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NERVE GROWTH FACTOR (NGF)
is a protein that plays a ma-
jor role in the development
and maintenance of the pe-

ripheral nervous system. Nerve growth
factor selectively promotes the survival
of small fiber sensory neurons that me-
diate pain, temperature sensation, and
sympathetic neurons.1 Nerve growth fac-
tor is expressed in target tissues inner-
vated by responsive neurons, where it
binds to specific high-affinity receptors
and is retrogradely transported back to
the neuronal cell body.2

Recent data suggest that reduced
availability of NGF may play a signifi-
cant role in the pathogenesis of dia-
betic polyneuropathy. In animals with
diabetes mellitus, retrograde axonal
transport of NGF is impaired,3-5 and lev-

els of NGF messenger RNA are re-
duced in neuronal target tissues.6 In pa-
tients with diabetes mellitus, levels of
NGF are reduced in skin biopsy speci-
mens. Furthermore, the diminished lev-
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Context Nerve growth factor is a neurotrophic factor that promotes the survival of
small fiber sensory neurons and sympathetic neurons in the peripheral nervous system.
Recombinant human nerve growth factor (rhNGF) has demonstrated efficacy as treat-
ment for peripheral neuropathy in experimental models and phase 2 clinical trials.

Objective To evaluate the efficacy and safety of a 12-month regimen of rhNGF in
patients with diabetic polyneuropathy.

Design Randomized, double-blind, placebo-controlled phase 3 trial conducted from
July 1997 through May 1999.

Setting Eighty-four outpatient centers throughout the United States.

Patients A total of 1019 men and women aged 18 to 74 years with either type 1 or
type 2 diabetes and a sensory polyneuropathy attributable to diabetes.

Interventions Patients were randomly assigned to receive either rhNGF, 0.1 µg/kg
(n=504), or placebo (n=515) by subcutaneous injection 3 times per week for 48 weeks.
Patients were assessed at baseline, 12 weeks, 24 weeks, and 48 weeks.

Main Outcome Measures The primary outcome measure was a change in neu-
ropathy between baseline and week 48, demonstrated by the Neuropathy Impair-
ment Score for the Lower Limbs, compared between the 2 groups. Secondary out-
come measures included quantitative sensory tests using the CASE IV System, the
Neuropathy Symptom and Change questionnaire, the Patient Benefit Questionnaire
(PBQ), and a global symptom assessment, as well as nerve conduction studies and
occurrence of new plantar foot ulcers. Patients also were evaluated for presence of
adverse events.

Results Among patients who received rhNGF, 418 (83%) completed the regimen
compared with 461 (90%) who received placebo. Administration of rhNGF was safe,
with few adverse events attributed to treatment apart from injection site pain/
hyperalgesia and other pain syndromes. However, neither the primary end point (P=.25)
nor most of the secondary end points demonstrated a significant benefit of rhNGF.
Exceptions were the global symptom assessment (P=.03) and 2 of 32 comparisons
within the PBQ, which showed a modest but significant benefit of rhNGF (P=.05 for
severity of pain in the legs and P=.003 for 6-month symptoms in the feet and legs).

Conclusion Unlike previous phase 2 trials, this phase 3 clinical trial failed to dem-
onstrate a significant beneficial effect of rhNGF on diabetic polyneuropathy.
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els of NGF in the skin correlate with
decreased skin axon-reflex vasodilata-
tion, suggesting that reduced availabil-
ity of NGF from the target tissue leads
to early dysfunction of small fiber neu-
rons.7 Systemic administration of NGF
prevents manifestations of neuropa-
thy in rodent models of toxic8,9 and dia-
betic polyneuropathy.10 That loss of
NGF might contribute toward the
pathogenesis of diabetic polyneuropa-
thy plus the demonstrated ability of ex-
ogenous NGF to prevent experimen-
tal neuropathy provided a compelling
rationale for testing NGF administra-
tion in clinical studies.

Two randomized, placebo-con-
trolled trials of recombinant human
NGF (rhNGF) administered to pa-
tients with polyneuropathy were initi-
ated. In a phase 2 trial of 250 patients
with diabetic polyneuropathy, improve-
ments in signs and symptoms were seen
after treatment with rhNGF, 0.1 or 0.3
µg/kg, subcutaneously, 3 times per week
for 6 months.11 A second phase 2 trial
of 270 patients with human immuno-
deficiency virus (HIV)–associated sen-
sory neuropathy demonstrated signifi-
cant improvements in neuropathic pain
following 18 weeks of treatment with
rhNGF, 0.1 or 0.3 µg/kg, twice a week.12

Recombinant human NGF was well
tolerated with the exception of self-
limited injection site hyperalgesia and
other pain-related syndromes. This ar-
ticle reports the results of a large ran-
domized, double-blind, placebo-
controlled, phase 3 study of rhNGF
administered to patients with diabetic
polyneuropathy to determine safety and
efficacy during a 12-month period.

METHODS
Patient Characteristics

From July 1997 through May 1999, 84
US study sites recruited a total of 1019
patients aged 18 to 74 years with either
type 1 or type 2 diabetes mellitus who
were being treated with either insulin or
oral hypoglycemic medications. Inclu-
sion criteria were a sensory peripheral
polyneuropathy attributable to diabe-
tes mellitus as determined by a neurolo-
gist, and abnormal results of nerve con-

duction studies in 1 or more attributes
of 2 or more nerves studied ($99th per-
centile or #1st percentile, as appropri-
ate) and abnormal results of quantita-
tive sensory tests for cooling and/or heat
pain thresholds ($90th percentile but
with obtainable thresholds). Patients
were excluded if they had unstable
glycemic control, other neurological
diseases that might mimic features of
neuropathy, proximal asymmetric neu-
ropathy, cranial neuropathies, mono-
neuropathies, and clinically significant
systemic diseases other than diabetes
mellitus that might have confounded in-
terpretation of the study results, such as
peripheral vascular disease, history of
cancer within the past 6 months, sig-
nificant renal or hepatic disease, non-
diabetic risk factors for neuropathy, or
use of capsaicin within the month pre-
ceding the trial. Patients also were ex-
cluded if they previously had partici-
pated in a clinical trial of rhNGF. Every
patient signed an informed consent
document. Internal review boards re-
viewed and approved the protocol at
each institution.

Treatment Protocol
Patients were randomly assigned in
equal proportions to 1 of 2 treatment
groups, according to a randomization
schedule prepared by a study biostatis-
tician to achieve equal sample sizes for
the treatment groups overall and within
each diabetes mellitus type (type 1 or 2).
The randomization schedule was gen-
erated by an Interactive Voice Re-
sponse System that assigned cartons of
drug labeled with a unique double-
blind identification number. Eligible
patients were randomized to receive
either rhNGF, 0.1 µg/kg, or placebo ad-
ministered 3 times per week for 12
months, subcutaneously, through a 28-
gauge needle and 1-mL syringe. Genen-
tech, Inc (South San Francisco, Calif)
provided rhNGF as a single-dose prepa-
ration formulated at a concentration of
0.1 mg/mL in 20 mmol/L of acetate so-
lution with 136 mmol/L of sodium chlo-
ride. Each vial of placebo equivalent con-
tained a 20 mmol/L-acetate solution with
300 mmol/L of sodium chloride. To as-

sist with blinding, the hypertonic con-
centration of the sodium chloride solu-
tion in the placebo was chosen to mimic
the injection site hyperalgesia associ-
ated with rhNGF administration.11,12 In
addition, a separate physician apart from
the examining neurologist at each site
inquired about adverse events.

Patient Monitoring and Evaluation
Patients completed 2 screening visits and
a randomization visit during which they
provided a medical history; underwent
a complete physical and neurological ex-
amination; routine laboratory screen-
ing (hematologic and blood chemistry
analyses), including a complete blood
cell count, percent glycosylated hemo-
globin (hemoglobin A1C), SMA20, se-
rum thyrotropin levels, and serum thy-
roxine (free T4) levels; vitamin B12 and
folate levels; serum creatine kinase lev-
els; an electrocardiogram; and a urinaly-
sis. Women of childbearing potential had
a serum sample drawn for a human cho-
rionic gonadotropin test. At each of the
pair of screening visits, patients under-
went quantitative sensory testing, nerve
conduction studies, and were evalu-
ated using the Neuropathy Impair-
ment Score (NIS),13 Neuropathy Symp-
toms and Change (NSC),11 and a
monofilament test (a gross measure of
touch pressure on the sole of the foot).
During the double-blind treatment pe-
riod, patients were seen by the site in-
vestigators every 28 days, during which
the study drug and injection calendars
were collected and dispensed and ad-
verse events were monitored. At weeks
12, 24, and 48, the patients again were
evaluated using the NIS, NSC, the quan-
titative sensory tests, nerve conduction
studies, and the monofilament test. At
month 12, these studies were per-
formed twice within 10 days, as they
were during the screening period, and
the results were averaged to decrease
variability at the beginning and end of
the treatment period. At every third
month, hematologic and blood chem-
istry analyses were performed as de-
scribed above and anti-NGF antibody
levels were checked. Site investigators
were trained to perform the neurologi-

rhNGF IN DIABETIC NEUROPATHY

2216 JAMA, November 1, 2000—Vol 284, No. 17 (Reprinted) ©2000 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



cal evaluation, quantitative sensory test-
ing, and nerve conduction studies in a
uniform manner at joint training ses-
sions. The raw data from the nerve con-
duction studies and the quantitative sen-
sory testing were monitored to ensure
that test performance, stimulus re-
sponse characteristics, and results met
predefined testing criteria.

Symptom Assessment
and Neurological Evaluation
Overall neuropathic impairment as de-
termined by neurological examination
was assessed using a subset of the NIS
that specifically assesses impairments in
the lower limb (NIS-LL),13 providing an
overall score based on a graded battery
ofmusclestrength, reflexes, andsensory
testing performed by the study site neu-
rologist.

Three different symptom assess-
ments were used: (1) The NSC, a phy-
sician-completed questionnaire, which
tallies number, severity, and change of
symptoms, evaluates motor, auto-
nomic, large fiber, and small fiber
sensory nerve function in all extremi-
ties. (2) A global symptom assessment
(1 question) administered at the con-
clusion of the treatment period que-
ried patients on a 7-point scale as to
whether their neuropathy symptoms
had changed from pretreatment to post-
treatment. (3) The Patient Benefit Ques-
tionnaire (PBQ) assessed quality of life
and activities of daily living.

Quantitative Sensory Tests
Sensory perception was quantified using
the CASE IV System (WR Medical Elec-
tronics Co, Stillwater, Minn). Three sen-
sory modalities were measured, includ-
ing cooling detection threshold (CDT),
an intermediate response of pain from
graded heating pulses (HP: 5.0) (both
measures of small-diameter fiber func-
tion), and vibratory detection threshold
(VDT, a measure of large-diameter fiber
function), using techniques and algo-
rithms previously described.14-18 A 4, 2,
and 1, stepping with null stimuli algo-
rithm was used for the CDT and VDT
testing.17 Thresholds were expressed as
stimulus steps,1-25 as units of displace-

ment (VDT), change in degrees (CDT),
and as normal deviates. Percentiles and
normal deviates were estimated for age,
sex, anatomical site, and other physical
characteristics based on a previous
normative study of more than 300
patients.14-18

Nerve Conduction Studies
Nerve conduction studies were per-
formed or supervised by American Board
of Electromyography–certified physi-
cians at each site, according to a stan-
dardized uniform protocol, and moni-
tored at a quality assurance center. For
each patient, recordings were obtained
from the sural sensory and peroneal mo-
tor nerves as well as the ulnar motor and
sensory nerves. Bilateral sural nerve
studies were performed first, and if the
responses were present, the peroneal and
ulnar nerve studies were performed on
the side that had the highest sural am-
plitude or on the left side if sural re-
sponses were absent. Only unilateral
measures were included in the evalua-
tion. Unobtainable potentials were as-
signed a value of 0 for amplitude mea-
surements and a missing value for
latency measurements. Sensory action
potentials were recorded with surface
electrodes at all centers. Lower limb tem-
perature was controlled within and
across participating centers.

End Points for Efficacy
The primary efficacy variable was the
change in the patient’s neuropathy after
48 weeks, compared with baseline as
measured by the NIS-LL (range, 0-85).
A patient was classified as having wors-
ened if the NIS-LL change from base-
line was 2 points or more, considered to
have improved if the NIS-LL change was
2 points or less, or classified as having
no change from baseline. These criteria
were based on the recommendations for
a clinically meaningful change in a clini-
cal trial defined for the total NIS by the
Peripheral Nerve Society Consensus
Committee.19 The primary efficacy vari-
able was evaluated with an intent-to-
treat analysis. Patients who terminated
the study prematurely were followed up
through month 12 whenever possible.

When it was not feasible to obtain the
month 12 assessments, the last observa-
tion was carried forward. Patients who
dropped out of the trial because of an
adverse event or noncompliance and for
whom no follow-up data were available
were classified as having worsened.

Secondary efficacy variables in-
cluded the change from baseline in the
following measures: CDT, HP:5.0,
NIS-LL sensory subscore, NSC (the
change in the sensory severity score and
in the number of sensory symptoms),
PBQ, occurrence of a new foot ulcer,
NIS-LL mean change from baseline,
nerve conduction change from baseline
(sural and ulnar sensory amplitudes and
distal latency), and the global assess-
ment questionnaire.

Evaluable patients were defined as
those without major protocol viola-
tions who had the required end point
measures from the baseline and blinded
treatment periods, who completed the
full treatment regimen, and who were
determined to be in at least 80% com-
pliance with the study medication
schedule as measured by self-report and
inventory of returned vials.

Statistics
This study was designed to enroll 1000
patients (500 in each arm) who were to
receive treatment for 12 months. Based
on the assumption that the shift in lo-
cation after 12 months of treatment
would be at least as large as what was
observed in the 6-month phase 2 clini-
cal trial, simulations demonstrated that
with 425 evaluable patients per arm, this
study should have at least 80% power
to detect a significant difference be-
tween groups. Five hundred patients per
arm were selected assuming a 15% drop-
out rate. Continuous variables are sum-
marized as means (SDs). Discrete data
are summarized as frequency and per-
centage. Comparability of the 2 groups
with regard to demographic and base-
line characteristics was assessed using
analysis of variance for continuous vari-
ables and x2 test for discrete variables.
Between-group comparison of the pri-
mary efficacy end point was performed
using the Cochran-Mantel-Haenszel sta-
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tistic using mean scores. Between-
group comparisons of the secondary ef-
ficacy end points were performed using
the Wilcoxon rank-sum test. The com-
parison of the incidence of new foot ul-
cers was performed using the Cochran-
Mantel-Haenszel statistic.

RESULTS
Patient Characteristics

Of the 1019 patients enrolled in this
study, 515 received placebo and 504 re-
ceived rhNGF. Of these, 836 were de-
termined to be evaluable according to
the criteria defined (see “Methods”):
442 received placebo and 394 re-
ceived rhNGF. There were no signifi-
cant differences in the demographic or
clinical characteristics between the 2
groups at baseline (TABLE 1). Nearly
75% of the patients in both groups had

type 2 diabetes mellitus. Overall, 180
patients (17.7%) prematurely discon-
tinued the study drug: 86 (17.1%) in
the rhNGF treatment group and 54
(10.5%) in the placebo group. Forty-
eight (9.5%) of those in the rhNGF
group discontinued because of ad-
verse events, compared with 20 (3.9%)
in the placebo group (FIGURE).

Adverse Events
The adverse event profile was very simi-
lar to that in the phase 126 and phase 2
clinical trials. Three adverse events were
notably more frequent in the rhNGF
group than the placebo group: injec-
tion site pain/hyperalgesia (67.2% vs
11.6%), myalgia (6.2% vs 2.2%), and
peripheral edema (5% vs 1.2%). Injec-
tion site pain/hyperalgesia was the most
frequent adverse event and led to the
discontinuation of the drug in 22 pa-
tients (4%), all from the rhNGF group.
Eleven patients died during the study:
7 in the placebo group and 4 in the
rhNGF group. Approximately 19% of
the patients experienced serious ad-
verse events, which were balanced in
distribution across the 2 treatment
groups. None of the deaths or serious
adverse events were attributed to the
drug and were generally unremark-
able in view of the patient population.
One rhNGF-treated patient tested
positive for anti-NGF antibodies
at 6 months but was negative at 9
months.

Efficacy
Efficacy of rhNGF was assessed by com-
paring end points pretreatment and post-
treatment. Change in the NIS-LL score
served as the basis of the primary end

point. In the intent-to-treat analysis, all
patients without available month 12 val-
ues were considered to have worsened.
Overall, 31% of the patients improved,
38% worsened, and 31% remained un-
changed (TABLE 2). With this analysis,
the rhNGF treatment group appeared to
do worse than the placebo group
(P=.04). When the discontinuation pen-
alty was removed and patients without
available 48-week values were catego-
rized on the basis of the last available
NIS-LL value carried forward, there were
no significant differences between the
treatment groups (P=.25). When re-
stricted to the evaluable subset, the analy-
sis of the primary end point also showed
no significant differences (P=.32).

No beneficial effect of rhNGF vs pla-
cebo was observed for the majority of
the secondary end points, including the
quantitative sensory tests (CDT, HP:
5.0, and VDT), the NSC, the sensory
subscore of the NSC, nerve conduc-
tion testing, the incidence of foot ul-
cers, and the primary components of the
PBQ (TABLE 3 and TABLE 4). With re-
gard to all the secondary end points,
neither the rhNGF group nor the pla-
cebo group worsened during the course
of the study but either remained un-
changed or numerically improved com-
pared with baseline values.

The global assessment score did dem-
onstrate a statistically significant but
modest benefit from treatment with
rhNGF (P=.03 by O’Brien rank sum).
Overall,22%ofpatientsreceivingrhNGF
subjectively believed that their neuropa-
thy had worsened during the course of
the studyascomparedwith26%of those
receiving placebo (TABLE 5). In con-
trast, 45% of the rhNGF group and 37%
of the placebo group believed that they
had improved. The activities of daily liv-
ing score and the quality of life mea-
sure components of the PBQ failed to
show any significant difference be-
tween the groups (P=.80; Table 3). Only
2 of 32 treatment comparisons did show
a significant benefit in favor of rhNGF,
and this might be expected by chance.
These were the severity of pain in the
leg (rhNGF improved 11.1 vs 8.6 points
for the placebo; P=.05) and the 6-month

Figure. Participant Flow Through the Study

2380 Subjects Screened

1019 Randomized

504 Assigned to rhNGF

86 Discontinued Study
Drug
48 Adverse Events
38 Other

418 Completed Study

394 Evaluable Subjects

515 Assigned to Placebo

54 Discontinued Study
Drug
20 Adverse Events
34 Other

461 Completed Study

442 Evaluable Subjects

rhNGF indicates recombinant human nerve growth
factor.

Table 1. Baseline Demographics of the Patient Population Enrolled in the Trial*

Demographics Placebo (n = 515) rhNGF (n = 504)

Male, No. (%) 323 (62.7) 320 (63.5)

Age, mean (SD) [range], y 55.8 (10.4) [19-74] 55.1 (11.3) [22-75]

Type 1 diabetes, No. (%) 134 (26.0) 131 (26.0)

Duration of diabetes mellitus, mean (SD), y 15.5 (10.9) 14.6 (10.9)

Duration of symptoms, mean (SD), y 5.2 (4.6) 4.8 (5.0)

History of plantar ulcers, No. (%) 27 (5.2) 27 (5.4)

Hemoglobin A1c, mean (SD), % 8.7 (1.8) 8.8 (1.8)

*rhNGF indicates recombinant human nerve growth factor.
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symptoms in leg measure (rhNGF im-
proved 13.8 vs 11.1 points for the pla-
cebo, P=.003). Most components of
the PBQ showed some numerical im-
provement at month 12 in both treat-
ment groups. There were no categories
in which the placebo group did signifi-
cantly better than the rhNGF group.

Blinding
To determine whether this study was ad-
equately blinded, patients and the ex-
amining neurologists were asked at
month 12 to identify the treatment re-
ceived. Forty-nine percent of patients
correctly indicated that they were re-
ceiving placebo, and 33% correctly in-
dicated that they were receiving rhNGF.
Similarly, 42% of the time neurologists
correctly identified the treatment as pla-
cebo, and 34% of the time they cor-
rectly identified rhNGF based on the
presence or absence of efficacy. In ad-
dition, patients 26% of the time and neu-
rologists 40% of the time indicated that
they could not guess the treatment type.
Although the rates of correct identifica-
tion were less than 50%, the availabil-
ity of an “unknown” category resulted
in a statistically significant association
between the actual treatment received
and the opinion about the treatment re-
ceived (P,.05).

COMMENT
This multicenter study of 1019 pa-
tients with diabetic polyneuropathy
demonstrated that rhNGF administra-
tion is safe but failed to show a signifi-
cant benefit of rhNGF treatment when
administered at a dose of 0.1 µg/kg, sub-
cutaneously, 3 times per week for 12
months. The primary efficacy end point
did not show any significant differ-
ences favoring the rhNGF treatment
group, although both groups showed a
trend toward improvement in this mea-
sure during the course of the study. Simi-
larly, there were no significant differ-
ences between the 2 groups in most of
the secondary end point measures. The
only exceptions were the global symp-
tom assessment and 2 individual mea-
sures within the PBQ that showed a sig-
nificant benefit from rhNGF.

The neuropathy in both treatment
groups failed to progress during the
course of the study, and most mea-
sures suggested improvement in both
treatment groups. Large epidemiologi-
cal studies, such as the Rochester
Diabetic Neuropathy Study,20 have
demonstrated that in the short term, in-
dividual measures of neuropathy may
have a variable course and transient im-
provements in subjective measures are
common. Progression of neuropathy

may be clearly demonstrated over 2
years according to the Rochester Study,
but it is less clear in 1-year incre-
ments. Nevertheless, given the large
number of patients enrolled in this
study, the lack of significant neuropa-
thy progression is surprising. Our pa-
tient population may have differed from
the Rochester population in that they
had better glycemic control. The mean
serum hemoglobin A1C for our pa-
tients was 8.7%, compared with 11.2%

Table 2. NIS-LL Categorical Analysis on All Randomized Subjects*

Change in NIS-LL

No. (%) of Patients

P Value†
Placebo
(n = 515)

rhNGF
(n = 504)

Improved 175 (34.0) 159 (31.5)

Unchanged 212 (41.2) 204 (40.7) .25

Worsened 128 (24.8) 141 (28.0)

*For subjects who could not complete the study, the last available Neuropathy Impairment Score for the Lower Limbs
(NIS-LL) value was carried forward. rhNGF indicates recombinant human nerve growth factor.

†The P value is a comparison of rhNGF vs placebo for all categories using the Cochran-Mantel-Haenszel statistic after
adjusting for study discontinuation.

Table 3. Summary of the Results From the Secondary End Points of 1019 Randomized
Patients*

Measures

Mean (SD)

P ValuePlacebo rhNGF

CDT† Baseline 1.9 (0.38) 1.9 (0.41)

Post 1.9 (0.43) 1.9 (0.45)

Change 0.0 (0.28) 0.0 (0.4) .46

HP:5.0† Baseline 1.1 (1.3) 1.1 (1.3)

Post 0.8 (1.4) 0.9 (1.4)

Change −0.2 (1.1) −0.3 (1.1) .88

NIS-LL Sensory Score‡ Baseline 8.2 (4.0) 8.0 (4.0)

Post 7.9 (4.2) 7.8 (4.2)

Change −0.3 (2.7) −0.2 (2.6) .47

NSC§ Baseline 4.1 (2.3) 4.0 (2.2)

Sensory symptoms Post 3.4 (2.4) 3.7 (2.4)

Change −0.2 (1.7) −0.3 (1.7) .88

Severity score Baseline 7.6 (5.3) 7.4 (5.2)

Post 6.9 (5.3) 6.5 (5.3)

Change −0.8 (4.0) −0.9 (3.8) .93

PBQ\ Baseline 90.4 (11.2) 91.1 (11.9)

Activities of daily living Post 91.9 (12.3) 92.2 (11.6)

Change 1.5 (10.2) 1.1 (8.5) .80

Quality of life Baseline 38.9 (11.2) 39.2 (11.1)

Post 40.4 (11.4) 40.6 (11.5)

Change 1.5 (8.5) 1.5 (8.6) .89

*A negative change indicates improvement in each category with the exception of the Patient Benefit Questionnaire
(PBQ) in which a positive change indicates improvement. rhNGF indicates recombinant human nerve growth factor.
Change measurements were taken at 12 months.

†Cooling detection threshold (CDT) and heating pulse (HP) values are expressed in normal deviates compared with the
normal population.

‡Neuropathy Impairment Score for the Lower Limbs (NIS-LL) is based on a scale of 0 to 88.
§Neuropathy Symptomal Change (NSC): 10 sensory symptoms were scored as 0, absent or 1, present. Severity was

scored as 1, slight; 2, moderate; and 3, severe.
\PBQ was based on a scale of 0 to 100. A higher score indicates better function.
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for the Rochester patients with neu-
ropathy. Improvement of the placebo
group during the course of the study,
as was the case here, makes it far more
difficult to demonstrate superiority of
the drug to the placebo. If the ability
of small doses of rhNGF to reverse neu-
ropathy is not robust or if rhNGF is only
capable of preventing the progression
of neuropathy, it might not be pos-
sible to detect a significant beneficial ef-
fect in a 1-year trial.

It is unknown whether NGF should
be expected to improve neuronal func-
tion or just prevent progression of neu-
ropathy in a clinical setting. Each of the
preclinical experimental models dem-
onstrated that NGF has the ability to
prevent neuropathy, not reverse it.8-10

Moreover, the doses of NGF used in
those animal studies ranged from 1 to
10 mg/kg, administered between 3 and
7 times a week, in contrast to rhNGF
administered at 0.1 µg/kg, 3 times a
week in our trial. Thus, the dose cho-
sen for this study may be at the thresh-
old or below the minimum dose needed
to demonstrate efficacy. Painful myal-
gias and arthralgias seen at higher doses
in phase 1 clinical trials restricted dos-
ing to less than 1 mg/kg. However, in
this study, only 0.1 µg/kg was used as
the lowest effective dose in the phase
2 trial and chosen because there were
no significant differences between 0.1
and 0.3 µg/kg doses in the phase 2 trial
with regard to efficacy, and the lower
dose was thought to be less likely to
cause adverse events. Given inherent
differences between the trials, a thresh-
old dose might be efficacious in one trial
and not in another. It also is possible
that our assessment was inadequate to
detect a beneficial effect. All sensory
measurements were performed at the
toe. Considering the advanced neu-
ropathy of our study population, im-
provement might have been detect-
able at more proximal locations where
sprouting fibers are more likely to grow,
and we might have missed it by restrict-
ing our examination to the big toe. In
addition, the NIS-LL is not sensitive to
small fiber sensory dysfunction, the
neuronal population most likely to re-
spond to rhNGF. This measure was

chosen with the agreement of regula-
tory agencies since it was a validated in-
strument that can demonstrate a clini-
cally meaningful change in functional
status over time. Alternatively, it is pos-
sible that the rhNGF did not get to the
target tissue in adequate concentra-
tions or that the drug is not effective at
ameliorating diabetic neuropathy.

Two phase 2 clinical trials, one in pa-
tients with diabetic polyneuropathy and
the other in patients with HIV neuropa-
thy, using comparable doses, demon-
strated significant improvement in the
neuropathy over an even shorter time.
Why was this trial different? Direct
comparisons with the phase 2 clinical
trials have been unrevealing. Demo-
graphic characteristics were similar be-
tween the 2 trials with the exception of
older age (maximum age of 59 years in
phase 2 vs 75 years in our study) and a
greater proportion of patients with type
2 diabetes mellitus in phase 3 (50% in
phase 2 vs 75% in our study). When we
eliminated patients who would not have
qualified for the phase 2 clinical trial
(based on age and quantitative sen-
sory testing percentiles), the data still
failed to show a beneficial effect of
rhNGF. We also failed to detect a sig-
nificant treatment effect when the data
were examined at 3 months and 6
months and when subsets were exam-
ined according to age, sex, diabetes type,
baseline hemoglobin A1C levels, and
baseline NIS-LL score. One other im-
portant difference was that patients with
proliferative retinopathy were ex-
cluded from the phase 2 trial but not
the phase 3 trial. Patients without pro-
liferative retinopathy are less likely to
have severe neuropathy.

A final point for consideration is the
possibility that the drug may not have
been identical in the 2 sets of studies.
Although the structure of the final pro-
tein was identical, the manufacturing
process was altered prior to the phase
3 trial. The new rhNGF was in a solu-
tion with a slightly different molarity
of acetate and sodium chloride. It also
was formulated at a very different con-
centration (2 mg/mL for phase 2 and
0.1 mg/mL for phase 3). The 2 drugs

Table 4. Summary of the Nerve Conduction Results of 1019 Randomized Patients*

Measure

(N) Mean (SD)

P ValuePlacebo 0.1 rhNGF

Sural amplitude, µV Baseline (515) 1.4 (2.6) (504) 1.6 (2.9)

Post 1.3 (2.7) 1.5 (2.8)

Change −0.1 (1.7) −0.1 (1.9) .33

Sural peak latency, ms Baseline (194) 4.4 (1.1) (205) 4.3 (1.1)

Post 4.4 (1.1) 4.3 (1.1)

Change 0.0 (0.4) 0.0 (0.4) .09

Ulnar amplitude, µV Baseline (515) 7.0 (7.0) (504) 6.9 (7.2)

Post 6.7 (7.1) 6.4 (7.0)

Change −0.4 (4.5) −0.5 (3.7) .35

Ulnar peak latency, ms Baseline (415) 3.3 (0.6) (402) 3.3 (0.5)

Post 3.3 (0.6) 3.3 (0.5)

Change 0.0 (0.4) 0.0 (0.3) .49

*rhNGF indicates recombinant human nerve growth factor.

Table 5. Global Assessment of Symptom
Change*

Assessment

No. (%) of Patients

Placebo
(n = 488)

rhNGF
(n = 460)

Significantly
worse

21 (4.3) 17 (3.7)

Moderately
worse

36 (7.4) 25 (5.4)

Mildly worse 71 (14.6) 61 (13.3)

Unchanged 178 (36.5) 150 (32.6)

Mildly better 75 (15.4) 92 (20.0)

Moderately
better

67 (13.7) 63 (13.7)

Significantly
better

40 (8.2) 52 (11.3)

*rhNGF indicates recombinant human nerve growth
factor.The overall comparison of rhNGF vs placebo
using the O’Brien rank sum was P = .03.
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demonstrated similar bioactivity in
PC12 cell cultures, but they were not
compared in animal studies. Interest-
ingly, several patients who partici-
pated in phase 2 and received the phase
3 rhNGF through open-label exten-
sion studies reported that the injec-
tion site hyperalgesia felt different. In
fact, injection site hyperalgesia was re-
ported in more than 90% of the phase
2 patients and only 67% in our study.

CONCLUSION
In summary, this phase 3 clinical trial
confirmed the safety of rhNGF demon-
strated in previous studies but failed to
demonstrate a beneficial effect of rhNGF
in treating diabetic polyneuropathy.
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