groups. RMDQ reductions were observed as early as week 2 in 
all fasinumab groups versus placebo and maintained to week 
16, with the greatest reductions in the 9 mg IV group (table 2 
and figure 2B,C). Placebo- adjusted changes in RMDQ at week 
16 were –2.2 to –2.5 across fasinumab groups (all nominal 
p<0.01). Placebo- adjusted changes in PGA at week 16 (–0.1 to 
–0.3) reached significance only for fasinumab 9 mg IV (nominal 
p=0.01).

Subgroup analyses
In patients with (57.2%) and without (42.8%) pOA, placebo- 
adjusted improvements in LBPI scores were greatest in the 9 mg 
dose groups from week 2 through week 16 (online supplemental 
table 2 and online supplemental figure 1). Improvement versus 
placebo was generally numerically greatest in patients with, 
versus those without, pOA over the 16 week treatment period, 
with greater separation seen between the pOA subgroups at 
earlier time points when more patient data were available. A 
similar pattern was observed for RMDQ and PGA scores (online 
supplemental table 2 and online supplemental figures 2 and 3). 
Placebo- adjusted LBPI scores from baseline to week 16 were 
consistent across randomisation strata (data not shown).

Safety
On treatment, the percentages of patients with ≥1 TEAE were 
similar between placebo (67.1%; n=94) and combined fasi-
numab groups (65.6%; n=274), and across the fasinumab dose 
groups (online supplemental table 3). The system organ class 
(SOC) with the highest incidence of TEAEs while on treatment 
was musculoskeletal and connective tissue disorders (16.0% for 
combined fasinumab groups and 22.1% for placebo) (table 3). 
Arthralgia was the only TEAE reported in >10% of patients in 
any treatment group, with a similar incidence in the placebo and 

Figure 2 Least squares mean change from baseline in (A) average 
daily Lower Back Pain Intensity Numeric Rating Scale score (B) 
Roland- Morris Disability Questionnaire total score (C) Patient Global 
Assessment of lower back pain score by study visit (modified intent- to- 
treat analysis set). Analyses are based on mixed effect model repeated 
measures with baseline randomisation strata, baseline, treatment, visit 
and treatment- by- visit interaction. IV, intravenous; LS, least squares; 
Q4W, every 4 weeks; Q8W, every 8 weeks; SC, subcutaneous.
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combined fasinumab groups (12.1% and 12.4%, respectively). 
TEAEs of paraesthesia were more frequent for the combined 
fasinumab groups than for placebo (5.7% vs 2.9%); most of 
these events were of mild- to- moderate severity. During the post- 
treatment follow- up period, the overall incidence of AEs in the 
combined fasinumab groups (29.9%) was similar to that for 
placebo (27.9%) (online supplemental table 4).

In total, 16 serious AEs (SAEs) occurred in 14 patients (placebo, 
n=4 (2.9%); combined fasinumab groups (n=10 (2.4%)) during 
the on- treatment period (online supplemental tables 3 and 5). 
Three SAEs were considered related to study drug, two of which 
were in the fasinumab 9 mg groups (haemorrhagic stroke and 
meniscus injury). In total, 35 SAEs occurred in 31 patients in 
the post- treatment follow- up period (online supplemental table 
6); most were in the SOC of musculoskeletal and connective 
tissue disorders, all of which occurred in the fasinumab groups 
(5 patients, 3.6%, in the 9 mg IV group, and 3 patients, 2.2%, in 
each SC group; 11 total patients, 2.6%). Within this SOC, the 
most frequent SAE was RPOA. One patient (fasinumab 6 mg) 
with a history of smoking died of small cell lung cancer during 
the post- treatment follow- up period (considered unrelated to 
study drug).

AEs of special interest included sympathetic nervous system 
dysfunction and adjudicated arthropathies (AAs). No confirmed 
cases of the former were observed. There were 20 joints with 
AAs in 17 patients (table 4). All except one AA were detected 
outside of the prespecified on- treatment period (online supple-
mental figure 5), and all but one occurred in the fasinumab 
groups. Of the 20 joints with AAs, 19 were in patients in the 

pOA subgroup (table 4), and most (15/20) occurred in joints with 
screening K- L scores of ≥2 at the knee or hip (online supple-
mental table 7); in 3 knee joints, the screening K- L score was 0 or 
1; in 2 shoulder joints, K- L score was not assessed but screening 
radiographs documented 1 with moderate OA and 1 with severe 
OA). Adjudicators could report more than one AA category per 
joint. Most AAs were categorised as RPOA (ie, RPOA type 1 or 
2) and among these, 14 joints had RPOA1 (X- ray joint space 
narrowing; cartilage loss by MRI) solely; 2 joints in two patients 
(6 mg SC and 9 mg IV) had an RPOA2 (bone fragmentation or 
destruction; one with RPOA1); 1 joint had subchondral insuf-
ficiency fracture (SIF) as the sole finding (9 mg IV); and three 
joints had SIFs in conjunction with RPOA1. Only two AAs (one 
RPOA1; (9 mg SC), and one RPOA2; (9 mg IV)) were detected 
on imaging prompted by symptoms; others were detected on 
scheduled images. No primary osteonecrosis was observed.

Four joint replacements (knee) were performed in four patients. 
Two of these occurred following detection of an AA (9 mg SC, 
RPOA1; 9 mg IV, RPOA2). For the remaining two, preoperative 
imaging did not detect AA. In one case (9 mg SC), joint replace-
ment was pursued to address functional consequences of pre- 
existing OA; in the other case (placebo), it was based on need for 
revision surgery related to historical hemiarthroplasty.

An increase in mean alkaline phosphatase (ALP) occurred 
over time in all three fasinumab groups (figure 3). The extent of 
the increase was similar across groups and small compared with 
baseline values. A small number of patients had increases in ALP 
above the upper limit of normal (ULN; 150 U/L): placebo (n=3), 
fasinumab 6 mg (n=2), 9 mg SC (n=4) and 9 mg IV (n=3), none 

Table 3 TEAEs with >3% incidence by system organ class and preferred term during the on- treatment period (safety analysis set)

Primary system organ class
preferred term

Placebo
(n=140)

Fasinumab

6 mg SC Q4W
(n=139)

9 mg SC Q4W
(n=139)

9 mg IV Q8W
(n=140)

Combined
(N=418)

TEAEs, n 90 79 115 85 279

  Patients with at least one TEAE, n (%) 52 (37.1) 41 (29.5) 63 (45.3) 56 (40.0) 160 (38.3)

Musculoskeletal and connective tissue disorders, n (%) 31 (22.1) 15 (10.8) 25 (18.0) 27 (19.3) 67 (16.0)

  Arthralgia 17 (12.1) 15 (10.8) 16 (11.5) 21 (15.0) 52 (12.4)

  Pain in extremity 12 (8.6) 3 (2.2) 5 (3.6) 4 (2.9) 12 (2.9)

  Back pain 7 (5.0) 0 4 (2.9) 5 (3.6) 9 (2.2)

Nervous system disorders, n (%) 18 (12.9) 17 (12.2) 26 (18.7) 18 (12.9) 61 (14.6)

  Headache 9 (6.4) 9 (6.5) 9 (6.5) 9 (6.4) 27 (6.5)

  Paraesthesia 4 (2.9) 6 (4.3) 9 (6.5) 9 (6.4) 24 (5.7)

  Dizziness 4 (2.9) 5 (3.6) 6 (4.3) 3 (2.1) 14 (3.3)

  Hypoaesthesia 4 (2.9) 4 (2.9) 7 (5.0) 3 (2.1) 14 (3.3)

Infections and infestations, n (%) 12 (8.6) 15 (10.8) 18 (12.9) 14 (10.0) 47 (11.2)

  Nasopharyngitis 8 (5.7) 9 (6.5) 8 (5.8) 10 (7.1) 27 (6.5)

  Urinary tract infection 0 4 (2.9) 5 (3.6) 2 (1.4) 11 (2.6)

  Upper respiratory tract infection 4 (2.9) 2 (1.4) 5 (3.6) 2 (1.4) 9 (2.2)

Gastrointestinal disorders, n (%) 6 (4.3) 7 (5.0) 11 (7.9) 4 (2.9) 22 (5.3)

  Diarrhoea 4 (2.9) 4 (2.9) 5 (3.6) 3 (2.1) 12 (2.9)

  Nausea 2 (1.4) 4 (2.9) 7 (5.0) 1 (0.7) 12 (2.9)

General disorders and administration site conditions, n (%) 0 1 (0.7) 6 (4.3) 2 (1.4) 9 (2.2)

  Oedema peripheral 0 1 (0.7) 6 (4.3) 2 (1.4) 9 (2.2)

TEAEs included any AEs reported during the on- treatment period (the day from first dose of study drug to 4 weeks after the last dose of SC study drug or 8 weeks after the last 
dose of IV study drug).
MedDRA (V.18.0) coding applied.
A patient who reported two or more TEAEs with the same preferred term is counted only once for that term.
A patient who reported two or more TEAEs with different preferred terms within the same system organ class is counted only once in that system organ class.
For system organ classes, the table is sorted by decreasing frequency in combined fasinumab group. Within each system organ class, preferred terms are sorted by decreasing 
frequency count in combined fasinumab group.
IV, intravenous; Q4W, every 4 weeks; Q8W, every 8 weeks; SC, subcutaneous; TEAE, treatment- emergent adverse event.
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of which met the prespecified definition for potential clinical 
significance (≥1.5×ULN). During the 20- week post- treatment 
follow- up period, mean ALP values returned towards baseline 
(figure 3). A similar pattern was observed for patients with and 
without pOA (online supplemental figure 4).

Treatment- emergent antidrug antibody (ADA) responses 
occurred in five patients (1.3%) on fasinumab and one patient 
(0.8%) on placebo. All ADA- positive patients exhibited low titre 
responses, and none was neutralising. A positive ADA response 
did not affect concentrations of fasinumab.

Figure 3 Mean change from baseline in alkaline phosphatase (U/L) (safety analysis set). IV, intravenous; Q4W, every 4 weeks; Q8W, every 8 weeks; 
SC, subcutaneous.

Table 4 Summary of AAs across the treatment period and post- treatment follow- up period (safety analysis set)

Placebo

Fasinumab

6 mg SC Q4W 9 mg SC Q4W 9 mg IV Q8W Combined

All patients, n 140 139 139 140 418

Patients with positive adjudications, n (%) 1 (0.7) 5 (3.6) 4 (2.9) 7 (5.0) 16 (3.8)

Total number of adjudications 46 80 89 110 279

Number of joints with positive adjudications, n (% of total adjudications) and JR 
outcome

1 (2.2) 7 (8.8) 4 (4.5) 8 (7.3) 19 (6.8)

  RPOA1 1 5 3 6 14*

  RPOA1, RPOA2† 0 1 0 0 1

  RPOA1, SIF† 0 2 1 0 3

  RPOA1 → JR 0 0 1 0 1

  RPOA2 → JR 0 0 0 1 1

  SIF 0 0 0 1 1

Patients with pOA, n 82 92 68 78 238

Patients with positive adjudications, n (%)‡ 1 (1.2) 5 (5.4) 4 (5.9) 6 (7.7) 15 (6.3)

Total number of adjudications 41 60 56 88 204

Number of joints with positive adjudications (% of total adjudications) and JR 
outcome

1 (2.4) 7 (11.7) 4 (7.1) 7 (8.0) 18 (8.8)

  RPOA1 1 5 3 5 13#

  RPOA1, RPOA2† 0 1 0 0 1

  RPOA1, SIF† 0 2 1 0 3

  RPOA1 → JR* 0 0 1 0 1

  RPOA2 → JR 0 0 0 1 1

  SIF 0 0 0 1 1

Patients without pOA, n 58 47 71 62 180

Patients with positive adjudications, n (%)‡ 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.6) 1 (0.6)

Total number of adjudications 5 20 33 22 75

Number of joints with positive adjudications (% of total adjudications) 0 0 0 1 (4.5) 1 (1.3)

  RPOA1 0 0 0 1 1

pOA defined by medical history and/or K- L score ≥2 in hip or ≥3 in knee.
*Two RPOA1 events (6 and 9 mg Q4W groups; both in patients with pOA) were reported two times (as a sole finding and as RPOA1, SIF).
†More than one adjudicated arthropathy category could have been reported simultaneously in a single joint.
‡Per cent values calculated using the number of patients in each subgroup as denominator.
IV, intravenous; JR, total joint replacement; K- L, Kellgren- Lawrence; pOA, peripheral osteoarthritis; Q4W, every 4 weeks; Q8W, every 8 weeks; RPOA1, rapid progressive OA type 1; 
RPOA2, rapid progressive OA type 2; SC, subcutaneous; SIF, subchondral insufficiency fracture.
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DISCUSSION
In this study, fasinumab provided improvements in CLBP, func-
tion and overall patient assessment of benefit. Although these 
outcome measures were focused on assessment at the end of the 
16- week treatment period (primary endpoint), improvements 
were noted across most parameters and dose regimens as early 
as week 2. A key limitation of the study is that because of the 
FDA hold and early termination of dosing, results are based on 
an incomplete cohort (35%–56% receiving all planned doses 
of study drug); data for fewer patients than originally planned 
were available for efficacy and safety analyses, and p values 
were considered nominal. Exposure data are limited because of 
the relatively short treatment duration (16 weeks) and because 
not all subjects received all planned doses. Moreover, the pOA 
subgroup analyses were exploratory (a formal diagnosis of OA 
per American College of Rheumatology (ACR) criteria was not 
required at study entry and patients were not stratified for OA), 
but provided an opportunity to address emerging concerns 
about AA risk in pOA patients as the development programme 
matured. The use of loading doses in the fasinumab SC groups 
should also be considered when interpreting the efficacy and 
safety results. Although the loading dose may have influenced 
SC treatment effect at earlier time points, it did not seem to 
impact differences in effect noted across the 9 mg SC and IV 
dose groups, though this possibility cannot be excluded for the 
6 mg SC group.

Although cross- study comparisons are imprecise, the placebo- 
adjusted treatment effect of fasinumab at endpoint, which ranged 
from –0.3 for fasinumab 6 mg SC Q4W to –0.7 for 9 mg SC Q4W 
and IV Q8W, is broadly consistent with studies in patients with 
CLBP of another NGF inhibitor, IV or SC tanezumab, which 
reported week-16 placebo- adjusted treatment effects of –0.3 for 
5 mg and –0.4 to –0.8 for 10 mg.24 25 The efficacy of fasinumab 
in the current study also appears comparable or slightly better 
than most potent opioids (placebo- adjusted treatment effect of 
–0.4 was reported in a systematic review and meta- analysis),26 
and maximal doses of NSAIDs (treatment effect of –0.4 for 
naproxen was reported in the IV tanezumab trial).25

CLBP can be caused by various aetiologies including chronic 
muscular pain, discogenic pain and facet joint OA. However, 
prior studies have been unable to deconvolute the various 
components that might contribute to pain in different patients. 
Our study provided an opportunity to evaluate responses across 
subgroups without and with pOA, known to be associated with 
facet joint OA.27 Since studies focused on OA had suggested a 
dose- related risk of arthropathy,20 analysis by pOA status was 
also an opportunity to uncover differential safety patterns in 
the treatment of CLBP. Patients with pOA generally experienced 
greater placebo- adjusted improvement in pain and function than 
those without, in part driven by greater resolution of pain in 
the placebo group of the non- pOA subgroup, and was particu-
larly evident at earlier timepoints (4 and 8 weeks), when more 
patient data were available for assessment. These findings might 
reflect differential components of pain in these two subgroups. 
For example, a greater proportion of patients without pOA may 
have had CLBP caused by factors other than OA of the spine, 
such as proximal radiculopathy (ie, included in Quebec Task 
Force category 2). NGF inhibitor therapy has shown no benefit 
in patients with pain caused by radiculopathy (ie, sciatica).28

The incidence of TEAEs was similar between placebo and fasi-
numab. However, patients treated with fasinumab had higher 
rates of AAs across all doses studied. All but one AA occurred 
in patients with concomitant pOA, suggesting that pOA patients 

may be more predisposed than those without to risk of arthrop-
athy at the high fasinumab doses used in this CLBP study. These 
findings are consistent with studies that reported higher rates of 
arthropathy at the highest doses of fasinumab and tanezumab, 
beyond those producing maximal treatment benefit in OA 
pain.20 25 29–31 Across a higher dose range studied in CLBP here, 
there was no clear difference across doses in the frequency of AA 
events, even when focusing only on the pOA subgroup.

Elevations in ALP with fasinumab treatment were observed 
in a phase IIb/III study in patients with OA of the knee or hip.20 
In the current study, mean ALP elevations (peak at week 16) 
were lower than observed in the previous OA study, even in the 
pOA subgroup. ALP levels returned towards normal during the 
post- treatment follow- up, as has been previously reported.20 It 
is unclear whether these small changes in ALP associated with 
treatment represent bone turnover or a more independent effect 
on enzyme production or enzymatic activity.

Despite dosing being prematurely terminated, all fasinumab 
doses provided improvements versus placebo in measures of 
pain (average daily LBPI NRS score), function (RMDQ) and 
overall patient assessment (PGA) over the first 8 weeks of the 
study. Significant pain improvement was maintained over 
16 weeks for both fasinumab 9 mg groups, but not for 6 mg. 
Further studies will be needed to determine whether the robust 
efficacy shown at week 8 is sustained for longer durations at 
lower doses. Although the treatment benefit in this study was 
numerically greater in the pOA subgroup, the rates of AA in 
these patients were substantially higher. This study, therefore, 
validated concerns about the use of fasinumab in CLBP subjects 
with concomitant OA, whose benefit–risk at the highest doses 
was unacceptable. For patients without pOA, low rates of AA 
were observed at these high doses, though treatment effect was 
more modest. In these patients, since their back pain may be 
dominated by mechanisms other than OA, fasinumab may be less 
likely to provide benefit. Hypothetically these patients may also 
need even higher doses, and joint AEs would need to be carefully 
balanced against treatment benefits. Further studies with longer 
treatment and follow- up are needed to inform benefit–risk.
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