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                    Abstract
Background
Taxane acute pain syndrome (TAPS) is characterized by myalgias and arthralgias starting 1–3 days and lasting 5–7 days after taxane-based chemotherapy. Despite negatively impacting patient’s quality of life, little is known about the optimal TAPS management. A systematic review of treatment strategies for TAPS across all tumor sites was performed.
Methods
Embase, Ovid MEDLINE(R), and the Cochrane Central Register of Controlled Trials were searched from 1946 to October 2014 for trials reporting the effectiveness of different treatments of TAPS in cancer patients receiving taxane-based chemotherapy. Two individuals independently screened citations and full-text articles for eligibility. Outcome measures included type of treatment and response of myalgias, arthralgias, pain, and quality of life (QoL).
Results
Of 1614 unique citations initially identified, five studies met the pre-specified eligibility criteria. Two were randomized placebo-controlled trials (225 patients), two were randomized open-label trials 76 patients), and one was a retrospective study (10 patients). The agents investigated included gabapentin, amifostine, glutathione, and glutamine. Study sizes ranged from 10 to 185 patients. Given the heterogeneity of study designs, a narrative synthesis of results was performed. Neither glutathione (QoL, p = 0.30, no 95 % CI reported) nor glutamine (mean improvement in average pain was 0.8 in both treatment arms, p = 0.84, no 95 % CI reported) were superior to placebo. Response to amifostine (pain response) and gabapentin (reduction in taxane-induced arthralgias and myalgias) was 36 % (95 % CI, 16–61 %) and 90 % (no 95 % CI data reported), respectively.
Conclusions
Despite its prevalence in patients receiving taxane-based chemotherapies, TAPS remains poorly researched and few studies evaluate its optimal management. If the management of patients is to be improved, more prospective trials are needed.
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Appendices
Appendix 1: Systematic review supplement: Summary of electronic literature search
Database: Embase Classic + Embase 1947 to October 20 2014, Ovid MEDLINE(R) In-Process & Other Non-indexed Citations and Ovid MEDLINE(R) 1946 to September 29, 2014.
	Searches

	1 docetaxel/

	2 paclitaxel/

	3 *taxoid/

	4 docetaxel or paclitaxel or taxane

	5 taxotere or docetaxel

	6 or/1–5

	7 exp. *pain/

	8 pain

	9 exp. *myalgia/

	10 myalgia

	11 exp. *arthralgia/

	12 arthralgia

	13 or/7–12

	14 6 and 13

	15 random or placebo or double-blind

	16 cohort analysis/

	17 longitudinal study/

	18 prospective study/

	19 follow up/

	20 cohort

	21 retrospective study/

	22 case adj (control or series)

	23 exp. *case control study/

	24 *controlled clinical trial/or *clinical trial/

	25 *randomized controlled trial/

	26 or/15–25

	27 14 and 26

	28 27 use emczd

	29 exp. Taxoids/

	30 docetaxel or paclitaxel or taxane

	31 taxotere or docetaxel

	32 or/29–31

	33 exp. Pain/

	34 pain

	35 exp. Arthralgia/or Arthralgia

	36 Myalgia/or Myalgia

	37 or/33–36

	38 or/33–36

	39 32 and 38

	40 randomized controlled trial.pt.

	41 controlled clinical trial.pt.

	42 placebo.ab.

	43 clinical trials as topic/

	44 trial.ti.

	45 random

	46 exp. Cohort Studies/

	47 cohort

	48 case-control studies/

	49 case adj (control or series)

	50 or/40–49

	51 39 and 50

	52 51 use prmz

	53 28 or 52

	54 limit 53 to english language

	55 remove duplicates from 54




	ID Search Hits

	#1 MeSH descriptor: [Taxoids] explode all trees

	#2 docetaxel:ti,ab,kw or taxotere:ti,ab,kw or docecad:ti,ab,kw (Word variations have been searched)

	#3 paclitaxel:ti,ab,kw or taxane*:ti,ab,kw (Word variations have been searched) 3541

	#4 #1 or #2 or #3

	#5 MeSH descriptor: [Pain] explode all trees

	#6 pain:ti,ab,kw or Arthralgia*:ti,ab,kw or myalgia*:ti,ab,kw (Word variations have been searched)

	#7 MeSH descriptor: [Myalgia] explode all trees

	#8 MeSH descriptor: [Arthralgia] explode all trees

	#9 #5 or #6 or #7 or #8

	#10 #4 and #9

	#11 CCRT






                        Appendix 2: Excluded studies from full text screening
Reason for exclusion:
Article describes chemotherapy-induced peripheral neuropathy:
Lavoie Smith EM, Pang H, Cirrincione C, Fleishman SB, Paskett ED, Fadul CE, et al. CALGB 170601: A phase III double blind trial of duloxetine to treat painful chemotherapy-induced peripheral neuropathy (CIPN). J Clin Oncol. 2012; 30 (18 SUPPL.1).
Argyriou AA, Chroni E, Koutras A, Iconomou G, Papapetropoulos S, Polychronopoulos P, et al. Preventing Paclitaxel-Induced Peripheral Neuropathy: A Phase II Trial of Vitamin E.
Chiechio S, Copani A, Nicoletti F, Gereau IV RW. L-Acetylcarnitine: A proposed therapeutic agent for painful peripheral neuropathies. Curr Neuropharmacol. 2006; 4[3]:233–237.
Neuropathic pain and balance problems are poorly evaluated in patients receiving taxane-based chemotherapy. J Support Oncol 2005;3[6]:412.
Smith EML et al. Effect of duloxetine on pain, function, and quality of life among patients with chemotherapy-induced painful peripheral neuropathy: a randomized clinical trial. JAMA 2013;309(13):1359–67
No mention of TAPS treatment
Earl HM, Vallier AL, Hiller L, Fenwick N, Young J, Iddawela M, et al. Effects of the addition of gemcitabine, and paclitaxel-first sequencing, in neoadjuvant sequential epirubicin, cyclophosphamide, and paclitaxel for women with high-risk early breast cancer (Neo-tAnGo): an open-label, 2 × 2 factorial randomised phase 3 trial. Lancet Oncol 2014;15:201–12.
Gravis G, Marino P, Joly F, Oudard S, Priou F, Esterni B, et al. Patients' self-assessment versus investigators' evaluation in a phase III trial in non-castrate metastatic prostate cancer (GETUG-AFU 15). Eur J Cancer 2014;50[5]:953–62.
Hara F, Matsubara N, Saito T, Takano T, Park Y, Toyama T, et al. Randomized phase III study of taxane versus TS-1 as first-line treatment for metastatic breast cancer (SELECT BC). J Clin Oncol. 2014; 32(15 SUPPL. 1).
Bulent Akinci M, Algin E, Inal A, Odabas H, Berk V, Coskun U, et al. Sequential adjuvant docetaxel and anthracycline chemotherapy for node positive breast cancers: a retrospective study. J Balk Union Oncol 2013;18[2]:314–20.
Fenlon D, Cranfield D, Powers C, Recio-Sauceda A. Joint Aches Cohort Study (JACS): The impact of joint pain in women on adjuvant therapy for primary breast cancer. Eur J Cancer. 2013; 49:S376.
Hanaoka M, Kawabata H, Iwatani T, Takano T, Miura D. Reduction of toxicity by reversing the order of infusion of docetaxel and cyclophosphamide. Chemotherapy 2013;59[2]:93–8.
Mirzaei HR, Nasrollahi F, Sabet RP, Akbari TZ, Moein HR, Ghaffari PT, et al. Dose-dense epirubicin and cyclophosphamide followed by docetaxel as adjuvant chemotherapy in node-positive breast cancer. Int J Breast Cancer. 2013; 2013.
Hervonen P, Joensuu H, Joensuu T, Ginman C, McDermott R, Harmenberg U, et al. Biweekly docetaxel is better tolerated than conventional three-weekly dosing for advanced hormone-refractory prostate cancer. Anticancer Res 2012;32[3]:953–6.
Logothetis CJ, Basch E, Molina A, Fizazi K, North SA, Chi KN, et al. Effect of abiraterone acetate and prednisone compared with placebo and prednisone on pain control and skeletal-related events in patients with metastatic castration-resistant prostate cancer: exploratory analysis of data from the COU-AA-301 randomised trial. Lancet Oncol 2012;13[12]:1210–7.
Pond GR, Armstrong AJ, Wood BA, Leopold LH, Galsky MD, Sonpavde G. Efficacy of docetaxel and prednisone in men with metastatic castration-resistant prostate cancer (mCRPC) exposed to prior ketoconazole (KC). J Clin Oncol. 2012; 30(5 SUPPL. 1).
Svensson H, Hatschek T, Johansson H, Einbeigi Z, Brandberg Y. Health-related quality of life as prognostic factor for response, progression-free survival, and survival in women with metastatic breast cancer. Med Oncol 2012;29[2]:432–8.
Fizazi K, De BJ, Haqq C, Logothetis CC, Jones RJ, Chi K, et al. Abiraterone acetate plus low-dose prednisone has a favorable safety profile in metastatic castration-resistant prostate cancer progressing after docetaxel-based chemotherapy: Results from COU-AA-301, a randomized, double-blind, placebo controlled, phase III study. Eur Urol Suppl. 2011; 10[2]:338.
Hervonen P, Joensuu H, Joensuu K, Nyandoto P, Luukkaa M, Nilsson S, et al. Phase III, randomized, open-label study of triweekly docetaxel versus biweekly docetaxel as treatments for advanced hormone-refractory prostate cancer: Findings from an interim safety analysis of the Finnish Uro-oncological Group Study 1–2003. J Clin Oncol. 2011; 29(7 SUPPL. 1).
Hoque E, Karim S, Reza MDS, Ahmed TU, Adnan RA. Clinical experience of docetaxel in combination with prednisolone and zoledronic acid for hormone-refractory prostate cancer (HRPC): A Bangladesh perspective. J Clin Oncol. 2011; 29(15 SUPPL. 1).
Meulenbeld HJ, van Werkhoven ED, Coenen JLLM, Creemers G, Loosveld OJL, de Jong PC, et al. Randomized phase III study of docetaxel with or without risedronate in patients with bone metastases from castration-resistant prostate cancer (CRPC): The Netherlands Prostate Study (NePro). J Clin Oncol. 2011; 29(15 SUPPL. 1).
Ou Y, Michaelson MD, Sengelov L, Saad F, Houede N, Ostler PJ, et al. Randomized, placebo-controlled, phase III trial of sunitinib in combination with prednisone (SU + P) versus prednisone (P) alone in men with progressive metastatic castration-resistant prostate cancer (mCRPC). J Clin Oncol. 2011; 29(15 SUPPL. 1).
Pond GR, Armstrong AJ, Wood BA, Brookes M, Leopold LH, Burke JM, et al. Assessment of two prognostic risk group methods to predict outcomes with docetaxel-based therapy in men with metastatic castration-resistant prostate cancer (mCRPC). J Clin Oncol. 2011; 29(7 SUPPL. 1).
Saad F, De Bono JS, Haqq CM, Logothetis CJ, Fizazi K, Jones RJ, et al. Abiraterone acetate plus low-dose prednisone has a favorable safety profile, improves survival and produces PSA and radiographic responses in metastatic castration-resistant prostate cancer progressing after docetaxel-based chemotherapy: Results from COU-AA-301, a randomized, double-blind, placebo-controlled, phase III study. J Urol. 2011; 185(4 SUPPL. 1):e283-e284.
Moulder SL, Holmes FA, Tolcher AW, Thall P, Broglio K, Valero V, et al. A randomized phase 2 trial comparing 3-h versus 96-h infusion schedules of paclitaxel for the treatment of metastatic breast cancer. Cancer 2010;116[4]:814–21.
Eaton KD, Frieze DA. Cancer pain: Perspectives of a medical oncologist. Curr Pain Headache Rep. 2008; 12[4]:270–276.
Ledeboer A, Hutchinson MR, Watkins LR, Johnson KW. Ibudilast (AV-411): A new class therapeutic candidate for neuropathic pain and opioid withdrawal syndromes. Expert Opin Investig Drugs. 2007; 16[7]:935–950.
Gilron I, Flatters SJL. Gabapentin and pregabalin for the treatment of neuropathic pain: A review of laboratory and clinical evidence. Pain Res Manage. 2006; 11(SUPPL. A):16A-29A.
Chao TC, Chu Z, Tseng LM, Chiou TJ, Hsieh RK, Wang WS, et al. Paclitaxel in a novel formulation containing less Cremophor EL as first-line therapy for advanced breast cancer: a phase II trial. Invest New Drugs 2005;23[2]:171–7.
Miller KD, Saphner TJ, Waterhouse DM, Chen TT, Rush-Taylor A, Sparano JA, et al. A randomized phase II feasibility trial of BMS-275,291 in patients with early stage breast cancer. Clin Cancer Res 2004;10[6]:1971–5.
Pusztai L, Mendoza TR, Reuben JM, Martinez MM, Willey JS, Lara J, et al. Changes in plasma levels of inflammatory cytokines in response to paclitaxel chemotherapy. Cytokine 2004;25[3]:94–102.
Markman M. Management of toxicities associated with the administration of taxanes. Expert Opin Drug Saf 2003;2[2]:141–6.
Penson DF. Assessment of patients with castrate-resistant prostate cancer. Clin Adv Hematol Oncol 20119[7]:4–6.
Sartor O. Prognosis of patients with castrate-resistant prostate cancer. Clin Adv Hematol Oncol 20119[7]:7–9.
Gardner TA, Elzey BD, Hahn NM. Sipuleucel-T (Provenge) autologous vaccine approved for treatment of men with asymptomatic or minimally symptomatic castrate-resistant metastatic prostate cancer. Hum Vaccines Immunother 20128[4]:526–531.
Seal B, Puto K, Allen PD, Asche CV. Patient-reported outcomes (PROS) and tolerability of therapeutic agents in patients with metastatic prostate cancer (MPC): A systematic literature review. Value Health 201215[4]:A226.
Wilson LS, Zhong L, Pon V, Srinivas S, Frear M, Nguyen N, et al. Cost effectiveness analysis of new treatments for metastatic castration-resistant prostate cancer: Does severity matter? Value Health 201215[4]:A220-A221.
Merseburger AS, Scher HI, De WR, Bellmunt J, Miller K, Mulders P, et al. Enzalutamide (ENZA) has similar effect in European (EU) and North American (NA) men despite regional differences in diagnosis and treatment: AFFIRM trial subanalysis. Urologe Ausg A 201352(1 SUPPL. 1):76.
Article describes arthropathy post-chemotherapy
Kim M-J, Ye Y-M, Park H-S, Suh C-H. Chemotherapy-related arthropathy. J Rheumatol. 2006; 33[7]:1364–1368
Cancer-related pain
Basch EM, De Bono JS, Scher HI, Molina A, Sternberg CN, Fizazi K, et al. Pain control and delay in time to skeletal-related events (SREs) in patients with metastatic castration-resistant prostate cancer (mCRPC) treated with abiraterone acetate (AA): Long-term follow-up. J Clin Oncol. 2012; 30(5 SUPPL. 1)
Duplicate publication
Markman M. Prevention of paclitaxel-associated arthralgias and myalgias. J Support Oncol. 2003; 1[4]:233–234.
Appendix 3: PRISMA Checklist

                  	Section/topic
	#
	Checklist item
	Reported on page #

	
                              Title
                            
	 
	Title
	1
	Identify the report as a systematic review, meta-analysis, or both.
	1

	
                              Abstract
                            
	 
	Structured summary
	2
	Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number.
	2–3

	
                              Introduction
                            

	Rationale
	3
	Describe the rationale for the review in the context of what is already known.
	4–5

	Objectives
	4
	Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS).
	5–6

	
                              Methods
                            

	Protocol and registration
	5
	Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number.
	N/A

	Eligibility criteria
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale.
	5

	Information sources
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched.
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