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Abstract 

CMT1A is the most common inherited peripheral neuropathy. There is currently no approved 

treatment. We performed a meta-analysis including four randomized, double-blind, Placebo-

controlled clinical trials to assess the disease progression after one year under Placebo, 

Ascorbic Acid (AA) or PXT3003, a combination of three repurposed drugs. We observed a 

weak deterioration in patients under Placebo, well below the reported natural disease 

progression. Patients treated with AA were stable after one year but not significantly different 

from Placebo. Patients undergoing PXT3003 treatment showed an improvement in CMTNS 

and ONLS, statistically significant versus Placebo and potentially precursory of a meaningful 

change in the disease course. 
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Letter to the editor 

Charcot-Marie-Tooth disease Type 1A (CMT1A, OMIM: 118220, Orphanet: 

ORPHA101081) is a rare, inherited, peripheral neuropathy caused by duplication of the gene 

PMP22 [1, 2], whose over-expression induces dysmyelination, axonal loss and muscle 

wasting [3, 4]. Two treatments have been recently investigated in seven 1- or 2-year 

randomized, double blind, placebo-controlled clinical trials: Ascorbic Acid (AA) [5–12] and 

PXT3003, a combination of (RS)-baclofen, naltrexone hydrochloride and D-sorbitol [13, 14]. 

Now that all these trials have been completed, and as recommended at the 168
th

 ENMC 

international workshop [15], we report the results of a first meta-analysis assessing the 

disease progression after one year under Placebo, AA or PXT3003. 

Methods 

We conducted a literature search through PubMed and ClinicalTrials.gov for randomized, 

placebo-controlled clinical trials lasting 12 months or more using’Charcot-Marie-Tooth type 

1A disease’ and its synonyms’hereditary motor and sensory neuropathy’,’peroneal muscular 

atrophy’ and’distal spinal muscular atrophy’ as the search terms. MEDLINE search terms are 

given in Appendix. We also checked the bibliography of identified trials. The outcomes of 

interest were the change from baseline in CMTNS [16] and ONLS [17] after one year of 

treatment or Placebo, hence only trials measuring CMTNS or ONLS were selected. CMTNS 

and ONLS are considered as the main clinical scales for impairment and disability, 

respectively, in CMT1A disease [15]. Studies measuring at least one of these two outcomes 

were selected. In both measures, an increasing score is considered as deterioration. 

The estimated mean changes from baseline and corresponding standard errors were extracted 

from the publications. When not available, standard errors were deduced from confidence 

intervals. Studies not providing sufficient information were excluded from the meta-analysis. 

For each outcome, we performed fixed and DerSimonian-Laird random effects meta-analyses 

including treatment (Placebo, AA or PXT3003) as moderator factor. The Q-test and I
2
 index 

were used to determine the level of heterogeneity in the random effect model. Comparisons 

of AA and PXT3003 versus Placebo were performed with tests of contrast of the moderator 

factor. 

Results 

Four studies met the inclusion criteria: three on AA [10–12] and one on PXT3003 [14]. For 

the PXT3003 trial, only the dose showing a significant effect was considered, i.e. the highest 

dose tested termed ‘PXT3003 HD’. For ONLS in the Pareyson study, values at 24 months 

were used as values at 12 months were not available. In total, 565 patients were included in 

these trials: 220 with Placebo, 326 with AA (1, 1.5, 3 or 4 g per day) and 19 with PXT3003 

(HD). The Q and I
2
 indices for the random effect models did not reveal significant 



heterogeneity for CMTNS (Q-test p = 0.28; I
2
 = 10.9 %) nor for ONLS (Q-test p = 0.36; I

2
 = 

11.2 %), justifying reporting the results of the fixed effect models only. 

Results obtained for CMTNS and ONLS scales were consistent (Fig. 1a and b). After one 

year, CMT1A patients showed a slight deterioration under Placebo of 0.16 point in CMTNS 

and 0.06 point in ONLS. The progression of patients under AA appeared stable (−0.04 point 

in CMTNS and −0.01 point in ONLS) and not significant when compared to Placebo (p = 

0.390 for CMTNS and p = 0.387 for ONLS). Patients taking PXT3003 show an amelioration 

in both measures (−0.68 point in CMTNS and −0.21 point in ONLS), significant when 

compared to Placebo (p = 0.048 for CMTNS and p = 0.044 for ONLS). 

Fig. 1 Results of the meta-analysis on the change from baseline after one year. Fixed-effect 

meta-analysis, with treatment as moderator variable. Difference in changes from baseline 

between Placebo, AA and PXT3003 were assessed through contrast tests. a Change from 

baseline in CMTNS under Placebo, AA and PXT3003; b Change from baseline in ONLS 

under Placebo, AA and PXT3003. *p < 0.05; NS = not-significant 

Discussion 

The present meta-analysis supports the conclusions made independently within each clinical 

trial as regards efficacy of treatments and Placebo [10, 12, 14]. First, the CMT1A patients of 

the Placebo groups from studies conducted from 2006 to 2014 deteriorate rather slowly 

compared to the estimated natural progression of 0.686 point/year in CMTNS reported by 

Shy and colleagues in 2008 [18]. These findings are consistent with the positive placebo 

effects observed in diabetic neuropathy [19] or patient-reported pain outcomes [20], although 

the factors accounting for such a difference remain unclear. Lewis et al. [12] considered that 

systematic differences between participants of the different studies may be partially 

responsible; for instance the mean age and CMTNS are slightly higher in the four clinical 

trials considered here than in the natural progression study by Shy et al. [18]. Pareyson and 

colleagues [11] also pointed out that the natural progression study was partly retrospective, 

and therefore might not be directly comparable with clinical trials. Consequently, we believe 

that the progression of CMTNS and ONLS under Placebo reported here is more valuable than 

natural progression estimates for the design of future clinical trials in CMT1A, and less prone 

to sampling bias that might occur in single independent studies. 

Second, the progression of patients under different dosages of AA appears quite stable, and 

does not reach statistical significance versus Placebo. The difference between AA and 

Placebo is far below the order of magnitude expected for sample size calculation in the three 

AA clinical trials. As it happens, the a posteriori power to detect this difference as significant 

does not exceed 15 % (assuming an SD in CMTNS of 5, a correlation between baseline and 

final values of 0.8, and an ANCOVA analysis at a two-sided 5 % level). In this context, 

designing a confirmatory Phase three study for a treatment showing such stabilization in 

CMT1A would require a much larger sample size and longer study duration, making it 

clearly unrealizable. It confirms the idea that an effective treatment for this disease should 

bring an improvement, rather than the mere ability to slow or stabilize the disease progression 

[12, 14]. Even if this effect seems quite marginal, a standardized re-analysis of all AA 

patient-level data would be of great interest. 



Lastly, this meta-analysis supports an improvement in both CMTNS and ONLS with 

PXT3003 treatment, statistically significant when compared to Placebo. This improvement 

could herald an early, meaningful change in the disease course. 

Conducting a meta-analysis of clinical trials in CMT1A is challenging because of the small 

number of studies and of the heterogeneity of study protocols in terms of recruitment criteria, 

study duration, balance of groups, and statistical analysis. In addition, our study evaluates 

CMTNS in a context where a second version (CMTNSv2) has been proposed to reduce 

floor/ceiling effects and eventually to improve the scale’s sensitivity to change [21]. The 

current version of the CMTNSv2 has also been questioned recently through a Rasch analysis 

by Sadjadi et al. [22] and a ‘weighted’ alternative has been suggested. In parallel, Mannil et 

al. [23] proposed a CMTNSMod by adding three functional measures (9-hole peg test, foot 

dorsiflexion and walk test) while removing Ulnar SNAP, Pin Sensibility, Vibration and 

Strength of Arms. None of these modified versions has been evaluated yet in natural history 

or therapeutic trials. Despite these limitations, the present study provides a set of relevant 

observations, consistently obtained on both CMTNS and ONLS, to be used for the design of 

future clinical trials in CMT1A. 
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Appendix 

PubMed MEDLINE Search Strategy 

randomized controlled trial [Title/Abstract] OR controlled clinical trial [Title/Abstract] OR 

placebo-controlled clinical trial [Title/Abstract] OR clinical trial [Title/Abstract] OR 

randomized clinical trials [mh] OR clinical trials [mh] OR random allocation [mh] OR 



double-blind [mh] OR double blind[mh] OR ((singl* [tw] OR doubl* [tw] OR trebl* [tw] OR 

tripl* [tw]) AND (mask* [tw] OR blind* [tw])) OR (placebos [mh] OR placebo* [tw] OR 

random* [tw] OR follow-up study [mh] OR prospective study [mh])) NOT (animals [mh] 

NOT human [mh]) 

AND ((Charcot-Marie-Tooth [Title/Abstract] OR CMT [Title/Abstract] OR hmsn 

[Title/Abstract] OR hereditary motor and sensory neuropathy [Title/Abstract] OR peroneal 

muscular atrophy [Title/Abstract]) AND (1A [Title/Abstract] OR type 1A [Title/Abstract])) 

References 

1. Raeymaekers P, Timmerman V, Nelis E, De Jonghe P, Hoogendijk JE, Baas F, et al. 

Duplication in chromosome 17p11.2 in Charcot-Marie-Tooth neuropathy type 1a (CMT 1a). 

The HMSN Collaborative Research Group. Neuromuscul Disord. 1991;1:93–7. 

2. Lupski JR, Wise CA, Kuwano A, Pentao L. Gene dosage is a mechanism for Charcot-

Marie-Tooth disease type 1A. Nat Genet. 1992;1:29–33. 

3. Pareyson D, Scaioli V, Laurà M. Clinical and electrophysiological aspects of Charcot-

Marie-Tooth disease. Neuromolecular Med. 2006;8:3–22. 

4. Bird T. Charcot-Marie-Tooth Neuropathy Type 1. GeneReviews. 2014. 

5. Passage E, Norreel JC, Noack-Fraissignes P, Sanguedolce V, Pizant J, Thirion X, et al. 

Ascorbic acid treatment corrects the phenotype of a mouse model of Charcot-Marie-Tooth 

disease. Nat Med. 2004;10:396–401. 

6. Kaya F, Belin S, Bourgeois P, Micaleff J, Blin O, Fontés M. Ascorbic acid inhibits PMP22 

expression by reducing cAMP levels. Neuromuscul Disord. 2007;17:248–53. 

7. Verhamme C, de Haan R, Vermeulen M, Baas F, de Visser M, van Schaik I. Oral high 

dose ascorbic acid treatment for one year in young CMT1A patients: a randomised, double-

blind, placebo-controlled phase II trial. BMC Med. 2009;7:70. 

8. Burns J, Ouvrier R, Yiu E, Joseph P, Kornberg A, Fahey M, et al. Ascorbic acid for 

Charcot-Marie-Tooth disease type 1A in children: a randomised, double-blind, placebo-

controlled, safety and efficacy trial. Lancet Neurol. 2009;8:537–44. 

9. Toth C. Poor tolerability of high dose ascorbic acid in a population of genetically 

confirmed adult Charcot-Marie-Tooth 1A patients. Acta Neurol Scand. 2009;120:134–8. 

10. Micallef J, Attarian S, Dubourg O, Gonnaud P-M, Hogrel J-Y, Stojkovic T, et al. Effect 

of ascorbic acid in patients with Charcot-Marie-Tooth disease type 1A: a multicentre, 

randomised, double-blind, placebo-controlled trial. Lancet Neurol. 2009;8:1103–10. 

11. Pareyson D, Reilly MM, Schenone A, Fabrizi GM, Cavallaro T, Santoro L, et al. 

Ascorbic acid in Charcot-Marie-Tooth disease type 1A (CMT-TRIAAL and CMT-TRAUK): 

a double-blind randomised trial. Lancet Neurol. 2011;10:320–8. 



12. Lewis RA, McDermott MP, Herrmann DN, Hoke A, Clawson LL, Siskind C, et al. High-

Dosage Ascorbic Acid Treatment in Charcot-Marie-Tooth Disease Type 1A: Results of a 

Randomized, Double-Masked, Controlled Trial. JAMA Neurol. 2013;70:981–7. 

13. Chumakov I, Milet A, Cholet N, Primas G, Boucard A, Pereira Y, et al. Polytherapy with 

a combination of three repurposed drugs (PXT3003) down-regulates Pmp22 over-expression 

and improves myelination, axonal and functional parameters in models of CMT1A 

neuropathy. Orphanet J Rare Dis. 2014;9:201. 

14. Attarian S, Vallat J-M, Magy L, Funalot B, Gonnaud P-M, Lacour A, et al. An 

exploratory randomised double-blind and placebo-controlled phase 2 study of a combination 

of baclofen, naltrexone and sorbitol (PXT3003) in patients with Charcot-Marie-Tooth disease 

type 1A. Orphanet J Rare Dis. 2014;9:199. 

15. Reilly MM, Shy ME, Muntoni F, Pareyson D. 168th ENMC International Workshop: 

outcome measures and clinical trials in Charcot-Marie-Tooth disease (CMT). Neuromuscul 

Disord. 2010;20:839–46. 

16. Shy ME, Blake J, Krajewski K, Fuerst DR, Laura M, Hahn AF, et al. Reliability and 

validity of the CMT neuropathy score as a measure of disability. Neurology. 2005;64:1209–

14. 

17. Graham RC, Hughes RAC. A modified peripheral neuropathy scale: the Overall 

Neuropathy Limitations Scale. J Neurol Neurosurg Psychiatry. 2006;77:973–6. 

18. Shy ME, Chen L, Swan ER, Taube R, Krajewski KM, Herrmann D, et al. Neuropathy 

progression in Charcot-Marie-Tooth disease type 1A. Neurology. 2008;70:378–83. 

19. Tesfaye S, Tandan R, Bastyr EJ, Kles KA, Skljarevski V, Price KL. Factors that impact 

symptomatic diabetic peripheral neuropathy in placebo-administered patients from two 1-

year clinical trials. Diabetes Care. 2007;30:2626–32. 

20. Hróbjartsson A, Gøtzsche PC. Placebo interventions for all clinical conditions. Cochrane 

Database Syst Rev. 2010;(1):CD003974. 

21. Murphy SM, Herrmann DN, McDermott MP, Scherer SS, Shy ME, Reilly MM, et al. 

Reliability of the CMT neuropathy score (second version) in Charcot-Marie-Tooth disease. J 

Peripher Nerv Syst. 2011;16:191–8. 

22. Sadjadi R, Reilly MM, Shy ME, Pareyson D, Laura M, Murphy S, et al. Psychometrics 

evaluation of Charcot-Marie-Tooth Neuropathy Score (CMTNSv2) second version, using 

Rasch analysis. J Peripher Nerv Syst. 2014;19:192–6. 

23. Mannil M, Solari A, Leha A, Pelayo-Negro AL, Berciano J, Schlotter-Weigel B, et al. 

Selected items from the Charcot-Marie-Tooth (CMT) Neuropathy Score and secondary 

clinical outcome measures serve as sensitive clinical markers of disease severity in CMT1A 

patients. Neuromuscul Disord. 2014;24:1003–17. 




	13023_2015_293_CoverPage.pdf
	13023_2015_293_MergedPDF.pdf

