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Abstract

There is a big need for the development of novel therapies for the safe management of chronic pain

associated with OA. Here we reviewed PubMed (2015 onward) and ClinicalTrials.gov for ongoing and

recently completed trials where pain in OA is the primary outcome measure. Three broad categories

were identified: biological therapies, small molecules and cryoneurolysis. The most promising new strategy

is blockade of nerve growth factor with antibodies. Two anti-nerve growth factor antibodies, tanuzemab and

fasinumab, are in active development after the 2010 hold on trials was lifted in 2015. In addition, several

active clinical trials are testing distinct mechanism-based interventions, including cytokine inhibition, select-

ive m, d or k opioid receptor agonists, zoledronate and intra-articular capsaicin. In addition to pharmaco-

logical approaches, cryoneurolytic strategies that directly target peripheral nerves may play a role in OA pain

management, but efficacy profiles and long-term effects of such treatments need more study. Clearly, the

therapeutic landscape for OA pain is rapidly expanding. Since symptomatic OA is a heterogeneous disease,

the challenge will be to identify patients that will benefit the most from specific approaches.
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Rheumatology key messages

. Anti-nerve growth factor therapy is a promising therapeutic for OA pain, despite reported adverse effects.

. Therapies for OA pain are rapidly transforming beyond traditional painkillers toward more mechanism-based
interventions.

. Neurolysis is being investigated for OA pain, but efficacy profiles and long-term effects require further study.

Introduction

OA of the knee, hip, hands and spinal joints is a painful

and disabling chronic condition that constitutes a major

challenge to health care worldwide. In 2005, an estimated

26.9 million US adults had OA, an increase from 21 million

in 1990 [1]. The prevalence of hip and knee OA is still

rising, because of the ageing of the population and the

rise of obesity, two major risk factors for the disease.

The most recent update of the Global Burden of Disease

figures (2013) estimated that 242 million people were living

with symptomatic and activity-limiting OA of the hip

and/or knee [2]. Thus, OA represents an enormous

health burden, and, furthermore, the economic burden

on patients and societies is huge due to hospital costs

associated with joint replacements, and indirect costs

due to loss of productivity [3�6].

For several decades now, the major efforts of the OA

research community and the pharmaceutical industry

have gone into identifying agents that delay the structural

progression of joint damage in OA. These efforts have re-

sulted in the identification of several attractive targets, but

approved drugs that can prevent, slow, halt or reverse the

progression of OA remain unavailable [7]. From the pa-

tient’s perspective, pain control remains the most signifi-

cant unmet need in OA treatment. NSAIDs have been the

mainstay of therapy for more than a century, and despite

the potential risks associated with their prolonged use, they

continue to represent the primary effective strategy for pain

palliation [8]. The more recent appreciation that there is a

major contribution of the CNS to chronic musculoskeletal

pain [9] has led to the exploration of centrally acting medi-

cations for OA, and resulted in the approval of the serotonin

and norepinephrine reuptake inhibitor, duloxetine, several

years ago for the treatment of musculoskeletal pain [10].

Nonetheless, despite the available options, OA patients

continue to suffer from inadequate pain relief.
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In December 2016, the Osteoarthritis Research Society

International led an effort to submit a White Paper to the

US Food and Drug Administration (FDA) in support of the

designation of OA as a serious disease with no known

cure, and no interventions currently available for stopping

disease progression or loss of mobility, or managing pain,

with an acceptable benefit-to-risk profile [11]. Clearly,

while it is important that we continue our attempts to de-

velop drugs that can halt structural disease progression, it

needs to be considered how these future disease-modify-

ing OA drugs will affect pain associated with joint damage

[7]. Further, there is a big need for the development of

novel therapies for the safe management of chronic pain

associated with OA. Recent years have witnessed several

prominent clinical trials for OA pain, and among those,

trials with antibodies that neutralize nerve growth factor

(NGF) appear particularly promising.

In this narrative review, we discuss recently completed

and ongoing non-surgical trials for symptomatic OA. We

searched PubMed for the following terms: OA, pain, clin-

ical trials, cryoneurolysis, NGF, antibodies, symptom;

papers published since 2015 were included. In addition,

we searched www.clinicaltrials.gov for active and recently

completed clinical trials testing agents for OA pain. Most

drugs also have trials registered at www.clinicaltrialsreg-

ister.eu. Trials with platelet-rich plasma and stem cell ther-

apy were excluded, because there is substantial

heterogeneity in the quality of these trials and further

high quality research is needed to establish the value of

these approaches, as was recently discussed elsewhere

[12, 13]. Trials with hyaluronan and corticosteroids were

also excluded, since these are not novel mechanisms.

Biologics

MAb are powerful therapeutics that are being developed

for the treatment of a wide range of diseases, and pain is

no exception. Several antibodies are being tested in OA

pain and antibodies against NGF, in particular, have re-

cently generated tremendous expectation for the field.

Antibodies against NGF

The neurotrophin, NGF, has been extensively studied as a

pain target because its expression is markedly increased in

human pain states, including OA, and it has profound sensi-

tizing effects on the nociceptive system (reviewed in [14]).

NGF blockade is an attractive target for analgesia, and sev-

eral companies have developed humanized mAb that bind

NGF with high specificity and affinity, preventing it from bind-

ing its receptor. These antibodies include tanezumab (Pfizer

and Eli Lilly), fasinumab (Regeneron and Teva) and fulranu-

mab (Janssen and Amgen). Publication of the first large ran-

domized double-blind controlled trial of anti-NGF therapy for

OA [15], in which many patients experienced dramatic relief,

generated enormous enthusiasm and expectation. However,

careful evaluation of adverse events among patients treated

with anti-NGF therapy suggested an association with rapidly

progressive OA and, less commonly, with osteonecrosis,

and the FDA imposed a hold on all clinical trials of NGF an-

tagonists in 2010. This hold was extended because of the

observation of autonomic nervous system toxicity in pre-clin-

ical models [16], but was ultimately lifted in 2015 subject to

the imposition of stringent monitoring and enrolment restric-

tions. As part of the risk mitigation strategy for the tanezumab

trials, radiographic imaging is being used pre-enrolment in

order to exclude patients with pre-existing shoulder, hip and

knee joint abnormalities, including subchondral insufficiency

fracture, atrophic or hypotrophic OA, excessive malalign-

ment of the knee, osteonecrosis, severe chondrocalcinosis,

RA, systemic metabolic bone disease, tumours, fractures

and large cystic lesions [17]. In addition, radiographic

follow-up will be performed as part of the trial design [17].

Among the anti-NGF agents in development (listed in

Table 1), tanezumab is the best studied and is the closest

to completing critical phase 3 trials in preparation for an

application for approval for clinical use. The US FDA has

recently granted Fast Track designation (a process de-

signed to facilitate the development and expedite the

review of new therapies to treat serious conditions and fill

unmet medical needs) for tanezumab for the treatment of

chronic pain in patients with OA or chronic low back pain.

Regeneron/Teva are recruiting for phase 3 trials. Janssen

has discontinued clinical development of fulranumab, with

no active trials underway [18]. Although the primary initial

licensing efforts for the NGF antagonists were focused on

the US market, these agents have also been on the agenda

of the European regulators (EMA), and it may be expected

that they will become broadly available in Europe as well as

Asia in a comparable timeframe to that of the USA.

Efficacy

There appears to be consensus among systematic re-

views [19�21] that inhibition of NGF through targeted

mAb therapy effectively relieves pain and results in im-

proved function in OA, although the total literature base

is fairly small. A review of all three anti-NGF agents that

TABLE 1 Summary of active NGF antibody programs for OA pain

Target Antibody name(s) Active trial IDs Completed trial IDs

NGF Tanezumab NCT02709486; NCT02697773; NCT02528188;
NCT02674386; NCT03031938

NCT00863304; NCT00744471;
NCT00830063; NCT00733902;
NCT01030640; NCT00669409

NGF Fasinumab (MT-5547) NCT03161093; NCT02683239; NCT03245008

NGF: nerve growth factor.
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had been in clinical development prior to the US FDA hold

in 2010 identified 13 multicentre placebo-controlled trials

of OA of the hip or knee that met their inclusion criteria

[19]. Kan et al. [20] and Chen et al. [21] restricted their

analyses to the use of tanezumab in OA; the former iden-

tified four studies of knee OA that met their inclusion cri-

teria, whereas the latter included 10 studies (in 9

publications) of OA of the hip or knee. All studies were

funded by the pharmaceutical industry. As the literature

base was small, and there was extensive overlap among

the systematic reviews, it is not surprising that the con-

clusions of each review were similar: compared with pla-

cebo, NGF inhibition yielded substantial improvement in

both pain and function. In studies of tanezumab mono-

therapy compared with either NSAIDs or with opiates,

tanezumab in doses of 5 and 10 mg intravenously were

statistically significantly superior to the active compara-

tors, with standardized effect sizes of 0.22�0.24 [19, 22].

Importantly, Chen et al. reported that low-dose (42.5 mg)

treatment had comparable efficacy to high dose, but with

significantly fewer adverse effects [21].

Risks

Safety concerns led to the US FDA hold on all clinical test-

ing in 2010, based on reports of rapidly progressive OA and

of osteonecrosis among patients who had received anti-

NGF therapy, including involvement of joints without

known OA. An expert adjudication committee funded by

Pfizer performed detailed reviews of the adverse events

reported during clinical trials with tanezumab and fulranu-

mab. A dose�response relationship was noted between the

serious events (rapidly progressive OA) and doses of tane-

zumab between 2.5 and 10 mg [23] or doses of fasinumab

between 3 and 9 mg [24, 25]. Trials were resumed in 2015,

with reduced doses for hip or knee OA, maximally 5 mg.

Interestingly, the incidence of osteonecrosis may be lower

than previously thought. Of the 86 reported osteonecrosis

cases, the Pfizer-funded adjudication committee could

demonstrate unambiguous osteonecrosis in only two

(although eight had insufficient information to distinguish

primary osteonecrosis and the committee failed to reach

consensus on another five) [26]. Importantly, the risk of

developing rapidly progressive OA appeared to be signifi-

cantly greater when tanezumab was used in conjunction

with NSAIDs, compared with tanezumab monotherapy

[23, 26]. This observation has resulted in strict limits on

the duration of NSAID use during exposure to anti-NGF

therapy in subsequent trials. In spite of the risks, cost-ef-

fectiveness analyses suggest that the pain palliation pro-

vided by anti-NGF therapy is sufficiently significant that

even a rate of rapidly progressive OA occurring in up to

10% of patients would not nullify the overall improvement

in quality-adjusted life years achieved [27], and that anti-

NGF therapy could be cost effective at up to $400 per dose

[27]. It should be noted, of course, that such analyses are

based entirely on models using arbitrary values of the costs

of pain, and are intended to inform policy rather than to be

used clinically, as individuals have markedly disparate

views of risk and benefit.

In conclusion, anti-NGF therapy offers great potential to

palliate pain and function in patients with severely symp-

tomatic OA. Nonetheless, it appears that the benefit car-

ries a risk of exacerbating structural OA. A small number

of studies have tested NGF blockade in animal models of

OA, and these studies have also highlighted the risk for

accelerated joint damage (recently reviewed in [28]) but

the mechanisms of these side-effects remain poorly

understood. As these trials are ongoing, the actual bene-

fits and risks of anti-NGF therapy remain to be fully eluci-

dated. In a recent review, Jayabalan and Schnitzer [29]

discussed the use of tanezumab and suggested that it

will be important to define the population of patients for

whom this treatment will be most appropriate. They pro-

pose that it will be key to identify those individuals who

should not receive the antibody, and these will likely be

individuals with preexisting joint abnormalities that may be

put at increased risk of rapidly progressive OA, such as

subchondral insufficiency fractures. On the other hand,

tanezumab may be a particularly useful agent for specific

populations of individuals for whom NSAIDs are contra-

indicated and/or not advised (e.g. patients with chronic

renal insufficiency, or elderly patients in whom NSAIDs

and opioids should be used with care).

Other antibodies

Antibodies against different targets, often developed for

other indications, are also being tested for efficacy against

OA pain. Table 2 lists ongoing and recently completed

trials, as reported on ClinicalTrials.gov. Cytokines in par-

ticular are being targeted, for their pro-inflammatory role

TABLE 2 Other antibody programs for OA pain

Target Antibody name(s) Active trial IDs Completed trial IDs

IL-6 Tocilizumab NCT02477059

GM-CSF GSK3196165 NCT02683785
NGF/TNF MEDI7352 NCT02508155

IL-1a/b ABT-981 NCT02384538; NCT01668511;
NCT02087904

TNF Adalimumab NCT02471118 NCT00296894; NCT00597623

CGRP LY2951742 NCT02192190 (terminated)

NGF: nerve growth factor; CGRP: Calcitonin gene-related peptide.
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and because they may have a direct pro-algesic effect

(reviewed in [30]). For painful knee OA, there are ongoing

trials with a bi-specific NGF/TNF antibody (MEDI7352)

and with the anti-TNF antibody, adalimumab. Abbvie re-

cently completed a phase 2 knee OA trial with a dual vari-

able domain immunoglobulin that specifically and potently

neutralizes IL-1a and IL-1b (ABT-981). Baseline character-

istics of the subjects enrolled were reported at the 2017

Osteoarthritis Research Society International meeting [31],

but trial results are not yet available.

In addition, there are several ongoing trials with anti-

bodies targeting different cytokines or growth factors for

hand OA. An antibody against GM-CSF, GSK3196165

(formerly MOR103), is being tested in inflammatory

hand OA, with a primary outcome measure of change

from baseline in pain intensity at week 6. This and

other GM-CSF antibodies were introduced for the treat-

ment of RA, and phase 2 trials have been completed for

that indication with positive results (for review see [32]).

Other hand OA trials include a trial with an antibody

against the IL-6 receptor, tocilizumab and a phase 2a

trial with the IL-1a/b dual-specific antibody, ABT-981.

Results of the latter were reported at the 2017 EULAR

meeting, and the antibody failed to show significant im-

provements in the Australian/Canadian Hand

Osteoarthritis Index (AUSCAN) pain measure at week

16 compared with placebo [33]. Finally, adalimumab

failed to show benefit when tested for hand OA in two

separate trials [34, 35].

The neuropeptide, calcitonin gene-related peptide,

has been studied as a pain target for many years [36].

Eli Lilly has a calcitonin gene-related peptide antibody

in the pipeline for migraine [37], and positive phase 3

results were recently announced [38]. However, a phase

2 trial for OA knee pain was terminated due to lack of

efficacy [39].

Small molecules

Chronic pain associated with OA can be generated, mod-

ified and maintained at different levels along the neuraxis

(reviewed in [40]). Since many of these pain mechanisms

can be selectively and potently targeted, they offer an

exciting opportunity for analgesic drug development (re-

cently reviewed in [41]). Two broad classes of molecules,

in particular, are being targeted for pharmacological

modulation: G-protein coupled receptors (GPCRs) and

ion channels. There are several ongoing or recently com-

pleted clinical trials with small molecules targeting these

molecules for OA pain (Table 3).

GPCRs

Approximately 4% of the human genome codes for

GPCRs (about 800 in total), and these receptors are well

represented in all of the cells that constitute the peripheral

and central components of the pain pathway. GPCRs

have proved to be highly druggable targets in the past

[50]. Depending on the G-protein involved in signalling,

GPCRs may have excitatory or inhibitory effects on pain;

examples of this include the pro-algesic effects of brady-

kinin and the analgesic effects of morphine.

Concerns about the safety of opioids has led compa-

nies to work on developing novel drugs in this class with

improved safety profiles. To this end, a number of drugs

are under development for OA pain that selectively target

each of the three opioid receptors, d, k or m. Positive re-

sults have been reported for the peripherally selective k
opioid receptor agonist, CR845, while investigators re-

ported no benefit over placebo for two different d opioid

receptor agonists (Table 3). A unique new drug, cebrano-

padol, combines nociceptin/orphanin FQ peptide receptor

and m opioid receptor agonism, which may have a better

safety profile than traditional opioids [51]. Positive results

TABLE 3 Completed randomized, double-blind, placebo-controlled clinical trials for OA pain drugs

Target Drug Trial ID Results

GPCRs
Bradykinin (BK) B2 receptor Fasitibant NCT02205814 No particular dose different from placebo

(WOMAC A) [42]
Delta opioid receptor ADL5859 NCT00979953 No difference from placebo [43]

Delta opioid receptor ADL5747 NCT00979953 No difference from placebo [43]

Kappa opioid receptor CR845 NCT02944448 Positive results for hip OA [44]
Nociceptin/orphanin FQ peptide

(NOP) and mu opioid receptors
GRT6005

(cebranopadol)
NCT01709214 No results; Depomed appears to be con-

tinuing development [45]
CB2 GW842166 NCT00479427 No results

Ion channels

NaV1.7 and other
sodium channels

TV-45070 NCT02068599 No difference from placebo [46]

NaV1.8 VX-150 NCT02660424 Positive results [47]

TRPV1 CNTX-4975 NCT02558439 Significant improvement vs placebo in
WOMAC A1 scores at week 12 [48]

TRPV1 NEO6860 NCT02712957 Preliminary data suggests an analgesic
effect compared with placebo [49]

GPCRs: G-protein coupled receptors; TRPV1: Transient vanilloid receptor 1.
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have just been published for a low back pain trial, but OA

results have not yet been disclosed [51]. Cannabinoid re-

ceptors are also heavily studied analgesic targets, and

GlaxoSmithKline (GSK) has recently completed a phase

2 trial for their CB2 agonist, GW842166; trial results

have not yet been reported. A randomized double-blind

study testing the effects of vaporized cannabis on knee

OA pain is currently ongoing in Canada (NCT02324777).

Finally, another GPCR, the bradykinin B2 receptor, has

been targeted with the intra-articular therapy fasitibant,

but this approach did not show statistically significant dif-

ferences from placebo in a phase 2 knee OA trial [42], and

it appears to have been discontinued by Menarini.

Ion channels

Ion channels are critical components of the pain pathway,

since they drive hyperexcitability of neurons in a variety of

chronic pain states. Therefore, they are widely believed to

be suitable drug targets for the treatment of chronic pain

conditions [52], including OA [41]. A number of drugs tar-

geting different ion channels have recently been tested in

clinical trials for OA pain. A recently completed clinical trial

with intra-articularly delivered CNTX-4975, a synthetic

trans-capsaicin that targets the transient receptor poten-

tial vanilloid 1 and reversibly deactivates free terminals of

primary afferent pain fibres within the joint, showed very

promising analgesic effects [48]. In addition, an oral tran-

sient receptor potential vanilloid 1-blocker, NEO6860, also

shows positive trial results (Table 3), while topical capsa-

icin derivatives (creams) are also being used to treat OA

pain (reviewed in [53]). The voltage-gated sodium chan-

nels, NaV1.7 and NaV1.8, have also been targeted for OA

pain. Vertex has recently reported positive phase 2 trial

results for their oral NaV1.8 inhibitor, while Teva has re-

ported that their topically applied NaV1.7 inhibitor showed

no benefit over placebo.

Ongoing trials for other targets

A search of ClinicalTrials.gov for studies that are active,

recruiting or not yet recruiting for evaluation of treatments

for OA pain yielded seven ongoing randomized, double-

blind, placebo-controlled trials (Table 4). Among the seven

trials, three target different components of the NGF sig-

nalling pathway. The small molecule TrkA inhibitor,

GZ389988, and the pan-selective Trk inhibitor, ONO-

4474, are both in phase 2 trials. The novel approach of

targeting NGF through injection of a p75 neurotrophin re-

ceptor fusion protein (LEVI-04) is earlier in development

and is currently undergoing a phase 1 trial. A drug target-

ing the A3 adenosine receptor, CF101, is also undergoing

a phase 2 trial for knee OA, but has yet to report results.

Finally, the Rottapharm website mentions that a phase 2

trial for OA pain was completed with CR4056, a first-in-

class imidazoline-2 ligand that reduced pain behaviour in

two different rat models of OA pain [54]. The trial is not

registered in ClinicalTrials.gov, and results are not yet

available.

In addition, traditional disease-modifying OA drug tar-

gets are now being considered for their analgesic effects.

AXS-02 (disodium zoledronate tetrahydrate), uniquely tar-

geted at knee OA associated with bone marrow lesions,

has been fast-tracked by the FDA for this indication, as

well as for pain associated with complex regional pain

syndrome. AXS-02 is currently undergoing a phase 3 clin-

ical trial for knee OA associated with bone marrow lesions;

the primary end point is the change in pain intensity from

baseline to week 24. According to the Axsome website,

results from an interim analysis of the first 60 subjects are

expected late December 2017 to early January 2018.

Additionally, a drug targeting the Wnt pathway,

SM04690, is undergoing two phase 2 trials for knee OA,

both of which include pain and functional changes as pri-

mary outcome measures, while one trial also includes

change from baseline in medial joint space width of the

target knee at 24 weeks as a primary outcome measure

(NCT03122860). No results have been reported yet. A

phase 1 trial for a single intra-articular injection of

SM04690 in knee OA patients appeared safe, with no evi-

dence of systemic exposure [55].

Cryoneurolysis

In addition to pharmacological approaches, a great deal

of attention has recently been given to the technique of

cryoneurolysis, based on the results of a recently pub-

lished randomized sham-controlled trial in knee OA [56].

Cryoneurolysis (also termed cryoneuroablation, cryoanal-

gesia, cryogenic nerve blockade or cryolesioning) is a

TABLE 4 Ongoing randomized, double-blind, placebo-controlled clinical trials for OA pain drugs

Target Drug Trial ID

A3 adenosine receptor (A3AR) CF101 NCT00837291

TrkA (NGF receptor) GZ389988 NCT02845271; (NCT02424942
recently completed)

Wnt pathway SM04690 NCT02536833; NCT03122860

NGF and other neurotrophins LEVI-04 (p75NTR-Fc) NCT03227796
Trk (TrkA, TrkB, TrkC) ONO-4474 NCT02997696

Osteoclasts AXS-02 (disodium
zoledronate tetrahydrate)a

NCT02746068

aGranted fast track designation by the Food and Drug Administration for the treatment of knee OA associated with bone

marrow lesions. NGF: nerve growth factor.
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technique whereby peripheral nerves are exposed to local

freezing, which causes axonal damage and blocks nerve

conduction. In cryoneurolysis, temperatures in the range

of �60 to �100�C cause a grade II nerve injury according

to Sunderland’s classification and affect all nerve fibre

types, as observed in a variety of animal models

[57�60]. Nerve injuries in this category cause Wallerian

degeneration of the axon without killing the cell body

and are generally reversible over a period of weeks to

months [58]. In addition, this type of freezing injury does

not appear to cause inflammation and fibrosis, which may

also contribute to the reversibility of both structure and

function of the nerve.

Cryoneurolysis has been used clinically to provide post-

operative pain relief in addition to treatment of certain

chronic pain conditions, including craniofacial and low

back pain [61], and the trial by Radnovich et al. [56] locally

targeted the infrapatellar branch of the saphenous nerve

in patients with knee OA. In that trial, patients treated

during one session with cryoneurolysis achieved clinically

significantly greater pain improvement than those in the

sham-treatment group, according to the primary end

point, least squares mean change from baseline to day

30 in the WOMAC pain subscale score (treatment =

�16.65; sham =�9.54). This improvement in WOMAC

pain score compared with sham was maintained through

day 90. Some caution is warranted in interpreting the re-

sults, as the blinding was incomplete during the trial.

Nonetheless, the technique had few adverse events,

with the majority of these events being mild in severity;

the most common adverse events attributed to the study

device included numbness, tenderness upon palpation

and local pain. Only one device- or procedure-related ad-

verse event was rated as severe (administration site

altered sensation in a sham treatment patient).

Moreover, cryoneurolysis has been considered a safe pro-

cedure in other settings. On this basis, the iovera� device

(Myoscience, Fremont, CA, USA) has recently received

US FDA clearance under the 510(k) mechanism to be mar-

keted [62].

It should be noted that 510(k) clearance is used to

obtain permission to market devices that are considered

substantially equivalent to a previously cleared device.

The clearance process focuses on safety and technical

performance, and does not necessarily require supportive

clinical data [63]; in contrast to approved drugs or bio-

logics, there is no formally approved indication.

Cryoneurolysis has been widely available worldwide for

decades for the treatment of various neuropathic condi-

tions and the technique may be used anywhere. Thus, the

recent US FDA clearance for use in OA was a technical

rather than a medical clearance.

The idea of using cold as a medical therapy has existed

for centuries, but tools specifically built to freeze nerves at

extreme temperatures using nitrous oxide gas began with

Cooper and Amoils in the 1960s [58, 61, 64, 65].

Myoscience has had a number of cryogenic devices on

the market since 2010 [fda.gov; Patent US9610112 shows

results of an initial prospective non-blinded trial on OA

pain using an earlier device (ClinicalTrials.gov identifier:

NCT01704157)], and other companies have been

approved by the FDA for marketing of similar devices for

the treatment of chronic pain since the late 1970s. Often, a

diagnostic injection of lidocaine is used to assess whether

blocking a particular nerve will likely result in pain relief or

not [58, 61], and successful reduction in pain >50%

(visual analogue scale) following diagnostic lidocaine

block of the infrapatellar branch of the saphenous nerve

was one of the inclusion criteria in the Radnovich et al. [56]

trial. Repeated diagnostic blocks may more accurately

predict patients likely to benefit from treatment, since

there may be a placebo effect to overcome [61]. Finally,

cyroneurolysis has been used to induce neuropathic pain

in rats [66], and thus further long-term follow-up in pa-

tients will be important to rule out this potential adverse

effect [67].

A different neurolysis approach that has recently at-

tracted attention for the treatment of OA pain is thermal

radiofrequency (or water-cooled radiofrequency, brand

name Coolief). Despite the use of cool in the name, this

technology actually applies heat to cause denervation,

which is less likely to be reversible and more likely to be

accompanied by neuroma formation, hyperalgesia and

deafferentation pain compared with cryoneurolysis [68].

A recent systematic review has summarized the available

results from trials conducted so far for treating chronic

knee pain [69], which concluded that while the results re-

ported appear promising, more rigorous trials are needed

to make clear conclusions on whether this technology

may improve clinical practice. There are multiple ongoing

clinical trials testing the use of this technology for OA pain.

For low back pain, the efficacy of this technology has

been mixed to date (review of the technology for other

indications including low back pain can be found in [68,

70�72]).

Conclusions

A critical need exists for new analgesics that can be used

for the management of chronic pain associated with OA.

Several promising therapeutics are in the clinical trial pipe-

line. In particular, ongoing trials with antibodies against

NGF are setting high expectations for the near future

due to their pronounced efficacy and in spite of ill-under-

stood side-effects, including rapidly progressive OA. From

our survey of the recent literature and clinical trial activity,

it is apparent that the therapeutic landscape for OA pain is

rapidly transforming beyond traditional painkillers such as

NSAIDs, toward more mechanism-based interventions,

such as disodium zoledronate tetrahydrate, selective

opioid receptor agonists or locally delivered capsaicin.

Beyond pharmacological approaches, neurolytic strate-

gies directly targeting peripheral nerves may play a role

in joint pain management, but the efficacy profiles and

long-term effects of such treatments have to be further

studied.

Finally, just as it is increasingly appreciated that OA is a

heterogeneous disease, where distinct pathogenic path-

ways may operate in distinct subsets of OA, it should be
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considered that symptomatic OA may also comprise over-

lapping but distinct phenotypes that present with

common clinical features [73]. The pain experience in

OA is not homogeneous, and sufferers describe different

pain qualities, including pain on weightbearing or joint

movement. Frequently, the pain has a strong mechanical

component and is relieved by rest, but as structural joint

disease advances, pain becomes more constant, and has

been described as dull aching or throbbing, punctuated

with episodes of a more intense pain [74, 75]. Some pa-

tients display signs of central sensitization, including tem-

poral summation and mechanical allodynia (pain evoked

by an innocuous stimulus) [76�78]. These different pain

qualities and the presence of signs of sensitization may

indeed reflect distinct underlying mechanisms [40, 79].

Therefore, as we continue to develop novel mechanism-

based therapies, it needs to be considered that distinct

phenotypes may warrant different therapeutic

approaches. Methods for improved patient stratification

in order to optimize tailored analgesia will be the next

test for this challenging disease.
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