Background: There have been no studies directly assessing the utility
of therapeutic drug monitoring (TDM) in the pediatric HIV population.
Current U.S. Department of Health & Human Services (DHHS)
guidelines do not recommend routine TDM. Routine TDM was
implemented on a trial basis in the HIV Clinic at the Hospital for Sick
Children in February 2014. The purpose of this project was to assess
the utility of this strategy.
Methods: This was a prospective observational study of routine TDM
for protease inhibitors (PIs), non-nucleoside reverse transcriptase
inhibitors (NNRTIs) and integrase inhibitors (IIs) in combination
antiretroviral therapy (cART) treated HIV-infected children. Voluntary
informed consent was required. Outcome measures included the
proportion of serum antiretroviral medication (ARV) levels in the
therapeutic range and correlation of levels with virologic control,
adherence and toxicity.
Results: Forty-eight of 64 cART treated children in the clinic were
recruited (75%). Their median age, viral load (VL) and CD4 percent
were 13 (3-18) years, <40 (<40-148) copies/mL and 37.4% (8.4-47.9%),
respectively; 45.8% were female. VL was <40 copies/mL in 91.7%.
Adherence was assessed as excellent (>95%) in 95.8%. Fifty baseline
trough serum levels were taken, including 19 (38%) for PIs, 27 (54%)
for NNRTIs, and 4 (8%) for IIs. Sixty-six percent (n=33) of levels were
within the therapeutic range, 12% (n=6) were subtherapeutic, and 22%
(n=11) were supratherapeutic. The highest proportion of therapeutic
levels were within the NNRTI class (77.8%) followed by PIs (52.6%) and
IIs (50%) (p=0.047). There was no statistically significant correlation
between serum ARV levels and demographic data, VL, CD4%, adverse
event scores, or adherence. Only one dose adjustment was made for
subtherapeutic raltegravir levels due to a presumed interaction with
ritonavir.

OBJECTIVES
1. To determine the proportion of HIV-infected children
with initial serum anti-retroviral (ARV) levels in the
therapeutic range.
2. To assess the correlation between serum ARV levels
and measures of efficacy, toxicity, and adherence.
3. To assess the correlation between serum ARV levels
and patient characteristics.

METHODS
Design
Inclusion

Exclusion
TDM

Outcome
Measures

Conclusion: This study does not support routine use of TDM in
generally healthy, well-controlled cART-treated HIV-infected children,
which is consistent with current DHHS guidelines. A more targeted
strategy, such as when adherence is questioned or when there are
suspected drug interactions, may be more appropriate.

INTRODUCTION
o There have been no studies directly assessing the utility
o
o

of therapeutic drug monitoring (TDM) in the pediatric
HIV population.
Routine TDM was implemented on a trial basis in the HIV
Clinic at the Hospital for Sick Children in February 2014.
The purpose of this study was to assess the utility of
this strategy.

Statistical
Analysis

Prospective observational study
Patients aged ≤ 19 at the Hospital for Sick
Children HIV Clinic who received routine
TDM (trough levels) for ≥ 1 ARV between
February and December 2014.
Patients on ARV therapy for < 4 weeks.
ARV dosing was adjusted if level was > 20%
above or below the target range at the
discretion of the care team.
o Therapeutic serum ARV levels based on
currently accepted adult target ranges
(pediatric target ranges not well-defined).1
o Efficacy measures included viral load, CD4
count, and CD4 percentage.
o Adverse effects assessed using the
National Institutes of Health Division of
AIDS Table for Grading the Severity of
Adult and Pediatric Adverse Events.2
o Medication adherence measured using
clinician assessments. Classified as
“Excellent” (≥95% of doses taken),
“Moderate” (80-95% of doses taken), or
“Poor” (<80% of doses taken).
Descriptive statistics for baseline
characteristics; non-parametric tests to
explore associations between serum ARV
levels and patient characteristics and clinical
outcomes. Statistical significance defined as a
p-value <0.05 on a 2-tailed test of
hypothesis.

RESULTS
Figure 1. Patient inclusion
77 patients in HIV Clinic
64 patients on ARV therapy
58 patients eligible
48 patients included

DISCUSSION
o The majority of patients had initial serum ARV levels in

Table 2. Initial serum ARV levels by drug class
Not on ARV’s, n=13
Excluded, n=6
ARV < 4 weeks, n=4
ARVs not amenable to TDM, n=1
No TDM done, n=1

No consent obtained, n=10

PI
NNRTI
INSTI
Total

THERAPEUTIC
(n, %)

SUBTHERAPEUTIC
(n, %)

SUPRATHERAPEUTIC
(n, %)

o

10 (52.6%)
21 (77.8%)
2 (50%)
33 (66%)

3 (15.8%)
1 (3.7%)
2 (50%)
6 (12%)

6 (31.6%)
5 (18.5%)
0 (0%)
11 (22%)

o

The frequency of therapeutic vs. subtherapeutic vs. supratherapeutic levels by
drug class differed significantly (p < 0.05).

Figure 2. Serum ARV levels by ARV

Table 1. Baseline demographics, n = 48
Age in years (median, range)
Female (n, %)
Race (n, %)
African/Caribbean
Asian
Caucasian
Mixed/Other
Current HIV clinical category (n, %)
N: No signs/symptoms
A: Mild signs/symptoms
B: Moderate signs/symptoms
C: Severe signs/symptoms
Current HIV immunologic category (n, %)
1: No suppression
2: Moderate suppression
3: Severe suppression
CD4 percentage (median, range)
Viral load, copies/mL (median, range)
Undetectable viral load or viral load <40 copies/mL (n, %)
Possible adverse effects (n, %) ⱡ
Laboratory abnormalities only
Clinical symptoms + laboratory abnormalities
No adverse effects
Excellent adherence (n, %)
ARV classes with TDM done*
Protease inhibitors (PI)† (n, %)
Non-nucleoside reverse transcriptase inhibitors (NNRTI)‡ (n, %)
Integrase inhibitors (INSTI)§ (n, %)

DRUG
CLASS

13 (3-18)
22 (45.8%)
34 (70.8%)
7 (14.6%)
2 (4.2%)
5 (10.4%)

Atazanavir Darunavir Lopinavir
4

Serum ARV level, mg/L

ABSTRACT

3.5

41 (85.4%)
6 (12.5%)
1 (2.1%)
37.4 (8.4-47.9)
<40 (<40-148)
44 (91.7%)
26 (54.2%)
1 (2.1%)
21 (43.7%)
46 (95.8%)
19 (38%)
27 (54%)
4 (8%)

ⱡ None clinically significant enough to warrant medication discontinuation.
*50 trough serum levels available as 2 patients were on 2 ARVs amenable to
TDM. † Atazanavir (26.3%), darunavir (10.5%), lopinavir (42.1%), nelfinavir
(21.1%). ‡ Efavirenz (59.3%), nevirapine (40.7%). § Raltegravir (100%).
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• Adherence assessment was largely subjective.
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Pinked shaded areas indicate therapeutic range.

Table 3. Patients with subtherapeutic levels, n = 5
TDM ARV ARV
Combination

Viral load CD4 count Adherence Dose
(copies/mL) (cells/µL)
adjusted?

RAL
RAL
LPV
LPV
NVP

<40
148*
<40
<40
<40

RAL/3TC/AZT
RAL/LPVr/TDF
LPVr/ABC/ddI
LPVr/ABC/ddI
NVP/ABC/3TC

1572
436
1088
917
434

capturing changes over time.
The excellent adherence and good virologic control
of study patients may have limited our ability to
detect correlations between ARV level and patient
outcomes.

2
1

0

Raltegravir

8

4

4
2

10

6

6

2

Nevirapine
9

8

0.5

46 (95.8%)
1 (2.1%)
1 (2.1%)
0 (0%)

6

o Limitations

• The cross-sectional nature of the study precluded

Efavirenz

Nelfinavir

the therapeutic range.
No significant correlations between serum ARV level
and patient characteristics, markers of efficacy, adverse
events, or adherence were demonstrated.
One patient who required dose adjustments for a
subtherapeutic raltegravir level had a detectable viral
load at the time.

Excellent
Excellent
Excellent
Moderate
Excellent

No
Yes†
No
No
No

* Viral load ranged from undetectable to 48749 copies/mL in the previous year.
† Dose adjustment made for presumed interaction with ritonavir. Became
therapeutic after 2 adjustments.
RAL = raltegravir, LPV = lopinavir, NVP = nevirapine, 3TC = lamivudine, AZT = zidovudine,
LPVr = lopinavir/ritonavir, TDF = tenofovir, ABC = abacavir, ddI = didanosine

Patients with supratherapeutic levels, n = 11
o Minor lab abnormalities: elevated cholesterol/LDL (Grade 1, n=3;
Grade 2, n=3), neutropenia (Grade 1, n=1; also had elevated
cholesterol/LDL), elevated amylase (Grade 1, n=1)
o No clinical symptoms suggestive of adverse events
o None had drug doses adjusted (no clinically significant adverse events)
o None discontinued the medication during the study period

o This study does not support routine use of TDM in
o

generally healthy, well-controlled ARV-treated HIVinfected children.
A more targeted strategy, such as when adherence is
questioned or when there are suspected drug
interactions, may be more appropriate.
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