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his column usually deals with

interactions that occur when one

drug directly affects the pharma-
cokinetics or pharmacodynamics of a
second drug. It is possible, however,
for a precipitant drug to indirectly affect
the object drug. A common example
would be drug-induced renal or hepatic
dysfunction that reduces the elimination
of another drug. It is also possible for
effective drug therapy to enhance the
elimination of an object drug by treating
a disease that inhibits drug elimination.

be reduced by the elevated cytokine
concentrations; however, it is unknown
if these cytokines reduce CYP activity
in the liver or the intestinal enterocytes,
or both. Treatment of the disease may
reduce cytokine production and the sup-
pressant effect on CYP enzymes.
Schmitt et al reported on the simvas-
tatin plasma concentrations in 12 patients
with rheumatoid arthritis (RA) before
and after treatment with tocilizumab
(Actemra).* Patients were administered a
single 40-mg dose of simvastatin before
and at 7 and 35 days after a single dose of
tocilizumab 10 mg/kg. Following treat-
ment with the IL-6 antagonist, the mean
simvastatin peak plasma concentration
and area under the concentration time
curve (AUC) were reduced by close to
60% compared with baseline values.
The reduction in simvastatin AUC fol-
lowing tocilizumab administration cor-
relates to approximately a doubling of
its oral clearance. At 35 days after the

TABLE: SIMVASTATIN PHARMACOKINETICS BEFORE AND AFTER TREATMENT
WITH TOCILIZUMAB

Before Treatment

C.x (ng/mL) 36
AUC (ng/hr/mL) 105
Oral clearance (L/hr) 499

7 Days After Treatment
14

45

1100

AUC = area under the concentration time curve; C = peak plasma concentration.

Adapted from reference 4.

Effect of Disease on Drug
Metabolism

The activity of several cytochrome
P450 enzymes (eg, CYP1A2, CYP3A4,
CYP2C19, CYP2C9) can be inhibited
by disease states that are characterized
by infection or inflammation."* These
disease states increase cytokine concen-
trations in response to infection, trauma,
ischemia, immune-activated T cells, and
toxins. Cytokines associated with this
CYP inhibitor effect include interleu-
kin-6 (IL-6), IL-1, tumor necrosis factor,
and interferon. During active disease

tocilizumab dose, simvastatin plasma
concentrations were still 40% less than
levels prior to the tocilizumab dosing.
The inhibition of CYP3A4 activity by
cytokines is likely responsible for the
increased simvastatin concentration
observed prior to tocilizumab treatment.
There was no observable change in the
half-life of simvastatin after treatment,
suggesting that the change in simvastatin
AUC may have been due to increased
first-pass effect rather than a change
in systemic clearance. It appears that
cytokine inhibition of metabolism is rap-
idly reversed by agents that reduce the

inflammatory response (Table).

A decrease in omeprazole plasma con-
centration was noted following tocili-
zumab administration to patients with
RA? The decrease was about 40% in
extensive metabolizers of CYP2C19, but
less than 20% in poor metabolizers.
These data suggest that the activity of
both CYP2C19 and CYP3A4 is reduced
in patients with RA and this inhibition is
reversed by IL-6 inhibition.

Clinical Perspective

The magnitude of the change in a drug’s
elimination following the administration
of a cytokine inhibitor will likely be
limited to the degree of cytokine-induced
inhibition of the CYP enzymes. Based
on the limited data available, cytokine-
induced inhibition may approach a 50%
reduction in drug clearance. In disease
states with chronic inflammation, drug
dosages may be adjusted downward to
avoid adverse events.

Treating the inflammation with a cyto-
kine inhibitor will result in an increase
in drug clearance and reduction in drug
concentration. For drugs with a nar-
row therapeutic range (eg, warfarin, the-
ophylline, cyclosporine) or in cases in
which low plasma concentrations pose a
risk of therapeutic failure (eg, antivirals,
immunosuppressants, antineoplastics),
the increase in clearance may result in
an altered patient response. Drug dosage
may require an increase when cyto-
kine inhibitors are administered. Patients
treated with tocilizumab or other cyto-
kine inhibitors should be monitored for
altered response to long-term medica-
tions that undergo CYP metabolism.

Drs. Horn and Hansten are both professors
of pharmacy at the University of Washington
Scﬁoo/ of Pharmacy. For an electronic version
of this article, including references, visit www
.hanstenandhorn.com.
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