
In previous issues of Pharmacy Times 
we have discussed the cytochrome 
P450 (CYP450) enzymes CYP1A2, 

CYP2C9, and CYP2C19. In this issue, we 
will discuss CYP2D6—an enzyme that 
is involved in the metabolism of numer
ous drugs. CYP2D6 also is involved in 
the activation of some drugs, so these 
drugs may have reduced efficacy when 
pa tients with inadequate CYP2D6 activ
ity take them. Another important prop
erty of CYP2D6 is that its activity is 
affected by genetic variability—some 
individuals are CYP2D6 deficient; others 
have normal CYP2D6 activity; and still 
others have increased activity.

Genetics of CYP2D6
The genetics of CYP2D6 has been 

ex tensively studied, and individuals 
can be divided into 4 groups. Patients 
who are poor metabolizers (individuals 
with no CYP2D6 activity) or ultrarapid 
metabolizers (individuals with geneti
cally elevated CYP2D6 activity) can have 
markedly al tered response to drugs that 
are CYP2D6 substrates. Note that eth
nic differences exist in CYP2D6 activity. 
Genetic testing for CYP2D6 activity can 
be performed, but it is not yet a routine 
procedure.

CYP2D6 Substrates
Drugs metabolized by CYP2D6 are 

called CYP2D6 substrates. Keep in mind 
that many drugs are metabolized by 
more than one CYP450 enzyme, and 
CYP2D6 may represent only one path
way. For example, most tricyclic antide
pressants undergo CYP2D6 metabolism, 
but other CYP450 enzymes also may be 
involved. Many other psychotherapeutic 
drugs are substrates for or inhibitors of 
CYP2D6, so this enzyme is of particular 
interest for patients on such drugs. For 
some CYP2D6 substrates (eg, thiorida
zine), increased plasma concentrations 
can increase the risk of serious adverse 
consequences.

CYP2D6 Inhibitors
Drugs that inhibit CYP2D6 activity are 

likely to increase the plasma concen
trations of certain medications, and, 
in some cases, adverse outcomes will 
oc cur. Some drugs, such as fluoxetine, 
paroxetine, and quinidine, are particular
ly potent inhibitors of CYP2D6; patients 
on these drugs may have almost no 
CYP2D6 activity. Note that in patients 
genetically deficient in CYP2D6 who are 
taking a CYP2D6 substrate, the addition 
of a CYP2D6 inhibitor will not result in 
any change in the plasma concentra
tions of the substrate.

CYP2D6 Inducers
The evidence suggests that, unlike 

most other CYP450 enzymes, CYP2D6 
is not very susceptible to enzyme induc
tion. Thus, genetics, rather than drug 
therapy, accounts for most ultrarapid 
CYP2D6 metabolizers.

Drugs Activated by CYP2D6 
Codeine

Codeine is largely a prodrug, and its 
activity is primarily dependent on its 
conversion to morphine. Patients who 
have little CYP2D6 activity, therefore, are 
likely to have little response to codeine. 

The number of people with low CYP2D6 
activity is substantial, when one consid
ers the people genetically deficient in 
CYP2D6, plus the many patients who are 
taking CYP2D6 inhibitors. A more dan
gerous situation, however, occurs when 
ultrarapid metabolizers take codeine. 
They may develop moderatetosevere 
ad verse effects from excessive morphine 
concentrations in the blood. In one tragic 
case, a healthy breastfeeding newborn 
infant developed fatal morphine toxi city; 
his mother was an ultrarapid metaboliz
er who was taking codeine, and her milk 
contained toxic amounts of morphine. 

Tamoxifen
Tamoxifen has a complex set of meta

bolic pathways, but CYP2D6 is primar
ily responsible for the production of 
its active metabolite. Growing evidence 
suggests that breast cancer patients 
with low CYP2D6 activity do not respond 
as well to tamoxifen therapy and are 
more likely to have cancer relapse. 
Thus, assessing the CYP2D6 genotype 
for patients taking tamoxifen in order 
to identify those with low activity is of 
growing interest. For the same reason, it 
also would be prudent to avoid CYP2D6 
inhibitors in patients taking tamoxifen.

Summary
The CYP450 enzyme CYP2D6 is in 

volved in many important drug interac
tions. For those drugs that are metabo
lized by CYP2D6 to inactive metabolites, 
CYP2D6 inhibitors may result in toxicity. 
For drugs that are converted to active 
metabolites by CYP2D6, the addition of 
a CYP2D6 inhibitor will tend to inhibit the 
efficacy of the drug. Genetic variability in 
CYP2D6 activity also can affect the out
come of CYP2D6 drug interactions. PT
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Drs. Horn and Hansten are both pro-
fessors of pharmacy at the University 
of Washington School of Pharmacy. 
For an electronic version of this arti-
cle, including references if any, visit 
www.hanstenandhorn.com.
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For tables describing the 4 genetic 
groups of CYP2D6 activity and  
CYP2D6 substrates and inhibitors, 
please visit www.PharmacyTimes.
com/CYP2D6. o
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