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Introduction: In the  last 20 years of clinical practice, the  senior author has identified these

2  rare cases in which the patients needed extremely high doses of drugs metabolized by

CYP3A4 to  reach and maintain serum therapeutic concentrations.

Methods: The high metabolic ability of these 2 patients was demonstrated by  the low

concentration-to-dose ratios (C/D ratios) of several drugs metabolized by CYP3A4.

Results: Case 1 was characterized by a  history of high carbamazepine doses (up to

2,000  mg/day) and needed 170 mg/day of diazepam in 2 days to cooperate with dental clean-

ing.  The high activity of the CYP3A4 isoenzyme was manifested by fast metabolism for

quetiapine and diazepam, which took more than 1 year to normalize after the inducer,

phenytoin, was stopped. Case 2  was also very sensitive to CYP3A4 inducers as  indicated by

very  low C/D ratios for carbamazepine, risperidone and paliperidone. The carbamazepine

(2,800 mg/day) and risperidone (20 mg/day) dosages for this second patient are the  high-

est doses ever seen for these drugs by the senior author. Risperidone induction appeared

to  last for many months and metabolism was definitively normal 3 years after stopping

carbamazepine. On the other hand, olanzapine C/D ratios were normal for induction.

Conclusions: The literature has never described similar cases of very high doses of drugs

metabolized by CYP3A4. We speculate that these 2 patients may have unusual genetic

profiles at the nuclear receptor levels; these receptors regulate induction of drugs.

©  2018 Asociación Colombiana de Psiquiatrı́a. Published by  Elsevier España, S.L.U. All

rights reserved.
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Dos  pacientes  que  tomaban  inductores  necesitaron  dosis  altas  de
medicamentos  metabolizados  en gran  medida  por  el  CYP3A4  para
alcanzar  concentraciones  terapéuticas
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Introducción: Durante sus  últimos 20 años de  práctica, el último autor ha identificado estos

2 infrecuentes casos que necesitaban dosis extremadamente altas de medicaciones metab-

olizadas por el CYP3A4 para alcanzar y  mantener concentraciones séricas terapéuticas.

Métodos: La gran capacidad metabólica de  estos 2 pacientes se demostró por los  bajos

cocientes entre concentración y dosis (C/D) de  varias medicaciones metabolizadas por el

CYP3A4.

Resultados: El caso 1 se caracterizaba por una historia de altas dosis de  carbamazepina (1.500

mg/día) y la necesidad de tomar 170 mg de diazepam en 2 días para facilitar una limpieza

dental.  La gran actividad de  la isoenzima CYP3A4 se manifestó por  una gran capacidad

metabólica de quetiapina y  diazepam, cuya normalización tardó más de  1 año tras la toma

de  un inductor, fenitoína. El caso 2 tambien era muy sensible a  la inducción, lo cual se

demuestra por los bajos cocientes C/D de carbamazepina, risperidona y paliperidona. Las

dosis  de carbamazepina (2.800 mg/día) y risperidona (20 mg/día) de este segundo paciente

son  las más altas nunca vistas por el  último autor. La inducción de risperidona duró muchos

meses y  su  metabolismo era normal 3 años después de  interrumpir la carbamazepina. El

cociente  C/D de olanzapina era normal para la inducción.

Conclusiones: Nunca se habían descrito casos similares de  dosis tan altas de medicaciones

metabolizadas por  el CYP3A4. Se especula con que estos pacientes podrían tener unos

perfiles genéticos inusuales en los receptores nucleares que regulan la inducción de medica-

mentos.
© 2018 Asociación Colombiana de  Psiquiatrı́a. Publicado por Elsevier España, S.L.U.

Todos los derechos reservados.

Introduction

There are multiple metabolic enzymes involved in xenobiotic

metabolism. The cytochrome P450 (CYP) isoenzymes are the

most important group of functionalizing enzymes or what was

previously called Phase I metabolism. The CYP isoenzyme 3A4

(CYP3A4) is the most important in hepatic metabolism and is

found in the small intestine.1 As  a  matter of fact, CYP3A4 is

a fundamental component of first-pass metabolism of many

drugs, which refers to the substantial decrease in  bioavail-

ability of some drugs when administered orally, as opposed

to intravenously (IV).2 Metabolism in the intestine and the

first time through the liver constitute first-pass metabolism.

Another CYP isoenzyme from the same family, 3A5 (CYP3A5),

is highly homologous with CYP3A4 and appears to metabolize

many of the same substrates as  CYP3A4, and plays a  key role

in drugs metabolized in the  kidneys. However, for the majority

of drugs extensively metabolized by CYP3A4, the contribution

of CYP3A5 to their total metabolism is  believed to be small;

the majority of Caucasian do not express CYP3A5.3

The concentration-to-dose (C/D) ratio is a  measure of the

ability to eliminate the drug and is influenced by genetic,

personal and environmental factors, and can be used to

personalize the prescription of psychiatric medications in

psychopharmacology. Inducers decrease the C/D ratio and

inhibitors increase the C/D ratio. In comparing individuals tak-

ing the same drug, a very low C/D ratio indicates an individual

with very fast metabolism, while a  very high C/D ratio indi-

cates one with very slow metabolism. Each drug is different

and unique, and has its own normal ranges for C/D ratios

determined by its own bioavailability and elimination from

the body.

Supplementary tables S1 to S7  describe pharmacokinet-

ics, including metabolism and therapeutic drug monitoring

(TDM), with an emphasis on the C/D ratios of 7 drugs.

The pharmacokinetics of these drugs are  described in order

to understand the 2 cases reported in this article and

how they can reflect high sensitivity to CYP3A4 induction

and normal metabolism in  other CYPs. The pharmacokinet-

ics of carbamazepine is described in  Supplementary Table

S1,4–13 diazepam in Supplementary Table S2,11,14–20 que-

tiapine in Supplementary Table S3,9,11,20–30 risperidone in

Supplementary Table S4,31–39 paliperidone in Supplementary

Table S5,11,26,31,40–46 olanzapine in Supplementary Table

S6,26,47–54 and clozapine in  Supplementary Table S7.55–58

There is general agreement in the literature that

carbamazepine (Supplementary Table S1) and quetiapine

(Supplementary Table S3) are  dependent on CYP3A4 for their

metabolism. A patient with sensitivity to  CYP3A4 induction

should have very high metabolism and low C/D ratios for

these 2 drugs. There is general agreement that olanzap-

ine (Supplementary Table S6) and clozapine (Supplementary

Table S7) are not dependent on CYP3A4 for their metabolism,

although they are sensitive to CYP1A2 (and possibly glu-

curonidation) induction during carbamazepine treatment. A
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patient with sensitivity to CYP3A4 induction should have nor-

mal clozapine and olanzapine metabolism and, when taking

carbamazepine, should have metabolism similar to the aver-

age patient taking phenytoin or  carbamazepine and should

have similar C/D ratios. A  recent comprehensive and sys-

tematic review39 of risperidone pharmacokinetics describes

CYP2D6 as the main metabolic enzyme for risperidone in

normal patients, but in patients taking inducers CYP3A4

becomes the most important metabolic pathway. Based on

the literature,17,26,31–45 this article proposes that in  patients

taking potent CYP3A4 inducers such as carbamazepine or

phenytoin, diazepam (Supplementary Table S2), risperidone

(Supplementary Table S5) and paliperidone (Supplementary

Table S6) become more  dependent on CYP3A4 for their

metabolism. Therefore, a patient with sensitivity to CYP3A4

induction should have very high metabolism and low C/D

ratios for these other 3 drugs: diazepam (Supplementary Table

S2), risperidone (Supplementary Table S5), and paliperidone

(Supplementary Table S6).

The following 2  rare cases describe 2 patients needing

extremely high doses of CYP3A4 medications to reach and

maintain therapeutic concentrations. The high metabolic abil-

ity of these patients was demonstrated by the low C/D ratios

of  several CYP3A4 drugs.

Methods

TDM

These 2 cases contain TDM information that was  collected for

clinical purposes many  years ago using the commercial lab-

oratory available at the psychiatric hospital. All serum levels

were taken as trough concentrations (early AM before taking

medications) after reaching steady state and measured at the

commercial laboratory contracted by the psychiatric hospital.

C/D  Ratio

The interpretation of clozapine and risperidone C/D ratios has

been described previously.55 These 2 drugs, like the majority

of drugs used in  neuropsychopharmacology, follow linear

kinetics. A linear relationship exists between typical doses

and plasma concentrations. This means that the relationship

between concentration and dose is stable; it does not change

with different doses and concentrations, and the drug C/D

ratio is  constant in the same patient as  long as  there are no

changes in environmental or personal variables.

The C/D ratio of carbamazepine metabolism is described

in Supplementary Table S1,11,12 diazepam in Supplementary

Table S2,4,16–19, quetiapine in Supplementary Table S317,28–30,

risperidone in Supplementary Table S4,31,39 paliperidone in

Supplementary Table S5,17,45,46 olanzapine in Supplementary

Table S6,26,47,49–54 and clozapine in Supplementary Table S7.55

Case  Presentations

Case  1

A Caucasian male was followed for more  than 4 years from

ages 30 to  34 years at a US  state psychiatric hospital. His

initial weight was 85  kg. He smoked 10 cigarettes per day.

His psychosis started when he was 12  years old and had

been refractory to treatment for many years at the time of

admission. After signing a consent form, he was identified by

genotyping as a  CYP2D6 extensive metabolizer (EM) and a  poor

metabolizer for CYP3A5.42

The patient had 3 seizures of unknown origin in the 3

months prior to initiating treatment in  the  state psychiatric

hospital (Table 1, footnote b). At the  time of the initial psychi-

atric evaluation, he was  on 4 AEDs: carbamazepine, phenytoin,

diazepam and valproic acid (VPA), which had been progres-

sively added by academic epileptologists. The blood levels

of all 4 of these medications were subtherapeutic (Table  1).

After the discontinuation of carbamazepine, phenytoin and

diazepam, the patient was  stabilized on a very high VPA

dose of 5250 mg/day. This dose corresponds to 62.5 mg/kg/day,

which is higher than the upper range of the highest recom-

mended maintenance dose (30-60 mg/kg/day).11

Table 1  – Case 1. Daily doses (mg/day), concentrations and C/D ratios of AEDs during the initial part of admission.

Day Carbamazepine Phenytoin Diazepam Valproic Acid

D C

(�g/mL)

C/D  D C

(�g/mL)

C/D D C Diazepam

(�g/mL)

C  Nordiazepam

(�g/mL)

C  Total

(�g/mL)

C/D D C

(�g/mL)

C/D

1a 200 1.0b .005 600 4 .0067 20 Not studied 1500 39  .026

14a 0 600 4 .0067 20 <  200 < 200 < 400 < 200  1500 15  .010

38a 0 0c 20 1500

42a 0 0 .2 —  20 Not studied 1500 24  .016

74a 0 0 0 30 <  200 < 200 < 400 < 130  2250 46  .020

AED: antiepileptic drug; C:  concentration; C/D: concentration-to-dose ratio; D:  dose.
a Quetiapine 700 mg/day, propranolol 80  mg/day, and gemfibrozil 12  mg/day.
b Academic epileptologists had examined this patient at least twice. All work-ups, including a computerized tomography scan of the  head,

were negative. After  a  careful review of all records, at least 1  or 2 of the 3 seizures appear to be associated with rapid withdrawal from high

doses of benzodiazepines, particularly temazepam, which had been used on an as-needed basis. The referring epileptologist thought the

patient had very low levels of  carbamazepine. The patient was transferred to the long-term psychiatric unit, with the recommendation of

discontinuing carbamazepine and  progressively increasing valproic acid; the  patient’s mother had reported that the patient had not done

well on carbamazepine. To optimize AED  use, it was decided to use higher doses of valproic acid and to taper off the other AEDs.
c Phenytoin was  discontinued.
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Undetectable  Concentrations  of  Diazepam  as  an AED
Even though he was taking a  relatively high dose of oral

diazepam, up to 30 mg/day, his diazepam and nordiazepam

trough levels were undetected. The laboratory recommended

a total level of 500-2000 ng/mL, calculated by adding diazepam

and nordiazepam. The last undetectable diazepam level dur-

ing the use of diazepam for AED treatment was measured 30

days after phenytoin discontinuation (Table 1).

Need  of  High  Doses  of Diazepam  for Sedation  Due  to  Rapid
Metabolism  which  Normalized  1.5  Years  Later
Supplementary Table S8 describes the diazepam response of

this patient and Supplementary Table S9 shows the adminis-

tration of 170 mg  in  2 days led to  a  successful dental visit. The

same dose of 170 mg  in 2 days was  successfully repeated again

for the second and third dental visits, respectively one week

and 2 weeks later. After each visit the diazepam was  tapered

off until the standard dose of 30 mg/day was  reached.

As the blood levels of diazepam at 30  mg/day were unde-

tectable, poor compliance was considered, but this was

unlikely since: a) the nurses were very experienced in dealing

with people who  “cheek” medications; b) the patient stayed

in the low-stimuli unit for aggressive patients, most of the

time by himself with no other patients, and c)  the unit was

closely supervised by at least 3 staff members. The patient

had been compliant with medications and had not demon-

strated worrisome behaviors related to his medications. After

excluding non-compliance, 2 explanations were possible: a)
the patient was  not absorbing diazepam (unlikely since oral

diazepam is easily absorbed), and b) the patient was  break-

ing down diazepam very rapidly during first-pass metabolism

or later on during liver metabolism. To test these explana-

tions, the guardian approved a  pharmacokinetic study after

IM diazepam was planned in order to bypass the effects of

absorption and first-pass metabolism, which is described in

Supplementary Table S9.  The patient was taking the scheduled

oral 30 mg/day which provided repeated undetectable TDM

levels; he received 30 mg  IM of diazepam early in the morning

and repeated concentrations were measured. Based on this

study (see footnote a in Supplementary Table S9),  diazepam

clearance was estimated to be more  than double the normal.59

It is remarkable that this diazepam clearance of double the

normal was demonstrated 4 months after discontinuation of

carbamazepine and 3 months after discontinuation of pheny-

toin.

Supplementary Table S8 describes later diazepam

responses. Figure 1 tries to provide a representation of

diazepam metabolism according to the temporal changes.

The patient was an  extremely fast metabolizer of diazepam

at the beginning when he was taking phenytoin, but probably

normalized 1.5 years after phenytoin discontinuation.

Very  Low  Quetiapine  C/D  Ratio  That  Increased  After
Phenytoin  Discontinuation
Supplementary Table S10 describes quetiapine

metabolism.29,30,60 In summary, the patient was an extremely

fast metabolizer of quetiapine at the beginning when he

was taking phenytoin, but his metabolism decreased after

phenytoin discontinuation. This pattern is  suggested by: a)
a C/D ratio 10 times lower than normal during phenytoin

0.0

0.0 5.0 10.0 15.0 20.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Figure 1 – Case 1: estimation of diazepam metabolism after

months of phenytoin discontinuation. Vertical axis

represents diazepam metabolism, with normal metabolism

represented by  1.0 and 3.0 representing a metabolism 3

times faster. The horizontal axis represents the number of

months after phenytoin discontinuation. Diazepam

metabolism was estimated to be: a) 3.0 for undetectable

diazepam levels with 30  mg/day (17 days after phenytoin

discontinuation); b) 2.5  for needing 170 mg in  2  days to go

to the dentist 3 times (2 months after phenytoin

discontinuation); c) 2.0 for an IM study demonstrating a

diazepam clearance twice the normal rate (3 months after

phenytoin discontinuation); d) 1.7 for  a dose of 100 mg that

in 2 days became too high (9  months after phenytoin

discontinuation); e) 1.3 for a dose of 60 mg which in 1 h

controlled agitation but led to  signs of diazepam

intoxication (15 months after phenytoin discontinuation),

and f) 1 for a dose of 20 mg which controlled agitation with

no signs of intoxication (18 months after phenytoin

discontinuation).

treatment; b) a C/D ratio approximately 8 times lower than

normal when phenytoin was  discontinued, and c) C/D ratios

2.6 to  6.5 times lower than normal during the  3 to 5 months

after phenytoin discontinuation.

Very High Carbamazepine  Doses  in  the  Past
A  previous discharge summary suggested that the patient

needed high doses of carbamazepine (1500-2000 mg/day) to

reach therapeutic levels, which is much higher than the typ-

ical dosage. Table 1 provides a low carbamazepine C/D ratio,

but it is seriously limited because the carbamazepine dose was

being discontinued.

Normal  Olanzapine  C/D  Ratios  and  Partial  Response  to  Low
Doses
Based on a review of available records and collateral infor-

mation from the patient’s mother, olanzapine appeared to  be

the only atypical antipsychotic not tried. A dose of 5  mg/day

of olanzapine was subsequently added to his quetiapine.

Two weeks after the addition of olanzapine, mild improve-

ment was observed in  his formal thought disturbance leading

to transfer from the low-stimuli unit to the long-term unit

(Supplementary Table S11, footnote a). Supplementary Table

S11 summarizes olanzapine C/D ratios of 26 concentrations

over more  than 2 years, which provided a mean C/D ratio of 1.6
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ng/mL/mg/day, which is within the normal range for a smoker.

In conclusion, the patient had normal olanzapine metabolism

and had a partial response to  low olanzapine doses including

an initial stabilization on 5  mg/day.

Normal  Clozapine  C/D  Ratios
Clozapine was started by adding it to olanzapine. Olanzap-

ine was  completely discontinued after an episode of clozapine

intoxication secondary to an upper respiratory infection.61

The patient was  stabilized on clozapine 700-800 mg/day and

finally discharged from the  hospital on 700 mg/day after 14

months on clozapine and more  than 4 years of admission.

There were 11 clozapine concentrations on 700 or 800 mg/day

providing a mean clozapine C/D of 0.80 ng/mL/mg/day,

which indicates normal metabolism for a male smoking 10

cigarettes/day (Supplementary Table S12).

Summary  of  CYP  Metabolism
The patient appeared to be a  normal metabolizer of olanzapine

and clozapine, which are mainly dependent on CYP1A2. On

the other hand, he appeared to  have an extremely high ability

to metabolize carbamazepine, quetiapine and diazepam when

a CYP3A4 inducer was  present in prior months, suggesting

that he was  very sensitive to the effects of CYP3A4 inducers.

Effects  of  CYP3A4  Induction  Appeared  to  Last  for  Many
Months
The effect of CYP3A4 inducers appeared to last many  months

since his quetiapine metabolism did not normalize for  3

months after stopping phenytoin. Diazepam was undetectable

in the presence of phenytoin and continued to be metabolized

very quickly 2 months after the discontinuation of phenytoin,

when the IM diazepam study was conducted. The response to

diazepam used for sedation suggested that diazepam would

have normalized 1.5 years after the  discontinuation of pheny-

toin (Supplementary Table S8 and Figure 1).

Extreme  Sensibility  to  Akathisia
Supplementary Table S12 shows that the patient appeared to

be extremely sensitive to akathisia on quetiapine and olanzap-

ine. First, the akathisia became very evident with a quetiapine

peak concentration that corresponded approximately to less

than 225 mg/day according to the multicenter study,29 and

second, he developed akathisia with an olanzapine dose of

2.5 mg/day, when propranolol was decreased to  30 mg/day.

The presence of akathisia with extremely low doses of these

two antipsychotics not prone to cause akathisia suggests that

the patient had a pharmacodynamic abnormality, possibly

genetic. He developed akathisia whenever the antipsychotics

reached more  than low serum concentration. He developed no

akathisia on clozapine.

Case  2

On a patient’s third of 8 admissions to a US state psychi-

atric hospital, the senior author was consulted about high

doses of psychiatric medications. The patient was  a  Caucasian

male who was 28 years old at the time. He had schizoaf-

fective disorder; was morbidly obese, weighing 191.4 kg (422

lbs); had a height 2.18 m (86 inches), and a BMI  of 40.

When not in the hospital, he smoked 2  packs of cigarettes

per day. His psychopharmacologic regimen included carba-

mazepine extended-release 2800 mg/day during the first 3

admissions. He was treated with very high doses of risperi-

done, olanzapine or paliperidone. Table 2 describes the doses,

concentrations and C/D ratios during the 5 admissions. The

C/D ratios of carbamazepine, risperidone, paliperidone, olan-

zapine and valproate are reviewed. The mother and guardian

of this patient signed a  written consent to publish the case.

Very  High  Carbamazepine  Dose  and  Low  Carbamazepine
C/D Ratio
During his first 3 admissions the daily carbamazepine dose

ranged between 2400 and 2800 mg/day (Table 2). These very

high doses were required to get the therapeutic range of

4-12 �g/mL, as recommended by the laboratory. The 6 car-

bamazepine C/D ratios were extremely low (Table 2, footnote

b).

Low  Total  Risperidone  C/D  Ratios  During  Carbamazepine
Treatment  Normalized  >1 Year  After Discontinuation
During these 4 admissions the patient was treated with up

to 20 mg/day. The third admission was contaminated by the

induction of carbamazepine, which provided very low total

risperidone C/D ratios (Table 2,  footnote b)  with a median of

1.3 ng/mL/mg/day.

During his fifth admission, the patient was no longer on

carbamazepine and the total risperidone C/D ratios started to

increase with a  median of 4.9 ng/mL/mg/day (Table 2,  foot-

note z). During his eighth admission, almost 3 years or 1000

days after any carbamazepine had been administered, he

developed akathisia with the very high risperidone dose of

20 mg/day and with extremely high serum 9-OH-R concen-

trations that could not be quantified. A major risperidone

dose decrease was recommended. After a  decrease to a  nor-

mal  risperidone dose of 8 mg/day, the akathisia disappeared.

His total risperidone serum concentrations decreased and his

total risperidone C/D ratio was  essentially normal (Table 2,

footnote aa). It appears that the treating physician in the com-

munity did not realize that it was okay to  treat this patient with

20 mg/day of risperidone when he was on carbamazepine,

although this dosage was  too high for this patient without the

inductive effects of carbamazepine.

Very  Low  Paliperidone  C/D  Ratio
As  there was  only one steady-state paliperidone C/D ratio, it  is

difficult to comment (Table 2, footnote d), but it is much lower

than the expected normal ratio.45

Normal  Olanzapine  C/D  Ratio  for  Carbamazepine  Induction
On carbamazepine (and omeprazole), the olanzapine dose was

up to 60  mg/day. On that dose, the patient’s olanzapine C/D

ratio was low (Table 2,  footnote ab). Off carbamazepine and

on omeprazole, the  olanzapine dose was 30-40 mg/day with 3

olanzapine C/D ratios, which is close to normal for a patient

taking omeprazole (Table 2, footnote ac).

Normal  Valproate  Dose  and  C/D  Ratio
During his fourth and fifth admissions, the  patient was

treated with average valproate doses11; the valproate C/D
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Table 2 – Case 2. Daily doses (mg/day), concentrations and C/D ratios during the patient’s eight admissions.

Na Day Carbamazepine RIS/PAL Olanzapine Valproate

D C (�g/mL) C/Db RIS D PAL  D RIS  9-OHR (�g/mL) Total (ng/mL) RIS  C/Dc PAL C/Dd D C (ng/mL) C/De D C (�g/mL) C/Df

2 1g 2400 16

2 9h 2400 8.8 .0037 12 0 25.0 25.0 1.8y

3 29i 2800 14 10 600

3 35j 2800 11.4 .0041 14 2000

3 37k 2800 16 0 11.4 11.4 0.8y 10

3 45k 2800 11.0 .0039 20 1.6 24.0 25.6 1.3y 10 17.3 1.7ab

4 78l 2800 20 15

4 80l 2800 10.9 .0039 10 9 15

4 90m 2800 9.5 .0034 0 15  - 10.9 -  0.7 15

4 111m 2800 11.0 .0039 0 15  60 42.7 0.7ab

5 166n 12 0 2000

5 173o 16 7.3 71.2 78.5 4.9z 0 2000 83  .0415f

5 194p 18 5.8 85.1 90.9 5.1z 0 2500 94  .0376f

5 205p 18 4.6 58.8 63.4 3.5z 30 27.2 0.9ab 2500 72  .0288f

5 215p 18 30 3000

5 225q 18 11.0 78.3 89.3 4.9z 30 30.6 1.0ab 3000 92  .0307f

5 233r 18 17.0 95.0 112.0 6.2aa 40 36.4 0.9ab 3000 106 .0353f

8 1236s 20

8 1273t 20 6.9 >100w >106.9 40 51.4 0.8ac
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– Table 2 (Continued)

Na Day Carbamazepine RIS/PAL Olanzapine Valproate

D C (�g/mL) C/Db RIS D PAL D RIS 9-OHR (�g/mL)  Total (ng/mL) RIS C/Dc PAL  C/Dd D C (ng/mL) C/De D C (�g/mL) C/Df

8 1309u 8 15.4 51.1 66.5 8.3aa 40

8 1379v 10 31.9 65.8 97.7 9.8aa 40 50.1 0.8ac 1000 22  .022f

9-OHR: 9-hydroxyrisperidone (or PAL); C:  concentration; C/D: concentration-to-dose ratio; D:  dose; N:  number of  admissions at  state  psychiatric hospital; PAL: paliperidone; RIS: risperidone; TDM:

therapeutic drug monitoring.
a Admissions 1, 6 and  7  have  no relevant TDM data.
b Units are �g/mL/mg/day. The 6 carbamazepine C/D ratios were extremely low, ranging from .0034 to .0041 �g/mL/mg/day with a median of .0039 �g/mL/mg/day.
c Units are ng/mL/mg/day.
d Units are ng/mL/mg/day. As there was only one steady-state paliperidone C/D ratio,  which was .7 ng/mL/mg/day, it is  difficult to comment. However this value appears much lower  than the expected

normal of 6.0 ng/mL/mg/day in non-induced patients or  2.0  ng/mL/mg/day after adding 600 mg/day of  carbamazepine for 2-4 weeks45.
e Units are ng/mL/mg/day.
f Units are �g/mL/mg/day. During his fourth, fifth and eight admissions, the patient was treated with average valproate doses; the  valproate C/D ratios were in the typical range that we see  in  normal

metabolizers.62

g Omeprazole 40  mg/day, desmopressin 0.2  mg/day, l-thyroxine 100 �g/day, amoxicillin/clavulanate 1750  mg/250 mg, and temazepam 30  mg/day.
h Omeprazole 80  mg/day, desmopressin 0.4  mg/day, l-thyroxine 100 �g/day, temazepam 60  mg/day, and ziprasidone 200 mg/day.
i Omeprazole 20  mg/day, desmopressin 0.4  mg/day, l-thyroxine 100 �g/day, diazepam 10 mg/day, temazepam 10  mg/day, and ziprasidone 10 mg/day.
j Omeprazole 20  mg/day, desmopressin 0.4  mg/day, and l-thyroxine 100 �g/day.

k Omeprazole 20  mg/day, desmopressin 0.4  mg/day, and l-thyroxine 100 �g/day.
l Omeprazole 40  mg/day, desmopressin 0.8  mg/day, l-thyroxine 100 �g/day, diazepam 15 mg/day, and benztropine 4 mg/day

m Omeprazole 40  mg/day, desmopressin 0.8  mg/day, l-thyroxine 100 �g/day, and benztropine 4  mg/day.
n Lithium 900 mg/day, omeprazole 40 mg/day, desmopressin 0.8  mg/day, l-thyroxine 100 �g/day, and temazepam 60 mg/day.
o Lithium 1200 mg/day, omeprazole 40  mg/day, desmopressin 0.8 mg/day, l-thyroxine 100 �g/day, and temazepam 60  mg/day.
p Lithium 1500 mg/day, omeprazole 40  mg/day, desmopressin 0.8 mg/day, l-thyroxine 100 �g/day, and temazepam 60  mg/day.
q Lithium 1500 mg/day, omeprazole 40  mg/day, desmopressin 0.8 mg/day, l-thyroxine 100 �g/day, temazepam 60 mg/day, and lactulose 20 g/day.
r Lithium 1500 mg/day, haloperidol 10 mg/day, omeprazole 40 mg/day, desmopressin 0.8 mg/day, l-thyroxine 100 �g/day, temazepam 60  mg/day, and lactulose 20  g/day.
s Lithium 1500 mg/day,  omeprazole 40 mg/day, l-thyroxine 100 �g/day, benztropine 4 mg/day, perphenazine 24  mg/day, levetiracetam 1000 mg/day, clozapine 200 mg/day, atorvastatin 20 mg/day,

amlodipine 5 mg/day, and  clonazepam 4 mg/day.
t Lithium 1500 mg/day, omeprazole 40 mg/day, l-thyroxine 100 �g/day, benztropine 4  mg/day, atorvastatin 20  mg/day, amlodipine 5 mg/day, clonazepam 3 mg/day,  sitagliptin 100 mg/day, metoprolol

50 mg/day, and amoxicillin/clavulanate 2625 mg/375 mg/day.
u Lithium 1500 mg/day, omeprazole 40  mg/day, l-thyroxine 100 �g/day, benztropine 4  mg/day, atorvastatin 20 mg/day, amlodipine 5 mg/day, clonazepam 6 mg/day, sitagliptin 100 mg/day, metoprolol

50 mg/day, and amoxicillin/clavulanate 1750 mg/250 mg/day.
v Lithium 1200 mg/day, omeprazole 40  mg/day, l-thyroxine 100 �g/day, benztropine 4  mg/day, lactulose 60 g/day,  atorvastatin 20  mg/day, amlodipine 5 mg/day, clonazepam 6  mg/day, sitagliptin

100 mg/day, and  metoprolol 50  mg/day.
w The  9-OH-R concentration was so high that it  could not be quantified.
y During the third admission, the total risperidone C/D ratios were very low, ranging between 0.8 and 1.8 ng/mL/mg/day with a median of 1.3  ng/mL/mg/day.
z During his fifth admission, the  patient was no  longer on  carbamazepine and the total  risperidone C/D  ratios started to increase, ranging between 3.5 and 6.2 ng/mL/mg/day with a median of  4.9

ng/mL/mg/day.
aa During his eighth admission, almost 3 years or 1000 days after any carbamazepine had been  administered, his total risperidone serum concentrations decreased and his total  risperidone C/D ratio

was essentially normal with a  first value of 8.3 ng/mL/mg/day and a second value of  9.8  ng/mL/mg/day.
ab On  carbamazepine (and  omeprazole), the  olanzapine dose was up to 60  mg/day. On that dose, the patient’s olanzapine C/D ratio of 0.7 ng/mL/mg/day was low.
ac Off carbamazepine and  on  omeprazole, the  olanzapine dose was 30-40 mg/day with 3 olanzapine C/D ratios ranging between 0.8 and 1.0 ng/mL/mg/day, which is  close to normal for a patient taking

omeprazole.
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Figure 2 – Case 2:  risperidone metabolism after months of

carbamazepine discontinuation. Vertical axis represents

risperidone metabolism calculated using total risperidone

concentration-to-dose ratios, where normal metabolism is

represented by 1.0 and 3.0 represents a metabolism 3 times

faster. The horizontal axis represents months before and

after carbamazepine discontinuation, which is considered

0.

ratios (Table 2,  footnote f) were in the typical range that we

see in normal metabolizers.62

Summary  of  CYP  Metabolism
After taking into account the carbamazepine induction, the

patient appeared to be normal for metabolizing olanzapine,

which is mainly dependent on CYP1A2. He also appeared

to be normal for valproate metabolism, which is  mainly

metabolized by  UGTs and ß-oxidation, with a minor com-

ponent of CYP2C19.62 In the absence of carbamazepine, he

had normal risperidone metabolism, but in  the  presence of

carbamazepine he tolerated extremely high doses of risperi-

done, up to 20 mg/day. He also had an  extremely high ability to

metabolize carbamazepine. Therefore, he appeared to be very

sensitive to the effects of CYP3A4 inducers.

Effect  of  CYP3A4  Induction  Appeared  to  Last  for Many
Months
The effect of CYP3A4 inducers appeared to last  many months

since his risperidone metabolism did  not normalize dur-

ing his fourth admission, separated by 50 days from the

third admission when he was on carbamazepine. Risperi-

done metabolism had reached a normal rate during the fifth

admission, which was 3 years after the discontinuation of car-

bamazepine (Figure 2).

Discussion

Case  1

CYP  Metabolism:  A  Circumscribed  High  CYP3A4  Metabolic
Capacity Which  Took  More  Than  1  Year  to  Normalize
The patient metabolized olanzapine and clozapine normally,

which suggested normal metabolism for CYP1A2. On the other

hand, he appeared to be very sensitive to CYP3A4 inducers.

In normal metabolizers, the effects of CYP3A4 inducers are

assumed to last only 3 weeks,10 but in  his case, they appear

to have lasted for months, normalizing only after more  than

1 year.

A Previously  Published  High  VPA  Metabolism  Only  on  the
Valproate  Formulation
Case 1 received VPA for  seizures and schizophrenia and

had >50 VPA concentrations in 4 years. A high dose of

5,250?mg/day of VPA concentrate was prescribed for years,

but this dose led to intoxication when switched to the  ente-

rocoated divalproex sodium formulation, requiring a normal

dose of 2000 mg/day.62

Akathisia  on  Antipsychotics  Except  for  Clozapine
The patient had an unusual lack of tolerance to  antipsy-

chotic blockade. This was supported by the history of akathisia

on typical antipsychotics reported by the mother and the

documentation in several discharge summaries. Double-blind

studies suggest that quetiapine does not cause more  EPS

than placebo63 and that akathisia is  very rare.64 However, this

patient had akathisia on quetiapine with blood levels corre-

sponding to  a  very low dose of 225 mg/day. He also developed

akathisia when propranolol was decreased despite a very low

olanzapine dose (2.5 mg/day). On the other hand, the patient

tolerated clozapine without akathisia, not surprisingly, since

clozapine does not cause akathisia or, if  it does, it is extremely

rare.65

Case  2

A  Circumscribed  High  CYP3A4  Metabolic  Capacity
This patient appeared to be very sensitive to CYP3A4 inducers

as  indicated by very low C/D  ratios for carbamazepine, risperi-

done and paliperidone. This patient had the  highest dose ever

seen in a carbamazepine patient and in a risperidone patient

by  the senior writer. In normal metabolizers, the effects of

CYP3A4 inducers are assumed to last only 3 weeks10 but with

him, risperidone metabolism lasted for many months and was

definitively normal 3 years after discontinuing carbamazepine

(Figure 2). It was unfortunate that his outpatient psychiatrists

did not realize that prescribing 20 mg/day of risperidone was

no longer safe in this patient after stopping carbamazepine.

Limitations

Case reports have major limitations, but also have a  long tra-

dition of generating testable hypotheses.66 Moreover, these

two patients were followed for years with repeated TDMs

from multiple drugs. There are no similar published cases

of patients taking these astronomic doses of carbamazepine,

diazepam or risperidone, so it is safe to think that these types

of patients with great sensitivity to CYP3A4 induction are

extremely rare. The senior author found only these two cases

in a 20-year span and, more  importantly, it took him that long

to understand the pharmacological mechanisms that may

explain these high doses.

In these two  cases, low C/D ratios during treatment with

potent inducers such as carbamazepine and phenytoin are

considered to be  signs of fast metabolism that normalized

when the inductive effects disappeared. Low C/D ratios can

also be explained by poor compliance. However, these two
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inpatients were monitored by nurses very experienced with

poor compliance and had low C/D ratios with some drugs

but not with others, making it  unlikely that the pattern was

explained by a  patient who  decided to use selective poor com-

pliance only with drugs metabolized by CYP3A4. Low C/D

ratios can be  also explained by poor oral absorption, but these

patients did not have medical disorders associated with poor

gastrointestinal absorption; these disorders tend to be asso-

ciated with generalized rather than selective poor absorption

of specific drugs. The diazepam IM study in  Case 1 demon-

strated that the patient had fast metabolism not only with

oral administration but also with IM administration.

Prior  Published  Cases  Using  High  Doses  and  Induction
The literature describes only 4 other inpatients with repeated

TDM that demonstrate the  need of very high doses of med-

ications during induction using metabolic pathways other

than CYP3A4. To get therapeutic levels in these other 4

patients sensitive to induction by 1) valproate, 1300 mg/day

of clozapine was needed,67 2) phenytoin and phenobarbital,

1600 mg/day of lamotrigine was needed,28 3) valproate for

its own metabolism, up  to 10,500 mg/day of valproate was

needed,62 and 4) in another, up to 4000 mg/day of valproate

was needed.62 Case 1 in this article is unique because he

appeared to be very sensitive to  CYP3A4 induction and val-

proate auto-induction.62

Of the 7 psychiatric drugs reviewed in this article

(Supplementary Tables S1-S7),  there are some published cases

of high doses of carbamazepine, clozapine and olanzapine

that provide at least one TDM measure, but few of the authors

consider the possibility that induction was  accounting for

the high doses. An article in  German68 described 41 patients

on carbamazepine monotherapy who were selected for high

serum carbamazepine concentrations (>9 �g/mL) or for a plan

to increase the dose. The article figure provided one con-

centration around of 7 �g/mL in a  patient taking around

3,250 mg/day, which allowed the calculation of a C/D ratio of

0.002 �g/mL/mg/day, which is highly compatible with a  patient

very sensitive to carbamazepine auto-induction as  long as

the patient was compliant with carbamazepine high dosing

and prior carbamazepine TDMs, if they existed, were com-

patible with progressive auto-induction. The German authors

did not comment on carbamazepine auto-induction as an

explanation for the extremely high dosing for this patient68.

A few patients have been described69–73 needing clozapine

doses >900 mg/day or with clozapine C/D ratios indicative of

the need for these high doses. Some, but not all, of the authors

provided details verifying the  absence of potent inducers such

as carbamazepine, phenobarbital or phenytoin; in  most cases

the authors proposed that patients may  have unusual CYP1A2

genetic variations.69–73 A study of 50  patients with olanzap-

ine doses >20 mg/day provided TDM and described 4 patients

taking doses >60  mg/day but did not provide detail on co-

medications of these 4 patients, although 3 of the 50 patients

were taking AEDs.74

A literature search identified no case report of high doses

of risperidone or paliperidone but some case reports of high

doses of diazepam75 and quetiapine,76–80 apparently in the

absence of CYP3A4 potent inducers but no TDM data was pre-

sented.

Finally, the possibility of induction contributing to  very

high caffeine doses was described in a  caffeine study with-

out TDM.81 Caffeine is  metabolized by CYP1A2 and this

study reported that 3 of 265 long-term psychiatric patients

had extremely high caffeine intake (≥1499 mg/day). All three

patients were under the influence of 2 inducers since they

were smokers taking another CYP1A2 inducer, omeprazole.81

Pharmacological  Speculation  That  Possibly  Explains  These
Two  Very  Unusual  Patients
The 2  patients metabolize CYP3A4 drugs very rapidly. Four pre-

viously published cases28,62,67 describe very fast metabolism

for drugs dependent on other metabolic pathways. There are

no other published cases with high doses of psychiatric drugs

associated with high sensitivity to  induction. Although induc-

tion is not well understood, it appears to be mainly regulated

by the so-called nuclear receptors which include: the consti-

tutive androstane receptors (CAR), the estrogen receptors, the

glucocorticoid receptors and the pregnane X receptors (PXR).

The genetic variations of these receptors have not been well

studied.9 Currently, the only pharmacological speculation that

we can use to  explain these unusual patients needing very

high doses of psychiatric drugs to get  therapeutic concentra-

tions is that they have unusual genetic profiles at the nuclear

receptor levels, which currently cannot be tested. It cannot be

ruled out that advances in  pharmacology may lead to alterna-

tive  hypotheses.

We  hope that these 2 unusual patients will raise the aware-

ness of epileptologists and psychiatrists that some patients

may  be very sensitive to the inductive effects of carba-

mazepine and can be identified by the  need for very high doses

of carbamazepine to get therapeutic concentrations. No sim-

ilar cases have been well described in the past, which is not

surprising since the literature in neurology82 and psychiatry83

on inducers is systematically biased, trying to deny the clinical

relevance of inducers.
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