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Role of the Astute 
Clinicianand Epidemiologist in 

Recognizing Teratogens

Purpose of this presentation:

ÅDiscuss clinical evidence as a 

method in the determination of 

human teratogenicity

ÅReview the evidence that MMF is a 

human teratogen as an 

illustration of method



Astute Clinician Methodology

In the Determination of

Teratogenicity

Role of the Astute Clinician and 

Epidemiologist in 

Recognizing Teratogens:



Classical Teratogens

ÅThalidomide

ÅAminopterin/ 

Methotrexate

ÅWarfarin

ÅAlcohol

ÅTrimethadione

ÅHydantoin

ÅValproic acid

ÅIsotretinoin

ÅACE inhibitors

ÅPenicillamine

ÅFluconazole

ÅMisoprostol

Jorde et al., Medical Genetics

4th edition, 2010



Proof of Causation in Teratology

ÅEpidemiological studies

ÅClinical Evidence

ÅBiologic Plausibility - supportive

ÁAnimal Models

ÁPharmacology



Clinical Evidence

The Astute Clinician Model:

Rare Exposure, Distinctive Outcome

Carey, AJMG 111:54, 2002

Carey et al., BDR 85:63, 2009



Example of Human Teratogens
Based on Clinical Evidence

ÅAminopterin/methotrexate

ÅD-Penicillamine

ÅFluconazole

ÅMMF

Carey et al., 2009

Jones & Carey, 2011



Examples of Established Human Teratogens
Recognized by Astute Observer and Confirmed 

by Epidemiological Methods/Animal Models

ÅAlcohol

ÅValproic acid

ÅIsotretinoin

ÅWarfarin

Jones & Carey, 2011



Astute Clinician Method

ÅñRare malformation/rare exposure methodò

ÂñAlert clinicianò

ÅCriteria:

ÂCritical time

ÂRare exposure/rare outcome

Â3 or more cases

ÅBiologic plausibility - supportive

Shepard, 1994

Carey et al., 2009



ÅRare exposure ïprevalence < 1 in 1000

ÅRare outcome ïprevalence < 1 in 10,000

* Multiple defects and 

distinctive outcome 

increase likelihood of causal inference

Astute Clinician Method

Carey et al., 2009



AJMG 72:253, 1997

4th case of fluconazole embryopathy



MMF As a Potential Teratogen

The Clinical Evidence



ÅBackground MMF therapeutics

ÅMMF as a Potential Teratogen: The Evidence

ÅSummary and Future Directions

Update on Teratogens:
Mycophenolate Mofetil (MMF) 

as a Potential Teratogen


