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Abstract: Chronic pain arising from various pathological conditions such as osteoarthritis,
low back or spinal injuries, cancer, and urological chronic pelvic pain syndromes presents
significant challenges in diagnosis and treatment. Specifically, since the underlying cause of
these pain syndromes is unknown or heterogeneous, physicians diagnose and treat patients
based on the symptoms presented. Nerve growth factor (NGF) has been recognized as an
important mediator of chronic pain in many pathological conditions, and has been shown to be
upregulated in a subset of individuals suffering from such pain syndromes. These findings have
led to the development of anti-NGF monoclonal antibodies such as tanezumab as potentially
effective therapeutics for chronic pain. Although tanezumab has reached Phase I and III clini-
cal trials, the trials of anti-NGF antibodies were halted due to safety concerns. Some of these
trials of anti-NGF treatment have had statistically significant decreases in pain, while others
have yielded inconclusive results. These findings are suggestive of, though do not prove, target
(NGF) neutralization in chronic pain syndromes. A biomarker-driven anti-NGF clinical study
layout is proposed that incorporates NGF measurements in the relevant samples before and
after treatment, in addition to collecting the pain scores. This approach might not only confirm
the mechanism of tanezumab’s action in these chronic pain patients, but should establish NGF
levels as a predictive biomarker for patients who can benefit from anti-NGF treatment, thereby
creating a personalized approach to pain treatment.

Keywords: nerve growth factor, chronic pain, anti-NGF antibodies, neurotrophic factor,
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Introduction

Medically unexplained chronic pain arising from various pathological conditions pres-
ents significant challenges in diagnosis and treatment. Such chronic pain conditions
include osteoarthritis, low back or spinal injuries, cancer, urological chronic pelvic
pain syndromes, and many others. Operationally, clinicians are often dependent on
standard diagnostic categories, which might not have captured the full spectrum of
heterogeneity of these pain symptoms. Heterogeneity of the underlying signals for
chronic pain has been substantiated by the involvement of inflammatory mediators,
peripheral neuropathy, post-herpetic reactions, and local production of neurotrophins
in several of these pathological conditions.'? Current therapies for chronic pain include
nonsteroidal anti-inflammatory drugs, antiseizure agents, and opiates, but the results
are less than satisfactory in most cases and have often proved toxic with long-term
use."** More recently, nerve growth factor (NGF) has been recognized as an important
mediator of chronic pain syndromes.? Therefore, different methods to block the NGF
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signaling at the receptor level or by antibodies against NGF
have been tested in preclinical studies as well as in clinical
trials. Many humanized anti-NGF monoclonal antibodies
have entered clinical trials as potential pain therapies, and
tanezumab (an anti-NGF antibody developed by Pfizer, Inc,
New York, NY) has advanced beyond the proof-of-concept
studies to Phase III trials in osteoarthritis. The role of NGF
in pain transduction, antibodies that block NGF signaling,
outcomes of previous proof-of-concept studies on anti-NGF
antibodies, and potential benefit of personalized treatment
based on biomarker assays are the topics of this review.

Nerve growth factor and its

receptors in pain sensation
Unexpectedly discovered in tumor cells and salivary
glands, NGF is the first neurotrophic factor to be identified,
purified, and biochemically characterized.””’ NGF is a
13 kDa polypeptide secreted as a dimer from target cells
of sympathetic and sensory neurons, and is involved in
the growth, signaling, and survival of neurons.?® In the
developing nervous system, the primary role of NGF is in
neuronal survival, but this role shifts in adults to a more
protective role at the organismal level by mediating pain from
noxious stimuli.'*!° Afferent nociceptor fibers that conduct
pain signals to the central nervous system include the small-
diameter, unmyelinated, slow-conducting C fibers and the
small-to-medium diameter, lightly myelinated, relatively
rapid-conducting Ad fibers.? The AJ fibers mediate acute/
sharp pain, whereas the C fibers mediate dull/diffuse pain.
These nociceptor fibers that innervate the different parts of the
body and head conduct pain signals to the dorsal root ganglia
of the spinal cord or the trigeminal ganglia, respectively.?
The signaling of NGF in these nociceptor neurons is
mediated through two different receptors, the low-affinity
75 kDa neurotrophin receptor (p75N™®), which belongs
to the TNF receptor family, as well as the high-affinity
tropomyosin-related kinase A (TrkA), a receptor tyrosine
kinase.”!! P75NTR binds neurotrophins such as BDNF, NT3,
and NT4, whereas TrkA binds NGF more selectively than
the other neurotrophins.'' Signaling through TrkA mediates
neurotrophic effects during development, and also mediates
the nociceptive functions of the sensory neurons in adult
life.!*12 p75NTR gignaling in the absence or low expression
of TrkA mediates apoptosis, whereas TrkA signaling blocks
this apoptotic effect and enhances neuronal survival.!>!*
The interesting aspect of NGF/TrkA signaling in the
nociceptor neurons is that in addition to its role in neuronal
survival by inhibition of apoptosis, the same signaling

pathway leads to the generation of action potentials for
the neuronal signaling of pain sensation.'>!® Functional
nociceptors selectively express the NGF receptor TrkA,
the neuropeptides’ substance P and calcitonin gene-related
peptide (CGRP), as well as the Transient Receptor Potential
Vanilloid 1 (TRPV1), which are important in the nociceptive
function.'”'® Immunohistochemical studies on rat dorsal root
ganglia have shown that a great majority (>90%) of the TrkA
expressing neurons were CGRP-expressing small-diameter
sensory neurons of the peptidergic C type sensory fibers."
Extensive studies using dorsal root ganglia neurons and
gene-transferred non-neuronal cells have demonstrated that
TRPV1 acts as a non-selective cation channel and plays an
important role in the conduction of nociceptive signals.!>1
NGF signaling through TrkA activates the cellular protein
kinases of the phosphatidylinositol 3-kinase (PI3K) and Ras
signaling pathway, which leads to the phosphorylation and
activation of TRPV1 for increased channel activity. This
activation might involve the participation of other kinases,
particularly protein kinase C (PKC) downstream of PI3K
(Figure 1).10:15.18

Tanezumab does not appreciably cross the blood—brain
barrier, as is evident from the preclinical studies of anti-NGF
antibodies.®?° The analgesic effect of anti-NGF treatment is
believed to be primarily in the blockade of signaling in the
CGRP/TrkA-positive peripheral nociceptive fibers. However,
some indirect effect on the central sensitization has also
been reported. This is evidenced by the inhibition of c-Fos
expression in the deep dorsal horn of the spinal cord in the
anti-NGF-treated rat model of cancer-induced pain.?

Several positive feedbacks exist in the NGF signaling
loops that potentially enhance the sensation of noxious
stimuli. First of all, NGF enhances the expression of its
own receptor TrkA, as experimentally demonstrated in basal
forebrain neurons from fetal rats.?> Moreover, NGF has
been shown to enhance the expression of substance P and
CGRP in the neurons of C fibers, thus sensitizing neurons
to hyperalgesia. The release of these nociceptive peptides
from the neurons in turn stimulate increased production
of NGF by the target cells of the nociceptive neurons.
Moreover, TRPV1 phosphorylation resulting from NGF
signaling through TrkA leads to increased translocation
of TRPV1 channel proteins to the cell surface membrane.
These positive feedback loops in the NGF signaling amplify
the TRPV1 channel activity leading to NGF-induced
hyperalgesia.

The role of NGF in mediating pain in many different
pathological conditions now has been well established in
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Notes: NGF signals through the high-affinity TrkA and low p75N™ receptors. TrkA activates both PI3 kinase (PI3K) and Ras pathways, which lead to cell survival and
neurite outgrowth. Signaling through p75N™ leads to apoptosis, which is blocked by the TrkA-activated PI3K pathway. PI3K activation also leads to activation of the non-
selective cation channel TRPVI by phosphorylation, thereby generating action potential for nociceptive functions. Moreover, TRPV| phosphorylation results in increased
translocation of TRPVI to the plasma membrane to enhance channel activity. Antibody-mediated NGF blockade results in the abolition of both neurotrophic and

nociceptor functions.
Abbreviation: NGF, nerve growth factor.

experimental and clinical contexts. For example, NGF
levels were increased in skin tissues artificially inflamed
by treatment with carrageenan, and NGF signaling in this
model contributed to the pain sensitization by the afferent
nociceptive neurons.? This is evidenced by the observation
that neutralization of NGF by the soluble NGF receptor
fusion molecule TrkA-IgG reversed the inflammatory pain
sensitization.”** Similarly, another TrkA soluble receptor,
TrkAdS5, has been shown to be effective against pain in
experimentally induced osteoarthritis in rats, demonstrat-
ing the role of NGF signaling in mediating osteoarthritic
pain.?® Genetic evidence for the role of NGF in pain signals
comes from a single substitution mutation, R100W, in the
NGF gene that resulted in defective processing of the pre-
cursor protein and the accompanying changes in the bind-
ing affinity to the receptors, leading to severe reduction of
pain perception.”’” However, kinase domain mutations in the
TrkA gene itself that affect NGF signaling resulted in more
extensive abnormalities including a human disorder named

congenital insensitivity to pain with anhidrosis (CIPA),
behavioral defects, and mental retardation.?

There are several clinical situations in which elevated
levels of NGF have been implicated in human chronic
pain syndromes, such as interstitial cystitis/painful bladder
syndrome (IC/PBS), chronic prostatitis/chronic pelvic
pain syndrome (CP/CPPS), osteoarthritis (OA), diabetic
peripheral neuropathy, and psoriasis, and which can serve
as biomarkers for the underlying pain mechanism.*?°-*? For
example, NGF overexpression in the bladder contributes to
the regulation of afferent neural plasticity and reorganization
of the micturition pathways in overactive bladder syndrome
(OAB) and interstitial cystitis/painful bladder syndrome
(IC/PBS).* In the clinical settings, elevated levels of
urinary NGF have been reported to be reliable biomarkers
for overactive bladder.** Similarly, elevated urinary NGF
levels were observed in patients with IC/PBS compared
to normal controls in a clinical study, and a decrease
in urinary NGF was associated with pain reduction in
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response to different treatments such as hydrodistension,
oral pentosan polysulphate, hyaluronic acid instillation, or
BoNT-A injections.?’ In a small clinical study involving 20
CP/CPPS patients and four control subjects, the expressed
prostatic secretion (EPS) contained significantly higher
levels of NGF than the control group. There was clear
correlation between the NGF levels and pain severity in
the patients with CP/CPPS.*? The patients who responded
to treatment showed a significant reduction in the NGF
levels from the baseline. Therefore, NGF levels in the EPS
can serve as a biomarker for the severity of pain and as a
measure of treatment response.

Chronic pain associated with advanced malignancies has
also been shown to be related to NGF signaling. Prostate and
breast cancers, which frequently result in bone metastases,
are characterized by severe bone pain. In experimental tumor
models in rats, NGF produced by the tumor cells and/or
tumor-associated stromal cells has been implicated in the
extensive sprouting of sensory neural fibers from the bone
tissue and the resulting hyperalgesia.3**

In streptozotocin-induced diabetes in rats, elevated NGF
levels in the skin have been observed along with an increase
in the proportion of TrkA-expressing, CGRP-positive neu-
rons, indicating a role for NGF in painful diabetic neuropathy,
although the enhanced NGF production might be a natural
response to protect the sensory neurons affected by diabetic
conditions.*

Therapeutic potential of NGF

modulation

The aforementioned studies establish the role of NGF as
an important modulator of pain sensation in many differ-
ent pathological conditions and have led to investigations
on the therapeutic strategies for blocking NGF signaling.
Studies in a mouse model of bone metastasis of prostate
cancer demonstrated that systemic administration of anti-
NGF monoclonal antibodies prevented tumor-associated
pain behavior and neural sprouting in the vicinity of the
tumor, irrespective of the time of starting the therapy rela-
tive to the establishment of tumor.’” Most of the sensory
nerve fibers that innervate bone are the small-diameter
types that express TrkA and CGRP peptide, and there-
fore blocking these fibers is unlikely to be compensated
by alternative nociceptive fibers.?! In another study of
autoimmune arthritis in rats, anti-NGF antibodies almost
completely eliminated the joint pain, but the underlying
inflammatory pathology was not changed.* Therefore, this
highly effective blocking of the sensory signals of joint

pain sometimes has the negative effect of encouraging
the overuse of an affected bone or joint, as in the case of
osteoarthritis discussed later.

Tanezumab: an NGF-targeted

approach to treating chronic pain
Tanezumab is a humanized [IgG2 monoclonal antibody
against NGF developed by Pfizer Inc, based on evidence
linking NGF to chronic pain.*** Tanezumab was designed
to block the NGF-receptor interaction, thus preventing the
signaling through the sensory and sympathetic neurons
for the perception of pain. Other antibodies against
NGF such as REGN 475 (Regeneron, Tarrytown, NY),
fulranumab (Johnson & Johnson, New Brunswick, NJ),
PG110 (Abbott Laboratories, Abbott Park, IL), and MEDI
578 (AstraZeneca, London, UK) are also in early phases of
clinical development.** This review will mainly focus on
tanezumab, which is at an advanced stage of development
in multiple chronic pain conditions, although the discussion
will be generally applicable to other NGF antibodies also.
Tanezumab shows tight binding to NGF and the complex
has a half-life of >100 hours.** Pharmacokinetic and
toxicological studies in cynomolgus monkeys by weekly
intravenous administration for 26 weeks followed by 8 weeks
recovery period did not show adverse events (AEs) or any
histological abnormalities in brain, spinal cord, nerves, or
ganglia.* To evaluate its clinical efficacy in the treatment of
chronic pain syndromes, tanezumab was studied in patients
with osteoarthritis, chronic lower back pain, urological
chronic pelvic pain syndromes, painful diabetic neuropathy,
and cancer pain. Some of the representative studies are
described here.

In a Phase II proof-of-concept study, 450 patients with
moderate-to-severe osteoarthritis of the knee were randomly
assigned to receive two intravenous (iv) administrations of
tanezumab at 10, 25, 50, 100, and 200 pg/kg or placebo
8 weeks apart.* Tanezumab treatment resulted in substantial
improvement in the primary efficacy measures of knee pain
during walking as well as in global assessment of response
to therapy. There was a 45%—62% reduction in knee pain
from the baseline in the different dose groups averaged over
a 16-week period, compared to 22% reduction in the placebo
group. The most common adverse events were mild-to-
moderate headache, respiratory infections, and changes in
skin sensation (paresthesia).

A similar study was also conducted in Japanese patients
having moderate-to-severe OA in the knee, with improve-
ments in knee pain following a single iv administration of
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different doses of tanezumab up to 200 pg/kg versus placebo,
accompanied by mild-to-moderate AEs of peripheral sensa-
tion that were transient in nature.*® Tanezumab was also
evaluated for long-term effects in another Phase II repeat
dose study by administration of 50 ng/kg every 8 weeks for
amaximum of eight doses in OA patients.*” While significant
improvement in overall knee pain was observed, treatment-
related AEs were mild and of low incidence (7.5%), mostly
hypoesthesia and paresthesia, most of which resolved before
study completion.

Tanezumab was tested for its efficacy for chronic low
back pain (LBP) in a Phase II trial of 220 chronic LBP
patients who were on analgesic medication for at least
3 months and having an average LBP intensity (aLBPI) score
of =4 using an 11-point numeric rating scale (NRS).*® The
patients received a single iv dose of 200 ng/kg tanezumab
(the maximal dose tested in the OA studies), naproxen (a
common nonsteroidal anti-inflammatory drug) at 500 mg
twice a day for 12 weeks, or placebo in a 2:2:1 ratio and
observed over a 12-week period. At week 6, the number
of patients showing =30% and =50% reduction in aLBPI
score was much higher in the tanezumab group compared
to the naproxen and placebo groups. Tanezumab was supe-
rior to both naproxen and placebo at weeks 4 to 12 with a
higher proportion of patients showing =30% reduction in
aLBPI score.

In a similar Phase II study in patients with interstitial
cystitis, 34 patients received a single iv dose of tanezumab
at 200 pg/kg and 30 patients received placebo.® At 6 weeks,
the tanezumab cohort showed significant reduction in the
average pain score on an 11-point NRS versus placebo as
the primary end point. Tanezumab safety and efficacy were
also evaluated in a Phase II trial of patients with moderate-
to-severe CP/CPPS (NIH CPSI of =15) with an average
daily pain score of =4 on a 10-point NRS (ClinicalTrials.
gov identifier: NCT00826514).%-° Sixty-two patients were
randomized to receive either a single iv administration of
20 mg tanezumab or placebo and followed up for 16 weeks.
The primary efficacy endpoint consisted of changes in the
average daily NRS pain score from the baseline to week 6.
However, in this case, the patients showed only a marginal
improvement in the average daily pain score that was not
statistically significant. This result was different from the
outcome of other studies of tanezumab in osteoarthritis and
low back pain where the tanezumab cohort showed substan-
tial pain reduction over the placebo or active comparator
cohorts. One explanation for this observation could be that
CP/CPPS is very heterogeneous in the etiology, and selection

of patients based on appropriate criteria might improve the
response to tanezumab.”!

Following successful proof-of-concept studies of tan-
ezumab, several Phase II and III trials in patients with
osteoarthritis of the knee or hip have been underway.*
However, a significant number of patients had worsening
of osteoarthritis, probably due to overuse of the joints after
improvements in pain due to tanezumab therapy.*>*! This
led to a clinical hold by the FDA on all trials of osteoarthri-
tis, and later the clinical hold was extended to trials on all
indications except cancer pain (ClinicalTrials.gov Identifier:
NCTO01146561).4525 However, it is possible that tanezumab
still holds promise as a highly efficacious therapy for chronic
pain arising from different pathological conditions, with only
mild-to-moderate drug-related AEs, which are mainly related
to peripheral sensation. In some pathological conditions, such
as osteoarthritis or diabetic peripheral neuropathy, closer
monitoring of the disease condition is essential, because
tanezumab mainly reduces the chronic pain associated with
the condition, but the underlying cause of the disease might
persist in many cases.

Lessons learned from previous

tanezumab trials

Adverse events comparable to those seen in the OA trials are
yet to be observed in trials involving other pain syndromes,
such as urological pelvic pain syndromes, but many studies
have been terminated or halted to further assess the safety
issues.*>? Recent clinical studies investigating the efficacy
of tanezumab as a treatment for IC/PBS, CP/CPPS, or related
pain conditions have shown that tanezumab might provide
some symptom improvement compared with placebo.®3%%
However, the lack of conclusive evidence may be attributed
to individual variation in NGF levels in the affected tissues
or organs of patients who present similar symptoms (pain,
urgency, frequency), which might present a unique challenge
in the design of clinical trials.

In such cases, the true effect of tanezumab may not
be apparent due to inherent baseline variations in NGF
levels, ie, some patients that experience chronic pain may
intrinsically have low NGF levels and therefore benefit
less from anti-NGF treatment, as may be the case if the
pain is due to central sensitization or due to other inflam-
matory conditions. Therefore, a reasonable hypothesis
is that tanezumab might show significant improvements
in chronic pain in patients who have a certain threshold
level of NGF in the secretions or fluids collected from the
affected organs.
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to tanezumab treatment

As a follow-up on the lack of conclusive evidence of tan-
ezumab’s effects in some of the chronic pain syndromes
studied in non-selected populations (and the adverse effects
revealed in the OA study), future clinical studies might
benefit from enriching the enrollment of potential responders
in the study based on the baseline NGF levels as a biomarker.
Clinical trials in a nonselected population might dilute the
true effect of the therapy with the negative results from the
non-responders and fail to demonstrate the robustness of
clinical benefits in the target population. The key to designing
future trials is to unravel the etiology (ie, NGF expression)
behind the studied pain syndromes and to examine the
interplay with tanezumab, rather than nonselectively treating
for the symptom of pain.

In order to establish a mechanistic relation between
tanezumab therapy and pain reduction, a clinical study that
would incorporate the assessment of NGF as a biomarker is
recommended. The study should measure pre-treatment NGF
levels as a predictive biomarker for identification of potential
responders, and measure posttreatment NGF levels as a phar-
macodynamic biomarker for evaluating early signs of treat-
ment efficacy. The correlation between the analgesic efficacy
of the treatment and reduction in the NGF levels posttreatment
can then be evaluated from pre- and posttreatment standard-
ized pain scores and NGF measurements. A statistically signif-
icant correlation between these parameters would be a direct

A Proof-of-concept study

Enroll patients

Washout of prior
medication

Measure NGF
levels and pain
scores

Tanezumab Tanezumab
Low dose High dose

Measure NGF
levels and pain
scores

Placebo

proof of mechanism of the action of the tanezumab therapy
in chronic pain disorders, establishing baseline NGF levels as
a predictive biomarker for various chronic pain syndromes
for response to tanezumab treatment. A lack of correlation
between NGF levels and the analgesic effect would indicate
that tanezumab action may also be indirectly functioning
through other mediators or pathways.

A two-phase optimization
of tanezumab study: UCPPS

as a paradigm

An outline for an optimal clinical investigation of tanezumab
is recommended here by using urologic chronic pelvic pain
syndrome (UCPPS) as a paradigm. UCPPS includes both
CP/CPPS and IC/PBS and should be studied separately to
have well-defined study populations. A proof-of-concept
study in patients with CP/CPPS is conducted for evaluating
the safety, tolerability, and efficacy assessments of tanezumab
at two potentially optimal doses based on the results from the
previous trials (for example, two tanezumab cohorts of 100 and
200 pg/kg administered twice, 8 weeks apart, and a placebo
group) (Figure 2A). This phase will also have the secondary
objective of assessing the direct involvement of NGF as a target
of the therapy by measuring the NGF levels at pre- and posttreat-
ment time points in the appropriate samples collected (eg, EPS
and urine in the case of CP/CPPS). If the pain reduction observed
in response to treatment depends on baseline NGF levels that
are higher than asymptomatic subjects, the subsequent pivotal

B Pivotal study

Enroll patients

Washout of prior
medication

Measure NGF

levels and pain
scores
Stratify  Low NGF levels
patients

High NGF level

\— Tanezumab J

(optimal dosage)

Measure NGF
levels and pain
scores

Figure 2 Proposed study schema to assess NGF-dependence of tanezumab efficacy. (A) Proof-of-concept study in which NGF is measured in EPS and urine before and after
treatment with placebo or tanezumab at two different doses. (B) Pivotal study in which NGF levels are measured at pre- and posttreatment time points to establish NGF

levels as a predictive biomarker for anti-NGF therapy.
Abbreviations: EPS, expressed prostatic secretion; NGF, nerve growth factor.
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studies should include the baseline NGF level (high/low) as a
patient stratification criterion (Figure 2B). The low NGF group
would serve as a control for qualifying the elevated baseline NGF
as a predictive biomarker for response to tanezumab in the pivotal
studies. If the pain reduction is accompanied by corresponding
reductions in the NGF levels in the posttreatment samples at the
evaluated time points, the posttreatment reduction in the NGF
levels might serve as early signs of efficacy in the pivotal trial
even before the perceived pain reduction.

In the case of UCPPS, an acceptable approach to collecting
the baseline statistics would be to use the DABBEC pheno-
typing system, which addresses the underlying pathophysio-
logical mechanism of UCPPS rather than symptoms alone.>*
In the case of CP/CPPS, prostate fluid and urine, collected
via the relatively noninvasive Meares—Stamey four-glass test,
can be assayed for NGF by ELISA.32%%7 In patients having
IC/PBS and overactive bladder syndrome, urinary NGF can
be measured pre- and posttreatment.?** Synovial fluid and
serum can serve as the test sample for osteoarthritis studies
and diabetic neuropathy, respectively.’!

Discussion
Many chronic pain syndromes, including UCPPS, are of het-
erogeneous etiology, and careful attention should be paid to the
underlying mechanism for effective treatment with appropriate
therapeutic agents. NGF plays an important role in mediat-
ing chronic pain in several pathologic conditions but other
inflammatory mediators may also contribute to pain sensation.
Previous clinical trials for evaluating the anti-NGF antibodies,
particularly tanezumab, as an effective therapy for osteoarthritis
and other chronic pain syndromes, have established that the
therapy is effective in reducing the pain in most cases. For
targeted therapies of pain such as anti-NGF antibodies, best
responses are expected if the study population is enriched based
on the NGF levels in the affected tissues. A general recommen-
dation for a two-phase clinical study for anti-NGF antibodies
such as tanezumab in UCPPS is presented. This general pro-
cedure is applicable to the study of anti-NGF on other chronic
pain disorders where the etiology for pain is heterogeneous
by modifying the sample collection for NGF measurement.
UCPPS serves as a paradigm in this example because of the
relatively noninvasive and simple techniques used in obtaining
prostatic fluid and urine for assaying NGF levels. The advantage
of proving a mechanistic function of tanezumab’s effect is to
use NGF as a predictive biomarker for tanezumab treatment,
allowing for personalized medical care.

The information that is gained from these studies aug-
ments existing knowledge regarding the etiology of the pain

syndrome and isolates those arising from NGF signaling.
This might allow physicians to optimize treatment efficacy
by properly selecting patients based on factors such as
pretreatment NGF levels and standard pain scores. A poten-
tial exploratory addition to the study may be to measure the
effect of other proinflammatory factors in causing UCPPS
by performing multiplex immunoassays on the prostatic fluid
and urine samples. There could be a possibility that only a
fraction of the population with a chronic pain disorder may
be affected by abnormal NGF levels, or that NGF levels could
be just one of the factors in chronic pain. This exploratory
study of other proinflammatory factors may further elucidate
the complex mechanisms behind chronic pain syndromes.
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