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Abstract Dose adjustment of psychotropic drugs in patients with liver cirrhosis may

be important as most of these drugs are predominantly eliminated by the liver
and many of them are associated with dose-dependent adverse reactions.
As no surrogate parameter is available to predict hepatic metabolism of
drugs, dose adjustment according to pharmacokinetic properties of the drugs
is proposed. Psychotropic drugs (antiepileptics, antiparkinsonian drugs,
psycholeptics such as antipsychotics, anxiolytics, sedatives and hypnoseda-
tives, and psychoanaleptics such as antidepressants, psychostimulants and
antidementia drugs) marketed in Switzerland in 2006 were therefore classified
according to their hepatic extraction and/or bioavailability to predict their
kinetic behaviour in patients with cirrhosis. The expected changes in hepatic
metabolism predicted by pharmacokinetic properties were compared with the
results from kinetic studies carried out in patients with liver disease. These
studies were identified using MEDLINE searches.

Of the 116 psychotropic drugs available on the Swiss market by the year
2006, only 12 were predominantly eliminated through the kidney. For five
substances, no Q, value (the dose fraction metabolized or excreted extra-
renally) could be determined because of lack of pharmacokinetic data. Of 99
drugs with predominant hepatic metabolism, 29.3% were categorized as high,
25.2% as intermediate and 38.4% as low extraction drugs, while seven sub-
stances could not be classified. Pharmacokinetic studies in patients with liver
disease were available for 55 of these 99 drugs eliminated predominantly by
the liver (Qy-value = 0.5). Only a few kinetic studies in patients with liver disease
were found for antipsychotics, antiparkinsonian drugs and antidepressants,
except for selective serotonin reuptake inhibitors and some newer anti-
depressants. The expected changes in pharmacokinetics were generally in
good agreement with the changes reported in pharmacokinetic studies. For
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12 drugs, the observed changes in pharmacokinetics from clinical studies were
different from the changes expected based on their classification. However,
for low extraction drugs metabolized by cytochrome P450 isozymes, clear-
ance may be reduced by up to 50%.

In conclusion, the classification of drugs according to their hepatic extrac-
tion and/or bioavailability is a useful tool for dose adjustment, if information
from clinical studies is lacking. There is a gap in information about pharma-
cokinetic changes in patients with liver cirrhosis for a large number of
centrally acting drugs. Kinetic studies for centrally acting drugs with pre-
dominant hepatic metabolism should be carried out in patients with liver
disease to allow precise dose recommendations for enhanced patient safety.

The liver is involved in the clearance of many
drugs through a variety of metabolic pathways
and/or biliary excretion of unchanged drugs or
metabolites. Alterations of these metabolic and/
or excretory functions in patients with liver dis-
ease, most pronounced in patients with liver cir-
rhosis, can lead to drug accumulation or, less
often, failure to form an active metabolite.

The factors affecting drug disposition in pa-
tients with chronic liver disease have been dis-
cussed in numerous reviews.[!"8] In these reviews,
drugs are classified according to their hepatic
extraction, which determines mainly the hepatic
clearance of drugs. Since, until now, no in vivo
surrogate parameter exists to predict hepatic
clearance of drugs, predictions concerning dose
adjustment in patients with liver disease can only
be made based on the pharmacokinetic properties
of the drugs administered. Dose recommenda-
tions made in this article are based on the classi-
fication of the drugs according to their hepatic
extraction (Ej). Only the basic principles under-
lying this classification will be reviewed. For
further information, refer to the publication of
Delco et al.[¥ or Tchambaz et al.[%!

Hepatic clearance (Clyp) is defined as the vo-
lume of blood from which a drug is removed
completely by the liver per unit time. Hepatic
clearance can be expressed as (equation 1):

Cl _ (fu S Cll) X Q
PP (fu x Cl) +Q
where Q is the blood flow across the liver, f, is the

unbound fraction (free fraction) and Cl; is the
intrinsic clearance of the drug. The equation is

(Eq. 1)
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based on the assumption that the liver is a well-
stirred compartment, a model used already in a
previous review of dose adaptation of anti-
neoplastic drugs in patients with liver disease.!
When (f, xCl;) >> Q, equation 1 can be sim-
plified to Clye,=Q. In this case, the blood flow
across the liver becomes rate-limiting for hepatic
clearance of a drug. Due to their high hepatic
extraction (>60%), this class of drugs has a low
bioavailability (<40%) and is insensitive to chan-
ges in protein binding or activity of drug-
metabolizing enzymes. Porto-systemic shunts
resulting from portal hypertension!'” and a re-
duction in portal venous perfusion of hepatocytes
resulting from increased vascular resistance and/
or capillarization in patients with cirrhosis will
lead to changes in hepatic clearance of high ex-
traction drugs.['l A variable amount of portal
blood is therefore not cleared by hepatocytes in
patients with cirrhosis and, as a consequence,
bioavailability of orally administered drugs may
increase substantially. Therefore, the initial dose
of orally administered high extraction drugs has
to be reduced according to the expected increase
in bioavailability and the maintenance dose ac-
cording to bioavailability and impaired hepatic
blood flow across the liver. Since the extent of
porto-systemic shunting is usually not known in
patients with cirrhosis, the oral bioavailability of
high extraction drugs is assumed to be 100%.14!
Accordingly, taking into account the assumed
increase in bioavailability, the reduced dose may
be calculated as follows: reduced dose=(normal
dose xnormal bioavailability)/100.11 For intra-
venous administration, the maintenance dose has
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to be reduced, as only the reduction in hepatic
blood flow has to be considered.

In contrast, the hepatic clearance of drugs for
which (f, x Cl;) << Q is mainly determined by the
capacity of the liver to metabolize these sub-
stances. For such drugs, equation 1 can be simpli-
fied to Cly, = (f,,x Cl;). Liver cirrhosis can alter
C]J; of these drugs by affecting the activity of cyto-
chrome P450 (CYP) isozymes and/or glucuronyl
transferases, whereby oxidation seems to be more
sensitive than glucuronidation.”-®! Because of a
low hepatic extraction (<30%) during the first
passage across the liver, such drugs have a high
bioavailability (>70%), if bioavailability is not
limited by processes different from first pass he-
patic metabolism. Treatment can be started with
normal initial doses, because no significant alte-
ration in bioavailability is expected. Maintenance
doses may be reduced as a result of impaired he-
patic clearance, especially for drugs mainly meta-
bolized by CYP isozymes. Hepatic clearance of
low extraction drugs highly bound to albumin
may additionally be influenced by changes in
plasma protein binding. In patients with liver
cirrhosis, protein binding may be diminished
due to lower levels of serum albumin resulting
from impaired albumin synthesis!'"! and/or
due to accumulation of endogenous compounds
(e.g. bilirubin), competing for plasma protein
binding sites. As a consequence, the f, of a drug
may increase and offset the reduction of intrinsic
clearance, leading apparently to unchanged or
even increased hepatic clearance. Considering
the total drug concentration (free and protein
bound fraction), this reasoning is correct, but
regarding only the free concentration, f,, would
equal 1 and hepatic clearance for low extraction
drugs would approach intrinsic clearance
(CL).*121 Dose adjustment for low extraction
drugs with high protein binding should therefore
be made according to the free plasma concentra-
tion of the drug (e.g. phenytoin, valproate) or
according to pharmacodynamic parameters (e.g.
phenprocoumon).

Drugs with an intermediate hepatic extraction
(30-60%) show characteristics of both groups.
The hepatic clearance of such drugs can be
influenced by all the parameters included in
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equation 1. Initial doses should therefore be re-
duced according to the expected increase in
bioavailability and maintenance dose should be
further adjusted according to the expected de-
crease in intrinsic hepatic clearance.

Drugs acting on the central nervous system
(e.g. anxiolytics, sedatives, antidepressants, anti-
psychotics, antiepileptics) are often prescribed to
patients with liver cirrhosis because of a variety of
psychiatric symptoms or illnesses associated with
liver cirrhosis.['¥] Benzodiazepines may be used
for the management of alcohol deprivation, for
insomnia or as a pre-medication before upper-
gastrointestinal endoscopy. A study evaluating
drug use in patients with liver cirrhosis showed
that, beside the benzodiazepines, antipsychotics,
antidepressants and/or antiepileptics were also
frequently prescribed.l'¥ In fact, chronic depres-
sive symptoms are not uncommon in patients
with cirrhosis.[!”]

Most of the psychotropic drugs are lipophilic
and are extensively metabolized through the liver,
involving also biotransformation by CYP iso-
zymes.!'3] In patients with cirrhosis, the decrease
in hepatic clearance and hepatic extraction results
in an increased risk for dose-related adverse drug
reactions of psychotropic drugs. But not only
pharmacokinetic changes should be considered
when prescribing centrally acting drugs, pharma-
codynamic changes have also been reported in
patients with liver cirrhosis.[!]

Prescribing to patients with liver cirrhosis re-
quires careful drug selection and dose adjustment
based on the pharmacokinetic profile may pre-
vent adverse effects. Classification according to
pharmacokinetic properties and results from
clinical trials in patients with liver cirrhosis and/
or other liver diseases can therefore help to
select and administer drugs more rationally in
this group of patients. The aims of this work were
therefore (i) to collect pharmacokinetic data
on psychotropic drugs (antiepileptics, anti-
parkinsonian drugs, antipsychotics, anxiolytics,
sedatives, hypnosedatives, antidepressants, psy-
chostimulants and antidementia drugs) and to
classify the drugs based on their pharmacokinetic
profile; (ii) to formulate recommendations for
dose adjustment in patients with liver cirrhosis;
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(ii1) to compare the dose recommendations based
on this classification with recommendations from
the product information and from published
clinical studies; and (iv) to evaluate and discuss
the actual level of information available for dose
adjustment in patients with liver disease.

1. Literature Search Methodology

We searched MEDLINE for studies dealing
with pharmacokinetics, hepatic adverse effects
and/or dose adjustment in patients with liver
disease for all psychotropic drugs registered in
Switzerland in 2006. To perform our literature
search, combinations of key terms including
‘pharmacokinetics’, ‘metabolism’, ‘cytochromes’,
‘drug toxicity’ and ‘liver diseases’ in combination
with ‘central nervous system agents’ and the
specific generic name of each psychotropic drug
were used. The references of the publications
found were screened for additional relevant stu-
dies. In addition to MEDLINE literature sear-
ches, standard reference sources such as the
Swiss Compendium of Drugs!'® containing pro-
duct information of the drugs registered in
Switzerland, the Physicians’ Desk Reference,l']
as well as Therapeutic Drugs'® DRUGDEX®
System,'°) Avery’s Drug Treatment,*?) Goodman
& Gilman’s: The Pharmacological Basis of Ther-
apeutics?'l and Hepatotoxicity??! were used to
locate data regarding pharmacokinetics, hepatic
adverse effects, dose-dependent adverse effects
and dose recommendations of the psychotropic
drugs investigated.

The psychotropic drugs were categorized as
outlined in the previous section and according to
a previous review of antineoplastic agents by
Tchambaz et al.”] The classification is based on
the hepatic extraction and/or bioavailability of a
given drug. Because data for hepatic extraction is
rare in the literature, hepatic extraction was esti-
mated using the following equation (equation 2):

Clpep Qg x Clgys
= Eq.2
Q Q (Ea.2)

where Q is the dose fraction metabolized or
excreted extra-renally (1-Q, is the dose fraction
excreted non-metabolized by the kidney), Clgy, is

E =
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Table I. Classification of liver injury[®3

Liver injury Characterization

Isolated elevation of transaminases of hepatic
origin or R® >5

Hepatocellular

Cholestatic Isolated elevation of alkaline phosphatase of
hepatic origin or R <2

Mixed Concomitant elevation of transaminases and
alkaline phosphatase and 2 <R <5

a R ALT (times upper limit of normal)

= alkaline phosphatase (times upper limit of normal)

the systemic clearance (determined in plasma)
and Q the plasma flow across the liver. Q was
assumed to be 900 mL/min!®! and the values for
Qo and Clgy, were obtained from the literature. If
bioavailability and calculated hepatic extraction
were not consistent, drugs were classified ac-
cording to the measured value for absolute bio-
availability except when bioavailability was lower
than expected from hepatic extraction due to in-
complete intestinal absorption.

Dose recommendations are based on the ori-
ginal articles from clinical studies, on the product
information published in the Swiss Compendium
of Drugs!'l or the Physicians’ Desk Referencell”]
and based on the classification of the drugs
according to their hepatic extraction. For low
extraction drugs with high protein binding,
assessment of total drug clearance may be mis-
leading since intrinsic clearance and protein
binding account for hepatic clearance as outlined
previously.[*12] Therefore, clearance of unbound
drug was considered relevant for dose re-
commendation. The available strengths and oral
dosage forms of the drugs marketed in Switzer-
land were also taken into account for the dosage
recommendations made.

Drug-induced liver disease was classified ac-
cording to Bénichou®! if enough data was
available for classification (table I). In addition to
the hepatic adverse effects, the most important
dose-dependent adverse reactions of the psycho-
tropic drugs were retrieved from the standard
literature or suitable publications.[!6-19:24-26] They
can usually be deduced from the pharmacological
effect and receptor affinity of a drug. Occurrence
of dose-dependent symptoms may serve as an
indicator for drug accumulation in the case of
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insufficient dose adaptation to impaired liver
function.

2. Findings

A total of 116 psychotropic drugs were
available on the Swiss market by the year 2006
(antiepileptics [n=18]; antiparkinsonian drugs
[n=13]; antipsychotics [n=22]; anxiolytics, seda-
tives and hypnosedatives [n=29]; antidepressants
[n=24]; psychostimulants [n=6] and anti-
dementia drugs [n=4]).

Data about pharmacokinetic properties of the
drugs were either extracted from the standard
literaturel'®-21-241 or were based on published
pharmacokinetic studies or reviews.?”-¢71 Only
12 of 116 psychotropic drugs (10%) are pre-
dominantly eliminated through the kidney
(Qp-value <0.5): amantadine, lithium, phenter-
mine, phenylpropanolamine, pramipexole, sul-
piride, tiapride and the newer antiepileptics ga-
bapentin, levetiracetam, pregabalin, topiramate
and vigabatrin. For five substances, no Q, value
could be determined because of lack of pharma-
cokinetic data. The remaining drugs are predo-
minantly eliminated by the liver either through
CYP-dependent metabolism and/or through
conjugation. CYP isozymes involved in the
phase I metabolism of antipsychotics are mainly
CYP2D6, 3A4 and to a lesser extent 1A2. CYP2D6
plays a major role in the metabolism of tricyclic
antidepressants and selective serotonin reuptake
inhibitors (SSRIs). Whereas most of the benzodia-
zepines are metabolized through CYP2CI19 and/or
3A4, the major metabolic pathway of oxazepam,
lorazepam and temazepam is glucuronidation.

Based on their bioavailability and/or hepatic
extraction, of 99 substances predominantly
eliminated by the liver (Qy-value >0.5), 29 sub-
stances were classified as high extraction drugs,
25 as drugs with intermediate hepatic extraction
and 38 as low extraction drugs (table II). Only
seven substances could not be classified because
of lack of pharmacokinetic data. Most of the
antiepileptic drugs were classified as low extrac-
tion drugs, except oxcarbazepine, the only high
extraction drug in this therapeutic drug class.
Benzodiazepines were also commonly classified
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as low extraction drugs, except flurazepam, mid-
azolam and triazolam. In contrast, 8 of 10 anti-
parkinsonian drugs hepatically metabolized,
namely biperiden, bromocriptine, cabergoline,
dihydroergocryptine, entacapone, levodopa, per-
golide and selegiline were classified as high ex-
traction drugs. However, the maintenance dose
of antiparkinsonian drugs is commonly found by
slow up-titration. As treatments are therefore
usually started at low doses, initial doses do not
have to be reduced additionally in patients with
liver cirrhosis.

Hepatic adverse drug effects have been
reported for 88 of the 116 drugs studied
(76%).116-19:22.68-991  Phenothiazines may cause
cholestatic liver injury, while some older anti-
epileptic drugs are associated with induction of
acute intermittent porphyria in predisposed pa-
tients. The use of benzodiazepines may induce
hepatic encephalopathy in patients with cirrhosis.
For other drug classes, no specific pattern of
hepatic adverse reactions has been reported. Tri-
cyclic antidepressants, for example, have been
associated with hepatocellular as well as chole-
static liver injuries.

Pharmacokinetic studies (either located
through MEDLINE searches of the litera-
turel33-45:49.80.87.100-1611 apd/or in the respective
product information!!®!”l or other standard re-
ference sources!!®!%)) evaluating the Kkinetic
properties of drugs in patients with liver disease,
could be found for 56% of the drugs with known
predominant hepatic elimination (55 of 99). Of
the individual therapeutic groups assessed, for
three of four antidementia drugs (75%), phar-
macokinetic data in patients with liver cirrhosis
was available. The only exception was meman-
tine, for which 50% of the dose is eliminated un-
changed through the kidney. Also, for a high
proportion of the anxiolytics, hypnosedatives
and sedatives (20 of 28 drugs; 71%) as well as for
antiepileptics (9 of 13 drugs; 69%), pharmaco-
kinetic information in patients with liver disease
was available. Only sparse information about
pharmacokinetic changes in patients with liver
disease was available for the antipsychotic drugs.
Clinical studies in patients with liver disease
could only be found for 5 of 17 drugs (29%):

Drug Safety 2009; 32 (7)
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Table Il. Psychotropic drugs with Qu-value >0.5 listed by hepatic extraction category (n=99)

Drug class

Drugs classified according to their hepatic extraction

High?

Intermediate®

Low®

Unknown®

Antiepileptic drugs

Antiparkinsonian drugs

Antipsychotics

Anxiolytics, sedatives
and hypnosedatives

Antidepressants

Psychostimulants

Antidementia drugs

Oxcarbazepine

Biperiden, bromocriptine,
cabergoline,
dihydroergocryptine,
entacapone, levodopa,
pergolide, selegiline
Chlorpromazine,
chlorprothixene,
fluphenazine,
perphenazine,
promazine, quetiapine
Buspirone,
clomethiazole,
flurazepam, hydroxyzine,
promethazine, zaleplon

Bupropion, dibenzepin,
doxepin, mianserin,
sertraline

Methylphenidate,
sibutramine

Rivastigmine

Ropinirole

Amisulpride, clozapine,
flupentixol, haloperidol,
levomepromazine, olanzapine,
risperidone, zuclopenthixol

Diphenhydramine, midazolam,
triazolam, zolpidem

Amitriptyline, clomipramine,
escitalopram, fluvoxamine,
imipramine, maprotiline,
mirtazapine, moclobemide,
nortriptyline, paroxetine,
trimipramine, venlafaxine

Barbexaclone, carbamazepine,
clonazepam, ethosuximide,
lamotrigine, phenobarbital
(phenobarbitone), phenytoin,
primidone, tiagabine, valproate

Tolcapone

Aripiprazole, sertindole

Alprazolam, bromazepam,
chlordiazepoxide, clobazam,
clorazepate, diazepam,
flunitrazepam, lorazepam,
lormetazepam, meprobamate,
methaqualone, nitrazepam,
oxazepam, prazepam,
temazepam, zopiclone

Citalopram, fluoxetine,
reboxetine, trazodone

Amfepramone, modafinil

Donepezil, galantamine,
memantine

Methsuximide,

sulthiame

Clothiapine

Chloral hydrate,
ketazolam

Melitracen,
opipramol

a High extraction drugs: hepatic extraction >60%, oral bioavailability <40% in case of complete intestinal absorption (or lower, if intestinal
absorption is not complete).

b Intermediate extraction drugs: hepatic extraction 30-60%, oral bioavailability 40-70%.

¢ Low extraction drugs: hepatic extraction <30%, oral bioavailability >70%. In this category, protein binding may be relevant: for drugs with
high binding to albumin, hepatic clearance may increase.

d Unknown: hepatic extraction not classifiable due to lack of pharmacokinetic data.

Qq =extra-renal dose fraction.

aripiprazole, promazine, quetiapine, risperidone
and sertindole. The best studied drug class
were the SSRIs. For all of the six substances
available in Switzerland (citalopram, escitalo-
pram, fluoxetine, fluvoxamine, paroxetine, ser-
traline), data about pharmacokinetics in patients
with liver cirrhosis could be found. In table III,
pharmacokinetic data, dosage recommendations
as well as hepatic and the most important dose-
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dependent adverse reactions are provided for
drugs with a high hepatic extraction where
pharmacokinetic studies were available. For
all the other drugs, data about pharmaco-
kinetics, classification of the drugs, hepatic
and dose-dependent adverse reactions and
dose recommendations are available; please see
the online Supplemental Digital Content 1,
http://links.adisonline.com/DSZ/A11, or access

Drug Safety 2009; 32 (7)
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Table lll. Kinetic data, hepatic adverse effects and dose recommendations in patients with liver disease for antidepressants, antipsychotics, anxiolytics, sedatives and hypnose-

datives with high hepatic extraction available in Switzerland in 2006

Studies performed and dose recommendations

Drugs Kinetic parameters®"° Hepatic adverse effects
Antidepressants
Bupropion Metabolism: hydroxylation (CYP2B6), Rare: abnormal liver tests,
reduction.!'”] jaundice, hepatitis.[16:98.99]
Active metabolite: hydroxybupropion.
Qq: >0.95
Vg 28 L/kg
t,:21h
PB: 84%
Clgys: 160 /0
E:>0.9
Sertraline Metabolism: N-demethylation Rare: hepatocellular
(CYP2D6, 2C9, 2B6, 2C19, 3A4), injuryt?2]
hydroxylation, oxidative deamination, Case reports: liver failurel'®!

N-carbamoy! glucuronidation(58]
Active metabolite:
N-desmethylsertraline

Qq: 1

Vg4 25 L/kg

t,: 23h

PB: 98%

Clgys: 96 L/h

E:>0.9

Antipsychotics

Chlorpromazine Metabolism: hydroxylation Risk of hepatic
(CYP2D6, 1A2), N-demethylation, encephalopathy in patients
N-oxidation, deamination, with liver cirrhosis(°!
sulfoxidation,['®37] partial biliary Sporadic: cholestatic liver
excretion(16] injuryt?2]
Qo 1

Studies: ty, of hydroxybupropion was prolonged (32 h vs 21 h; p<0.05) in
patients with alcoholic liver disease compared with healthy volunteers.[158]
AUC was higher for bupropion and hydroxybupropion but did not reach
significance.

Product information: No significant difference in the pharmacokinetics between
patients with mild to moderate liver cirrhosis and healthy controls. C .«
increased by 70%, t,, by 40% and AUC by 200% in patients with severe liver
cirrhosis compared with healthy controls. t,, of metabolites prolonged about
2- to 4-fold. Contraindicated in patients with severe liver cirrhosis. Recommended
daily dose for patients with mild to moderate liver disease 150 mg.

Personal recommendation: According to pharmacokinetic data and clinical
studies, start with lowest available dose (150 mg/d). Adjust maintenance dose or
dosage interval according to dose-dependent adverse effects!'®18191 (seizures,
agitation, insomnia, tremor, nausea, anorexia, tachycardia, hypertension).
Because of expected massive increase in bioavailability, bupropion should be
avoided in patients with severe liver cirrhosis (Child-Pugh class C)

Studies: AUC increased 4-fold, t,, 2.5-fold and C,,.x 1.7-fold in patients with
liver cirrhosis after intake of sertraline 100 mg as a single oral dose.['521 C . of
desmethylsertraline was 1.5-fold decreased (p <0.05) and .« significantly
longer. Significant correlation between sertraline plasma concentration and
serum albumin observed. It was recommended to start with sertraline

50 mg/day and increase dosage only after 15 days, if necessary.

Product information: start treatment in patients with liver cirrhosis Child-Pugh
class A and B with 50% of normal initial dose. Contraindicated in patients with
liver cirrhosis Child-Pugh class C.

Personal recommendation: According to pharmacokinetic data and product
information, it is recommended to start with 50% of normal dose (25 mg/d).
Adjust maintenance dose according to dose-dependent adverse
reactions!®.18] (nausea, diarrhoea, insomnia, nervousness, tachycardia,
serotonin syndrome). Do not up-titrate the dose before 2 weeks after treatment
beginning or dose adjustment

Studies: Changes in EEG associated with drowsiness and increased
sensitivity in patients with liver cirrhosis, particularly in patients with previous
history of encephalopathy.[8%1121 Should be avoided in patients with liver
cirrhosis due to the risk of hepatic encephalopathy!®°l

Product information: contraindicated in patients with cholestatic

liver injury

Continued next page
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Table lll. Contd
Drugs Kinetic parameters®®°:° Hepatic adverse effects Studies performed and dose recommendations
Vq: 22 L/kg Personal recommendation: According to pharmacokinetic data, start with
t,: 30h 25-50% of normal initial dose. Adjust maintenance dose according to dose-
PB: 95% dependent adverse effects!'®.18] (extrapyramidal reactions, seizures,
F: 32% hyperprolactinaemia, anticholinergic effects, orthostatic hypotension,
Clgys: 36.1L/0 prolongation of QT interval)
E: 0.67
Promazine Metabolism: hydroxylation, Phenothiazines may cause Studies: In patients with cirrhosis (Child-Pugh class A and B), total and free
N-oxidation, N-demethylation intrahepatic cholestasis!'® plasma clearance decreased by 76% and 89%, t,, was 2-fold and AUC 2.9-fold
(CYP1A2, 2C19), sulfoxidation higher compared with healthy subjects.l"' Unbound fraction was also
(CYP1A2, 3A4)[18.38] significantly higher (35.5% vs 10.4%). No change in pharmacokinetics during
Qo: 1 acute phase of viral hepatitis B, but more adverse effects observed (sedation,
t,: 15h (variable) postural hypotension, dizziness).[''3! Adjust dosage in patients with cirrhosis
PB: 92% (no specific dosage recommendation)!' 4
F:16% Product information: Caution in patients with liver disease.!'® Use not
recommended in patients with liver disease because phenothiazines may
cause intrahepatic cholestasis!®
Personal recommendation: According to the pharmacokinetic parameters,
start with 25% of normal initial dose. Adjust dosage according to dose-
dependent adverse reactions!'®:18l (extrapyramidal reactions, seizures,
hyperprolactinaemia, anticholinergic effects, orthostatic hypotension,
prolongation of QT interval)
Quetiapine Metabolism: dealkylation, Rare: jaundice, transient Studies: Compared with healthy controls, clearance decreased by 25% in

hydroxylation (CYP3A4, 2D6 [minor]),
sulfoxidation, glucuronidationt1!

Qp: 0.95

Vg 10 kg

t,:6h

PB: 83%

F: 9%

Cleye: 79.8L/0

E:>0.9

Anxiolytics, hypnosedatives, sedatives

Buspirone

Metabolism: CYP3A,['8] dealkylation,
hydroxylation, glucuronidation!'8!
Active metabolite: 1-pyrimidinyl
piperazine

and reversible elevations in
serum transaminase
(primarily ALT)l16.19]

Case report: subfulminant
liver failure(83!

patients with liver cirrhosis, AUC and C,,, increased by 40% and t,, prolonged
by 77%.1'1¢1 The authors concluded that patients with hepatic liver cirrhosis
may be given quetiapine 25 mg as a starting dose, and dose escalation should
be conducted with caution

Product information: Recommendations based on the study from Thyrum

et al.l''®l conducted by Astra Zeneca. Start with quetiapine 25 mg on the first
day. Up-titrate carefully in increments of 25-50 mg/d to an effective dose,
depending on clinical response and dose-dependent adverse reactions
Personal recommendation: According to pharmacokinetic data and clinical
study, start with 25 mg and up-titrate carefully according to clinical effect

and dose-dependent adverse reactions!'®17] (drowsiness, weight gain,
orthostatic hypotension, prolongation of QT interval. Rare: extrapyramidal
symptoms)

Studies: C,,,, about 16-fold higher in patients with liver cirrhosis than in
controls.l'291t,, in patients with cirrhosis about twice that of healthy
subjects.[291 Should be used with caution in patients with liver disease.['29]
At steady state, C,ax Was 9- and 12-fold higher in patients with compensated

Continued next page
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Table lll. Contd

Drugs

Kinetic parameters®®°

Hepatic adverse effects

Studies performed and dose recommendations

Clomethiazole

Hydroxyzine

Qp: 1

Vg 5L/kg
ty,:2.4h

PB: 95%

F: 4%

Clgys: 92.5L/h
E:>0.9

Metabolism: CYP2A6, 3A4/5, 2B6,
1A1, 2C19l18]

Q: 0.95

Vq: 9L/kg

ty,:6h

PB: 65%

F:10%

Clgys: 100L/h

E:>0.9

Metabolism: metabolism to cetirizine

(active),[*31 70% of the dose eliminated

by biliary excretionl'e]
Qq: 1

Vq: 16 L/kg

t,.: 20h

Cleye: 41.1Lh

E: 0.76

Elevation of transaminases
Rare: jaundice, cholestatic
hepatitis!'®!

Rare: hepatic or cholestatic
jaundicel™®!

(n=6) and decompensated (n=#6) cirrhosis compared with controls (n=12), t,,
was increased by 169% and 204 %, respectively, and AUC increased by 752%
and 1773%, respectively.['3% Intensity and frequency of adverse effects were
similar in patients with cirrhosis and controls. No significant difference in
pharmacokinetics of 2-pyrimidinyl piperazine between patients with cirrhosis
and controls. However, due to high intra- and inter-subject variability of the
plasma buspirone concentration data, dosing recommendations could not be
madel'30!

Product information: Contraindicated in patients with liver disease

Personal recommendation: According to pharmacokinetic data, start with
lowest possible dose (5mg) due to variable bioavailability in patients with
porto-systemic shunts. Adjust maintenance dose according to dose-
dependent adverse reactions!'®! (drowsiness, dizziness, nausea,
nervousness). Dose interval may be reduced from 3 times to 1-2 times daily

Studies: Clearance decreased by 30%, bioavailability 10-fold higher in patients
with advanced alcoholic liver cirrhosis compared with healthy subjects.[145]
Dose reduction recommended (no specification).['45 After continuous infusion
of clomethiazole, systemic clearance decreased by 50% and t,, prolonged by
90% in patients with liver cirrhosis (Child-Pugh class B and C).l'46! No
statistically significant difference between subjects with mild liver impairment
and healthy controls

Product information: Avoid in patients with severe liver disease. Clomethiazole
should not be given to patients with alcohol dependence with liver cirrhosis,
because of fatal respiratory depression in combination with alcohol

Personal recommendation: Oral administration should be avoided in patients
with liver cirrhosis since bioavailability is unpredictable. Start intravenous
therapy with 25-50% of normal dose and adjust dose according to dose-
dependent adverse effects!'®:18 (nasal and conjunctival irritation, sedation,
cardiovascular and respiratory depression). Lorazepam, oxazepam and
temazepam are better alternatives

Studies: t,, was 36.6 h, clearance 36.3 L/h and V4 23 L/kg in patients with
primary biliary cirrhosis.[91 t,, of cetirizine was 25 h. Increase normal dosage
interval of 2-3 times daily to once per 24 h or less[*5!

Product information: in patients with liver cirrhosis, clearance was reduced by
about 66%. t,, was increased to 37 h and serum concentrations of cetirizine
were higher compared with healthy individuals. Dosage reduction is indicated
in patients with moderate impaired liver function. Contraindicated in patients
with severe liver insufficiency

Personal recommendation: According to the pharmacokinetic data, start with
50% of normal initial dose (12.5 mg). Adjust maintenance dose according to
dose-dependent adverse reactions!'®! (anticholinergic effects, sedation)

Continued next page
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Studies: No clinical studies available in patients with liver disease
Product information: Oral clearance reduced by 70% and 87% in
compensated and decompensated patients with cirrhosis, respectively,
up to 4-fold increase in C,,., and up to 7-fold increase in AUC in
comparison with healthy subjects.['”] Contraindicated in patients with liver
insufficiency!'®l

Personal recommendation: According to pharmacokinetic data and
product information, start with lowest possible dose in patients with mild
to moderate hepatic insufficiency (5 mg). Adjust dosage according to
dose-dependent adverse reactions!'®:17] (somnolence, drowsiness,
asthenia). Zaleplon should be avoided in patients with severe hepatic
impairment. Better alternatives are available: lorazepam, oxazepam
and temazepam

Studies performed and dose recommendations

Hepatic adverse effects
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a Qy=the fraction metabolized or excreted extra-renally (1-Qq: fraction excreted unchanged by the kidney).

Table Ill. Contd

Drugs
Zaleplon
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For calculation of volume of distribution, bodyweight was assumed to be 70 kg.

b V=

Hepatic extraction was calculated as described in equation 2 (see section 1 of the text).

c E=

bioavailability;

cytochrome P450; E=hepatic extraction; F=

area under the concentration-time curve; Clgys=systemic clearance; Cpmax=maximum concentration; CYP =

AUC
PB

volume of distribution.

extra-renal dose fraction; t,, =dominant half-life; t,,ax=time to maximum concentration; V4=

fraction bound to proteins; Qg

through our homepage at http://kpharm.unibas.
ch [‘Publications’].

3. Discussion

Dose adjustment of hepatically eliminated drugs
is necessary to avoid dose-dependent adverse re-
actions. However, no surrogate parameter is avail-
able for reliable quantification of the degree of
impairment of hepatic metabolism. Neither rou-
tine liver function tests, nor quantitative tests of
liver function with model substrate markers such
as plasma clearance of antipyrine, galactose, in-
docyanine green or lidocaine (lignocaine), nor the
Child-Pugh classification['®?! have proved to be
useful for the determination of the capacity of the
liver to metabolize drugs.[”®] Probe drugs may
quantify the activity of specific CYP isozymes, but
they may not adequately predict metabolism of
drugs degraded by different CYP isozymes as well
as hepatic extraction and protein binding of spe-
cific drugs. Therefore, dose adjustment based on the
hepatic extraction of drugs has been proposed in pa-
tients with liver diseases, provided that the phar-
macokinetic properties of a drug are available.

Our classification of the psychotropic drugs
according to hepatic extraction is based on the
assumption that the liver is a well-stirred com-
partment, a model used frequently as an ap-
proach for describing hepatic clearancel’-1¢3 and
used by us in a previous review of dose adapta-
tion of antineoplastic drugs in patients with liver
disease.’’ As with other models for hepatic
clearance such as the parallel-tube model or the
dispersion model, it is assumed that (i) no diffu-
sion barriers exist and that the distribution into
the liver is perfusion limited; (ii) only unbound
drug may be hepatically extracted; and (iii) the
metabolic enzymes are distributed homogenously
across the liver.['63164] The main difference be-
tween these models concerns the concentration
gradient of the drug within the liver sinusoids.
The parallel-tube model assumes a decrease of
drug concentration in an exponential fashion
along the sinusoids, whereas the dispersion model
assumes an axial dispersion and the well-stirred
model an equal drug concentration within every
part of the liver. Ito and Houston!!®¥ could show
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that there are only minimal differences for the
prediction of the in vivo hepatic drug clearance
from in vitro data between these three models.
Therefore, and also for its mathematical simpli-
city, we used the well-stirred model for the pre-
diction of hepatic drug clearance.

Of 116 psychotropic drugs studied, for five sub-
stances no Q, value could be obtained and an-
other seven substances with predominant hepatic
metabolism could not be classified according to
their hepatic extraction. These drugs can be re-
placed in patients with liver cirrhosis by adequate
alternatives without any problems. Because of
the high proportion of centrally acting drugs
eliminated predominantly through the liver,
the dosage has to be reduced for most of them in
patients with liver cirrhosis in order to prevent
dose-dependent adverse effects. When comparing
the results from clinical pharmacokinetic studies
in patients with liver cirrhosis and other liver
diseases (available for 55 drugs) with the esti-
mates based on measured or calculated hepatic
extraction, the recommendations were not fully
congruent for only 12 drugs. It must be pointed
out that for low extraction drugs, the observed
reduction in drug clearance in patients with liver
disease may be as high as 50% for drugs meta-
bolized primarily by CYP isozymes.

For oxcarbazepine and cabergoline, both
classified as high extraction drugs, higher chan-
ges would have been predicted based on their
estimated hepatic extraction than observed in
clinical studies. These differences between the
expected and observed changes in patients with
cirrhosis may be explained mainly by the meta-
bolic pathway of the substances. Oxcarbazepine,
for example, undergoes 10-keto reduction by
cytosolic arylketone reductases to the mono-
hydroxy derivativel®'1 and is not metabolized by
CYP isozymes that are known to be affected by
liver cirrhosis. Similarly, for cabergoline the
contribution of CYP-mediated metabolism is
minimal.'® As a result, dose adjustment cannot
only be based on the classification of the hepatic
extraction of a drug, but is also influenced by
the way an individual drug is metabolized. The
decrease in hepatic metabolism seems to be
affected by different factors such as the CYP

© 2009 Adis Data Information BV. All rights reserved.

isozymes involved, the severity of the liver disease
and presence or absence of cholestasis.[3-163.166]

According to an in vivo study using a cocktail
of probe drugs for the drug-metabolizing en-
zymes CYP1A2 (caffeine), CYP2C19 (mepheny-
toin), CYP2D6 (debrisoquine) and CYP2EI1
(chlorzoxazone) to assess the effect of liver dis-
ease on activity of CYP isozymes, patients with
moderate to severe liver cirrhosis (Child-Pugh
score >6) showed a significant reduction of the
metabolism of all CYP isozymes evaluated.[]
The reduction in metabolic ratio ranged from
60% for chlorzoxazone (CYP2E1) to 80% for
mephenytoin (CYP2C19) compared with healthy
controls. Generally, CYP2C19 and CYPIA2
seem to be more sensitive to liver disease than
other CYP isozymes, whereas CYP2C9 and
CYP2D6 seem to be less affected.[®!671 Reasons
for reduced hepatic metabolism of drugs in
patients with cirrhosis may be a reduction in ab-
solute cell mass and/or a difference in hepatic
expression of CYP isozymes affecting their ac-
tivity,[-19 but also impaired delivery of certain
drugs and oxygen to the site of metabolism due
to sinusoidal capillarization may result in a
reduction of intrinsic clearance.[!]

Although pharmacokinetic data in patients
with liver disease is available for 55 of the 99
substances with predominant hepatic metabolism
studied, there is a gap in information for a large
number of centrally acting drugs. Only a few
studies in patients with liver cirrhosis are avail-
able for antipsychotics, antiparkinsonian drugs
and most of the antidepressants, except for SSRIs
and some newer antidepressants. In general, in-
formation about pharmacokinetic properties in
patients with liver disease is lacking, especially for
older drugs, while for newer drugs results from
pharmacokinetic studies are often included in the
product information. There appears to be an
effort by the pharmaceutical companies to pro-
vide information about the pharmacokinetics of
drugs in vulnerable patient groups, such as pa-
tients with liver disease. Information about
pharmacokinetics in patients with renal or hepa-
tic disease, as well as for elderly patients, should
be included in the product information for every
new drug released on the market.

Drug Safety 2009; 32 (7)
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Findings from clinical pharmacokinetic stu-
dies may sometimes be of limited value, as most
of the studies were single dose trials, which may
not reflect the situation in day-to-day clinical
practice. In contrast to single dose administra-
tion, a more accentuated accumulation of certain
substances would be expected in patients with li-
ver disease during long-term treatment.

As indicated by Butler and Begg.['?! assess-
ment of clearance of low extraction drugs with
high protein binding should include measure-
ment of free drug clearance, as free drug clear-
ance is independent of changes in protein
binding. However, for most of the 64 psycho-
tropic drugs with protein binding >80%, no infor-
mation about free drug clearance was available.
Comparing total and free drug plasma clearance
of drugs for which information was available
(nitrazepam, promazine, tolcapone, lorazepam
and chlordiazepoxide), a more accentuated de-
crease in clearance could be observed for free
compared with total drug clearance. For future
pharmacokinetic studies this should be taken into
consideration.

Another problem to address when considering
dose adjustment of psychotropic drugs in pa-
tients with liver disease is the conversion of many
substances to active metabolites that may also be
affected by impaired hepatic metabolism. Of
42 substances with known active metabolites, in-
formation concerning pharmacokinetics of meta-
bolites could only be obtained for 14 substances.
For the active metabolites of oxcarbazepine, ris-
peridone, aripiprazole, clobazam and buspirone,
no differences in pharmacokinetics were detected
in patients with liver disease. For the active meta-
bolites of sibutramine, diazepam, hydroxyzine,
venlafaxine, bupropion and fluoxetine, the area
under the concentration-time curve and elimina-
tion half-life were increased and clearance was
decreased in patients with cirrhosis compared
with healthy controls. In contrast, formation of
active metabolites of flunitrazepam and sertraline
was diminished in patients with liver cirrhosis.
Because of the limited data available, dose re-
commendations that also take into consideration
changes in pharmacokinetics of active meta-
bolites is difficult. In clinical practice, the possibility

© 2009 Adis Data Information BV. All rights reserved.

of an additive increase in effect due to accumu-
lation of active metabolites should be kept in
mind, possibly requiring an even larger decrease
in dosage than estimated based on the parent
drug alone.

Clinical studies, as well as the product in-
formation, often did not provide precise dose re-
commendations for patients with liver disease,
suggesting only dose reduction of a specific drug
without quantifying the reduction. In clinical
studies, the change in pharmacokinetics seemed
generally higher in patients with liver cirrhosis
than in those with active or chronic hepati-
tis,[106.111,126,127.1321 and is generally also more
pronounced  with increasing  Child-Pugh
score.[33.108,130.146,154.1391  Doge  adjustment is
therefore especially important in patients with
moderate and severe liver cirrhosis. The combi-
nation of the results from pharmacokinetic
studies with the estimates based on hepatic ex-
traction may be helpful to support clinicians in
the selection of an adequate dosage of drugs in
patients with liver cirrhosis. However, pro-
spective clinical trials testing the appropriateness
of such dose recommendations are mostly lacking
and therefore our propositions should not be
interpreted as definitive dose guidelines.

For centrally acting drugs, not only dose ad-
justment based on pharmacokinetic properties is
necessary, but also changes in pharmacodynamics
should be considered. For example, patients with
cirrhosis have a greater cerebral sensitivity to a
number of drugs acting on the central nervous
system, e.g. benzodiazepines or antipsychotics.[613]
Although the mechanism underlying this hyper-
sensitivity remains to be explained, there is evidence
that it is not caused only by pharmacokinetic al-
terations. Patients with hepatic encephalopathy
require special consideration, as benzodiazepines
and/or drugs with anticholinergic properties may
worsen cognitive function.''?133 Nevertheless,
administration of benzodiazepines is indicated
for treatment of alcohol withdrawal, anxiety or
before endoscopic procedures or surgery in such
patients. With the exception of flurazepam, mid-
azolam and triazolam, benzodiazepines are all
categorized as low extraction drugs. Since CYP-
mediated metabolism is generally more affected
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by liver disease than glucuronidation,”® we
consider lorazepam, oxazepam and temazepam
as the benzodiazepines of choice for patients with
liver cirrhosis.

4. Conclusions

Dose recommendations that are based on the
hepatic extraction and/or bioavailability of a
drug are generally in good agreement with the
data from pharmacokinetic studies in patients
with liver cirrhosis. Classification of drugs ac-
cording to hepatic extraction is therefore a useful
approach for dose adjustment in patients with
liver cirrhosis, when appropriate clinical studies
are lacking. For a large number of centrally act-
ing drugs, clinical pharmacokinetic studies and
precise dose recommendations are not available.
Pharmaceutical companies should be urged to
perform pharmacokinetic studies in patients with
liver cirrhosis and to provide precise dosage re-
commendations for new drugs and for critical
drugs (e.g. drugs with a high hepatic extraction)
already on the market. However, not only chan-
ges in pharmacokinetics of the parent drug
and/or active metabolites, but also the clinical
situation of the patient and the therapeutic index
of the drug may influence the choice of dose for
certain drugs.
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