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Adherence to HIV Therapeutic Drug Monitoring
Guidelines in The Netherlands
Matthijs van Luin, PharmD, *1} Ferdinand W, Wit, MD, PhD,§ Colette Smit, PhD,!

Irma M. Rigter, PharmD,9 Eric J. FE Franssen, PharmD, PhD,** Clemens Richter, MD, PhD, 7
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Background: Therapeutic drug monitoring (TDM) is recom-
mended in several international HIV treatment guidelines. The
adherence of clinicians to these recommendations is unknown. The
authors evaluated the adherence to the Dutch TDM guideline of 2005.

Methods: From the ATHENA cohort study, three scenarios were
selected for which the guideline recommended TDM: 1) start of
a combination of lopinavir/ritonavir + efavirenz or nevirapine (drug—
drug interaction); 2) start of efavirenz (routine TDM); and 3) use of
nelfinavir during pregnancy. For each scenario, we determined the
proportion of patients for whom TDM was performed. Multivariable
logistic regression modeling was used to identify determinants for
the use of TDM.

Results: The adherence to the TDM guideline was 46.7% in patients
who started lopinavir/ritonavir plus efavirenz or nevirapine; 9.5%
for patients who started efavirenz; and 58.5% for patients who used
nelfinavir during pregnancy. Patients treated in clinics that had a
TDM assay available locally and patients treated in academic clinics
were more likely to receive TDM. A higher baseline HIV viral load
was another significant predictor for the performing TDM.

Conclusion: The adherence of clinicians to the Dutch TDM
guidelines varied from low to moderate for the three investigated
TDM scenarios. This study identifies several determinants for the use
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of TDM, which may be useful information for those responsible for
generating TDM guidelines.
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INTRODUCTION

Therapeutic drug monitoring (TDM), meaning the use
of plasma drug concentrations in the management of
antiretroviral therapy, is used frequently in some European
countries such as The Netherlands, Spain, and France. In
addition, several international HIV treatment guidelines,
including the US Department of Health and Human Services
guidelines, recommend TDM for specific clinical scenarios
such as in patients with drug—drug interactions, with drug
concentration-dependent toxicities, or in patients with a lack of
virologic response.'

The scientific basis for TDM of antiretroviral drugs
consists of three observations: first, the importance of
sufficiently high plasma drug concentrations for adequate
suppression of HIV replication”®; second, the large in-
terindividual variability in plasma concentrations of protease
inhibitors and nonnucleoside transcriptase inhibitors
(NNRTIs) among patients taking the same dose®”; and
third, data from two randomized controlled trials, which
demonstrated better therapeutic outcome in treatment-naive
patients who received routine TDM of nelfinavir or
indinavir.'%"!

Little is known about the adherence of clinicians to
TDM recommendations in HIV treatment guidelines. In
addition, the determinants of adherence to TDM recommen-
dations are unknown. For instance, a potential determinant
might be the local availability of a TDM assay in the hospital
or an HIV outpatient clinic. By understanding which factors
are associated with adherence to TDM guidelines, strategies
can be developed to improve adherence of clinicians to the
guidelines as well as improving the guidelines themselves.

To obtain more insight into the use of TDM and the
determinants of its use, we evaluated the use of TDM in The
Netherlands from 2004 to 2008. Within this period, in 2005,
the Dutch Association of AIDS Physicians issued evidence-
based guidelines for the treatment of HIV-infected patients,
including recommendations for TDM.'>!* The guidelines
were published,® they were discussed at plenary Dutch
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Association of AIDS Physicians meetings, and they were
distributed by mail to all Dutch HIV physicians. We studied
the use of TDM in three specific clinical scenarios for which
TDM was recommended by the Dutch guideline.'*'* In
addition, we studied whether TDM use was associated with
therapeutic outcome.

The first scenario was the use of TDM in the setting of
a drug—drug interaction, namely patients who started with the
combination of the protease inhibitors lopinavir/ritonavir plus
a NNRTI, either efavirenz or nevirapine. NNRTIs induce
CYP3A-mediated metabolism of lopinavir, so an increase in
the dose of lopinavir/ritonavir is recommended when
concomitant use is indicated.'* TDM of lopinavir may be
helpful to achieve optimal lopinavir plasma exposure in this
situation.

The second scenario was the use of routine TDM in
patients starting efavirenz in combination with two nucleoside
analogue reverse transcriptase inhibitors (NRTIs). Although
there was no formal evidence that routine TDM would benefit
patient outcome for efavirenz, the scientific committee
recommended it because efavirenz had similar pharmacologic
characteristics as indinavir and nelfinavir (ie, large interindi-
vidual variability in pharmacokinetics and an established
relationship between the plasma concentration of efavirenz
and antiretroviral efficacy and toxicity?).

The third scenario was in patients who used a nelfinavir-
containing regimen during pregnancy. When the guideline was
introduced in 2005, nelfinavir in combination with lamivudine
and zidovudine was a commonly used regimen for HIV-
infected pregnant women in The Netherlands.'? Nelfinavir
plasma concentrations may be decreased during preg-
nancy,'>'® which may in turn lead to an increased risk of
treatment failure.'” To ensure adequate nelfinavir plasma
concentrations during pregnancy, the guideline recommended
TDM of nelfinavir during pregnancy.

METHODS

Patients

All Dutch hospitals that provide antiretroviral treatment
participate in the AIDS Therapy Evaluation in The Nether-
lands (ATHENA) observational cohort study. Currently, data
from over 16,000 patients have been recorded anonymously in
a central database that is maintained by the HIV Monitoring
Foundation.'®

We studied the use of TDM for the three scenarios given
subsequently from January 1, 2004, to December 31, 2008.
Because it is difficult to assess whether TDM would have been
applied in patients who used the antiretroviral drug (combi-
nation) of interest for a relatively short time, we excluded
those patients who had discontinued the drug of interest before
TDM should have been applied for the specific TDM scenario
(see subsequently).

Scenario 1: Drug Interaction Lopinavir + Efavirenz/
Nevirapine

From the ATHENA observational cohort study, we selected
all adult patients who started lopinavir/ritonavir + efavirenz
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or nevirapine. Adherence to the guideline was defined as the
presence of a lopinavir plasma concentration in the ATHENA
database between Weeks 1 and 12. Patients who discontinued the
combination of lopinavir + efavirenz or nevirapine within 3 weeks
were excluded.

Scenario 2: Routine Therapeutic Drug Monitoring
of Efavirenz

We selected all adult patients who started efavirenz in
combination with two NRTIs for the first time. For efavirenz,
the guideline recommended measuring plasma concentrations
at Week 4 and Week 24 after starting therapy. Therefore, we
defined full adherence to the guideline as the presence of
plasma concentrations of efavirenz in the ATHENA database
between Weeks 2 and 8 and between Weeks 16 and 32.
Because adherence to the TDM guideline was only possible in
patients who still used efavirenz at Week 24, we excluded
those patients who discontinued efavirenz within 32 weeks.
Because many patients were thus excluded, we also defined
“partial adherence,” defined as having an efavirenz plasma
concentration measurement at Week 4. For this analysis, we
only excluded patients who had discontinued efavirenz within
8 weeks.

Scenario 3: Therapeutic Drug Monitoring of Nelfi-
navir During Pregnancy

For Scenario 3, we selected all adult female patients who
started nelfinavir during pregnancy or who became pregnant
while using nelfinavir. We defined adherence to the guideline
as the availability of at least one plasma concentration of
nelfinavir during pregnancy. Patients who used nelfinavir for
less than 8 weeks during pregnancy were excluded.

Statistics

Baseline Characteristics

Patient characteristics at the start of one of the three
scenarios were tabulated for patients who received TDM
according to the guideline and those who did not. Differences
between groups were compared using chi square or Fisher
exact tests for categorical data and Mann-Whitney U tests for
continuous data. All tests were two-sided and a P value
of < 0.05 was considered statistically significant.

Adherence to the Guidelines

We used multivariable logistic regression modeling to
investigate the relationship of the following factors with use of
TDM: 1) time period of starting therapy, ie, a) preintroduction
of guideline (2004), b) introduction of guideline (2005-2006),
and c) postintroduction of guideline (2007-2008); 2) context
of outpatient clinic. Outpatient clinics were categorized as
follows: a) small academic HIV outpatient clinics, b) large
academic outpatient clinics, ¢) small nonacademic outpatient
clinics, and d) large nonacademic outpatient clinics. Out-
patient clinics were classified as large or small if they had
greater or fewer than the median number of patients for
academic (n = 354) and nonacademic HIV outpatient clinics
(n = 221), respectively; 3) regular presence of a clinical
pharmacist at multidisciplinary HIV treatment-team meetings;
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and 4) availability of a TDM assay in the hospital laboratory of
the outpatient clinic.

In addition, we evaluated the influence of several
patient-related factors, namely gender, country of birth (as
a surrogate for ethnicity), age, body mass index (calculated as
the weight in kilograms divided by the square of the height in
meters), hepatitis B and C status, HIV transmission risk group,
CD4 count, HIV viral load at the start of the regimen of
interest, specific NRTI backbone, and pretreated status at the
start of therapy. Pretreated status was categorized as follows: 1)
treatment-naive patients; 2) treatment-experienced patients
with an undetectable viral load (less than 50 copies/mL) at the
start of the regimen of interest; and 3) treatment-experienced
patients with a detectable viral load at the start of the regimen
of interest.

Effect of Adherence to the Guidelines on Virologic
Response and Toxicity-Driven
Drug Discontinuations

To assess whether adherence to the TDM guideline
affected therapeutic outcome, we investigated the effect of
adherence to the TDM guideline on virologic response and
toxicity-driven drug discontinuations.

For Scenarios 1 and 2, virologic response was defined as
a viral load below 50 copies/mL at Week 48. For Scenario
3 (nelfinavir use during pregnancy), virologic response was
a viral load below 50 copies/mL at the last viral load
measurement before delivery. For the latter scenario, we
included the time on nelfinavir as an extra independent
variable in our logistic regression models.

We used an observed failure approach in which patients
who discontinued their regimen as a result of failure to
suppress viral replication were considered failures at sub-
sequent time points, whereas patients who discontinued as
a result of other reasons were censored from that moment
onward. Multivariable logistic regression association models
were constructed to adjust for potential confounders. All
patient-related factors that were used in the analysis for
guideline adherence were tested for confounding. We used
a stepwise selection procedure by which a parameter was
identified as a confounder if its addition to the model resulted
in a greater than 10% change of the regression coefficient of
TDM on virologic response.

Cox proportional hazards analysis was used to assess
the impact of adherence to the TDM guideline on drug
discontinuations resulting from toxicity or the patient’s choice
within the first year of therapy. Patients who discontinued the
drug of interest for other reasons were censored from the
moment of discontinuation. Confounding was assessed for
the same parameters and in the same manner as for the analysis
of virologic response.

All data were analyzed with SPSS for MS Windows,
Version 16.0.1 (SPSS Inc, Chicago, IL).

RESULTS

Table 1 presents some key characteristics of the Dutch
HIV outpatient clinics that were considered potentially relevant
for the uptake of the TDM recommendations. Academic
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outpatient clinics were generally larger than nonacademic
outpatient clinics. In addition, academic outpatient clinics
had a TDM assay available locally more frequently.

Scenario 1: Drug Interaction Lopinavir +
Efavirenz/Nevirapine

Three hundred four patients started cART, which
contained lopinavir/ritonavir plus efavirenz or nevirapine.
Within the first 3 weeks, 47 patients (15.5%) discontinued the
use of this combination. The main reasons for early
discontinuation of the combination of lopinavir + efavirenz/
nevirapine were as follows: toxicity (n = 15 [31.9%)]),
unknown reason (n = 11 [23.4%]), and regimen simplification
(n =5 [10.6%]).

The remaining 257 patients were included in the
analysis, of which the majority (158 [61.5%]) used efavirenz
in combination with lopinavir. A total of 120 of the 257
patients (46.7%) had a plasma lopinavir concentration
determined as recommended by the guideline. As shown in
Table 2, baseline characteristics for the TDM and non-TDM
group were mostly similar.

The use of TDM increased from 32.4% in 2004
(preguideline) to 55.3% during introduction of the guideline
in 2005-2006. In 2007-2008, the use of TDM remained stable
(49.0%). Multivariable logistic regression analysis demon-
strated that patients in large nonacademic outpatient clinics
were significantly less likely to receive TDM compared with
patients in academic clinics (Table 3). Furthermore, treatment-
experienced patients were more likely to receive TDM
compared with treatment-naive patients, especially those
treatment-experienced patients with detectable viral loads at
baseline (Table 3).

Forty-eight weeks after baseline, 79.6% of the patients
who received TDM had a viral load below 50 copies/mL
compared with 73.9% of the patients who were not monitored
by TDM (P = 0.50). In the univariable logistic regression
analysis, baseline CD4 count and baseline viral load were
significantly associated with virologic response at Week 48.
After adjusting for these and other factors that confounded the
effect of adherence to the guideline (namely gender, body
mass index, hepatitis B status, pretreated status, and NRTI
backbone), patients who received TDM had an adjusted odds
ratio (OR) of 1.77 (95% confidence interval [CI], 0.36-8.37;
P = 0.48) for achieving virologic response at Week 48. At
Week 24, adherence to the guideline was also not associated
with virologic response (data not shown).

At Week 48, 15 of the 137 patients who did not receive
TDM had discontinued lopinavir as a result of toxicity or the
patient’s choice (TOXP) compared with three of the 120
patients who did receive TDM (P = 0.008, log-rank test). In
bivariable Cox proportional hazards models, only baseline
CD4 count significantly (greater than 10%) modified the effect
of adherence to the guideline on the risk of TOXP
discontinuations. After adjusting for this parameter, patients
who received TDM still had a significantly lower risk of
toxicity-induced lopinavir discontinuations (adjusted hazard
ratio, 0.16; 95% CI, 0.036-0.71; P = 0.016).
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TABLE 1. TDM-Related Characteristics of the 24 Dutch HIV Outpatient Clinics

Academic Nonacademic
No. Percent No. Percent P Value

All 8 16
Presence of a clinical pharmacist at multidisciplinary HIV treatment-team meetings

Never 2 25.0 8 50.0 0.39F

Regularly 6 75.0 8 50.0
Presence of a local HIV TDM assay

Present 5 62.5 5 31.3 0.20F

Not present 3 37.5 11 68.8

Median Range Median Range

Number of patients under care at January 1, 2006 354 255-1636 221 69-1490 0.032%*

*Mann-Whitney test.
TFisher exact test.
TDM, therapeutic drug monitoring.

Scenario 2: Routine Therapeutic Drug
Monitoring of Efavirenz

A total of 3057 patients started antiretroviral treatment
with efavirenz in combination with two NRTIs between 2004
and 2008. Within the first 36 weeks, 588 patients (19.2%)
discontinued efavirenz, which left 2469 patients for analysis.
The main reasons for discontinuation of efavirenz before Week
36 were as follows: unknown reasons (n = 326 [55%]), toxicity
(n = 146 [24.8%]), and the patient’s decision (n = 51 [8.7%]).

Two hundred thirty-four of the 2469 patients (9.5%) who
used efavirenz for at least 32 weeks had a plasma efavirenz
concentration determined at Weeks 4 and 24, as recommended
by the guideline. As shown in Table 2, patients who received
TDM had generally lower CD4 counts and higher viral loads at
baseline compared with patients who did not receive TDM.

The use of TDM of efavirenz decreased significantly
from 15.8% in 2004 (preguideline) to 11.5% during in-
troduction of the guideline in 2005-2006. In 2007-2008, the
adherence to the guideline decreased further to 5.7%. As for
Scenario 1, patients treated in nonacademic outpatient clinics
were less likely to receive TDM than patients in academic
settings. In addition, large academic clinics had lower
adherence to the guideline compared with small academic
clinics. The presence of a clinical pharmacist at multidisci-
plinary team meetings resulted in lower adherence to the 2005
TDM guideline, whereas the local availability of a TDM assay
resulted in greater adherence to the guideline. Finally, patients
with higher baseline viral loads were more likely to receive
efavirenz TDM (Table 3).

For the analysis of partial adherence to the guideline, we
excluded the 307 patients who had discontinued efavirenz
within 8 weeks. This left 2750 patients for this analysis. Of
these patients, 836 (30.4%) had a plasma efavirenz concen-
tration measured at Week 4. Partial adherence was stable over
time (30.8% in 2004, 30.7% in 2005-2006, and 30.0% in
2007-2008). Baseline viral load, hospital type, the presence of
alocal TDM assay, and the presence of a clinical pharmacist at
multidisciplinary team meetings predicted partial adherence in
the same manner as they did for full adherence to the guideline
(data not shown).
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Forty-eight weeks after baseline, 89.5% of the patients in
the group of patients who received TDM according to the
guidelines had a viral load below 50 copies/mL compared with
93.3% of the patients who did not receive TDM (P = 0.054).
After adjusting for factors that confounded the effect of
adherence to the guideline on virologic response (body mass
index and baseline CD4 count), patients who received TDM
were less likely to achieve virologic response (adjusted OR,
0.49; 95% CI, 0.29-0.85; P = 0.010). Patients who received
TDM of efavirenz at Week 4 (ie, partial adherence to the
guideline) were also less likely to achieve virologic response
(adjusted OR, 0.59; 95% CI, 0.39-0.89; P = 0.013).

Because there were only a few patients who discontinued
efavirenz because of TOXP after Week 32, we examined the
association between partial adherence to the guideline (at least a
Week 4 efavirenz plasma sample available) and TOXP-driven
discontinuations. Within 48 weeks, 11 of the 836 patients in the
TDM group (2.5%) had discontinued efavirenz because of
TOXP versus 41 of the 1915 (3.5%) of the patients in the
non-TDM group (P = 0.19, log-rank test). After adjusting for
confounding factors in a multivariable Cox proportional hazards
analysis (baseline CD4 count and the NRTI backbone), patients
who received TDM had an adjusted hazard ratio (95% CI)
of 0.72 (0.44-1.18; P = 0.19) for TOXP discontinuations
of efavirenz.

Scenario 3: Therapeutic Drug Monitoring of
Nelfinavir During Pregnancy

A total of 161 patients started antiretroviral treatment
with nelfinavir during pregnancy or before becoming pregnant.
Of these patients, 135 used nelfinavir for more than 8 weeks
during pregnancy. The great majority of these patients (n = 130
[96.3%]) started nelfinavir during pregnancy; five patients had
already started nelfinavir before they became pregnant.

Table 2 shows that the majority of women (n =79 [58.5%)])
had at least one plasma concentration of nelfinavir determined
during pregnancy. There were no statistically significant differ-
ences in baseline characteristics between patients who did or did
not receive TDM during pregnancy (Table 2).

© 2010 Lippincott Williams & Wilkins
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TABLE 2. Patient Characteristics at the Time of Starting the Regimen of Interest

Lopinavir + NNRTI Efavirenz
TDM No TDM TDM No TDM
No. Percent No. Percent P No. Percent No. Percent P
All 120 46.7 137 53.3 234 9.5 2235 90.5
Gender
Male 96 80.0 113 82.8 0.61F 194 82.9 1827 81.7 0.667
Female 24 20.0 24 17.5 40 17.1 408 18.3
Region of origin
Western Europe 86 71.7 78 56.9 0.067+ 145 62.0 1413 63.2 0.75%
Caribbean/Latin America 13 10.8 16 11.7 28 12.0 247 11.1
Sub-Saharan Africa 13 10.8 27 19.7 41 17.5 349 15.6
Other 8 6.7 16 11.7 20 8.5 226 10.1
Pretreatment status
Treatment-naive 40 333 47 343 0.227F 161 68.8 1516 67.8 0.034+
Treatment-experienced, 19 15.8 32 23.4 36 15.4 462 20.7
VL < 50 copies/mL
Treatment-experienced, 61 50.8 57 41.6 37 15.8 251 11.2
VL > 50 copies/mL
Median IQR Median IQR Median IQR Median IQR
Age (years) 43 37-51 42 36-59 0.37* 40 35-48 41 35-48 0.38*
Date of starting therapy 06/06  06/05-10/07  04/06 10/04-11/07 0.31* 12/05 10/04-03/07 12/06  07/05-01/08 <0.001*
Body mass index (kg/m?) 22.5 20-25 22.9 21-25 0.65* 22.7 21-25 23.1 21-25 0.051*
CD4 count (/mm?) 230 120463 300 140-440 0.63* 210 100-310 245 160-350 <0.001*
Viral load (log;, copies/mL)# 4.7 3.6-5.8 4.5 3.4-55 0.27* 5.0 4.6-5.3 4.9 44-53 0.051
Nelfinavir
TDM No TDM
No. Percent No. Percent P
All 79 58.5 56 41.5
Gender
Male NA — NA — —
Female 79 58.5 56 41.5
Region of origin
Western Europe 15 19.0 4 7.1 0.065%
Caribbean/Latin America 13 16.5 5 8.9
Sub-Saharan Africa 45 57.0 44 78.6
Other 6 7.6 3 5.4
Pretreatment status
Treatment-naive 66 83.5 44 78.6 0.617
Treatment-experienced, 7 8.9 8 14.3
VL < 50 copies/mL
Treatment-experienced, 6 7.6 4 7.1
VL > 50 copies/mL
Median IQR Median IQR
Age (years) 29 25-32 29 25-33 0.67*
Date of starting therapy 06/05 09/04-02/06 02/05 08/04-04/06 0.74*
Body mass index (kg/m?) 24.7 23-30 26.2 24-28 0.85*
CD4 count (/mm?) 410 283-565 390 281-518 0.51*
Viral load (logo copies/mL)# 3.9 3.3-45 4.0 3.1-44 0.96*

*Mann-Whitney test.

FChi square test.

fIncludes only data from patients with a detectable viral load at baseline.

NNRTI, nonnucleoside transcriptase inhibitor; TDM, therapeutic drug monitoring; VL, viral load; IQR, interquartile range; NA, not applicable.
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TABLE 3. Factors Predictive of Adherence to the Dutch TDM Guidelines in Multivariable Logistic Regression Analyses

Adjusted OR 95% CI 4
Scenario 1: lopinavir + NNRTI drug interaction
Treatment period 0.004
Preintroduction (2004) 0.24 0.10-0.56 0.001
Guideline introduction (2005-2006) 1.00
Postintroduction (2007-2008) 0.52 0.23-1.20 0.12
Context of outpatient clinic 0.004
Academic 1.00
Nonacademic, small (less than 221 patients) 0.49 0.18-1.34 0.16
Nonacademic, large (more than 221 patients) 0.24 0.098-0.57 0.001
Pretreatment status 0.058
Naive 1.00
Treatment-experienced, VL < 50 copies/mL 1.16 0.42-3.26 0.082
Treatment-experienced, VL > 50 copies/mL 2.62 1.08-6.40 0.034
Scenario 2: routine TDM of efavirenz at Week 4 and Week 24
Treatment period <0.001
Preintroduction (2004) 1.65 1.15-2.37 0.007
Guideline introduction (2005-2006) 1.00
Postintroduction (2007-2008) 0.48 0.34-0.67 <0.001
Context of outpatient clinic <0.001
Academic, small (less than 354 patients) 1.00
Academic, large (more than 354 patients) 0.20 0.13-0.29 <0.001
Nonacademic, small (less than 221 patients) 0.076 0.035-0.17 <0.001
Nonacademic, large (more than 221 patients) 0.13 0.089-0.19 <0.001
Presence of a local TDM assay for efavirenz
Not present 1.00
Present 2.06 1.31-3.26 0.002
Presence of a clinical pharmacist at HIV MDT meetings
Not present 1.00
Regularly present 0.56 0.37-0.86 0.009
Baseline viral load (copies/mL) (per '’log increase) 1.17 1.06-1.29 0.003
Scenario 3: nelfinavir during pregnancy
Context of outpatient clinic 0.004
Academic 1.00
Nonacademic, small (less than 221 patients) 0.39 0.12-1.24 0.11
Nonacademic, large (more than 221 patients) 0.18 0.066-0.49 0.001
Presence of a local TDM assay for nelfinavir
Not present 1.00
Present 3.79 1.45-9.87 0.006

TDM, therapeutic drug monitoring; OR, odds ratio; CI, confidence interval; NNRTI, nonnucleoside transcriptase inhibitor; VL, viral load; MDT, multidisciplinary team.

The use of TDM increased slightly from 54.9% in 2004
(preguideline) to 61.8% during the introduction of the
guideline in 2005-2006. After introduction of the guideline,
in 2007-2008, the use of TDM decreased (50.0%). In the
multivariable logistic regression model, patients treated in
large nonacademic outpatient clinics were less likely to receive
TDM than patients in academic clinics. In addition, the local
availability of a TDM assay was associated with more use of
TDM during pregnancy (Table 3).

At the last viral load measurement before delivery,
94.2% in the group of patients who received TDM during
pregnancy had a viral load below 50 copies/mL compared with
94.1% of the patients who did not receive TDM (P = 1.00).
After adjusting for confounders (baseline CD4, baseline viral
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load, and time on nelfinavir), the adjusted OR (95% CI) to
achieve an undetectable load was 1.45 (0.18-11.73; P =0.73)
for patients who received TDM. There were two TOXP
discontinuations of nelfinavir during pregnancy in the TDM
group and two in the non-TDM group (P = 1.00).

DISCUSSION
The main goal of this study was to evaluate the adherence
of clinicians to the Dutch TDM guidelines of 2005. The
adherence to the recommendations varied from low for routine
TDM of efavirenz (full adherence 9%; partial adherence 30%),
to moderate for nelfinavir in pregnancy (59%), and lopinavir
concomitantly used with an NNRTI (47%).
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We cannot compare these results with those of other
countries or databases because this is, to our knowledge, the first
evaluation of HIV physician adherence to TDM guidelines. Part
of the explanation for the moderate adherence to the TDM
recommendations might be that most recommendations were
based on expert opinion. The only exceptions are nelfinavir and
indinavir.'®'" In agreement with this, adherence to the TDM
recommendations was highest for the nelfinavir scenario. HIV
therapy is changing rapidly and improving as a result of continuous
drug development. Between 2004 and 2008, the antiretroviral
armamentarium was extended with several potent and relatively
well-tolerated drugs. Therefore, physicians have increased
opportunities for switching therapy instead of managing drug-
related problems with TDM. This may form a second explanation
for the moderate adherence to the TDM recommendations.

The adherence to the recommendation to perform routine
TDM of efavirenz at Week 4 and Week 24 was extremely low
and declined from 16% in 2004 to 6% in the period 2007-2008.
At present, there is international consensus among clinical
pharmacologists that TDM should be applied selectively and not
routinely.'"* ' Tt is possible that during our study period, an
increasing number of Dutch HIV physicians as well as clinical
pharmacists (Table 3) became convinced that TDM is only
indicated in selected situations. This may explain the declining
rates for routine TDM of efavirenz between 2004 and 2008.

A second important goal of this study was to identify
determinants of TDM use. The data from our study indicate
that Dutch HIV physicians are more likely to use TDM in
patients with a higher baseline viral load (efavirenz scenario)
or in treatment-experienced patients who start therapy with
a detectable viral load (lopinavir scenario). Thus, TDM is used
in the most vulnerable patients who have the highest a priori
chance of failure to suppress viral load. Other patient-related
determinants of TDM use were not identified.

Independent of the context of the outpatient clinic, the local
availability of an analytical assay for the measurement of
antiretroviral drug concentrations was associated with increased
use of TDM. The availability of a local assay would probably ease
TDM logistics, thereby shortening the time delay between the
time of blood sampling and the TDM result. As a consequence,
HIV physicians might become more ready to use TDM, which in
turn will lead to increased experience with TDM.

Another health-system related determinant of TDM use
was the context of the HIV outpatient clinic. Academic centers
were more likely to use TDM than nonacademic centers for all
investigated TDM scenarios. It is difficult to explain this result,
which is probably caused by multiple factors. One factor might
be that academic HIV physicians are more willing to adhere to
expert opinion-based recommendations. A second possible
explanation might be the presence of trainees who specialize in
infectious diseases in academic clinics. These trainees were
actively educated on the Dutch TDM guidelines and they may
have propagated the use of TDM in their outpatient clinics.

Finally, the time period in which therapy was initiated
was associated with TDM use for efavirenz (discussed
previously) and for lopinavir. For only lopinavir in combina-
tion with efavirenz or nevirapine, the results from our study
suggest that the introduction of the TDM recommendations
led to increased use of TDM.
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The ATHENA database offers unique opportunities for
TDM research because it comprises detailed information on
TDM results as well as clinical information. Although not the
primary goal of our analysis, we were also interested in
whether adherence to the TDM guidelines was associated with
virologic response or drug toxicity (the latter being deduced
from toxicity or the decision of a patient to discontinue a drug).

For the lopinavir scenario, patients who received TDM
appeared less likely to discontinue lopinavir because of
toxicity or from patient choice. For efavirenz, patients who
received TDM were less likely to achieve an undetectable viral
load at Week 48. One should interpret both results cautiously,
because our study design is observational. Thus, patients were
not randomized to a TDM or a non-TDM group; they may
have received TDM for a particular reason, which might be
associated with the likelihood of achieving the studied
outcome. Given the low adherence to the efavirenz routine
TDM guideline, it is most probable that efavirenz TDM was
applied selectively rather than routinely. As described, TDM
was applied mostly in those patients who had the highest
a priori chance of failure to suppress viral load. In our analysis,
we attempted to adjust for such a selection bias (eg, by
including baseline viral load in the regression model), but
there certainly remain residual confounding variables (eg,
preferential use of TDM in patients suspected of non-
adherence). Confounding by indication is in our view the
most likely explanation for the worse virologic outcome in
patients who received TDM of efavirenz.

The lower discontinuation rate of lopinavir in the TDM
group might be caused by dose reduction of lopinavir in
patients with lopinavir adverse effects and high plasma
lopinavir concentrations. Five patients in the TDM group had
their lopinavir dose reduced after initially starting an increased
dose, which may have prevented some toxicity-induced
lopinavir discontinuations in the TDM group. High plasma
lopinavir concentrations have been related to hypercholester-
olemia®* and, anecdotally, to gastrointestinal symptoms such
as nausea and abdominal pain.

Although this study evaluated the adherence to the Dutch
TDM guidelines of 2005, drug—drug interactions (lopinavir
scenario) and pregnancy (nelfinavir scenario) are still regarded
as valid scenarios for TDM by current international HIV
treatment guidelines."*! Present-day HIV treatment guidelines
do not recommend unselected routine use of TDM any more.
However, efavirenz is one of the few antiretroviral drugs with
a high likelihood of concentration-related adverse effects, which
is still a valid indication for TDM.>*

In conclusion, the adherence of clinicians to the Dutch
TDM guideline varied from low to moderate for the three
investigated TDM scenarios. This study identifies several
determinants for the use of TDM, which may be useful
information for those responsible for generating TDM guidelines.
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