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Background

Nerve growth factor (NGF) plays a crucial role in pain modulation and is being considered as a new therapeutic target for pain therapy. The purpose of this meta-analysis was to study the efficacy of anti-NGF antibodies for the treatment of osteoarthritis pain and chronic low-back pain, and to provide evidence and direction for further research and practice.



Methods

PubMed, Embase, Wanfang Data, and China National Knowledge Infrastructure (CNKI) were searched from inception to November 30, 2019. Eligible studies should include randomized clinical trial-based investigations of anti-NGF antibody treatment for osteoarthritis pain and chronic low-back pain. Pooled overall mean changes from baseline to check point in the Western Ontario and McMaster Universities Arthritis Index (WOMAC) measures of pain, physical function, and Patient’s Global Assessment (PGA) were calculated with either a fixed-effects model or a random-effects model, depending on the tests for heterogeneity. Sensitivity analysis and bias of publication were assessed.



Results

A total of seven studies (3890 patients) were included in this meta-analysis. The pooled analysis showed a statistically significant reduction in the WOMAC pain (standardized mean difference (SMD) = -2.22, 95% confidence interval (CI) = -3.44 to -0.99, Z = -3.55, P = 0.0004; I2 = 99%), the WOMAC Physical Function (SMD = -2.76, 95% CI = -4.22 to -1.30, Z = -3.71, P = 0.0002; I2 = 99%), and the PGA Index (SMD = -2.76, 95% CI = -4.42 to -1.09, Z = -3.24, P = 0.0012; I2 = 99%). Pooled differences of adverse events rates in experimental and control groups was 0.11 (95% CI = 0.02 to 0.20, Z = 2.41, P = 0.016; I2 = 83%).



Conclusion

Our meta-analysis data indicate that anti-NGF antibodies can relieve pain and improve function in patients with osteoarthritis pain and chronic low-back pain.
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Introduction

Osteoarthritis (OA) is a 00degenerative articular disease and is one of the most common di0sorders among the elderly (Zhang et al., 2019). The major symptoms include pain, stiffness, swelling, tenderness, and joint movement disfunction, which has a serious impact on patients. Pain is the most prevalent symptom of OA (Felson, 2006). Unfortunately, current treatments only play a role in pain relief and symptoms control; as for the physical functional capacity improvement, radical therapy modalities have yet to appear (Zhang et al., 2010). Statistically, over two thirds of adults have been affected by low-back pain (LBP) during their lifetime, and in some cases it may progress to a chronic state (lasts >3 months), resulting in high rates of morbidity, disability, and productivity declines (Guo et al., 1999; Gore et al., 2012). Therapeutic measures for chronic LBP are therefore aimed at pain remission (Kivitz et al., 2013). Clinical therapeutics of both OA and chronic LBP is a difficult issue (Chou and Huffman, 2007; Chou et al., 2007; Conaghan, 2018; Schmelz et al., 2019). Rehabilitation, pharmacological therapy, psychotherapy, and other modalities are recommended for many of these chronic pain conditions (Chou et al., 2009; Stanos et al., 2016). Although pharmacotherapy is an important treatment approach, many medications are proven to give rise to drug-related adverse effects and complications, as well as other undesirable consequences (Kissin, 2010; McAlindon et al., 2014). Therefore, there is an unmet need for an effective and safe resolution for chronic pain conditions.

For two decades, the growing investigation on nerve growth factor (NGF) and its relevant molecular targets has provided a completely original mode of disease therapeutics, especially for the treatment of chronic pain (Chang et al., 2016; Schmelz et al., 2019). It has been found that NGF may regulate pain through nociceptor sensitization (Loeser et al., 2012; Lin et al., 2014). Levels of NGF have been found to be upregulated among peripheral nerve injury models in several preclinical studies (Zahn et al., 2004; Wild et al., 2007; Cruz et al., 2011; Hakim et al., 2011; Zhu et al., 2012). Clinically, concentrations of NGF are elevated in patients with a chronic pain state (e.g. osteoarthritis, chronic headaches, interstitial cystitis, pancreatitis, cancerous pain, diabetic neuropathy, etc.) (Ugolini et al., 2007; Wild et al., 2007; Chang et al., 2016). In rodent models, pain-related behaviors disappeared after the use of NGF antagonists (Sevcik et al., 2005; Koewler et al., 2007; Wild et al., 2007), which provided rationale for the application of NGF antagonists to achieve significant relief of chronic pain. Furthermore, hyperalgesia and pain were reduced by the application of anti-NGF antibodies or IgG fusion proteins, both of which have the potential to inhibit NGF activities (Lane et al., 2010; Schnitzer et al., 2011; Kivitz et al., 2013). Recent clinical studies presented promising outcomes for anti-NGF drugs in the treatment of OA and chronic LBP in human beings (Nagashima et al., 2010; Katz et al., 2011; Brown et al., 2012; Brown et al., 2013; Kivitz et al., 2013; Sanga et al., 2013; Spierings et al., 2013; Balanescu et al., 2014; Ekman et al., 2014; Tiseo et al., 2014; Gow et al., 2015; Schnitzer et al., 2015; Mayorga et al., 2016; Sanga et al., 2016; Slatkin et al., 2019). Fasinumab, fulranumab, and tanezumab are three NGF-Abs undergoing clinical trials (Schmelz et al., 2019). Moreover, clinical trials of inflammatory pain relevant to OA and chronic LBP reported the most consistent efficacy in pain alleviation (Bannwarth and Kostine, 2017).

Based on the current clinical trials investigating anti-NGF agents, we endeavored to present more powerful evidence by synthesizing the results in a meta-analysis. The purpose of this meta-analysis was to study the efficacy of anti-NGF antibodies for the therapy of OA and chronic LBP and to provide a reference for the upcoming clinical trials associated with anti-NGF antibodies.



Materials and Methods


Statement

All studies included in this meta-analysis had been published and declared ethical approval, and we did not collect or utilize any raw data of these results, therefore no ethical approval was needed for this meta-analysis study. This meta-analysis was conducted on the basis of the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) (Moher et al., 2010).



Literature Search and Study Selection

We systematically searched the databases PubMed, Embase, Wanfang Data, and China National Knowledge Infrastructure to retrieve studies from inception to November 30, 2019. Both Chinese and English language studies were considered. The following key terms were used for the database research: nerve growth factor antibody, fasinumab, fulranumab, tanezumab, osteoarthritis pain, OA, and chronic LBP. The references of the articles included were also searched in case of any additional studies not previously identified in the initial literature search.

Inclusion criteria of studies eligible for this meta-analysis were as follows: either full-texts or abstracts of randomized controlled trials (RCTs) that included patients with osteoarthritis pain and/or chronic low-back pain that evaluated the efficacy of anti-NGF agents. Outcomes included Western Ontario and McMaster Universities Arthritis Index (WOMAC) measures of pain, physical function, Patient’s Global Assessment (PGA) (Cohen and Lee, 2015), and rates of adverse events. Studies had to report at least one indicator assessed at the end of the intervention period or at a follow-up point after randomization. If studies recruited participants over the same period or in the same study centers, only the study with the maximum sample size or yielding the most pertinent outcomes was included to avert duplications. Exclusion criteria included case reports, review articles, news, conference abstracts with unavailable indicators, and editorials.

Two reviewers, Ziqi Ye and Yu Zhang, independently screened the titles of studies and checked the full-texts or abstracts for eligibility confirmation. When disagreement occurred, they discussed their arguments, and a third reviewer, Yu Huang, was involved in the case that no consensus was achieved.



Data Extraction and Quality Assessments

Two reviewers, Si Yang and Lu Li, independently extracted data from the eligible studies including: study name, the studied pain condition, the sample size, the mean age of participants, the percentage of included women, content of the experimental and control intervention, and the indicators used in the study. Disagreements were checked by a third investigator, Yu Huang, until consensus was finally reached. As previously mentioned, mean alterations from baseline to check point in the WOMAC measures of pain, physical function, PGA Index, and difference of adverse events rates were indicators to be pooled.

The risk of bias in individual studies were assessed in seven domains: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other sources of bias. Of note, other bias refers to “important concerns about bias not covered in the other domains in the tool” (Higgins et al., 2011), they mainly include bias caused by early termination of a trial due to early benefit or to patients who were enrolled via unvalidated outcome measures or diagnostic criteria. They were evaluated by reviewers’ empirical judgment according to the prescribed protocol of this study.



Statistical Analysis

We used the R 3.6.1 software and Review Manager 5.3 Software for statistical analyses. The standardized mean differences (SMD) or rate difference (RD) of outcomes, along with respective 95% confidence intervals (CIs), were calculated for each analysis. A Cochran Q test was used for heterogeneity evaluation between studies and an I² statistic was used to investigate the magnitude of the heterogeneity. The magnitude of heterogeneity was classified by the I² with: I² > 25%, I² > 50%, and I² > 75% representing moderate, substantial, and considerable heterogeneity, respectively (Higgins et al., 2003; Cumpston et al., 2019). We used a random-effects model or a fixed-effects model to calculate the pooled effects and their respective 95% CIs. The methods depended on: if I² value was >50%, a random-effects model was used, otherwise a fixed-effects model was used. Sensitivity analysis was conducted in order to assess the stability of pooled outcomes. We used a Rosenberg’s Fail-safe N approach to assess potential publication bias (Rosenberg, 2005). A fail-safe number is defined as the number of studies with non-significance or that were unpublished that would be needed to be enrolled in a meta-analysis to turn a statistically significant result into non-significant one (Rosenberg, 2005; Muller et al., 2019). Funnel plots were constructed to visualize possible asymmetry. A p value less than 0.05 was considered to be of statistical significance.




Results


Study Selection and Characteristics

The literature search resulted in the identification of 646 publications (Figure 1), from which 181 duplicates were removed and 295 articles were excluded as they were either animal experiments (70), abstracts with unavailable indicators (34), reviews (51), or topics not pertinent to the research question (140). After 170 full-text articles were screened, seven studies including 3890 participants were enrolled in this meta-analysis. All the articles were published in English, between 2013 and 2016. Table 1 shows detailed characteristics of the clinical trials included.




Figure 1 | Flow chart of the literature search and study selection. The literature search and study selection procedure included four stages: literature identification through database searching based on the key terms, screening and study selection, eligibility confirmation, and enrollment of the final studies qualified for meta-analysis. In the identified 646 publications from database searching, 181 duplicates were removed and 465 records were further screened. As a result, 295 articles were excluded for reasons and the remaining 170 full-text articles were assessed for eligibility. Again, 163 studies were excluded for other reasons, and only seven studies including 3890 participants were eventually enrolled in quantitative synthesis.




Table 1 | Characteristics of studies included in the meta-analysis.





Risk of Bias of Individual Studies

71% (5/7) of the studies included were evaluated with low risk in selection bias (random sequence generation), and only one study showed an unclear risk of bias in allocation concealment. Six of the seven studies showed low risk of performance bias. In regard to detection bias, only one study manifested an unclear risk in blinding of the outcome assessment. Six studies were assessed with low risk in attrition bias, and all the studies showed low risk of reporting bias. The risk of bias assessments is detailed in Figures 2 and 3.




Figure 2 | Risk of bias of individual studies. Five of the seven studies included were evaluated as “low risk” in selection bias (random sequence generation), and only one study showed an unclear risk of bias in allocation concealment. Six of the seven studies showed a low risk of performance bias, and only one study manifested an unclear risk in detection bias assessment. Six studies showed low risk in attrition bias and all the studies showed low risk of reporting bias.






Figure 3 | Risk of bias summarized in percentage. 71% (5/7) of the studies included were evaluated with low risk in selection bias (random sequence generation) and 85.7% (6/7) of studies showed low risk for allocation concealment. 85.7% of studies showed low risk of performance bias and detection bias. 85.7% of studies were assessed with low risk in attrition bias and 100% the studies showed low risk of reporting bias.





Assessment of Overall Effect Sizes

Six studies were assessed for the efficacy of anti-NGF agents on the change in the WOMAC pain Index. The result showed a significant reduction in the WOMAC pain Index (SMD = -2.22, 95% CI = -3.44 to -0.99, Z = -3.55, P = 0.0004; I2 = 99%). Six studies were tested for the effect of anti-NGF agents on the change in the WOMAC Physical Function Index. The result demonstrated a significant decrease (SMD = -2.76, 95% CI = -4.22 to -1.30, Z = -3.71, P = 0.0002; I2 = 99%). Furthermore, six studies detected the efficacy of anti-NGF agents on the change in the PGA Index. The result also showed a significant decrease in the PGA Index (SMD = -2.76, 95% CI = -4.42 to -1.09, Z = -3.24, P = 0.0012; I2 = 99%). The pooled effects on mean alterations in the WOMAC pain, the WOMAC physical function, and PGA Index are shown in Figures 4–6.




Figure 4 | Forest plot of changes from baseline to checkpoint in the WOMAC Pain subscale. Forest plot showing the pooled effects on mean alterations in the WOMAC pain Index. Six studies were assessed and the result showed a significant reduction in the WOMAC pain Index (I2 = 99%, P = 0.0004).






Figure 5 | Forest plot of changes from baseline to checkpoint in the WOMAC Physical Function subscale. Forest plot showing the pooled effects on mean alterations in the WOMAC physical function subscale. Six studies were detected, and the result showed a significant reduction in the WOMAC physical function Index (I2 = 99%, P = 0.0002).






Figure 6 | Forest plot of changes from baseline to checkpoint in the Patient’s Global Assessment Index. Forest plot showing the pooled effects on mean alterations in the Patient’s Global Assessment (PGA) Index. Six studies were tested and the result showed a significant reduction in the PGA Index (I2 = 100%, P = 0.0012).





Adverse Events Incidence

The overall incidence of patients with adverse events was higher in the anti-NGF agents’ therapy group than that in the control with a pooled rate difference of 0.11 (95% CI = 0.02 to 0.20, Z = 2.41, P = 0.016; I2 = 83%) (Figure 7). Nausea, paresthesia, arthralgia, arthralgia, and headache were the five most frequently reported adverse events in anti-NGF treatment group among the seven studies included.




Figure 7 | Forest plot of differences of adverse events rates in experimental and control groups. In the seven studies included, the overall incidence rate of adverse events was higher in the anti-NGF treatment group than that of the control group, with a pooled rate difference of 0.11 (95% CI: 0.02 to 0.20) (I2 = 83%, P = 0.016).





Sensitivity Analysis and Publication Bias

A sensitivity analysis was performed to investigate the impacts of single studies on the overall outcomes. After omitting each single study one after another, the pooled effects were not altered. The Rosenberg’s fail-safe numbers were 8399, 12493, 13205, and 116 for WOMAC pain, physical function, PGA Index, and adverse events evaluation, which indicated that large numbers of unpublished and non-significant studies would be added to for the P value of the effect to attain >0.05. Funnel plots were shown in Figure 8.




Figure 8 | Funnel plots with pseudo 95% confidence limits. (A) Funnel plot of changes from baseline to checkpoint in the WOMAC Pain subscale. (B) Funnel plot of changes from baseline to checkpoint in the WOMAC Physical Function subscale. (C) Funnel plot of changes from baseline to checkpoint in the Patient’s Global Assessment Index. (D) Funnel plot of differences of adverse events rates in the anti-NGF agent treatment group and control group.






Discussion

Meta-analysis is considered to be a powerful and widely-used tool by pooling results from different studies with specific statistical methods to draw conclusions which can be more meaningful than individual reports alone (Roberts et al., 2016; Lin and Chu, 2018). In this meta-analysis, seven published RCTs including 3890 participants with diagnosed OA pain and chronic LBP treated with anti-NGF antibodies were enrolled. The pooled results showed a significant reduction in the change of the WOMAC pain Index (P = 0.0004), WOMAC Physical Function Index (P = 0.0002), and the PGA Index (P = 0.0012). The results were consistent with preceding RCTs, which demonstrated that anti-NGF agents had a sounding effect on the relief of pain and function improvement in patients suffering from OA pain and chronic LBP. The underlying rationale may be that NGF plays a key role in the process of pain generation in chronic pain conditions (Amaya et al., 2004; Deandrea et al., 2008; Delaney et al., 2008) and anti-NGF antibodies have already revealed the potential to normalize nociceptive hyperactivity and produce pain alleviation in clinical settings, suggesting that these agents may play a role in pain treatment (Jimenez-Andrade et al., 2010; Katz et al., 2011).

In this meta-analysis, two authors independently did a systematical database search in both the Chinese and English language to increase the potential of retrieving all relevant studies. Data extraction was also conducted by two independent investigators using a designed form. A Cochran Q test and an I² statistic were used to explore the magnitude of the heterogeneity. The results indicated considerable levels of heterogeneity that could not be ignored. We conducted a random effects model to perform the pooled analysis. The potential elements contributing to heterogeneity may probably include differences in the sample sizes of RCTs, the demographic features of the study participants, the locations of studies, the duration of disease, the specific types and dosage of medications, ways of giving drugs, and other relevant factors. We originally tried to explore the potential impact of moderator variables using meta regression in the study design. Nevertheless, the information we retrieved was not complete for this process. Sensitivity analysis revealed that the pooled results demonstrated the robustness of the outcomes in this meta-analysis. Funnel plots showed some asymmetry, which indicates there may be publication bias. However, the results of Rosenberg’s fail-safe numbers calculation demonstrated that the publication biases (if they exist) may be theoretically ignored (Rosenberg, 2005; Muller et al., 2019). We were not able to extract data from several articles with incomplete parameters, which may influence our conclusions.

In comparison to previous meta-analysis or RCTs investigating the effect of a certain anti-NGF antibody on pain relief, our current analysis focused on the 3 types of anti-NGF antibodies and included patients with OA pain and chronic LBP. The overall effects were in consistency with each individual study. The pooled incidence of adverse events was higher in the anti-NGF agents’ treatment group than that in the control. The conclusion of this study may provide up-to-date evidence on chronic pain treatment for researchers and clinical practitioners in their fields of practice. Further clinical trials on anti-NGF antibodies will be continuously in need, and investigators should ensure rigorous methodology as well as controls for nonspecific therapy and therapist effects in order to reduce the risk of potential bias.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary materials, further inquiries can be directed to the corresponding author.



Author contributions

SY and YH conceived and designed this study. SY and LL were responsible for the collection, extraction, and analysis of the data. SY was responsible for writing the paper. ZY and YZ performed the quality evaluation and completed data analysis. YH polished the English language. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the National Natural Science Foundation of China (No. 81803501), Natural Science Foundation of Zhejiang Province, China (No. LQ18H310001), Hospital Pharmacy Foundation of Zhejiang Pharmaceutical Association (No. 2019ZYY15), and Wu Jieping Medical Foundation (No. 320.6750.19090-23). We would like to thank all the researchers and study participants for their contributions.



Abbreviations

CIs, confidence intervals; CNKI, China National Knowledge Infrastructure; DSR, diclofenac sustained release; LBP, low-back pain; NGF, nerve growth factor; OA, osteoarthritis; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analysis; RCTs, randomized controlled trials; RD, rate difference; SMD, standardized mean difference; WOMAC, Western Ontario and McMaster Universities Arthritis Index.



References

 Amaya, F., Shimosato, G., Nagano, M., Ueda, M., Hashimoto, S., Tanaka, Y., et al. (2004). NGF and GDNF differentially regulate TRPV1 expression that contributes to development of inflammatory thermal hyperalgesia. Eur. J. Neurosci. 20 (9), 2303–2310. doi: 10.1111/j.1460-9568.2004.03701.x

 Balanescu, A. R., Feist, E., Wolfram, G., Davignon, I., Smith, M. D., Brown, M. T., et al. (2014). Efficacy and safety of tanezumab added on to diclofenac sustained release in patients with knee or hip osteoarthritis: a double-blind, placebo-controlled, parallel-group, multicentre phase III randomised clinical trial. Ann. Rheum. Dis. 73 (9), 1665–1672. doi: 10.1136/annrheumdis-2012-203164

 Bannwarth, B., and Kostine, M. (2017). Nerve Growth Factor Antagonists: Is the Future of Monoclonal Antibodies Becoming Clearer? Drugs 77 (13), 1377–1387. doi: 10.1007/s40265-017-0781-6

 Brown, M. T., Murphy, F. T., Radin, D. M., Davignon, I., Smith, M. D., and West, C. R. (2012). Tanezumab reduces osteoarthritic knee pain: results of a randomized, double-blind, placebo-controlled phase III trial. J. Pain 13 (8), 790–798. doi: 10.1016/j.jpain.2012.05.006

 Brown, M. T., Murphy, F. T., Radin, D. M., Davignon, I., Smith, M. D., and West, C. R. (2013). Tanezumab reduces osteoarthritic hip pain: results of a randomized, double-blind, placebo-controlled phase III trial. Arthritis Rheum. 65 (7), 1795–1803. doi: 10.1002/art.37950

 Chang, D. S., Hsu, E., Hottinger, D. G., and Cohen, S. P. (2016). Anti-nerve growth factor in pain management: Current evidence. J. Pain Res. 9, 373–383. doi: 10.2147/JPR.S89061

 Chou, R., and Huffman, L. H. (2007). Medications for acute and chronic low back pain: a review of the evidence for an American Pain Society/American College of Physicians clinical practice guideline. Ann. Intern. Med. 147 (7), 505–514. doi: 10.7326/0003-4819-147-7-200710020-00008

 Chou, R., Qaseem, A., Snow, V., Casey, D., Cross, J. T. Jr., Shekelle, P., et al. (2007). Diagnosis and treatment of low back pain: a joint clinical practice guideline from the American College of Physicians and the American Pain Society. Ann. Intern. Med. 147 (7), 478–491. doi: 10.7326/0003-4819-147-7-200710020-00006

 Chou, R., Loeser, J. D., Owens, D. K., Rosenquist, R. W., Atlas, S. J., Baisden, J., et al. (2009). Interventional therapies, surgery, and interdisciplinary rehabilitation for low back pain: an evidence-based clinical practice guideline from the American Pain Society. Spine (Phila Pa 1976) 34 (10), 1066–1077. doi: 10.1097/BRS.0b013e3181a1390d

 Cohen, E., and Lee, Y. C. (2015). A Mechanism-Based Approach to the Management of Osteoarthritis Pain. Curr. Osteoporos Rep. 13 (6), 399–406. doi: 10.1007/s11914-015-0291-y

 Conaghan, P. (2018). New perspectives in osteoarthritis management. Osteoporos. Int. 29 (1), S44. doi: 10.1007/s00198-018-4440-x

 Cruz, M. L., Rodriguez-Rapale, V. A., Altieri, J. S., Ramirez, A. E., Isidro, A. A., Flores, I., et al. (2011). Effect of stress on the expression of Nerve Growth Factor (NGF) and its receptor Trk-A in an animal model of endometriosis. FASEB J. 25 (1), 109–112. doi: 10.1134/S160767291102013X

 Cumpston, M., Li, T., Page, M. J., Chandler, J., Welch, V. A., Higgins, J. P., et al. (2019). Updated guidance for trusted systematic reviews: a new edition of the Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Database Syst. Rev. 10, Ed000142. doi: 10.1002/14651858.Ed000142

 Deandrea, S., Montanari, M., Moja, L., and Apolone, G. (2008). Prevalence of undertreatment in cancer pain. A review of published literature. Ann. Oncol. 19 (12), 1985–1991. doi: 10.1093/annonc/mdn419

 Delaney, A., Fleetwood-Walker, S. M., Colvin, L. A., and Fallon, M. (2008). Translational medicine: cancer pain mechanisms and management. Br. J. Anaesth. 101 (1), 87–94. doi: 10.1093/bja/aen100

 Ekman, E. F., Gimbel, J. S., Bello, A. E., Smith, M. D., Keller, D. S., Annis, K. M., et al. (2014). Efficacy and safety of intravenous tanezumab for the symptomatic treatment of osteoarthritis: 2 randomized controlled trials versus naproxen. J. Rheumatol. 41 (11), 2249–2259. doi: 10.3899/jrheum.131294

 Felson, D. T. (2006). Osteoarthritis of the Knee. N Engl. J. Med. 354 (8), 841–848. doi: 10.1056/NEJMcp051726

 Gore, M., Sadosky, A., Stacey, B. R., Tai, K. S., and Leslie, D. (2012). The burden of chronic low back pain: clinical comorbidities, treatment patterns, and health care costs in usual care settings. Spine (Phila Pa 1976) 37 (11), E668–E677. doi: 10.1097/BRS.0b013e318241e5de

 Gow, J. M., Tsuji, W. H., Williams, G. J., Mytych, D., Sciberras, D., Searle, S. L., et al. (2015). Safety, tolerability, pharmacokinetics, and efficacy of AMG 403, a human anti-nerve growth factor monoclonal antibody, in two phase I studies with healthy volunteers and knee osteoarthritis subjects. Arthritis Res. Ther. 17, 282. doi: 10.1186/s13075-015-0797-9

 Guo, H. R., Tanaka, S., Halperin, W. E., and Cameron, L. L. (1999). Back pain prevalence in US industry and estimates of lost workdays. Am. J. Public Health 89 (7), 1029–1035. doi: 10.2105/ajph.89.7.1029

 Hakim, A. W., Dong, X., and Cairns, B. E. (2011). TNFα mechanically sensitizes masseter muscle nociceptors by increasing prostaglandin E2 levels. J. Neurophysiol. 105 (1), 154–161. doi: 10.1152/jn.00730.2010

 Higgins, J. P. T., Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). Measuring inconsistency in meta-analyses. BMJ 327 (7414), 557–560. doi: 10.1136/bmj.327.7414.557

 Higgins, J. P., Altman, D. G., Gotzsche, P. C., Jüni, P., Moher, D., Oxman, A. D., et al. (2011). The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 343, d5928. doi: 10.1136/bmj.d5928

 Jimenez-Andrade, J. M., Bloom, A. P., Stake, J. I., Mantyh, W. G., Taylor, R. N., Freeman, K. T., et al. (2010). Pathological sprouting of adult nociceptors in chronic prostate cancer-induced bone pain. J. Neurosci. 30 (44), 14649–14656. doi: 10.1523/jneurosci.3300-10.2010

 Katz, N., Borenstein, D. G., Birbara, C., Bramson, C., Nemeth, M. A., Smith, M. D., et al. (2011). Efficacy and safety of tanezumab in the treatment of chronic low back pain. Pain 152 (10), 2248–2258. doi: 10.1016/j.pain.2011.05.003

 Kissin, I. (2010). The development of new analgesics over the past 50 years: a lack of real breakthrough drugs. Anesth. Analg. 110 (3), 780–789. doi: 10.1213/ANE.0b013e3181cde882

 Kivitz, A. J., Gimbel, J. S., Bramson, C., Nemeth, M. A., Keller, D. S., Brown, M. T., et al. (2013). Efficacy and safety of tanezumab versus naproxen in the treatment of chronic low back pain. Pain 154 (7), 1009–1021. doi: 10.1016/j.pain.2013.03.006

 Koewler, N. J., Freeman, K. T., Buus, R. J., Herrera, M. B., Jimenez-Andrade, J. M., Ghilardi, J. R., et al. (2007). Effects of a Monoclonal Antibody Raised Against Nerve Growth Factor on Skeletal Pain and Bone Healing After Fracture of the C57BL/6J Mouse Femur. JBMR 22 (11), 1732–1742. doi: 10.1359/jbmr.070711

 Lane, N. E., Schnitzer, T. J., Birbara, C. A., Mokhtarani, M., Shelton, D. L., Smith, M. D., et al. (2010). Tanezumab for the treatment of pain from osteoarthritis of the knee. N Engl. J. Med. 363 (16), 1521–1531. doi: 10.1056/NEJMoa0901510

 Lin, L., and Chu, H. (2018). Quantifying publication bias in meta-analysis. Biometrics 74 (3), 785–794. doi: 10.1111/biom.12817

 Lin, C. L., Heron, P., Hamann, S. R., and Smith, G. M. (2014). Functional distinction between NGF-mediated plasticity and regeneration of nociceptive axons within the spinal cord. Neuroscience 272, 76–87. doi: 10.1016/j.neuroscience.2014.04.053

 Loeser, R. F., Goldring, S. R., Scanzello, C. R., and Goldring, M. B. (2012). Osteoarthritis: a disease of the joint as an organ. Arthritis Rheum. 64 (6), 1697–1707. doi: 10.1002/art.34453

 Mayorga, A. J., Wang, S., Kelly, K. M., and Thipphawong, J. (2016). Efficacy and safety of fulranumab as monotherapy in patients with moderate to severe, chronic knee pain of primary osteoarthritis: A randomised, placebo- and active-controlled trial. IJCP 70 (6), 493–505. doi: 10.1111/ijcp.12807

 McAlindon, T. E., Bannuru, R. R., Sullivan, M. C., Arden, N. K., Berenbaum, F., Bierma-Zeinstra, S. M., et al. (2014). OARSI guidelines for the non-surgical management of knee osteoarthritis. Osteoarthr. Cartilage 22 (3), 363–388. doi: 10.1016/j.joca.2014.01.003

 Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G. (2010). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Int. J. Surg. 8 (5), 336–341. doi: 10.1016/j.ijsu.2010.02.007

 Muller, F., Brandle, R., Liechti, M. E., and Borgwardt, S. (2019). Neuroimaging of chronic MDMA (“ecstasy”) effects: A meta-analysis. Neurosci. Biobehav. Rev. 96, 10–20. doi: 10.1016/j.neubiorev.2018.11.004

 Nagashima, H., Suzuki, M., Araki, S., Yamabe, T., and Shoji, S. (2010). Preliminary assessment of the safety and efficacy of tanezumab (PF-04383119) in Japanese patients with moderate to severe osteoarthritis of the knee. Int. J. Rheum. Dis. 13, 161. doi: 10.1111/j.1756-185X.2010.01506.x

 Roberts, C. A., Jones, A., and Montgomery, C. (2016). Meta-analysis of molecular imaging of serotonin transporters in ecstasy/polydrug users. Neurosci. Biobehav. Rev. 63, 158–167. doi: 10.1016/j.neubiorev.2016.02.003

 Rosenberg, M. S. (2005). The file-drawer problem revisited: a general weighted method for calculating fail-safe numbers in meta-analysis. Evolution 59 (2), 464–468. doi: 10.1111/j.0014-3820.2005.tb01004.x

 Sanga, P., Katz, N., Polverejan, E., Wang, S., Kelly, K. M., Haeussler, J., et al. (2013). Efficacy, safety, and tolerability of fulranumab, an anti-nerve growth factor antibody, in the treatment of patients with moderate to severe osteoarthritis pain. Pain 154 (10), 1910–1919. doi: 10.1016/j.pain.2013.05.051

 Sanga, P., Polverejan, E., Wang, S., Kelly, K. M., and Thipphawong, J. (2016). Efficacy, Safety, and Tolerability of Fulranumab as an Adjunctive Therapy in Patients With Inadequately Controlled, Moderate-to-Severe Chronic Low Back Pain: A Randomized, Double-blind, Placebo-controlled, Dose-ranging, Dose-loading Phase II Study. Clin. Ther. 38 (6), 1435–1450. doi: 10.1016/j.clinthera.2016.03.030

 Schmelz, M., Mantyh, P., Malfait, A. M., Farrar, J., Yaksh, T., Tive, L., et al. (2019). Nerve growth factor antibody for the treatment of osteoarthritis pain and chronic low-back pain: mechanism of action in the context of efficacy and safety. Pain 160 (10), 2210–2220. doi: 10.1097/j.pain.0000000000001625

 Schnitzer, T. J., Lane, N. E., Birbara, C., Smith, M. D., Simpson, S. L., and Brown, M. T. (2011). Long-term open-label study of tanezumab for moderate to severe osteoarthritic knee pain. Osteoarthr. Cartilage 19 (6), 639–646. doi: 10.1016/j.joca.2011.01.009

 Schnitzer, T. J., Ekman, E. F., Spierings, E. L., Greenberg, H. S., Smith, M. D., Brown, M. T., et al. (2015). Efficacy and safety of tanezumab monotherapy or combined with non-steroidal anti-inflammatory drugs in the treatment of knee or hip osteoarthritis pain. Ann. Rheum. Dis. 74 (6), 1202–1211. doi: 10.1136/annrheumdis-2013-204905

 Sevcik, M. A., Ghilardi, J. R., Peters, C. M., Lindsay, T. H., Halvorson, K. G., Jonas, B. M., et al. (2005). Anti-NGF therapy profoundly reduces bone cancer pain and the accompanying increase in markers of peripheral and central sensitization. Pain 115 (1), 128–141. doi: 10.1016/j.pain.2005.02.022

 Slatkin, N., Zaki, N., Wang, S., Louie, J., Sanga, P., Kelly, K. M., et al. (2019). Fulranumab as Adjunctive Therapy for Cancer-Related Pain: A Phase 2, Randomized, Double-Blind, Placebo-Controlled, Multicenter Study. J. Pain 20 (4), 440–452. doi: 10.1016/j.jpain.2018.09.014

 Spierings, E. L., Fidelholtz, J., Wolfram, G., Smith, M. D., Brown, M. T., and West, C. R. (2013). A phase III placebo- and oxycodone-controlled study of tanezumab in adults with osteoarthritis pain of the hip or knee. Pain 154 (9), 1603–1612. doi: 10.1016/j.pain.2013.04.035

 Stanos, S., Brodsky, M., Argoff, C., Clauw, D. J., D’Arcy, Y., Donevan, S., et al. (2016). Rethinking chronic pain in a primary care setting. Postgrad. Med. 128 (5), 502–515. doi: 10.1080/00325481.2016.1188319

 Tiseo, P. J., Kivitz, A. J., Ervin, J. E., Ren, H., and Mellis, S. J. (2014). Fasinumab (REGN475), an antibody against nerve growth factor for the treatment of pain: Results from a double-blind, placebo-controlled exploratory study in osteoarthritis of the knee. Pain 155 (7), 1245–1252. doi: 10.1016/j.pain.2014.03.018

 Ugolini, G., Marinelli, S., Covaceuszach, S., Cattaneo, A., and Pavone, F. (2007). The function neutralizing anti-TrkA antibody MNAC13 reduces inflammatory and neuropathic pain. Proc. Natl. Acad. Sci. U.S.A. 104 (8), 2985–2990. doi: 10.1073/pnas.0611253104

 Wild, K. D., Bian, D., Zhu, D., Davis, J., Bannon, A. W., Zhang, T. J., et al. (2007). Antibodies to nerve growth factor reverse established tactile allodynia in rodent models of neuropathic pain without tolerance. J. Pharmacol. Exp. Ther. 322 (1), 282–287. doi: 10.1124/jpet.106.116236

 Zahn, P. K., Subieta, A., Park, S. S., and Brennan, T. J. (2004). Effect of blockade of nerve growth factor and tumor necrosis factor on pain behaviors after plantar incision. J. Pain 5 (3), 157–163. doi: 10.1016/j.jpain.2004.02.538

 Zhang, W., Nuki, G., Moskowitz, R. W., Abramson, S., Altman, R. D., Arden, N. K., et al. (2010). OARSI recommendations for the management of hip and knee osteoarthritis: part III: Changes in evidence following systematic cumulative update of research published through January 2009. Osteoarthr. Cartilage 18 (4), 476–499. doi: 10.1016/j.joca.2010.01.013

 Zhang, W., Robertson, W. B., Zhao, J., Chen, W., and Xu, J. (2019). Emerging trend in the pharmacotherapy of osteoarthritis. Front. Endocrinol. 10, 431. doi: 10.3389/fendo.2019.00431

 Zhu, Y., Mehta, K., Li, C., Xu, G. Y., Liu, L., Colak, T., et al. (2012). Systemic administration of anti-NGF increases A-type potassium currents and decreases pancreatic nociceptor excitability in a rat model of chronic pancreatitis. Am. J. Physiol. Gastrointest. Liver Physiol. 302 (1), G176–G181. doi: 10.1152/ajpgi.00053.2011



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Yang, Huang, Ye, Li and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fphar-11-00817-g007.jpg
e

izzor s =
Sparngs2013 i i
Saanaze01s 26 182
Cunarz01s 32 19
Tssos0ra s &
ayorgaz01e 7 o
Sangazo1e R

Random ofects model, 2571
ewcganety. < 8% 1001235 <001

v}
sty Events Total Events Total

FITIrrH

0
12
9
£
@
i

o

5

Risk Diference

= o

ok

RO 95l Weigh

009 1002.0.16)
007 [002.0.17]
013 (004:022]
034 [026.042]
008 [006,023]
005 [015,010]
008 [003,0.18]

159%
P
1515
5o
132
1215
Tass

011 [0.02;020) 1000%





OEBPS/Images/fphar-11-00817-g002.jpg
seqou0

(se1q Bupiode) Bupiodes onoles

(5819 wonyate) e1ep ausooIn0 apoIdwodu)

(5e1q UoooIoP) wauSSaSSE BWOSING jo BupUIE

(s01q 00ueusopc) fouOsIed pue siedened 1 Bupulg

[ prme——

(5019 UN29195) UoeIU B0UNbIS WOPLEY

Batanesc201¢ | @ | @ | @ |2 | @ | @ | @
eman2014 (9|9 @@ | @ | @) @
Kiz203| @ |@ |9 @ | @ | @ | @
Mayorge2016 | @ (@ | @ | @ | @ | @ | @
sangea2016| @ |9 || @ | @ @ | @
spierings2013| @ | @ | @ | @ | @ | @ | @
Tseo2014 (@ [ @ |9 |99 @ | @






OEBPS/Images/fphar-11-00817-g004.jpg
oo hy~= R -~ ore e

sy Tota Mean 80 Tot Mean S0 Oifecence. WO 95l Weigh
— 2 19020 20 12000 B 260 (288 281
Sorniszors §71 3502 11 52 oz Pt
wicdos 4 2970500 162 160 01100 2 (a7 229
it 8 Bmaime o et ozmo franise
Tarszots T8 3102w % 240210 251 {oez aon ten

araazots 3ok i ook 038 (o ol teen

ooz 222 (3.4 0991 100






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fphar-11-00817-g008.jpg





OEBPS/Images/fphar-11-00817-g003.jpg
o soquance generatn sl

Alocatoncancsaimont (ssecton ba)

Binding o aricipants and persanne performance bis)
Bining of cucoms sssessment (detecton bis)

Incomplet cuicome dta(tiion bias)

Seloctiv reporin (oprtng bia)

I

m mn ww e

-

[Wovmrerven Elrcesrrscotvas [ I






OEBPS/Images/fphar-11-00817-g006.jpg
oo
sy Tota Mean S0 Tot Mean S0
— 22 00 0060
Sorniszors §71 0 oomn
Sowicdis 42 0540000
aros20ts % 3030370 48 301 03000
Sorsite 09 25223 76 a0 240

et < 10 < 430885 <001

WO 95hcl Weigh

a0 ez am
prar e
267 (zon 2%
pricse
308 foun o1 Toen
i ek g

278 (41001 1000





OEBPS/Images/logo.jpg
’ frontiers
in Pharmacology





OEBPS/Images/fphar-11-00817-g001.jpg
Records identified through
databas searching

v

o)

Additional records dentied
hrough ther sources
:

) (ST (E==aa) (&

Included

Recordsatr duplcates remned
(n=181)
Records screened Recordsexcluded
e de5) e 205)

forelgiity

Fultest artces ssesied

Fullent ricesexcluded,
— wihresons
= 263)

meta-anaysi)
I3

Studies ncuded in
auanstate synhess






OEBPS/Images/fphar.2020.00817_cover.jpg
’ frontiers
in Pharmacology

The Efficacy of Nerve Growth
Factor Antibody for the Treatment
of Osteoarthritis Pain and Chronic

Low-Back Pain: A Meta-Analysis





OEBPS/Images/fphar-11-00817-g005.jpg
oo hy~= R -~ ore e
sy Tota Mean 80 Tot Mean S0 Oifecence. WO 95hcl Weigh

— 2 20000 20 175 0200 270 1209 2521 167
Sorniszors §71 56 02 1a1 101 oz S0 {sm son temn
el 42 2140300 162 183 01200 S8 (33 259 ter
it 8 350k 1 145 a0 P
Tarszots T 3R 2% % 2% 2o D3 {aew Gos 1o
araazots S 3No @ smomee 3% [ on e

tandom etfcts el 262 s 278 (4224301 000

ety <40 308 <001






OEBPS/Text/nav.xhtml


  

    Table of Contents



    

		Cover



      		

        The Efficacy of Nerve Growth Factor Antibody for the Treatment of Osteoarthritis Pain and Chronic Low-Back Pain: A Meta-Analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Statement

          



          		

            Literature Search and Study Selection

          



          		

            Data Extraction and Quality Assessments

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Study Selection and Characteristics

          



          		

            Risk of Bias of Individual Studies

          



          		

            Assessment of Overall Effect Sizes

          



          		

            Adverse Events Incidence

          



          		

            Sensitivity Analysis and Publication Bias

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/table1.jpg
Reference Pain  Sample  Age,years  Female Mean duration of OAor Intervention Outcomes

condition sizo. ratio (%) L8P, years
iz ot o, 2013 Ovone 1082 517 520 109123 P.TSmgH GBw, T1Omg v gBw, T20mg WP,
e g8, N 500 mg bid WPF.
P
Sperngs 1l 2013 OA 610 74 626 6276 P.TSmgHaon.TIOmg N GBw,OCR WP,
10-40mg qizn WF
PG
Baanscuctal, 2014 OA 64 624 24 6167 PADSR. T25mQiDSR TS mQDSA.T WP,
10mgDSR WF
oA
Biman ot @, 2014 oA @8 ezl @3 7290 P.TSmghaow, TIOmg NGB, NSO WP,
mgbia WF.,
PG
Tioeo et al, 2014 on 215 s93s87 638 e P.FO03 mgke,FO.1 makg FOImEka WP,
WF
Veyorgactal, 2016 OA 196 594292 563 N P.F3mg g, F9 mg qéw, OCRbid W,
WF,
P
Sanga et al, 2016 on a5 su1s120 540 N P, 1mg Gaw, FOmg qéw, FEmaadw.F  PGA

10mg adw

L6, ou-back pan: OA, Osteoathrs; WP, WOMAC P W.PF, WOMAG Physial Fucton; FGA, Patnts Glbl Assassmen; P, Placabs T, Tanazumab; N, Nagroran: O-GR,
o tA I sl AN cltbiiar supsabactiakiaes Mt o Sscintt dbdbaba k. not Sabtle





