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Abstract

Background: Children are subject to varying drug pharmacokinetics which influence plasma drug levels, and hence
treatment outcomes especially for drugs like efavirenz whose plasma concentrations are directly related to
treatment outcomes. This study is aimed at determining plasma efavirenz concentrations among Tanzanian
pediatric HIV-1 patients on efavirenz-based combination antiretroviral therapy (CART) and relating it to clinical,
immunological and virologic treatment responses.

Methods: A cross sectional study involving pediatric HIV patients aged 5-15 years on efavirenz-based cART for

2 6 months were recruited in Dar es Salaam. Data on demographics, cART regimens, efavirenz dose and time

of the last dose were collected using structured questionnaires and checklists. Venous blood samples were drawn
at 10-19 h post-dosing for efavirenz plasma analysis.

Results: A total of 145 children with a mean + SD age of 10.83 + 2.75 years, on cART for a mean + SD of 3.7 £ 2.

56 years were recruited. Median [IQR] efavirenz concentration was 2.56 [IQR = 1.5-4.6] ug/mL with wide inter-patient
variability (CV 111%). Poor virologic response was observed in 70.8%, 20.8% and 15.9% of patients with efavirenz levels
<1 pg/mL, 1-4 pg/mL and > 4 ug/mL respectively. Patients with efavirenz levels of < 1 ug/mL were 11 times more
likely to have detectable viral loads. Immunologically, 31.8% of children who had low levels (< 1 ug/mL) of efavirenz
had a CD4 count of < 350 cells/uL.

Conclusion: Wide inter-individual variability in efavirenz plasma concentrations is seen among Tanzanian children in
routine clinical practice with many being outside the recommended therapeutic range. Virologic failure is very high in
children with sub-therapeutic levels. Concentrations outside the therapeutic window suggest the need for dose
adjustment on the basis of therapeutic drug monitoring to optimize treatment.
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Background

Combination antiretroviral therapy (cART) has revolu-
tionized the lives of HIV-linfected adults and children
across the world contributing to the continual decrease
of new infections [1]. With adequate resources, manage-
ment of pediatric HIV infection using cART has shown
substantial clinical benefits and improved quality of life
such as improvement in immunologic status, sustained
virologic suppression and enhancement of survival. Such
favorable responses are similar to those observed in
adults, however, these benefits are observed when opti-
mal plasma drug concentrations of cART drugs are
attained and maintained [2].

Treatment for HIV-1 infections in Tanzania involves the
use of a combination of antiretroviral drugs commonly
with two Nucleoside Reverse Transcriptase Inhibitors
(NRTI) and one Non-Nucleoside Reverse Transcriptase
Inhibitor (NNRTI) [3]. The National AIDS Control
Program (NACP) guidelines currently recommend prote-
ase inhibitor (PI)-based regimens for all pediatric HIV pa-
tients previously exposed to nevirapine (an NNRTI)
during prevention of mother to child transmission. The
recommended regimen for the under-three-years-old
pediatric patients now is abacavir, lamivudine and lopina-
vir/ritonavir (a protease inhibitor - based cART) [3]. After
reaching three years of age the protease inhibitor is re-
placed by an NNRTT particularly efavirenz.

The use of efavirenz-based regimens among pediatric
patients aged at least three years and above is an advan-
tage in resource-constrained settings because efavirenz
has fewer drug interactions compared to protease inhibi-
tors and appears to be better tolerated with less risk of
leading to severe adverse effects than nevirapine [4-7].
This has led to better treatment outcomes compared to
nevirapine making it a better NNRTT option, with recom-
mendations from the world health organization (WHO)
to make efavirenz the NNRTT of choice in first line treat-
ment of HIV-1 infections [4, 5, 8]. More recent research
has shown the safety of prolonged cART use among
HIV-infected children and suggest that suppressive
NNRTI-based regimens can be associated with lower
levels of systemic inflammation [9]. Efavirenz is a key drug
in the treatment of HIV infection among pediatric pa-
tients aged three years and above in Tanzania [3].

Efavirenz is available in both liquid and solid formula-
tions (suspension and tablet/capsule). For patients older
than three years efavirenz dosing is in accordance with
weight bands starting with children weighing at least 10Kg
[3]. Both inter and intra-individual variability in pharma-
cokinetics of efavirenz leads to variability in efavirenz
steady state plasma concentrations. Concentrations above
4 pg/mL are normally associated with increased central
nervous system (CNS) adverse effects such as insomnia,
frequent nightmares and hallucinations, whereas efavirenz
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plasma concentrations below 1 pg/mL result into more
frequent treatment failures [10] . Some of the factors asso-
ciated with efavirenz pharmacokinetic variability include;
host genetic factors, body weight, gender, ethnicity, drug
interactions and binding to plasma proteins [8, 11-13].
The appropriate use of cART in pediatric patients requires
careful considerations of individual drugs’ disposition kin-
etics, as well as the impact on the drugs’ pharmacokinetics
and pharmacodynamics occurring during developmental
changes as a child grows [14].

These variations in pharmacokinetic parameters lead to
unpredictable responses to treatment in pediatric patients
[15]. Therefore, even with the use of pediatric fixed-dose
combination antiretroviral tablets, treatment outcome
may still be suboptimal in a considerable proportion of pa-
tients [16]. This variability may lead to sub-therapeutic or
supra-therapeutic concentrations of efavirenz in pediatric
patients which is a major threat to the long-term success
of antiretroviral treatment. Resulting sub-therapeutic con-
centrations may be associated with lack of potency in sup-
pressing viral replication leading to an increased chance of
developing mutations, subsequently resistance, and hence
treatment failure [13]. Supra-therapeutic concentrations
increase the risk for toxicity, poor adherence and eventual
treatment failure as well.

Treatment failures among pediatric patients on
efavirenz-based cART are still observed in our settings
as evidenced by pediatric patients being switched to al-
ternative first line regimens or to the more complex and
costly second-line regimens. This may be associated with
children not achieving therapeutic efavirenz concentra-
tions which leads to inadequate suppression of viral rep-
lication and hence treatment failure. Resistance and
eventual treatment failure is of great concern because of
fewer first line alternative options in our settings as well
as the high cost of second line regimens (which are
complex and may not be available in our settings) [17].
This is particularly important for children who will be in
need of cART for their whole lives.

Methods

Study sites and study design

This was a cross sectional study conducted at six HIV
clinics namely; Muhimbili National Hospital (MNH),
Temeke Municipal Hospital, Infectious Diseases Centre
(IDC), Mwananyamala Hospital, Mbagala Rangi Tatu
Hospital and Sinza Palestina Hospital in Dar es Salaam,
Tanzania. The study recruited HIV-positive pediatric pa-
tients (aged 3-15 years) attending HIV care and treat-
ment centers (CTC) who were using efavirenz-based
cART for at least six months. Pediatric patients with
diarrhea, vomiting, those with renal or liver disease were
excluded from the study. Pediatric patients using medi-
cines with known potential interactions with efavirenz
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such as rifampicin, fluconazole and ketoconazole were
also excluded from the study.

Data collection and laboratory analysis

The sample size for this study was calculated based on
methods for establishing reference intervals and on pre-
vious studies with children of similar age groups which
found that 29% and 28% of children had sub and
supra-therapeutic EFV plasma concentrations respect-
ively [12, 18, 19]. Taking this into account therefore a
sample size of 150 children was proposed with a relative
precision of 10% and a confidence interval (CI) of 95%.
The children were recruited using consecutive sampling
method until a desired sample size was obtained. Inter-
views were conducted with the aid of structured ques-
tionnaires. The interviews extracted data such as
demographics, the time efavirenz dose was last taken,
data on missed dose(s) in the previous three days, ad-
verse effects and if any over the counter medicine(s) had
been taken in the past seven days. A standardized check-
list was used to extract more data from patients’ CTC
files. Data extracted included weight, WHO clinical
stage, current clinical signs and symptoms, cART regi-
men in use, efavirenz dose in use, previous cART regi-
men used, last viral load measured and last CD4 cell
counts. Clinical examinations were conducted by the at-
tending clinicians, and data on this and prescription in-
formation was extracted from the CTC files.

For clinical responses, we were observing; current
clinical signs and symptoms, frequency of opportunistic
infections, weight, growth/development progress of a
child, mid upper arm circumference (MUAC) and
WHO clinical staging; weight for age(WAZ) and height
for age(HAZ)> -2 z-score were used to define good
clinical outcomes [20, 21]. Weight-for-age and
height-for-age were calculated using weight and height
for age WHO calculator. Body mass index (BMI) for
age percentiles were also calculated using the
age-and-sex-specific percentile for BMI using the
Centers for Disease Control calculator for children and
teens aged 2-19 years [22]. Virologic response was de-
termined using HIV-1 RNA levels (viral load) measure-
ments where a positive response was considered if a
child’s viral load was below the cutoff point of 400 cop-
ies/mL [10] . With immunological response the focus
was on the CD4 cell count/percentage; a CD4 cell
count of above the cutoff point of 350 cells/mm?® was
considered as a positive immunological response as rec-
ommended by the NACP guideline for children aged
five years and above, and CD4 cell count of 25% or
750cells/mm? for those below five years of age [3].

Blood sampling was done between 12 and 19 h
post-dosing (after the interview). This would help to get
the relevant information on mid-dosing interval plasma
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levels because of the long half-life of efavirenz [10]. Ven-
ous blood samples were taken for estimation of efavirenz
mid-dosing interval plasma concentrations, viral load
and CD4 cell count.

Blood samples for viral load and efavirenz plasma con-
centration analysis was collected in two sterile ethylene di-
amine tetra-acetic acid tubes and centrifuged within 6 h of
sample collection [23]. Centrifugation was at 100%
(5100 x 1000 U/minute) for 10 min using Benchtop
centrifuge w/6-Well Fixed Angle Rotor model EBA 3S
(Hettich Universal, Germany) and later stored at — 80 °C.
The viral load measurements were done using Roche
Molecular Diagnostic’s COBAS,” TagMan® Analyzer. The
plasma efavirenz levels were analyzed using a validated re-
verse phase High Performance Liquid Chromatography
(HPLC) with ultraviolet detection at Muhimbili University
of Health and Allied Sciences (MUHAS) - Swedish
International Development Cooperation Agency (Sida)
Bioanalytical Laboratory. The individual steady state
mid-dosing interval plasma concentration of efavirenz
of each child in the study was obtained, the concentra-
tions were checked to see whether they lie within man-
ufacturers’ recommended or published intervals of
between 1 and 4 pg/mL [10].

The chromatographic analysis using the HPLC System
consisted of auto sampler (SIL-20A, 20 MPa Max Pressure,
Shimadzu), UV-detector (SPD-20AV, Shimadzu) and pump
(LC-20AT, Shimadzu) with a degasser (DGU-2A3,
Shimadzu) and the analytical column was Zorbax Extend
C18 (150 x 4.6 mm LD, 5 um particle size; Agilent Tech-
nologies, Netherlands). Detection wavelength and flow rate
were set at 275 nm and 0.8 mL/minute respectively. Carba-
mazepine was used as the internal standard whereas efavir-
enz was used as the reference standard. Mobile phase
consisted of 25 mM of triethylamine —in-water — aceto-
nitrile mixture (65:35, v/v). Method validation of the efavir-
enz assay was done and both inter-day and intra-day
accuracy and precision fulfilled the FDA’s acceptance cri-
teria of being within +15% for bioanalytical methods [24].

Statistical analysis

The collected data was entered in SPSS computer statis-
tical package version 21(Copyright 2007, SPSS Inc;
Chicago, IL, USA), followed by data coding, checking
and cleaning. Data entry was done twice to ensure ap-
propriate data consistency and quality. Inter-individual
pharmacokinetic variability was evaluated using percent-
age of coefficient of variation (CV %) calculated as a ra-
tio of standard deviation to the mean plasma efavirenz
concentration multiplied by 100. Continuous variables
were compared using Student’s t-test, while categorical
variables were compared using chi-square test. The pre-
dicting value of efavirenz plasma concentrations for
cART responses (virologic, immunologic and clinical)
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and CNS adverse effects were determined using univari-
ate and multivariate logistic regression analysis. Variables
in univariate analysis with a p<0.2 was included in
multivariate analysis to assure that all pertinent and po-
tentially predictive variables are studied. Pearson correl-
ation test was used to analyze the correlation between
treatment responses and efavirenz plasma concentration
and duration of efavirenz use. A p-value of less than 5%
(p < 0.05) was considered to be statistically significant.

Results

A total of 327 children were screened from the clinic at-
tendance registers, whereby 151 children were
approached at MNH [10], IDC (44), Temeke Hospital
[25], Mwananyamala Hospital [26], Mbagala Rangi Tatu
Hospital [27] and Sinza Palestina Hospital [5]. Of these
151 children approached, 6 could not be included into
the study for various reasons (the parents of five chil-
dren refused consent, and phlebotomists could not take
a blood sample from one). The study thus involved 145
pediatric HIV patients aged between 5 and 15 years with
mean + SD age of 10.83 £ 2.75 years weighing between
13 and 58Kg (mean + SD weight of 28.30 + 8.66Kg), with
more males (58.6%) compared to females. A total of
43.4% of the children included in the study were or-
phaned (having lost one parent or both). The most fre-
quent NRTIs used in combination with efavirenz were
zidovudine and lamivudine (in 86.2% of children).

At the time of sample collection 44 (30.3%) of the
study participants were using cART concomitantly with
other drugs (21.4% cotrimoxazole, 2.1% artemether
lumefantrine, and 2.8% amoxycillin). None of the pa-
tients reported to be taking any traditional medicine
(natural health products) and none were on isoniazid
preventive therapy (IPT). Using the mid upper arm cir-
cumference to evaluate the patients’ nutritional status,
64.6% of the patients had normal nutrition status,
whereas 32.6% and 2.8% had moderate and severe mal-
nutrition respectively. Anthropometric weight-for-age Z-
scores (WAZ) showed a high proportion of children
who were severely undernourished (14.5%) and moder-
ately undernourished (22.1%), with 63.4% having a nor-
mal weight. The height-for-age scores showed that
35.1% of the children had varying degrees of stunting
(26.2% moderately stunted and 8.9% severely stunted).
Using the BMI-for-age percentiles a relatively large pro-
portion of children (31.7%) fell below the 5th percentile
indicating underweight among these children. Among
the underweight, 54.3% were below the 1st percentile in-
dicating wasting.

The median CD4 T-cell count of the patients was 763
(Interquartile range [IQR]=498-1069) cells/uL with
most of the children (84.8%) having CD4 cell counts of
above 350 cells/pL. Virological assessment revealed that
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27.7% of patients had detectable viral loads of over 400
copies/mL despite having used cART for a mean+ SD
duration of 3.7+2.56 years. All patients had good
self-reported adherence to their cART therefore good ad-
herence statuses had been recorded in their CTC-2 cards.
Table 1 describes these sociodemographic and clinical
characteristics of the children involved in the study.

Mid-interval steady state Efavirenz plasma concentration
The median time for sample collection for mid-interval
efavirenz plasma concentration was 15.6 [IQR = 14.5-17.2]
hours. The overall median mid-interval steady state
efavirenz plasma concentration was found to be 2.56 [IQR
=1.5-4.6] pg/mL for all the patients. There was no signifi-
cant difference in efavirenz plasma concentrations for pa-
tients whose sampling times were 12+2 andl7+2 h
post-dosing (median 2.69 [IQR =21.7-4.4] versus 2.39
[IQR =1.4-5.1] hours respectively). Results based on the
mean + SD plasma efavirenz concentration of 4.41+
4.89 pg/mL, the calculated coefficient of variation was
found to be 111% for inter-patient variability of efavirenz
plasma concentration.

Only 53.1% of the children were within the recommended
efavirenz plasma concentration levels of 1-4 pg/mL with
16.6% having concentrations below 1 pg/mL. Table 1 sum-
marizes the sociodemographic characteristics of the
patients based on the recommended plasma efavirenz
concentrations cutoff points of <1 pg/mL, 1-4 pug/mL
and >4 pg/mL. Majority of male participants (61.2%)
had efavirenz concentrations between 1 and 4 pg/mL
compared to female participants, however this was not
statistically significant (X* (N =145) =548, p = 0.064). The
5-10 years age group had a significantly larger number of
patients (65.1%) with plasma efavirenz concentrations
within the 1-4 pg/mLinterval compared to those aged 11—
15 (43.9%), whereas those aged 11-15 had significantly
more children with efavirenz concentrationsbelow 1 pig/ml
compared with children aged 5-10 years (20.7% versus
11.1%) (X* (N = 145) = 6.57, p = 0.037). It was found that
55.3% of the participants with CD4 T-cell counts greater
than the cutoff point of 350 cells/pL (good immunological
response) had efavirenz plasma concentrations between 1
and4 pg/mL,whereas 30.9% ofthe patients with CD4 below
350 cells/pL had plasma efavirenzlevels < 1 pg/mL. Efavir-
enzplasmaconcentrationsof > 1 pg/mL wasfound tobeas-
sociated with good immunological response (OR =3.1
{95%CI:0.86—8.95},p = 0.051).

The study found that a statistically significant associ-
ation (p <0.001) exists between efavirenz plasma con-
centrations and viral load. Of the 105 participants with
good virologic response (viral load <400 copies/mL)
58.1% had therapeutic efavirenz plasma concentrations
(1-4 pg/mL) while 35.2% were found to have efavirenz
plasma concentrations above 4 pg/mL. Efavirenz plasma
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Table 1 Sociodemographic characteristics of patients based on the efavirenz plasma concentrations’ recommended cutoff points

Participant variable

Efavirenz concentration

<1 pg/mL 1 -4 pg/mL > 4 ug/mlL p value
n (%) n (%) n (%)

Sex Male 11(12.9%) 52(61.2%) 22(25.9%) 0.064
Females 13(21.7%) 25(41.7%) 22(36.7%)

Age group (years) 5-10 7(11.1%) 41(65.1%) 15(23.8%) 0.037
11-15 17(20.7%) 36(43.9%) 29(35.4%)

Orphan status Not orphaned 11 (13.4%) 53 (64.6%) 18 (22.0%) 0.006
Orphaned 13 (20.6%) 24 (38.1%) 26 (41.3%)

BMI-for-age percentiles <5th percentile 5 (10.9%) 18 (39.1%) 23 (50.0%) 0.011
5-85th percentile 19 (194%) 58 (59.2%) 21 (21.4%)
>85th percentile 0 1 (100%) 0

Weight for age (WAZ) Normal weight 15(16.3%) 53(57.6%) 24(26.1%) 0341
Moderately undernourished 6(18.8%) 12(37.5%) 14(43.8%)
Severely undernourished 3(14.3%) 12(57.1%) 6(28.6%)

Height for age (HAZ) Normal height 17(18.1%) 49(52.1%) 28(29.8%) 0.906
Moderately stunted 5(13.2%) 20(52.6%) 13(34.2%)
Severely stunted 2(15.2%) 8(61.5%) 3(23.1%)

MUAC Normal nutrition 16(17.2%) 54(58.1%) 23(24.7%) 0.690
Moderate malnutrition 6(12.8%) 21(44.7%) 20(42.6%)
Severe malnutrition 2(50.0%) 2(50.0%) 0(0.0%)

CD4 cell count (cells/uL) > 350 cells 17 (13.8%) 68(55.3%) 38(30.9%) 0.108
<350 cells 7(31.8%) 9(40.9%) 6(27.3%)

Viral load (copies/mL) <400 copies 7(6.7%) 61(58.1%) 37(35.2%) 0.000
400-1000 copies 1(33.3%) 1(33.3%) 1(33.3%)
> 1000 copies 16(43.2%) 15(40.5%) 6(16.2%)

Concurrent Medication No 15 (14.9%) 51 (50.5%) 35 (34.7%) 0218
Yes 9 (20.5%) 26 (59.1%) 9 (20.5%)

Key: BMI Body Mass Index, WAZ Weight for age Z-scores, HAZ Height for age Z-scores, MUAC Mid Upper Arm Circumference

concentration of >1 pg/mL was therefore found to be
associated with virologic success (OR=9.5{95% CI:
3.6-25.1}, p<0.01). Virologic failure was found to be
70% among those with sub-therapeutic levels com-
pared to only 20.5% and 15.6% in the therapeutic and
supra-therapeutic levels. Figure 1 shows the relation
between efavirenz concentrations and the virological,
immunological and clinical outcomes.

Univariate and multivariate analysis was done with the
inclusion of relevant factors in predicting outcomes as-
sociated with efavirenz levels below the recommended
plasma concentrations of <1 pg/mL (Table 2). It was
found that CD4 cell counts, viral load levels, sex and
child age group were some of the risk factors associated
with very low plasma efavirenz concentrations (p <0.2)
with 1 degree of freedom (df). In the multivariate ana-
lysis, only the viral load maintained statistical signifi-
cance with a p-value of <0.001 showing that those with
low efavirenz plasma concentrations (<1 pg/mL) are 11

times more likely to have detectable viral loads of more
than 400 copies/mL.

Majority of study participants (86.2%) had not experi-
enced known efavirenz associated adverse drug reaction-
s(ADRs) (CNS and/or skin rash) within the past six
months prior to the study. Majority of patients (65.5%) who
reported CNS ADRs had efavirenz plasma concentration
between 1 and 4 pg/mL. Over 54% of those who reported
skin rash within the past six months were found to have
efavirenz concentrations within the recommended thera-
peutic range of 1-4 pg/mL (X* (N =145) = 2.61, p = 0.856).

Discussion

This study has shown that the overall median for all the
participants’ efavirenz plasma concentration to be within
the recommended therapeutic range, however, there was
very high inter-individual variability (111%). The high
variability resulted in 16.6% of the patients having
sub-therapeutic efavirenz plasma concentrations and
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Table 2 Univariable and multivariable logistic regression analysis to assess the risk factors associated with efavirenz plasma
concentration below 1 pg//mL among children being treated with efavirenz based cART

Variable Number of Efavirenz Univariate analysis Multivariate analysis
efavirenz samples N N W(O/Sg/ /ML Clude OR(95% ) pvalue  Adjusted OR (95% Cl)  p- value

Sex

Male 85 11 (129 1 1

Female 60 13 (21.7) 1.86 (0.77-4.49) 0.168 1.83 (0.68-4.95) 0232
Age group (years)

5-10 63 7(11.0) 1 1

11-15 82 17 (20.7) 2.09 (0.81-5.41) 0.128 2.07 (0.69-6.15) 0.192
Orphan status

No 82 11 (134) 1

Yes 63 13 (20.6) 1.67 (0.69-4.05) 0.249
CD4 (cells/ul)

> 350 123 17 (13.8) 1 1

<350 22 7 (31.8) 291 (1.03-8.17) 0.043 0.79 (0.22-2.84) 0718
Viral Load (copies/mL)

<400 105 7 (6.7) 1 1

> 400 40 17(42.5) 10.3 (3.84-27.86) 0.000 11.0 (3.66-33.09) 0.000
BMI-for-Age Percentiles

5th — 85th 99 19 (19.2) 1

<5th 46 5(109) 051 (0.18-1.47) 0215
Height for age

Normal height 94 17 (18.1) 1

Moderately stunted 38 5(132) 0.68 (0.23-2.01) 0493

Severely stunted 13 2 (154) 0.82 (0.17-4.06) 0811
Weight for age

Normal weight 92 15 (16.3) 1

Moderate malnutrition 32 6 (18.8) 1.18 (0.42-3.37) 0.751

Severe malnutrition 21 3 (14.3) 0.86 (0.22-3.27) 0.820

Key: cART combination antiretroviral therapy, OR Odds Ratio, C/ Confidence interval, BMI Body mass index

30% with supra therapeutic and potentially harmful
plasma concentrations. Virologic failure was very high
(70%) among those with sub-therapeutic levels com-
pared to those with therapeutic and supra-therapeutic
levels. The probability of having virological failure
among those with sub-therapeutic levels was 11 times
more compared to those with therapeutic and
supra-therapeutic levels.

The median efavirenz levels from this study are compar-
able to the findings reported in another study whereby a
median of 2.8 pg/mL was observed with the samples hav-
ing been collected 8-20 h post dosing [26]. The propor-
tion of patients found with recommended adequate
efavirenz plasma concentrations in this study was 53.1%.
This proportion is much lower than that seen in other
studies where the proportions of patients within the
recommended therapeutic levels ranged from 60 to 71%

[12, 27, 28]. However, a meta-analysis by Bouazza et al.
showed that the probability of being within the recom-
mended therapeutic range varied between 56 and 60% re-
gardless of the fixed dose combination [29]. These results
are more in keeping with the findings from our study.

We observed a wide range of inter-individual variabil-
ity of 111% in the plasma concentrations placing a very
large proportion of the children outside the therapeutic
range of 1-4 pg/mL. Such wide inter-individual variabil-
ities have also been seen by other studies [10, 28, 30].
The variability may be attributed to the growth and de-
velopment processes which are still ongoing among
pediatric patients impacting the maturity of metabolic
organs such as liver and kidneys, feeding patterns
affecting drug absorption and hence bioavailability,
maturation of hepatic enzymes and variation in drug
elimination [31, 32]. Variability can furthermore be
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attributed to genetics, particularly single nucleotide gen-
etic polymorphism of the gene for CYP2B6 enzyme re-
sponsible for efavirenz metabolism [33]. Higher mean
plasma efavirenz concentrations in Tanzanians were ob-
served compared to Ethiopians, suggesting slow efavir-
enz metabolism among Tanzanians [34]. This is
consistent with our findings in which 30.3% of our study
participants were found to have efavirenz plasma con-
centrations above the recommended therapeutic interval
even though these patients had been on efavirenz doses
prescribed in accordance with the recommended weight
bands. Therefore, based on our findings we believe that
some of our study participants might be slow efavirenz
metabolizers due to genetic polymorphism leading to
higher than recommended plasma concentrations.

Our study found that a significantly strong association
exists between efavirenz plasma concentration and viro-
logic response. Out of the 24 participants (16.6%) with
sub-therapeutic plasma efavirenz concentrations 17
(70.8%) were found to have poor virologic treatment re-
sponse compared to only 20.5% and 15.6% of those with
therapeutic and supra-therapeutic efavirenz plasma con-
centrations respectively. Patients with plasma efavirenz
concentrations of below 1 pg/mL are 11 times more
likely to have detectable viral load levels. Our findings
are consistent with findings in other studies which also

found the existence of significant association between
efavirenz plasma concentrations and virologic treatment
response [15, 35—39]. Various studies have also reported
sub-therapeutic concentrations of varying prevalence, re-
lating it to non-adherence to treatment and associating
it with poor treatment response [28, 40].

Poor virologic treatment response was observed in
15.6% of participants with supra-therapeutic efavirenz
concentrations. Viral resistance may be the reason for
these patients to have poor virologic response despite
the fact that they were found to have supra-therapeutic
concentrations. The high proportion of children with
supra-therapeutic efavirenz concentrations suggests
that the doses of efavirenz given to our pediatric pa-
tients may not be optimal in providing the necessary
concentrations for therapeutic needs putting them at a
higher risk for CNS toxicity. Supporting our findings
with the findings by Mukonzo et al., we believe that our
pediatric patients are being given efavirenz at doses lar-
ger than their therapeutic needs exposing them to more
potential risk of CNS adverse drug reactions (40).
These findings also emphasize the importance of moni-
toring efavirenz plasma concentrations to ensure that
pediatric patients whose pharmacokinetics are subject
to constant changes due to growth and development
benefit maximally from cART.



Sungi et al. BMIC Pharmacology and Toxicology (2018) 19:66

Clinical response based on weight for age, height for
age and MUAC revealed a non-significant association
between efavirenz plasma concentration and clinical
treatment response. The study by Mutwa et al. con-
ducted in Rwandan children reported that a poor clinical
response based on WAZ or HAZ is associated with a
poor immunological recovery and virological failure [41].

It is known that children in sub-Saharan Africa have
high levels of malnutrition with low weight-and-height
for age indicating large proportions of wasting and
stunting. Studies within Tanzania and neighboring coun-
tries have reported high proportions of poor nutritional
status among HIV children [41-43]. Similar proportions
have been seen in this study where a large number of
children were either stunted or underweight, and among
the underweight a significant proportion were wasted.
The poor nutritional status of the children could poten-
tially have an impact on the immunological and pharma-
cological responses to cART.

Conclusion

Our study has demonstrated a wide inter-individual
variability in efavirenz plasma concentrations among
Tanzanian pediatric patients in routine clinical practice with
a little over half of the children within the recommended
therapeutic range. Virologic failure is very high in children
with sub-therapeutic levels with the probability of having
virological failure among those with sub-therapeutic levels
being 11 times more compared to those with therapeutic
and supra-therapeutic levels. A large proportion of children
have poor nutritional status. Children with concentrations
outside the therapeutic window pose a risk of treatment
failure due to sub-therapeutic plasma concentrations and
risk for CNS adverse drug reactions resulting from
supra-therapeutic levels. This emphasizes the importance of
conducting therapeutic drug monitoring to ensure better
treatment success particularly for pediatric HIV patients.

Abbreviations

AIDS: Acquired Immunodeficiency Syndrome; BMI: Body mass index;

CART: Combination antiretroviral therapy; CNS: Central Nervous System;
CTCs: Care and Treatment Centers; CV: Coefficient of Variation; HAZ: Height
for age; HIV: Human immunodeficiency virus; HPLC: High-Performance Liquid
Chromatography; ICD: Infectious Disease Center; IRB: Institutional Review
Board; MNH: Muhimbili National Hospital; MUAC: Mid upper arm
circumference; MUHAS: Muhimbili University of Health and Allied Sciences;
NACP: National AIDS control Program; NNRTI: Non-Nucleoside Reverse
Transcriptase Inhibitor; NRTI: Nucleoside Reverse Transcriptase Inhibitors;
WAZ: Weight for Age; WHO: World health organization

Acknowledgements

This study would not be successful without active involvement of the
children and their guardians. We also thank the nurses in those CTCs for
assisting in identifying patients and obtaining data from the CTC files and
Ms. Dorisia Nanage for running the HPLC analysis.

Funding
This study was a Masters’ of Science dissertation research through the
Muhimbili University of Health and Allied Sciences. MUHAS had no role with

Page 8 of 9

the data collection process or analysis. Likewise, they were not involved in
the writing of the report. The authors have had full access of the data, and
the decision to submit report for publication.

Availability of data and materials
The dataset used for the analysis of this study are available from the
corresponding author on reasonable request.

Authors’ contributions

SS and SM designed the study. SS drafted the manuscript and was
responsible for the study conduct. NU was involved in laboratory analysis of
samples. SS, EN and SM participated in the data analysis and interpretation
of the report. All authors were involved in the review of the manuscript. All
authors read and approved the final manuscript.

Ethics approval and consent to participate

The study protocol was ethically approved by the Muhimbili University of
Health and Allied Sciences (MUHAS) Institutional Review Board (IRB) in Dar es
Salaam, Tanzania. Permissions to conduct the study from each of the six
study sites. Before involvement in the study we obtained informed consent
from the parents/guardians of the children for screening, and involvement in
the study. Assent was also sought from participants aged between 10 and
15 years of age. Data and any information obtained during the study were
kept strictly confidential with only the research team being allowed access.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

"Health Department, Chamwino District Council, Chamwino, Dodoma,
Tanzania. “Unit of Pharmacology and Therapeutics, School of Pharmacy,
Muhimbili University of Health and Allied Sciences (MUHAS), Dar es Salaam,
Tanzania. 3Managemem Development for Health (MDH), Dar es Salaam,
Tanzania. “Department of Clinical Pharmacology, School of Medicine,
Muhimbili University of Health and Allied Sciences (MUHAS), Dar es Salaam,
Tanzania.

Received: 11 October 2017 Accepted: 11 October 2018
Published online: 23 October 2018

References

1. (WHO). Global update on HIV treatment: Results, Impact and Opportunities,; 2013.

2. Temiye EO, Akinsulie AO, Ezeaka CV, Adetifa IM, Iroha EO, Grange AO, et al.
Constraints and prospects in the management of pediatric HIV/AIDS. J Natl
Med Assoc. 2006;98(8):1252-9.

3. NACP. National Guidelines For the management of HIV and AIDS. Fourth
Edition 2012. 2012. Available from https://aidsfree.usaid.gov/sites/default/
files/hts_policy_tanzania.pdf.

4. Organization WH. Technical update on treatment optimization. Use of
efavirenz during pregnancy: a public health perspective. Available from
http://apps.who.int/iris/bitstream/handle/10665/70920/9789241503792_eng.
pdf;jsessionid=2A042C9A9E9A72C58F94731FBICBCBB0?sequence=1. 2012.

5. Cain LE, Phillips A, Lodi S, Sabin C, Bansi L, Justice A, et al. The effect of
efavirenz versus nevirapine-containing regimens on immunologic, virologic
and clinical outcomes in a prospective observational study. AIDS. 2012;
26(13):1691-705.

6. Ngo-Giang-Huong N, Jourdain G, Amzal B, Sang-a-gad P, Lertkoonalak R,
Eiamsirikit N, et al. Resistance patterns selected by nevirapine vs. efavirenz in
HIV-infected patients failing first-line antiretroviral treatment: a bayesian
analysis. PLoS One. 2011,6(11).e27427.

7. Antiretroviral Therapy Cohort C, Mugavero MJ, May M, Harris R, Saag MS,
Costagliola D, et al. Does short-term virologic failure translate to clinical
events in antiretroviral-naive patients initiating antiretroviral therapy in
clinical practice? AIDS. 2008;22(18):2481-92.


https://aidsfree.usaid.gov/sites/default/files/hts_policy_tanzania.pdf
https://aidsfree.usaid.gov/sites/default/files/hts_policy_tanzania.pdf
http://apps.who.int/iris/bitstream/handle/10665/70920/9789241503792_eng.pdf;jsessionid=2A042C9A9E9A72C58F94731FB9C8C880?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/70920/9789241503792_eng.pdf;jsessionid=2A042C9A9E9A72C58F94731FB9C8C880?sequence=1

Sungi et al. BMIC Pharmacology and Toxicology

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2018) 19:66

Pillay P, Ford N, Shubber Z, Ferrand RA. Outcomes for efavirenz versus
nevirapine-containing regimens for treatment of HIV-1 infection: a
systematic review and meta-analysis. PLoS One. 2013;8(7):268995.

Melvin AJ, Warshaw M, Compagnucci A, Saidi Y, Harrison L, Turkova A, et al.
Hepatic, renal, hematologic, and inflammatory markers in HIV-infected
children on long-term suppressive antiretroviral therapy. J Pediatric Infect
Dis Soc. 2017,6(3):e109-e15.

Marzolini C, Telenti A, Decosterd LA, Greub G, Biollaz J, Buclin T. Efavirenz
plasma levels can predict treatment failure and central nervous system side
effects in HIV-1-infected patients. AIDS. 2001;15(1):71-5.

Peacock-Villada E, Richardson BA, John-Stewart GC. Post-HAART outcomes
in pediatric populations: comparison of resource-limited and developed
countries. Pediatrics. 2011;127(2):e423-41.

Puthanakit T, Tanpaiboon P, Aurpibul L, Cressey TR, Sirisanthana V. Plasma
efavirenz concentrations and the association with CYP2B6-516G >T
polymorphism in HIV-infected Thai children. Antivir Ther. 2009;14(3):315-20.
Lee KY, Lin SW, Sun HY, Kuo CH, Tsai MS, Wu BR, et al. Therapeutic drug
monitoring and pharmacogenetic study of HIV-infected ethnic Chinese
receiving efavirenz-containing antiretroviral therapy with or without
rifampicin-based anti-tuberculous therapy. PLoS One. 2014;9(2):e88497.
Stahle L, Moberg L, Svensson JO, Sonnerborg A. Efavirenz plasma
concentrations in HIV-infected patients: inter- and intraindividual variability
and clinical effects. Ther Drug Monit. 2004;26(3):267-70.

Salem AH, Fletcher CV, Brundage RC. Pharmacometric characterization of
efavirenz developmental pharmacokinetics and pharmacogenetics in HIV-
infected children. Antimicrob Agents Chemother. 2014;58(1):136-43.

Burger D, van der Heiden |, la Porte C, van der Ende M, Groeneveld P, Richter
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. 2006,61(2):148-54.

Bennett DE, Bertagnolio S, Sutherland D, Gilks CF. The World Health
Organization's global strategy for prevention and assessment of HIV drug
resistance. Antivir Ther. 2008;13(Suppl 2):1-13.

Katayev A, Balciza C, Seccombe DW. Establishing reference intervals for
clinical laboratory test results: is there a better way? Am J Clin Pathol. 2010;
133(2):180-6.

Fletcher CV, Brundage RC, Fenton T, Alvero CG, Powell C, Mofenson LM, et
al. Pharmacokinetics and pharmacodynamics of efavirenz and nelfinavir in
HIV-infected children participating in an area-under-the-curve controlled
trial. Clin Pharmacol Ther. 2008;83(2):300-6.

WHO Global Health Database on Child Growth and Malnutrition Blossner.
Geneva: Programme of Nutrition; 1997. http://apps.who.int/iris/bitstream/
handle/10665/63750/WHO_NUT_97 4.pdf.

Mei Z, Grummer-Strawn LM. Standard deviation of anthropometric Z-scores
as a data quality assessment tool using the 2006 WHO growth standards: a
cross country analysis. Bull World Health Organ. 2007;85(6):441-8.

(CDC) CfDCaP. BMI percentile calculator for Child and Teen. Division of
Nutrition, Physical Activity and Obesity. Available from https://www.cdc.gov/
healthyweight/bmi/calculator.html.

Higgins N, Tseng A, Sheehan NL, la Porte CJ. Antiretroviral therapeutic drug
monitoring in Canada: current status and recommendations for clinical
practice. Can J Hosp Pharm. 2009,62(6):500-9.

US. Department of Health and Human Services, Food and Drug
Administration. Center for Drug Evaluation and Research (CDER). Center for
Veterinary Medicine (CVM). 2018. Available from https://www.fda.gov/
downloads/drugs/guidances/ucm070107.Pdf.

Mukonzo JK, Owen JS, Ogwal-Okeng J, Kuteesa RB, Nanzigu S, Sewankambo
N, et al. Pharmacogenetic-based efavirenz dose modification: suggestions
for an African population and the different CYP2B6 genotypes. PLoS One.
2014,9(1):e86919.

Wintergerst U, Hoffmann F, Jansson A, Notheis G, Huss K, Kurowski M, et al.
Antiviral efficacy, tolerability and pharmacokinetics of efavirenz in an
unselected cohort of HIV-infected children. J Antimicrob Chemother. 2008;
61(6):1336-9.

Mutwa PR, Fillekes Q, Malgaz M, Tuyishimire D, Kraats R, Boer KR, et al. Mid-
dosing interval efavirenz plasma concentrations in HIV-1-infected children in
Rwanda: treatment efficacy, tolerability, adherence, and the influence of
CYP2B6 polymorphisms. J Acquir Immune Defic Syndr. 2012;60(4):400-4.
Ren Y, Nuttall JJ, Egbers C, Eley BS, Meyers TM, Smith PJ, et al. High
prevalence of subtherapeutic plasma concentrations of efavirenz in children.
J Acquir Immune Defic Syndr. 2007;45(2):133-6.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 9 of 9

Bouazza N, Cressey TR, Foissac F, Bienczak A, Denti P, Mcllleron H, et al.
Optimization of the strength of the efavirenz/lamivudine/abacavir fixed-
dose combination for paediatric patients. J Antimicrob Chemother. 2017;
72(2):490-5.

Fabbiani M, Di Giambenedetto S, Bracciale L, Bacarelli A, Ragazzoni E, Cauda
R, et al. Pharmacokinetic variability of antiretroviral drugs and correlation
with virological outcome: 2 years of experience in routine clinical practice. J
Antimicrob Chemother. 2009;64(1):109-17.

Neely MN, Rakhmanina NY. Pharmacokinetic optimization of antiretroviral
therapy in children and adolescents. Clin Pharmacokinet. 2011;50(3):143-89.
Lu H, Rosenbaum S. Developmental pharmacokinetics in pediatric
populations. J Pediatr Pharmacol Ther. 2014;19(4):262-76.

Liu X, Ma Q, Zhao Y, Mu W, Sun X, Cheng Y, et al. Impact of single
nucleotide polymorphisms on plasma concentrations of Efavirenz and
Lopinavir/ritonavir in Chinese children infected with the human
immunodeficiency virus. Pharmacotherapy. 2017;37(9):1073-80.

Ngaimisi E, Habtewold A, Minzi O, Makonnen E, Mugusi S, Amogne W, et al.
Importance of ethnicity, CYP2B6 and ABCBT genotype for efavirenz
pharmacokinetics and treatment outcomes: a parallel-group prospective cohort
study in two sub-Saharan Africa populations. PLoS One. 2013,8(7):e67946.
Nacro B, Zoure E, Hien H, Tamboura H, Rouet F, Ouiminga A, et al.
Pharmacology and immuno-virologic efficacy of once-a-day HAART in
African HIV-infected children: ANRS 12103 phase Il trial. Bull World Health
Organ. 2011,89(6):451-8.

Sutcliffe CG, van Dijk JH, Bolton C, Persaud D, Moss WJ. Effectiveness of
antiretroviral therapy among HIV-infected children in sub-Saharan Africa.
Lancet Infect Dis. 2008;8(8):477-89.

Brundage RC, Yong FH, Fenton T, Spector SA, Starr SE, Fletcher CV.
Intrapatient variability of efavirenz concentrations as a predictor of virologic
response to antiretroviral therapy. Antimicrob Agents Chemother. 2004;
48(3):979-84.

Lowenthal ED, Ellenberg JH, Machine E, Sagdeo A, Boiditswe S, Steenhoff
AP, et al. Association between efavirenz-based compared with nevirapine-
based antiretroviral regimens and virological failure in HIV-infected children.
JAMA. 2013;309(17):1803-9.

Bienczak A, Denti P, Cook A, Wiesner L, Mulenga V, Kityo C, et al. Plasma
Efavirenz exposure, sex, and age predict Virological response in HIV-infected
African children. J Acquir Immune Defic Syndr. 2016;73(2):161-8.

Johnston V, Cohen K, Wiesner L, Morris L, Ledwaba J, Fielding KL, et al. Viral
suppression following switch to second-line antiretroviral therapy: associations
with nucleoside reverse transcriptase inhibitor resistance and subtherapeutic
drug concentrations prior to switch. J Infect Dis. 2014;209(5):711-20.

Mutwa PR, Boer KR, Asiimwe-Kateera B, Tuyishimire D, Muganga N, Lange
M, et al. Safety and effectiveness of combination antiretroviral therapy
during the first year of treatment in HIV-1 infected Rwandan children: a
prospective study. PLoS One. 2014;9(11):e111948.

Sutcliffe CG, van Dijk JH, Munsanje B, Hamangaba F, Sinywimaanzi P, Thuma
PE, et al. Weight and height z-scores improve after initiating ART among HIV-
infected children in rural Zambia: a cohort study. BMC Infect Dis. 2011;11:54.
Sunguya BF, Poudel KC, Otsuka K, Yasuoka J, Mlunde LB, Urassa DP, et al.
Undernutrition among HIV-positive children in Dar Es Salaam, Tanzania:
antiretroviral therapy alone is not enough. BMC Public Health. 2011;11:869.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://apps.who.int/iris/bitstream/handle/10665/63750/WHO_NUT_97.4.pdf
http://apps.who.int/iris/bitstream/handle/10665/63750/WHO_NUT_97.4.pdf
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://www.cdc.gov/healthyweight/bmi/calculator.html
https://www.fda.gov/downloads/drugs/guidances/ucm070107.Pdf
https://www.fda.gov/downloads/drugs/guidances/ucm070107.Pdf

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study sites and study design
	Data collection and laboratory analysis
	Statistical analysis

	Results
	Mid-interval steady state Efavirenz plasma concentration

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

