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In their paper, Hughes et al. [1] evaluated the reasons and consequences for patients
with type 1 Gaucher disease switching from intravenous enzyme replacement therapy
(ERT) to oral substrate reduction therapy (SRT) and vice versa. We commend the authors’
efforts to add to the existing knowledge about the experience of switching between these
two classes of therapy for Gaucher disease because their modes of action and pharmacol-
ogy are distinct. However, it is important that clinicians are aware of the fundamental
differences between the two oral SRTs. Eliglustat is an approved first-line therapy for
adults with type 1 Gaucher disease who have compatible cytochrome P450 enzyme 2D6
(CYP2D6) metabolizer phenotypes (>90% of patients [2]) [3,4]. In contrast, miglustat is
approved as a second-line therapy for adults with type 1 Gaucher disease unable to tolerate
ERT [5,6]. Miglustat and eliglustat are neither chemically, metabolically, pharmacologi-
cally, nor biologically equivalent. Indeed, miglustat is, in effect, the “first generation” oral
SRT for Gaucher disease, and its limitations and side-effect profile were the impetus for
developing eliglustat [7].

Miglustat is a glucose analog, and eliglustat is a ceramide analog (Figure 1). Although
both drugs inhibit glucosylceramide synthase activity, eliglustat is more potent and spe-
cific. The half maximal inhibitory concentration (IC50) is approximately three orders of
magnitude lower for eliglustat (IC50~25 nM) [8] than for miglustat (IC50, 10–50 µM) [9].
Miglustat is excreted unchanged in the urine and, in the presence of renal failure, the dose
must be adjusted according to the estimated glomerular filtration rate (eGFR) [5]. Eliglustat
is metabolized by the hepatic cytochrome P450 enzymes CYP2D6 and CYP3A, and its
approved use and dosing in renal impairment are dependent upon CYP2D6 genotype,
concurrent use of medications that either inhibit or induce CYP2D6 and CYP3A, and the
degree of hepatic dysfunction [3].
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Figure 1. Chemical structures of glucosylceramide, eliglustat, and miglustat.

In terms of clinical toxicities, Hughes et al. mischaracterized the relative gastrointesti-
nal tolerability of these two drugs when they wrote: “The most common adverse events
associated with miglustat are diarrhea, flatulence, abdominal pain, weight loss, and tremor,
whereas gastrointestinal effects are also common with eliglustat”. In fact, gastrointestinal
side effects are substantially more common and more severe with miglustat than eliglustat.
According to the miglustat label, 85% of patients experienced diarrhea and 65% experi-
enced weight loss in clinical trials [5]. The label characterizes diarrhea as “the result of the
inhibitory activity of miglustat on intestinal disaccharidases such as sucrase-isomaltase in
the gastrointestinal tract leading to reduced absorption of dietary disaccharides in the small
intestine, with a resultant osmotic diarrhea” [5]. Anti-diarrheal medications, specialized
dose escalation, and dietary modifications are approaches that attempt, with inconsistent
success, to offset the poor gastrointestinal tolerability of miglustat [10,11]. In the eliglustat
clinical trials, 10% of patients reported diarrhea, which was mild or moderate, and 2%
reported weight loss [2]; in long-term follow-up (1400 person-years), treatment-related
diarrhea continued to be uncommon (4.6% of patients) and mild or moderate in nearly all
cases [12]. Strategies to combat diarrhea are not needed with eliglustat treatment.

In addition, miglustat crosses the blood–brain barrier and has been detected in cere-
brospinal fluid [13], whereas eliglustat does not accumulate in the brain and has not been
detected in cerebrospinal fluid [7]. In clinical trials, 30% of miglustat-treated patients [5] and
1% of eliglustat-treated patients [2] reported tremors or exacerbation of existing tremors.

Thus, the miglustat label includes warnings for diarrhea, weight loss, peripheral
neuropathy, and tremors or exacerbation of existing tremors [5]. The eliglustat label has
no such warnings [3]. However, unlike miglustat, the eliglustat label has warnings for
electrocardiographic changes and the potential for cardiac arrhythmias in patients with
pre-existing cardiac disease, long QT syndrome, and concomitant use of Class IA and Class
III antiarrhythmic medications [3]. According to pharmacokinetic/pharmacodynamic
modeling [14], eliglustat concentrations predicted to cause even mild increases in mean PR,
QRS, and QTc intervals (i.e., concentrations greater than 500 ng/mL) [3] are substantially
higher than therapeutic levels and were not observed in any patients in the eliglustat
clinical trials [12].

The Hughes et al. report also appears to contain a biased presentation of adverse event
data that led to treatment-switching. Adverse events that resulted in a switch from eliglustat
to ERT were collected (and reported in the article), but similar information for patients who
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switched from miglustat to ERT was not presented, even though most switches to ERT
were in miglustat-treated patients.

The authors also did not mention that women wishing to become pregnant (for whom
neither miglustat nor eliglustat is recommended due to a lack of data in pregnancy [3–6]) may
opt for an anticipatory switch from SRT to ERT. There is abundant literature that ERT is safe
during pregnancy and can protect against Gaucher-related pregnancy complications [15].

Eliglustat’s first-line indication in type 1 Gaucher disease and superior tolerability
profile have led to far greater prescribing of eliglustat than miglustat. This is reflected
in Figure 1 of the Hughes et al. article where, among 222 patients who switched from
ERT to SRT, 149 switched to eliglustat and 73 switched to miglustat; thereafter, 119 of 149
(80%) eliglustat-treated patients remained on eliglustat and 15 of 73 (21%) miglustat-treated
patients remained on miglustat. The first-line designation of eliglustat is supported by the
clinical trials, in which improvements in blood parameters and visceromegaly in treatment-
naive patients were similar between ERTs and eliglustat [16], but not miglustat [17]. Simi-
larly, in ERT-SRT switch trials, “treatment with eliglustat maintained haematological and
organ volume stability in patients with type 1 Gaucher disease who had reached therapeu-
tic goals” [18], whereas for miglustat “a notable proportion of patients showed a gradual
deterioration in some disease manifestations, suggesting that miglustat could maintain
clinical stability, but not in all patients” [19].

When advising patients with type 1 Gaucher disease or third-party payers about op-
tions for oral therapy, it is important that the well-documented chemical, pharmacological,
and pharmacodynamic distinctions between eliglustat and miglustat are accurately and
clearly explained.

Author Contributions: All authors contributed equally to this work. All authors have read and
agreed to the published version of the manuscript.

Funding: Medical writing/editorial support for this article was paid for by Sanofi.

Acknowledgments: The authors thank Laurie LaRusso, Chestnut Medical Communications, for
writing support paid for by Sanofi.

Conflicts of Interest: P.K.M., P.S.K., M.B., J.M.C., N.J.W. and T.M.C. are principal investigators in
Sanofi-sponsored clinical trials and/or members of regional advisory boards of the Sanofi-sponsored
International Collaborative Gaucher Group Gaucher Registry, and have received research funding,
educational grants, honoraria, consulting fees, and/or travel reimbursement from Sanofi. P.S.K. also
reports serving on advisory boards for Amicus and Baebies; consulting fees from Amicus, AskBio,
and Vertex; contracted research for Amicus and Valerion; honoraria from Amicus, AskBio, and
Vertex; travel expenses from Amicus; and ownership interests in AskBio and Baebies. M.B. also
reports participation on advisory boards for Takeda. N.J.W. also reports honoraria for consultancy
or participation on advisory boards for Pfizer and Shire and fees or honoraria from speaking at the
invitation of Pfizer and Shire. T.M.C. also reports consulting fees from AvroBio, Azafaros, Gain
Therapeutics, Pfizer, and Takeda, and honoraria, travel reimbursement, and grant/research support
from Shire Pharmaceuticals (now Takeda). J.H. is employed by Sanofi.

References
1. Hughes, D.A.; Deegan, P.; Giraldo, P.; Göker-Alpan, Ö.; Lau, H.; Lukina, E.; Revel-Vilk, S.; Scarpa, M.; Botha, J.; Gadir, N.; et al.

Switching between Enzyme Replacement Therapies and Substrate Reduction Therapies in Patients with Gaucher Disease: Data
from the Gaucher Outcome Survey (GOS). J. Clin. Med. 2022, 11, 5158. [CrossRef] [PubMed]

2. Peterschmitt, M.J.; Cox, G.F.; Ibrahim, J.; MacDougall, J.; Underhill, L.H.; Patel, P.; Gaemers, S.J.M. A pooled analysis of adverse
events in 393 adults with Gaucher disease type 1 from four clinical trials of oral eliglustat: Evaluation of frequency, timing, and
duration. Blood Cells Mol. Dis. 2018, 68, 185–191. [CrossRef] [PubMed]

3. CERDELGA™ (Eliglustat) [Package Insert]; Genzyme Ireland, Ltd.: Waterford, Ireland, 2018. Available online: http://www.
cerdelga.com/pdf/cerdelga_prescribing_information.pdf (accessed on 27 October 2022).

4. CERDELGA™ 84 mg Capsules. In Summary of Product Characteristics; Genzyme Therapeutics: Oxfordshire, UK. Available online:
https://www.medicines.org.uk/emc/product/2615/smpc2018 (accessed on 27 October 2022).

5. Zavesca (Miglustat) US Prescribing Information; Actelion Pharmaceuticals US, Inc: South San Francisco, CA, USA, 2017. Available
online: https://www.zavesca.com/pdf/ZAVESCA-Full-Prescribing-Information.pdf (accessed on 27 October 2022).

https://doi.org/10.3390/jcm11175158
https://www.ncbi.nlm.nih.gov/pubmed/36079085
https://doi.org/10.1016/j.bcmd.2017.01.006
https://www.ncbi.nlm.nih.gov/pubmed/28126395
http://www.cerdelga.com/pdf/cerdelga_prescribing_information.pdf
http://www.cerdelga.com/pdf/cerdelga_prescribing_information.pdf
https://www.medicines.org.uk/emc/product/2615/smpc2018
https://www.zavesca.com/pdf/ZAVESCA-Full-Prescribing-Information.pdf


J. Clin. Med. 2023, 12, 3269 4 of 4

6. Zavesca (Miglustat) Summary of Product Characteristics; Janssen Pharmaceutica NV: Beerse, Belgium, 2012.
7. Shayman, J.A. Eliglustat tartrate: Glucosylceramide synthase inhibitor treatment of type 1 Gaucher disease. Drugs Future 2010, 35,

613–620. [CrossRef] [PubMed]
8. McEachern, K.A.; Fung, J.; Komarnitsky, S.; Siegel, C.; Chuang, W.L.; Hutto, E.; Shayman, J.A.; Grabowski, G.A.; Aerts, J.M.;

Cheng, S.H.; et al. A specific and potent inhibitor of glucosylceramide synthase for substrate inhibition therapy of Gaucher
disease. Mol. Genet. Metab. 2007, 91, 259–267. [CrossRef] [PubMed]

9. Wennekes, T.; Meijer, A.J.; Groen, A.K.; Boot, R.G.; Groener, J.E.; van Eijk, M.; Ottenhoff, R.; Bijl, N.; Ghauharali, K.; Song, H.; et al.
Dual-action lipophilic iminosugar improves glycemic control in obese rodents by reduction of visceral glycosphingolipids and
buffering of carbohydrate assimilation. J. Med. Chem. 2010, 53, 689–698. [CrossRef] [PubMed]

10. Belmatoug, N.; Burlina, A.; Giraldo, P.; Hendriksz, C.J.; Kuter, D.J.; Mengel, E.; Pastores, G.M. Gastrointestinal disturbances and
their management in miglustat-treated patients. J. Inherit. Metab. Dis. 2011, 34, 991–1001. [CrossRef] [PubMed]

11. Champion, H.; Ramaswami, U.; Imrie, J.; Lachmann, R.H.; Gallagher, J.; Cox, T.M.; Wraith, J.E. Dietary modifications in patients
receiving miglustat. J. Inherit. Metab. Dis. 2010, 33, S379–S383. [CrossRef] [PubMed]

12. Peterschmitt, M.J.; Freisens, S.; Underhill, L.H.; Foster, M.C.; Lewis, G.; Gaemers, S.J.M. Long-term adverse event profile from four
completed trials of oral eliglustat in adults with Gaucher disease type 1. Orphanet J. Rare Dis. 2019, 14, 128. [CrossRef] [PubMed]

13. Schiffmann, R.; Fitzgibbon, E.J.; Harris, C.; DeVile, C.; Davies, E.H.; Abel, L.; van Schaik, I.N.; Benko, W.; Timmons, M.;
Ries, M.; et al. Randomized, controlled trial of miglustat in Gaucher’s disease type 3. Ann. Neurol. 2008, 64, 514–522. [CrossRef]
[PubMed]

14. Ruskin, J.N.; Ortemann-Renon, C.; Msihid, J.; Ross, L.; Puga, A.C.; Peterschmitt, M.J.; Cox, G.F.; Maison-Blanche, P. How
a concentration-effect analysis of data from the eliglustat thorough electrocardiographic study was used to support dosing
recommendations. Mol. Genet. Metab. 2020, 131, 211–218. [CrossRef] [PubMed]

15. Granovsky-Grisaru, S.; Belmatoug, N.; vom Dahl, S.; Mengel, E.; Morris, E.; Zimran, A. The management of pregnancy in Gaucher
disease. Eur. J. Obstet. Gynecol. Reprod. Biol. 2011, 156, 3–8. [CrossRef] [PubMed]

16. Mistry, P.K.; Balwani, M.; Baris, H.N.; Turkia, H.B.; Burrow, T.A.; Charrow, J.; Cox, G.F.; Danda, S.; Dragosky, M.;
Drelichman, G.; et al. Safety, efficacy, and authorization of eliglustat as a first-line therapy in Gaucher disease type 1.
Blood Cells Mol. Dis. 2018, 71, 71–74. [CrossRef] [PubMed]

17. Cox, T.; Lachmann, R.; Hollak, C.; Aerts, J.; van Weely, S.; Hrebicek, M.; Platt, F.; Butters, T.; Dwek, R.; Moyses, C.; et al. Novel
oral treatment of Gaucher’s disease with N-butyldeoxynojirimycin (OGT 918) to decrease substrate biosynthesis. Lancet 2000, 355,
1481–1485. [CrossRef]

18. Cox, T.M.; Drelichman, G.; Cravo, R.; Balwani, M.; Burrow, T.A.; Martins, A.M.; Lukina, E.; Rosenbloom, B.; Ross, L.;
Angell, J.; et al. Eliglustat compared with imiglucerase in patients with Gaucher’s disease type 1 stabilised on enzyme re-
placement therapy: A phase 3, randomised, open-label, non-inferiority trial. Lancet 2015, 385, 2355–2362. [CrossRef]

19. Cox, T.M.; Amato, D.; Hollak, C.E.; Luzy, C.; Silkey, M.; Giorgino, R.; Steiner, R.D. Evaluation of miglustat as maintenance therapy
after enzyme therapy in adults with stable type 1 Gaucher disease: A prospective, open-label non-inferiority study. Orphanet J.
Rare Dis. 2012, 7, 102. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1358/dof.2010.35.8.1505566
https://www.ncbi.nlm.nih.gov/pubmed/22563139
https://doi.org/10.1016/j.ymgme.2007.04.001
https://www.ncbi.nlm.nih.gov/pubmed/17509920
https://doi.org/10.1021/jm901281m
https://www.ncbi.nlm.nih.gov/pubmed/20000679
https://doi.org/10.1007/s10545-011-9368-7
https://www.ncbi.nlm.nih.gov/pubmed/21779792
https://doi.org/10.1007/s10545-010-9193-4
https://www.ncbi.nlm.nih.gov/pubmed/20844964
https://doi.org/10.1186/s13023-019-1085-6
https://www.ncbi.nlm.nih.gov/pubmed/31174576
https://doi.org/10.1002/ana.21491
https://www.ncbi.nlm.nih.gov/pubmed/19067373
https://doi.org/10.1016/j.ymgme.2020.09.003
https://www.ncbi.nlm.nih.gov/pubmed/33012655
https://doi.org/10.1016/j.ejogrb.2010.12.024
https://www.ncbi.nlm.nih.gov/pubmed/21269752
https://doi.org/10.1016/j.bcmd.2018.04.001
https://www.ncbi.nlm.nih.gov/pubmed/29680197
https://doi.org/10.1016/S0140-6736(00)02161-9
https://doi.org/10.1016/S0140-6736(14)61841-9
https://doi.org/10.1186/1750-1172-7-102
https://www.ncbi.nlm.nih.gov/pubmed/23270487

	References

