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Neurological Disorders in Women

Introduction
Dimethyl fumarate (DMF) is a fumaric acid 
 derivative approved for the treatment of relapsing 
forms of multiple sclerosis (MS) in the United 
States (US) and relapsing remitting multiple scle-
rosis (RRMS) in the European Union (EU) for 
5 years.1,2 Previously, this substance was used for 
the treatment of psoriasis but in a slightly different 
formulation.3

Following oral intake, DMF is metabolized 
rapidly to its primary active metabolite monome-
thyl fumarate (MMF) due to esterase-mediated 
hydrolysis.2,4 The drug’s immune modulatory 
and antioxidative effects are believed to be 
induced by activation of the transcription fac-
tor ‘nuclear factor erythroid-derived-2-like 2’ 
(Nrf2).2,4 The exact mechanism of action is 
still under investigation.5

For the treatment of RRMS, DMF is adminis-
tered orally with a recommended twice daily dos-
age of 240 mg.1,2 As the beginning of the 
treatment is often accompanied by gastrointesti-
nal side effects, a lower starting dose is increased 
for at least 1 week until the final maintenance 
dose is reached.

Currently, data on excretion of DMF or MMF in 
human milk are lacking. In European prescribing 

information, mothers are advised to choose 
between breastfeeding and DMF therapy2; the 
US label proposes a risk–benefit assessment.1 As 
the relapse rate increases after delivery in women 
with MS, the secretion of MS disease-modifying 
drugs into human milk is of interest.

Herein, we present the first case report of MMF 
transfer and its pharmacokinetics in breast milk of 
two RRMS patients.

Case report

Case 1
A 35-year-old lactating woman from the German 
MS and pregnancy registry (DMSKW) was 
restarted on DMF treatment postpartum for 
RRMS.

In 2009, due to hypesthesia of the left side of her 
body, cranial (cMRI) and spinal (sMRI) mag-
netic resonance imaging (MRI) was performed 
revealing several cranial and spinal lesions. 
Analysis of cerebrospinal fluid suggested positive 
oligoclonal bands. The patient was diagnosed 
with RRMS and interferon-beta treatment was 
initiated. She discontinued interferon-beta treat-
ment in September 2014 when she became preg-
nant. In December 2015, a follow-up MRI after 
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delivery suggested new T2 lesions in cMRI and 
therapy was switched to DMF. Therapy was dis-
continued again in October 2016 during her sec-
ond pregnancy; in July 2017 the patient delivered 
a healthy female infant in gestational week 40 by 
normal spontaneous vaginal delivery. During 
pregnancy she was relapse-free. She breastfed the 
infant exclusively for almost 6 months during 
which she was still relapse-free. However, follow-
up MRI 6 months after delivery indicated new 
lesions, so she decided to wean her infant and 
restart oral Tecfidera (DMF) treatment. She 
continued to pump to retain her supply and 
donated milk samples for this study. Milk sam-
ples were collected before the very first DMF 
intake postpartum, and on the 8th day of 240 mg 
twice daily dosage at 1, 2, 4, 8, and 12 h after the 
intake.

At 1 year postpartum the patient reported no 
postpartum relapse.

Case 2
A 36-year-old lactating woman from the DMSKW 
who restarted DMF treatment postpartum for 
RRMS.

In May 2016 the patient was diagnosed with clini-
cally isolated syndrome due to hypesthesia of her 
left leg. In August 2016 a follow up MRI revealed 
several new cranial lesions. She was diagnosed with 
RRMS and DMF treatment was started. DMF was 
discontinued in June 2017 because of pregnancy; 
her male infant was born at gestational week 36 by 
normal spontaneous vaginal delivery in January 
2018. The infant was breastfed for 5 months. In 
June 2018 the patient decided to discontinue breast-
feeding and restart DMF treatment. She continued 
to pump to retain her supply and donated milk sam-
ples for this study. Milk samples were collected 
before the very first DMF intake postpartum and on 
the 8th day of 240 mg twice daily dosage at 1, 2, 4, 
8, and 12 h after the intake. Seven months after 
delivery, a follow-up MRI revealed five new cranial 
lesions. Further follow-up MRIs until 1.5 years 
postpartum, revealed stable lesion load. The patient 
has been relapse-free since June 2016.

Methods
The DMSKW is a nationwide prospective cohort 
study for pregnant women with MS or neuromyelitis 
optica spectrum disorders (NMOSD), approved by 

the local ethics committee of the Ruhr-University 
Bochum (18-6474-BR). Written informed consent 
– including consent to publish medical data – was 
obtained from both patients presented in this report.

Milk samples were analyzed for MMF using high 
performance liquid chromatography tandem 
mass spectrometry (MS). AB Sciex QTTRAP 
5500 UHPLC tandem MS/MS was used in nega-
tive ion mode. A Biphenyl column from 
Phenomenex was used followed with gradient 
elution methodology. Data were analyzed using 
multiple reaction monitoring (MRM) as m/z 
128.9–84.7 for MMF and m/z 132.1–84.7 for 
MMF-d4 (internal standard). A simple protein 
precipitation method was followed for extraction 
of analyte. A calibration curve was determined in 
blank milk with a correlation coefficient of 0.99. 
Relative infant dose (RID) was calculated as a 
percentage of infant dose (mg/kg/day) divided by 
maternal dose (mg/kg/day).

Results
DMF is metabolized completely into its active 
metabolite MMF. DMF is not quantifiable in 
plasma; therefore, all pharmacokinetic analyses 
were performed using MMF concentrations. The 
levels determined in both the patients varied; in 
patient 1, the maximum concentration found was 
11.23 ng/ml, whereas in patient 2 it was 3.7 ng/ml 
(Figure 1); however, peak concentration for both 
was at 2 h. Patient 2 levels were lower as com-
pared with those of patient 1, apparently due to 
interpatient variability.

Derived from the area under the curve, the aver-
age concentration (Cavg) was used to calculate 
the RID. The RID calculated in this study was 
0.019% and 0.007%, respectively, at 12 h follow-
ing drug treatment (Table 1).

Discussion
The RIDs of 0.019% and 0.007% calculated in 
this study were far below the theoretical threshold 
of concern of 10%.6 MMF is a small molecule 
(129 Da) with low plasma protein binding of only 
27–40% and a high volume of distribution.1,2 Due 
to its short terminal half-life of only 1 h, MMF 
apparently does not accumulate.1,2 Peak MMF 
plasma concentration occurred after 2–2.5 h fol-
lowing oral administration,1,2 and our results sug-
gest that likewise in breastmilk, the maximum 
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concentration probably occurs after 2 h. Our 
results suggest that DMF is likely  compatible with 
breastfeeding.

To date, interferon-betas are the only MS- 
treatment approved during lactation.7 In other 
medical fields, treatment of autoimmune diseases 
with immunomodulatory therapies during breast-
feeding is more common, unfortunately not 
regarding fumaric acids for which neither human 
nor animal data are published. Although large 
studies are lacking, the use of several immunomod-
ulating substances including, for example, hydrox-
ychloroquine, sulfasalazine and azathioprine, are 

presently recommended or considered compatible 
during lactation.8,9 The amount of drug present in 
human milk is quite low for these substances, rang-
ing mostly from undetectable to a few milligrams 
per liter – corresponding RIDs were unfortunately 
not calculated by default. Although the sample size 
is limited, no harmful side effects were reported in 
exposed infants.8,9 This is very reassuring, as expo-
sure to immunomodulators might raise concerns 
about an impeded immune system function.

The small sample size and the lack of maternal 
plasma levels are limitations of our case report. 
Because both infants were weaned before re-initia-
tion of DMF-therapy, we cannot accurately assess 
to what degree these minimal levels of MMF in 
milk would affect breastfed children. Still, as this is 
the first report of MMF transfer in human milk, 
these data provide valuable information, assisting 
neurologists and patients in their decision-making 
process regarding treatment during lactation.

In both cases, we found very low concentrations in 
milk and thus the RIDs of MMF in human milk 
were even lower than theoretically expected from 
such chemical properties as low molecular weight. 
However, it is true that low RIDs alone should not 
be automatically interpreted as being absolutely 
safe. Many other factors such as oral bioavailabil-
ity of the drug, and its overt toxicity in milk should 
also be considered. In addition, our results suggest 
a certain interindividual variability, which has to 
be investigated more thoroughly before generaliz-
ing recommendations. Larger sample sizes and 
especially follow-up data on exposed breastfed 

Figure 1. Concentration–time profile of MMF in 
human milk (n = 2). MMF concentrations (in ng/ml; bars 
indicate SEM in milk of patient 1 (@) and patient 2 [X] 
over a time course of 12 h after intake of 240 mg DMF.
DMF, dimethyl fumarate; MMF, monomethyl fumarate; SEM, 
standard error of mean.

Table 1. Pharmacokinetic parameters of MMF (n = 2).

Parameter (units) Value (patient 1) Value (patient 2)

Dose 240 mg twice daily 240 mg twice daily

AUC (ng.hr/ml) 90.15 33.33

Cavg (ng/ml) 7.5 2.7

Cmax (ng/ml) 11.23 3.7

Tmax (hr) 2 2

Infant dose (mg/kg/12 h) 0.00056 0.0002

RID (%) 0.019 0.007

AUC, area under the drug concentration-time curve; Cavg, average drug concentration across the dose interval; Cmax, 
maximum drug concentration across the dose interval; MMF, monomethyl fumarate; RID, relative infant dose; Tmax, time at 
which maximum concentration is observed.
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infants are needed to confirm these findings, but 
our results suggest that DMF treatment might be 
compatible during lactation. Until more data are 
available, caution should be advised as MMF is 
orally bioavailable and infants’ immature gastric 
function might reduce degradation of the sub-
stance. While it is possible that even small amounts 
of DMF ingested via breast milk could potentially 
lead to untoward pharmacological effects, as with 
almost all other situations, side effects are almost 
invariably a function of dose. With DMF, these 
would include flush and gastrointestinal discom-
fort.2 In addition, as shown in a case series of 
DMF use in pediatric MS patients, side effects 
correspond to those in adults.10 Due to the lack of 
published reports of DMF therapy during lacta-
tion, it is not known if such adverse effects in 
infants are to be expected. However, with such 
minimal levels, as described in this study, the risk 
of major side effects is very unlikely. However, the 
younger the infant, the more unstable or (chroni-
cally) ill and the higher the dosage, the more likely 
adverse effects would seem.

Acknowledgements
Authors are very grateful to the volunteers who 
donated their milk samples without which this 
case report would not have been possible.

Conflict of interest statement
Andrea I. Ciplea has received speaker honoraria 
from Bayer Healthcare and travel grants from 
Sanofi Genzyme, Teva and Novartis.

Palika Datta declares that there is no conflict of 
interest.

Kathleen Rewers-Felkins declares that there is no 
conflict of interest.

Teresa Baker is a consultant for Biohaven 
Pharmaceuticals.

Ralf Gold has received payments for consultancy 
from Biogen and Teva; speaker honoraria and 
research grants from Biogen Idec Germany, Teva, 
Sanofi Aventis, Novartis, Bayer Healthcare and 
Merck Serono.

Thomas W. Hale is a consultant for Biohaven 
Pharmaceuticals.

Kerstin Hellwig has received travel grants from 
Biogen, Novartis and Merck; received speaker and 
research honoraria from Biogen Idec Germany, 
Teva, Sanofi Genzyme, Novartis, Bayer Healthcare,  
Merck Serono and Roche.

Ralf Gold is the Editor-in-Chief of Therapeutic 
Advances in Neurological Disorders. Therefore, 
the peer review and editorial decision-making pro-
cess was managed by alternative members of the 
Board and the submitting Editor was not involved 
in the decision-making process.

Funding
The authors received no financial support for  
the research, authorship, and/ or publication of 
this article. The German Multiple Sclerosis and 
Pregnancy Registry is partly supported by the 
Innovation Fund of the Federal Joint Committee, 
Almirall, Biogen, Novartis Pharma, Merck, Roche 
and Teva Pharma.

ORCID iD
Kerstin Hellwig  https://orcid.org/0000-0003- 
4467-9011

References
 1. U.S. Food and Drug Administration. Tecfidera®  

(dimethyl fumarate). Full prescribing 
information: Biogen Inc., Cambridge, MA, 
https://www.tecfidera.com/content/dam/
commercial/tecfidera/pat/en_us/pdf/full-
prescribing-info.pdf (2019, accessed 14 May 
2020).

 2. European Medicinces Agency. EPAR Summary 
of product charcteristics; Tecfidera® (dimethyl 
fumarate): Biogen, Germany, https://www.ema.
europa.eu/en/documents/product-information/
tecfidera-epar-product-information_en.pdf 
(accessed 30 January, 2020).

 3. Mrowietz U, Christophers E and Altmeyer P. 
Treatment of severe psoriasis with fumaric acid 
esters: scientific background and guidelines for 
therapeutic use. The German fumaric acid ester 
consensus conference. Br J Dermatol 1999; 141: 
424–429.

 4. Burness CB and Deeks ED. Dimethyl fumarate: 
a review of its use in patients with relapsing-
remitting multiple sclerosis. CNS Drugs 2014; 28: 
373–387.

 5. Yadav SK, Soin D and Ito K et al. Insight into 
the mechanism of action of dimethyl fumarate 
in multiple sclerosis. J Mol Med (Berl) 2019; 97: 
463–472.

 6. Datta P, Baker T and Hale TW. Balancing 
the use of medications while maintaining 
breastfeeding. Clin Perinatol 2019; 46:  
367–382.

https://journals.sagepub.com/home/tan
https://orcid.org/0000-0003-4467-9011
https://orcid.org/0000-0003-4467-9011
https://www.tecfidera.com/content/dam/commercial/tecfidera/pat/en_us/pdf/full-prescribing-info.pdf
https://www.tecfidera.com/content/dam/commercial/tecfidera/pat/en_us/pdf/full-prescribing-info.pdf
https://www.tecfidera.com/content/dam/commercial/tecfidera/pat/en_us/pdf/full-prescribing-info.pdf
https://www.ema.europa.eu/en/documents/product-information/tecfidera-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/tecfidera-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/tecfidera-epar-product-information_en.pdf


AI Ciplea, P Datta et al.

journals.sagepub.com/home/tan 5

 7. European Medicinces Agency. EPAR summary 
of product characteristics; Betaferon (interferon 
beta 1b): Bayer AG, Germany, https://www.ema.
europa.eu/en/documents/product-information/
betaferon-epar-product-information_en.pdf 
(accessed 13 January 2020).

 8. Puchner A, Grochenig HP and Sautner J 
et al. Immunosuppressives and biologics 
during pregnancy and lactation: a consensus 
report issued by the Austrian societies 

of gastroenterology and hepatology and 
rheumatology and rehabilitation. Wien Klin 
Wochenschr 2019; 131: 29–44.

 9. Paizis K. Immunomodulatory drugs in pregnancy 
and lactation. Aust Prescr 2019; 42: 97–101.

 10. Makhani N and Schreiner T. Oral dimethyl 
fumarate in children with multiple sclerosis: 
a dual-center study. Pediatr Neurol 2016; 57: 
101–104.

Visit SAGE journals online 
journals.sagepub.com/
home/tan

SAGE journals

https://journals.sagepub.com/home/tan
https://www.ema.europa.eu/en/documents/product-information/betaferon-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/betaferon-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/betaferon-epar-product-information_en.pdf
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan



