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Abstract A 48-year-old Caucasian male patient presented with severe adverse drug
events (ADEs) while being treated with a standard dose (600mg/day) of
efavirenz. The patient’s clinical course was favourable; however, he also de-
scribed intense nightmares, cramps in his legs and anxiety disturbances that
made him highly irritable. Measurement of the patient’s efavirenz plasma
concentrations revealed a mean minimum steady-state concentration during
a dosage interval (Cmin,ss) of 12.7mg/L, which was much higher than that
recommended for this drug (therapeutic range 1–4mg/L). Consequently, the
dose of efavirenz was reduced to 400mg/day, which resulted in a decrease in
the frequency of ADEs. Subsequent genotype testing showed that the patient
was homozygous for both the CYP2B6-G516T (T/T) and CYP2B6-A785G
(G/G) alleles; these polymorphisms are associated with reduced enzymatic
activity and elevated efavirenz plasma concentrations. Because of this and the
fact that the patient’s mean efavirenz Cmin,ss was still high (4.6mg/L), a
second dosage reduction was undertaken, to 200mg/day. This also resulted in
a reduction in ADEs. At present, the patient’s CD4+ levels remain stable, his
viral load continues to be undetectable and the mean efavirenz Cmin,ss is
within the therapeutic range (2.7mg/L).

Efavirenz is an antiretroviral recommended as
a first-line treatment for HIV infection in nu-
merous international guidelines because of its
efficacy and favourable tolerability. Neverthe-
less, this drug has a wide range of neuropsychia-
tric effects (sleep disturbances, dizziness, sadness,
mood changes, irritability, nervousness, impaired
concentration, abnormal dreams and somno-
lence) in up to 40–70% of patients, according to
some published reports.[1-3] These complaints

usually persist for the first 2–4 weeks of treat-
ment.[4,5] However, some studies show that neuro-
psychiatric disorders may continue in more than
one-half of patients receiving long-term efavirenz
therapy.[6]

Adverse drug events (ADEs) have been re-
ported to be more frequent in patients with high
efavirenz plasma concentrations.[7-9] However,
this association has not been found in other
studies[6,10,11] and further research is necessary.
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Several studies have revealed that the exis-
tence of genetically derived variations in certain
proteins involved in either the transportation
(P-glycoprotein) or the metabolism (cytochrome
P450 [CYP] 2B6, CYP2A6, CYP3A4, CYP3A5,
CYP2D6 and other enzymes) of efavirenz[12] could
explain its high interpatient pharmacokinetic
variability.[13-18] In addition, some studies have
demonstrated that high efavirenz plasma con-
centrations and genetic variations are associated
with neuropsychiatric ADEs.[7,8,13,18-21] Thus,
this relationship suggests a rationale for evaluat-
ing whether reduced efavirenz doses in ‘real-world’
practice could diminish ADEs without compro-
mising the drug’s virological efficacy.[22,23]

To our knowledge, limited information exists
on the long-term efficacy and safety of efavirenz
dose reduction.We report the case of a Caucasian
male patient who presented with severe ADEs
while being treated with a standard dose of efavi-
renz. An efavirenz dosage reduction to 200mg/day
increased safety margins while maintaining the
efficacy of long-term therapy.

1. Case Report

A 48-year-old Caucasian male patient was
documented as having HIV infection in 1989. A
nadir CD4+ lymphocyte level (137/mL) and a peak
viral load of 26 032 copies/mL were attained in
early 2000, and antiretroviral treatment (ART)
consisting of zidovudine, lamivudine and efavi-
renz was commenced in that year. The patient
was coinfected with hepatitis C virus but did not
have liver fibrosis.

The patient was commenced on a standard
dosage of efavirenz (600mg/day). However, after
only 1 week’s treatment, the patient complained
of severe ADEs. Furthermore, at all follow-up
visits, he continued to describe the presence of
intense nightmares (vivid dreams with progres-
sively increasing anxiety, ultimately resulting in
the patient waking up), dizziness, anxiety dis-
turbances (nervousness, irritability) and intense
cramps in his legs. The patient did not have
a previous history of mental disorders and was
not taking psychiatric medication at the time
of the study.

In 2005, the patient was enrolled in a thera-
peutic drug monitoring (TDM) programme,
which involved collection of one blood sample
during each visit to the hospital. Samples for
measurement of plasma drug concentrations
were collected at steady state (more than 4 weeks
after the initiation of efavirenz treatment),
usually at the midpoint of the dosage interval.
Efavirenz concentrations were assessed quanti-
tatively by high-performance liquid chromato-
graphy (HPLC). Determination of efavirenz
plasma concentrations revealed a mean minimum
steady-state plasma concentration during a do-
sage interval (Cmin,ss) of 12.7mg/L, which was
much higher than that recommended for this
drug (therapeutic range, 1–4mg/L).[7]

Accordingly, in March 2006, a reduction in
efavirenz dosage took place (to 400mg/day) on
the basis of the results of a pharmacokinetic
analysis. For this analysis, which assumed an
open, one-compartment model with a fixed ab-
sorption constant and first-order elimination,[18]

the apparent oral clearance and apparent volume
of distribution for efavirenz were individually
estimated using Bayesian algorithms. The popu-
lation pharmacokinetic parameters were obtained
from our own population and were incorporated
into PKS� software (Abbott Diagnostic, Chicago,
IL, USA). This software allowed us to predict dose
adjustments and subsequent plasma concentra-
tions at different times using the population
pharmacokinetic parameters and two or three
efavirenz plasma concentrations obtained from
the patient.

Evaluation and quantification of the evolution
of the patient’s ADEs were achieved by semi-
structured interviews with the patient at every
follow-up visit. This interview included questions
about common presumed efavirenz-related ADEs
(cognitive effects, affect/mood changes, anxiety,
psychotic and sleep disturbances) and was based
on two validated questionnaires (the Pittsburgh
Sleep Quality Index[24] and the Hospital Anxiety
and Depression Scale[25]). An overall ADE score,
expressed as a percentage of the maximum poss-
ible score (45 points), was generated.

After the first efavirenz dose reduction, the
patient reported a decrease in both the frequency
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of his nightmares and the intensity of his cramps.
He also commented that his irritability level had
reduced. As anticipated, because of these improve-
ments with regard to ADEs, our patient reported a
high level of satisfaction with the new dose.

In May 2007, after having obtained informed
consent from the patient and ethical approval
from the Institutional Review Board of the
University Hospital of Salamanca, Spain, the
patient underwent genotype testing. These tests
showed that the patient was homozygous for
both the CYP2B6-G516T (T/T) and CYP2B6-
A785G (G/G) alleles (table I). This genotype
analysis was determined using PHARMAchip�

(Progenika Biopharma, Bilbao, Spain), a DNA
chip that analyses 91 polymorphisms present in
33 genes involved in phase I and II enzymatic
metabolism, as well as transporters, neuro-
transmitter receptors and others.

Based on the patient’s genotype analysis and
the fact that mean efavirenz Cmin,ss was still high
(4.6mg/L) in July 2008 a second dosage reduction
took place (to 200mg/day). One month later the
patient commented that his anxiety, nervousness
and irritability had diminished considerably. In
addition, before dose adjustment, he had also
complained of numbness in the calves, which has
since disappeared completely. In August 2009,
the patient’s CD4+ levels remained stable, his
viral load remained undetectable and mean efa-
virenz Cmin,ss (2.7mg/L) was within the thera-
peutic range at every follow-up visit (figure 1).

It is necessary to emphasize that the patient’s
adherence to treatment was always optimal
(100%) during the entire period of analysis, ac-
cording to treatment dispensary records and re-

sponses to the simplified medication adherence
questionnaire (SMAQ).[26] Likewise, during the
entire observation period, the absence of con-
comitant medication interfering with the pharm-
acokinetic profile of efavirenz was assured.[27]

2. Discussion

To our knowledge, this is the first case of
efavirenz dosage reduction to 200mg/day that
has demonstrated an increased safety margin
while also maintaining the efficacy of long-term
therapy in a patient of Caucasian extraction;
until now, such procedures have been described
only in patients of African[28] and Japanese[22]

extraction. In addition, the duration of follow-up
(45 months) is longer than in previously docu-
mented case reports.

Our patient experienced important ADEs with
a standard dosage (600mg/day) of efavirenz, de-
spite the fact that the drug was always taken be-
fore going to bed and that the effect of diet was
minimized since the patient took the drug at least
2 hours after his evening meal (as per the manu-
facturer’s recommendations) and thereby avoid-
ed any possible food-drug interactions.[4]

Subsequently, the evolution of ADEs (figure 1)
showed a direct proportional relationship be-
tween efavirenz plasma concentrations and ADE
score, expressed as a percentage of the maximum
possible score. Thus, this leads to the conclusion
that the ADEs described in our patient could
have been a consequence of elevated efavirenz
plasma concentrations.

These results show how use of TDM offers
an opportunity to develop an optimal and

Table I. Analysis of patient’s genotype

Gene Allele analysed Genotype Phenotype (enzymatic activity)

CYP2B6 G516T T/T Reduced

CYP2B6 A785G G/G Reduced

CYP3A4 1/1B 1/1 Normal

CYP2D6 1, 2, 3, 4, 5a, 6, 7, 8, 9, 10, 11, 14A, 14B,

15, 17, 19, 20, 25, 26, 29, 30, 31, 35, 36, 40, 41,

1XNb, 2XN, 4XN, 10XN, 17XN, 35XN, 41XN

2/2 Normal

a Gene deletion.

b Gene duplication.

CYP = cytochrome P450.
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individualized therapy for each patient. They also
demonstrate that ADEs should not be always
assumed to be an inherent consequence of ART,
which may be effective without causing signif-
icant toxicity. Furthermore, the findings suggest

a need for investigation of the relationship be-
tween ART ADEs (lipodystrophy, dyslipidae-
mias, peripheral neuropathies, etc.) and high
plasma concentrations, not only for efavirenz but
also for other ARTs.
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The main objective of ART is to achieve viro-
logical suppression, and thus restore the effi-
ciency of the immune system to the greatest
extent possible. Efavirenz has good antiviral
efficacy, but the high interindividual variability
of its pharmacokinetics complicates the achieve-
ment of long-term benefits with the drug.[29]

Differences in the hepatic metabolism of efavi-
renz seem to explain much of this variability. In
our case, genotype testing showed that the patient
was homozygous for the CYP2B6-G516T and
CYP2B6-A785G alleles. These polymorphisms
are associated with reduced enzymatic activity,
which in turn results in increased efavirenz
plasma concentrations.[8,9,19-22,30-32] Thus, correct
interpretation of pharmacogenetic and pharm-
acokinetic data could be used to individualize
treatment with this drug. In clinical practice, the
pharmacogenetic data support the information
provided by TDM, which is a reflection of the
phenotype expressed by the pharmacokinetic be-
haviour of the drug in a particular patient and
is dependent mainly on hepatic metabolism.[33]

This, added to low intrapatient variability in
efavirenz plasma concentrations and high inter-
individual variability,[34] shows not only that
TDM could be useful in the clinical management
of HIV disease,[35] but also that in clinical prac-
tice TDM continues to be the best tool for opti-
mizing the dose regimen of efavirenz.[36]

It is also important to take into consideration
the economic implications of dose reductions of
the type described in this case report. The cost of

treatment with efavirenz in this case decreased by
approximately one-third with each dose reduc-
tion and, given that the optimal dosage in this
patient was 200mg/day, the annual savings
would have been $US3446 per year (year of
costing 2009)[37] [figure 2]. Furthermore, the costs
associated with the determination of efavirenz
plasma concentrations are minimal if we compare
these with the savings generated by dose reduc-
tion. Thus, the average cost of measuring plasma
concentrations is approximately $US40 (year of
costing 2009), which includes personnel and
technical expenses (technicians and HPLC equip-
ment).[37] Therefore, considering that three deter-
minations of plasma concentration are necessary
to ensure that these values reflect the true ex-
posure of the patient to the drug, the total annual
cost of the ‘diagnosis of overdosage’ is approxi-
mately $US120 (year of costing 2009). These
figures justify implementation of TDM, which
would give more patients access to ART because
of the savings in treatment costs.

3. Conclusion

Factors that limit efavirenz dose reduction
to minimize ADEs in ‘real-world’ practice are:
(i) the low genetic barrier of efavirenz (develop-
ment of resistance can occur after only a single
amino acid substitution); and (ii) the fact that
dose adjustment of ARTs guided by TDM has
not been extensively studied. However, based
upon the findings of the current case, the ob-
served relationship between ADEs and efavirenz
plasma concentrations confirms the usefulness of
TDM in dose individualization as one way of
optimizing the management of long-term efavi-
renz therapy.
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9. Núñez M, González de Requeda D, Gallego L, et al. Higher
efavirenz plasma levels correlate with development of in-
somnia. J Acquir Immune Defic Syndr 2001 Dec 1; 28 (4):
399-400

10. King J, Aberg JA. Clinical impact of patient population
differences and genomic variation in efavirenz therapy.
AIDS 2008 Sep 12; 22 (14): 1709-17

11. Takahashi M, Ibe S, Kudaka Y, et al. No observable
correlation between central nervous system side effects
and EFV plasma concentrations in Japanese HIV type
1-infected patients treated with EFV containing HAART.
AIDS Res Hum Retroviruses 2007 Aug; 23 (8): 983-7

12. HIV-Pharmacogenomics [online]. Available fromURL: http://
www.hiv-pharmacogenomics.org [Accessed 2009 Jul 23]

13. Csajka C, Marzolini C, Fattinger K, et al. Population
pharmacokinetics and effects of efavirenz in patients with
human immunodeficiency virus infection. Clin Pharmacol
Ther 2003 Jan; 73 (1): 20-30

14. Pfister M, Labbe L, Hammer SM, et al. Population pharm-
acokinetics and pharmacodynamics of efavirenz, nelfinavir
and indinavir. Adult AIDS Clinical Trial Group Study 398.
Antimicrob Agents Chemother 2003 Jan; 47 (1): 130-7

15. Kappelhoff BS, van Leth F, MacGregor TR, et al. Nevira-
pine and efavirenz pharmacokinetics and covariate ana-
lysis in the 2NN study. Antivir Ther 2005; 10 (1): 145-55

16. Burger D, Van der Heiden I, La Porte C, et al. Interpatient
variability in the pharmacokinetics of the HIV non-
nucleoside reverse transcriptase inhibitor efavirenz: the
effect of gender, race, and CYP2B6 polymorphism. Br
J Clin Pharmacol 2006 Feb; 61 (2): 148-54

17. Arab-Alameddine M, Di Iulio J, Buclin T, et al. Pharm-
acogenetics-based population pharmacokinetic analysis of
efavirenz in HIV-1-infected individuals. Swiss HIV Cohort
Study. Clin Pharmacol Ther 2009 May; 85 (5): 485-94

18. Cabrera S, Santos D, Valverde MP, et al. Influence of the
cytochrome P450 2B6 genotype on population pharmaco-
kinetics of efavirenz in human immunodeficiency virus
patients. Antimicrob Agents Chemother 2009 Jul; 53 (7):
2791-8

19. Tsuchiya K, Gatanaga H, Tachikawa N, et al. Homozygous
CYP2B6 *6 (Q172H and K262R) correlates with high
plasma efavirenz concentrations in HIV-1 patients treated
with standard efavirenz-containing regimens. Biochem
Biophys Res Commun 2004 Jul 9; 319 (4): 1322-6

20. Haas DW, Ribaudo HJ, Kim RB, et al. Pharmacogenetics
of efavirenz and central nervous system side effects: an
Adult AIDS Clinical Trials Group study. AIDS 2004 Dec
3; 18 (18): 2391-400

21. Rotger M, Colombo S, Furrer H, et al., Swiss HIV Cohort
Study. Influence of CYP2B6 polymorphism on plasma and
intracellular concentrations and toxicity of efavirenz and
nevirapine in HIV-infected patients. Pharmacogenet
Genomics 2005 Jan; 15 (1): 1-5

22. Gatanaga H, Hayashida T, Tsuchiya K, et al. Successful
efavirenz dose reduction in HIV type 1-infected individuals
with cytochrome P450 2B6 *6 and *26. Clin Infect Dis 2007
Nov 1; 45 (9): 1230-7

23. Gallego L, Barreiro P, del Rı́o R, et al. Analyzing sleep ab-
normalities in HIV-infected patients treated with efavirenz.
Clin Infect Dis 2004 Feb 1; 38 (3): 430-2

24. Buysse DJ, Reynolds CF, Monk TH, et al. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric
practice and research. Psychiatry Res 1989 May; 28 (2):
193-213

25. Herrmann C. International experiences with the Hospital
Anxiety and Depression Scale: a review of validation
data and clinical results. J Psychosom Res 1997 Jan; 42 (1):
17-41

26. Knobel H, Alonso J, Casado JL, et al., GEEMA Study
Group. Validation of a simplified medication adherence
questionnaire in a large cohort of HIV-infected patients:
the GEEMA Study. AIDS 2002 Mar 8; 16 (4): 605-13

27. Institut d’Investigacions Biomèdiques August Pi i Sunyer,
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