ClinicoEconomics and Outcomes Research downloaded from https://www.dovepress.com/

For personal use only.

ClinicoEconomics and Outcomes Research Dove

3

ORIGINAL RESEARCH

Impact of therapeutic drug monitoring

of antiretroviral drugs in routine clinical
management of patients infected with human
immunodeficiency virus and related health care
costs: a real-life study in a large cohort of patients

Valentina Perrone'
Dario Cattaneo'
Sonia Radice'
Diego Sangiorgi?
Augusto B Federici?
Maria Rita Gismondo*
Massimo Medaglia®
Valeria Micheli*
Stefania Vimercati®
Enza Pallone®

Luca Degli Esposti?
Emilio Clementi'”’

'Unit of Clinical Pharmacology, Department
of Biomedical and Clinical Sciences, L Sacco
University Hospital, University of Milan,
Milan, 2CliCon Srl, Health, Economics and
Outcomes Research, Ravenna, Hematology
and Transfusion Medicine, Department

of Clinical Sciences and Community
Health, *Clinical Microbiology Virology and
Diagnosis of Bioemergency, *Pharmaceutical
Department, *Quality Clinical Risk and
Accreditation Unit, L Sacco University
Hospital, Milan, ’Scientific Institute, IRCCS
Eugenio Medea, Bosisio Parini, Lecco, Italy

Correspondence: Emilio Clementi

Unit of Clinical Pharmacology, L Sacco
University Hospital, University of Milan,
Via GB Grassi 74, Milan 20157, Italy
Tel +39 02 5031 9643

Fax +39 02 5031 9646

Email emilio.clementi@unimi.it

Luca Degli Esposti

CliCon Srl, Health, Economics and
Outcomes Research, Via Salara 36,
Ravenna 48100, Italy

Tel +39 544 38 393

Fax +39 544 212 699

Email luca.degliesposti@clicon.it

This article was published in the following Dove Press journal:
ClinicoEconomics and Outcomes Research

14 July 2014

Number of times this article has been viewed

Background: Highly active antiretroviral therapy (HAART) has reduced morbidity and
mortality in patients infected with human immunodeficiency virus (HIV). Studies have
documented high interindividual variability in the pharmacokinetics of antiretroviral drugs,
which may impair the success of HAART if not managed properly. Therapeutic drug monitoring
(TDM) is a useful diagnostic tool that helps clinicians to optimize drug doses so that drug
concentrations associated with the highest therapeutic efficacy are obtained with a reduced risk
of concentration-dependent adverse effects. The aim of this study was to assess whether use of
TDM improves clinical outcomes and cost of illness.

Methods: A retrospective cohort study was conducted at L Sacco University Hospital in Milan,
Italy, in HIV-infected patients aged =18 years with at least one prescription of antiretroviral
drugs for which TDM was applied. The inclusion period was from January 2010 to December
2011, with a follow-up period of up to 12 months. Laboratory and administrative databases
were analyzed and matched with each other.

Results: The cohort consisted of 5,347 patients (3,861 males and 1,486 females) of mean age
43.9+12.5 years. We found that TDM had been used in 143 of these patients, among whom
adherence with therapy was significantly higher than among those in whom TDM had not
been used (94% versus 78%). In TDM-controlled patients, the mean length of HIV-related
hospitalization stay and mean cost of hospitalization were significantly reduced with respect
to those observed in the group in which TDM had not been used (7.21 days versus 29.47 days
and €293 versus €688, respectively).

Conclusion: Inclusion of TDM as part of routine clinical optimization of drug dosing in HI'V-
infected patients is associated with higher adherence to therapy, reduced length of hospitalization
stay, and reduced cost of illness.

Keywords: human immunodeficiency virus, therapeutic drug monitoring, health care costs

Introduction

Human immunodeficiency virus (HIV) infection is a major public health challenge
in Europe. Nearly 29,381 new diagnoses of HIV are reported yearly for European
countries and the European Economic Area member states, with a rate of 5.8 diagno-
ses per 100,000 inhabitants.! In Italy, an incidence of 6.5 new diagnoses of HIV per
100,000 inhabitants has been reported.? The highest prevalence of acquired immunode-
ficiency syndrome (AIDS) cases and one of the highest incidence rates of new diagnosis
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in Italy has been observed in the Lombardy region (10.5 cases
per 100,000 inhabitants), with a strong burden on the regional
health care budget. In particular, the cost of antiretroviral
therapy in this region has gradually increased from about
€92 million in 2004 to more than €193 million in 2010.?

Use of highly active antiretroviral therapy (HAART) has
reduced morbidity and mortality in HIV-infected patients.*
For those patients who have access to these drugs, life expec-
tancy now approaches that of individuals without HIV infec-
tion, particularly if treatment is started early in the course of
the disease,>¢ although a significant percentage of patients
experience only a partial response to HAART. Adherence to
therapy is one of the key factors that increase the efficacy
of the antiretroviral response.” Several studies have dem-
onstrated that adherence is second only to CD4" T-cell count
in accurately predicting progression to AIDS and death.'®!!
Other determinants of HAART failure or success include
genetic differences in drug metabolism, a high baseline
viral load, inherited or acquired drug resistance, concurrent
opportunistic infections, and non HIV-related comorbidities.®
Studies have documented that high interindividual variability
in the pharmacokinetics of antiretroviral agents plays an
important role in predicting the outcome for HIV-infected
patients.'>"'> Inadequate exposure to antiretroviral drugs can
increase the risk of a poor virologic response, whereas higher
drug concentrations have been associated with an increased
incidence of adverse events. Therapeutic drug monitoring
(TDM) is a tool for clinicians to individualize and optimize
drug dosage in order to obtain drug concentrations associ-
ated with the highest therapeutic efficacy with a reduced risk
of concentration-dependent adverse effects. This approach
consists of measurement of drug concentration in a biologic
matrix and adjustment of the dose according to the actual
drug concentration in the patient.

TDM has already been incorporated into US and Europe
treatment guidelines recommending application of TDM in
certain situations and special populations.'* TDM for antiret-
roviral agents, however, is not recommended for routine use
in the management of HIV-infected adults (C-III).'¢ Antiretro-
viral monitoring remains in its infancy and there is currently
no consensus about whether TDM should be used in routine
clinical practice in the management of HIV infection. The
current economic recession in European countries has forced
governments to devise emergency measures to reduce spend-
ing on drugs, including antiretroviral therapies.'” In a context
of limited health care resources, pharmacoeconomic consid-
erations are thus crucial to help policy-makers make the most
appropriate decision on resource allocation. Evidence is avail-

able from observational studies in several clinical conditions
showing that TDM helps to optimize drug use and, as a
consequence, also to contain disease-related costs. This has
been shown for a variety of drug classes including antibiotic,
antiepileptic, psychiatric, and immunosuppressant drugs.'s
A recent study has shown that TDM-guided dosing of cit-
alopram has a positive impact and decreases the duration of
hospitalization." In particular, the introduction of TDM led
to significant changes in clinical dosing strategies, ultimately
resulting in a mean difference in length of hospital stay of
23 days between patients who undergo TDM and those who
do not. Considering daily hospitalization costs of €250, the
potential savings amounted to €5,750 per patient.

In the present study we aimed to evaluate whether TDM
is a useful tool to optimize HAART and reduce the costs
associated with handling HIV infection. To address this issue,
we compared HIV-infected patients treated with antiretroviral
drugs in which TDM was or was not used, assessing several
clinical outcomes, including length of hospitalization (related
to reduced therapeutic response and/or occurrence of serious
adverse drug reactions) and cost of illness.

Materials and methods

Data source

Data for the study subjects were extracted from the admin-
istrative and clinical databases of L Sacco University
Hospital, Milan, Italy. The following databases were used:
the Health-Assisted Subjects’ Database, containing patient
demographic data; the Medications Prescription Database,
providing information for each medication prescription, the
Anatomic Therapeutic Chemical (ATC) classification system
code for the drug purchased, the number of packs, the number
of units per pack, the dosages, the unit cost per pack, and the
prescription date; the Hospital Discharge Database, containing
information on discharge for each hospitalization, in particular
the date of admission and discharge, main and accessory diag-
nosis coded according to the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9 CM);
the Ambulatory Care Specialist, which records outpatient
specialist services (visits, laboratory tests, diagnostic tests)
provided to the patient, including the type and date of visit;
and laboratory test databases, containing information on the
application of TDM in routine clinical practice for optimiza-
tion of drug dosing in HIV-infected patients.

Using appropriate data linkage procedures, a population
databank containing individual, analytical, and chronologic
profiles of all patients enrolled was created. This administra-
tive database is complete, includes validated data, and has
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been used in previous epidemiologic studies.” The Italian
Ministry of Health defined these archives as 100% complete
and 95% accurate.”!

In compliance with privacy laws, the patients’ identifica-
tion code was encrypted and the individuals/bodies involved
in processing of the data for the purposes of the analysis
were blinded to the identification of patients. The patient
code in each database permitted electronic linkage between
all databases. In order to guarantee patient privacy, each sub-
ject was assigned an anonymous univocal numeric code. No
identifiers related to patients were provided to the researchers.
The local institutional ethics committee was informed of the
study according to the legal requirements concerning obser-
vational analysis and waived the need for consent.

Cohort definition
This was a retrospective cohort study and included all
HIV-infected patients aged =18 years with at least one
prescription of antiretroviral drugs and routinely followed
by outpatient visits at L Sacco University Hospital. The
inclusion period was from January 2010 to December 2011
and the follow-up observational period was from January
to December 2012 (ie, 12 months). Enrolled patients were
stratified in two cohorts according to the presence/absence of
at least one TDM evaluation during the inclusion period.
Antiretroviral therapy prescribed during the study period
included all components of HAART, namely nucleoside ana-
log reverse transcriptase inhibitors (NRTIs), non-nucleoside
analog reverse transcriptase inhibitors (NNRTIs), protease
inhibitors, or other drugs in ATC group JOSA. For control
patients (ie, those who did not undergo TDM evaluations)
the inclusion date was the date of the first prescription of
antiretroviral drugs occurring after the start date of the study
including patients who were already on HAART, whereas for
patients who underwent TDM, the inclusion date was that of
the first assessment of TDM. The therapeutic regimen was
analyzed in relation to the backbone (a combination of two
NRTIs) and the third drug (usually a protease inhibitor or an
NNRTI, raltegravir, or maraviroc). The chronologic analysis
of prescriptions identified all therapeutic combinations and/or
changes that occurred. The cohort of patients that switched
to a new treatment regimen, whether or not controlled via
TDM, was excluded from our study because it could have
created potential bias in the evaluation, given that switching
may modify clinical parameters and increase hospitaliza-
tions and therapeutic failures. Causes of hospitalization
were identified by ICD-9 CM codes, and included in the
analysis were those with a principal or secondary diagnosis

of HIV (ICD-9 codes 042.X). Data and costs were collected
for medications, hospitalizations, diagnostic tests, and spe-
cialist visits for the 12 months after the first prescription of
antiretroviral therapy (follow-up). History of AIDS-defining
events was evaluated in the 12 months preceding the inclu-
sion date according to the Centers for Disease Control and
Prevention classification.?? Coinfection with hepatitis B
virus or hepatitis C virus was evaluated for the 12-month
period preceding the inclusion date based on the presence of
a hospitalization with a primary or secondary diagnosis of
hepatitis B virus (ICD-9 codes 0702, 0703) and/or hepatitis
Cvirus (ICD-9 codes 0704, 0705, 0707). Patient health status
was defined by viral load and CD4* T-cell count, evaluated
at baseline and at the end of follow-up. CD4* T-cell levels
were defined to be within range when between 0.6 cells/uL
and 1.5x10° cells/uL. Undetectable viral load was defined
as fewer than 50 copies/mL. This analysis was done on a
randomly selected sample of patients. Only patients with con-
tinuous eligibility for at least 24 months (12 months before
and 12 months after the enrollment date) were included.

Adherence to therapy

Treatment adherence was calculated according to methods
described in the literature.?* Adherence was determined by
calculating the proportion of days on which a patient had a
supplied medication in the time interval of 12 months after
the enrolment date. Overall adherence for each patient was
calculated as the duration-weighted average adherence of up
to three regimens. Specific programming was developed to
account for overlapping prescriptions, regimen modifications,
and overlapping regimens to ensure that these factors did not
contribute to the differences in adherence detected.

Evaluation of TDM

Plasma concentrations of antiretroviral drugs were assessed by
validated chromatographic methods coupled with ultraviolet
light detectors (atazanavir, darunavir, etravirine, lopinavir, tip-
ranavir) or with triple quadrupole mass spectrometry (efavirenz,
maraviroc, nevirapine, raltegravir, amprenavir, tenofovir, rito-
navir, indinavir, saquinavir, nelfinavir). Plasma samples were
collected for TDM after each drug reached the steady state con-
centration. The trough levels were measured. Reference ranges
for antiretrovirals were retrieved from the recently updated US
Department of Health and Human Services guidelines.'®

Statistical analysis
Descriptive statistics were mainly used due to the descrip-
tive nature of the study. Quantitative variables (eg, age)
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were expressed as the mean * standard deviation or as
the median (interquartile range), as deemed appropriate.
Qualitative variables were expressed as absolute and rela-
tive frequencies. Incidence rates per 100 patients per year
for risk of hospitalization were also reported. Patients with
missing data were not included in the analyses. All analyses
were performed using STATA SE version 12.0 (StataCorp
LP, College Station, TX, USA) using 95% confidence
intervals.

Cost analysis

Costs are reported in Euros. All health care resources for
antiretroviral drug treatments (ATC code JO5A), hospital-
izations for HIV (ICD-9 codes 042.X; Diagnosis Related
Groups 488, 489, 490), and laboratory tests/visits used
during the observation period were considered in the cost
of illness calculation. The price for drug treatments was
the one at the time of drug purchasing, costs for visits
were retrieved from regional tariffs, while the costs for
the hospitalizations were derived from Diagnosis Related
Group codes.

Results

Patient characteristics

Overall, 5,347 patients (3,861 males and 1,486 females) were
eligible for analysis and were enrolled from January 2010
to December 2011. TDM of antiretroviral drugs was per-
formed in 143 patients. Demographic and baseline clinical
characteristics of the study population are shown in Table 1.

Table I Demographic characteristics

Total TDM- TDM* P-value

n 5,347 5,204 143
Age, years 43.9+12.5 439+12.5 443%120 0.706

18-19 322 (6) 6(4) 316 (6)

20-29 263 (5) 8 (6) 255 (5)

30-39 969 (18) 31 (22) 938 (18)

4049 2,324 (435) 61 (43) 2,263 (43)

50-59 1,020 (19) 21 (I5) 99 (19)

6069 310 (6) 13 (9) 297 (6)

70-79 107 (2) 2(1) 105 (2)

80+ 32(1) () 311
Male (%) 3861 (72) 3,763 (72) 98 (69) 0.368
Currently on 3,869 (72)  3,735(72) 134 (94) <0.001
HAART regimen (%)
AIDS® (%) 276 (5) 266 (5) 10 (7) 0.417
Hepatitis B virus (%) 24 (1) 24 (1) 0(0) 0.857
Hepatitis C virus (%) 94 (2) 88 (2) 6(4) 0.054

Note: *Presence of at least one AIDS-defining conditions (according to the Centers
for Disease Control and Prevention classification).

Abbreviations: AIDS, acquired immunodeficiency syndrome; TDM, therapeutic
drug monitoring; HAART, highly active antiretroviral therapy.

The mean patient age was 43.9112.5 years (P=0.706).
No relevant difference in demographic characteristics
or HAART therapy regimes that could have introduced
potential sources of biases was observed. No differences
in coinfections with hepatitis B and C virus were observed
either. Presence of at least one AIDS-defining conditions
was found in 7% versus 5% (P=0.417) of patients who did
or did not undergo TDM (TDM* and TDM™, respectively).
Ninety-four percent of the TDM™* group versus 72% of the
TDM- group (P<<0.001) had been treated with antiretro-
viral drugs before the observational study period. During
the study period, 40 of the 143 TDM" patients (28%) were
switched to a new treatment regimen versus 1,056 of the
5,204 TDM patients (20.3%). Adherence was significantly
higher in TDM" patients versus TDM™ patients (94% versus
78%, P<<0.001, Figure 1).

TDM and immunovirologic outcome

At the end of the follow-up period, the percentage of patients
with a viral load <50 copies/mL was 85.3% in TDM* patients
and 81.4% in TDM patients (P=0.474). No difference was
observed between the TDM* and TDM patients with regard
to whole CD4* T-cell count or the percentage of patients with
a CD4* T-cell count within the therapeutic range (P=0.917,
Figure 2).

TDM and costs related

to patient management
No significant differences were detected between the TDM*
group and the TDM™ group in terms of number of patients

100
90
80
70
60
50
40
30
20
10

0

78%

Adherence levels (%)

TDM*

TDM-

Figure | Adherence to HAART regimens.

Notes: Adherence was determined by calculating the proportion of days on which
a patient had a supplied medication in the time interval of 12 months after the
enrollment date. Adherence was significantly higher in TDM* patients than in TDM~
patients (94% versus 78%; P<<0.001).

Abbreviations: TDM, therapeutic drug monitoring; HAART, highly active antiretroviral
therapy regimen.
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83.20% 85.30%

48.80% 46.50%

Patients (%)

Baseline in range Follow-up in range

TDM*

B Viral load

Figure 2 Viral load and CD4+ T-cell counts.

0y
75.40% 81.40%

45.20%
36.10%

Baseline in range Follow-up in range

TDM-

CD4+ T-cells

Note: Patient health status was defined by viral load (<50 copies/mL) and CD4+ T-cell count evaluated at baseline and at the end of follow-up for a sample of 350 TDM*

patients and 95 TDM- patients, respectively.
Abbreviation: TDM, therapeutic drug monitoring.

hospitalized during the observation period (P=0.623).
However, the mean length of HIV-related hospitalization
stay was 7.21 days in the TDM* group versus the 29.47 days
observed in the TDM™ groups. The costs of illness reflecting
the difference in adherence and hospitalization parameters
between the TDM* and TDM™ groups are shown in Figure 3.
The mean health care cost per patient in the TDM* group was
€12,042. Patients in the TDM™ group showed a significantly
lower mean cost of €10,227 (P=0.004). The difference in
overall costs between the two groups is a consequence of the
higher adherence level for TDM* patients, who also showed
incremental consumption of the following resources: special-
ist examinations (€2,493 versus €1,278), current antiretroviral
regimen (€9,021 versus €8,066), and concomitant medica-
tions (€235 versus €195), which were the factors leading
to increased health care costs in these patients. In contrast,
during the same observation period, the average cost of hospi-
talization was significantly higher in the group without TDM

14,000€
12,000€
10,000€
8,000€
6,000€
4,000€
2,000€
0€

HAART Hospitalization

293€
688€

m TDM*
TDM-

9,021€
8,066€

Figure 3 Cost of illness.

(€688 versus €293). The difference in hospitalization costs
between the two group was thus €395 per patient.

Discussion

Because of the massive and growing public health impact
of HIV infection, knowledge of its economic implications
is urgently required for practical purposes. In an era when
health care budgets are under increasing pressure, individual
HIV care providers, administrators, and national and inter-
national scientific steering committees for HIV-infected
cohorts will play a crucial role in promoting the collection
of high-quality and detailed data on all components of
resource use and costs of care.?* Decision-makers and health
planners require this information for several purposes: to
quantify current expenditures and to project future direct
medical costs associated with HIV management; to evaluate
the impact of policy decisions; and to assess the economic
consequences of different treatment options in health care

Ambulatory

Comedication o Total
care specialist
235€ 2,493€ 12,042€
195€ 1,278€ 10,227€

Notes: All health care resources for antiretroviral drug treatments, hospitalizations for human immunodeficiency virus, and laboratory tests/visits during the observation

period were considered in the cost of illness calculation. Costs are reported in Euros.

Abbreviations: TDM, therapeutic drug monitoring; HAART, highly active antiretroviral therapy.
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management.” Poor virologic response or toxicity are the
most frequent reasons for discontinuation or switch of first-
line antiretroviral therapy.?® Consequently, it is now manda-
tory to investigate the variables affecting the clinical outcome
in HIV-infected patients, since such understanding is crucial
to being able to tailor antiretroviral regimens according to
patient characteristics in order to increase the probability of
tolerability of combination antiretroviral therapy, enjoying
longer survival, and having better quality of life. Within this
context, TDM-guided intervention could help to extend the
effectiveness of individual treatments and to reduce the use
of costly drugs. Previous studies have documented that TDM
for some antiretroviral drugs, namely protease inhibitors and
NNRTIs, is associated with important improvements in the
response of HIV-infected patients to HAART, in terms of
increased efficacy'*'%?7 and/or improved drug safety.'*?® In
this study, we extended those findings by investigating the
impact of TDM on health costs in a real life scenario, consid-
ering at the same time demographic, clinical, and laboratory
variables known to influence the response to antiretroviral
therapy. A first important observation is the low proportion
of patients who underwent TDM of antiretroviral drugs for
optimization of their dosing, which most likely reflects the
fact that such assessments were not done systematically
but rather requested within a context of individual clinical
problems. As a consequence, it can be reasonably assumed
that TDM is not used yet as a diagnostic tool for the day-
by-day management of antiretroviral therapy in the context
of HIV. Our results suggest also that in clinical practice the
choice of the clinician to use TDM is based on its suitability
to contribute towards solving specific clinical scenarios
such as uncertain compliance, poor response to therapeutic
doses,? or to determine dose reductions without risking loss
of efficacy. Of importance, there were no significant differ-
ences between the TDM~ and TDM* groups with regard to
demographic and laboratory covariates nor in coinfections
at baseline that may have justified the need or otherwise for
TDM. In this respect, our results are in line with those of
a previous study, although in a selected group of patients,
suggesting that TDM is a promising strategy for increasing
the success of antiretroviral therapy.’® However, larger well
designed trials are required in order to assess conclusively
the potential utility of TDM-based intervention before it can
be definitely recommended for routine clinical practice.

It is well known that good adherence to antiretroviral
therapy is necessary for success of treatment.’'*? A recent
study?®® also showed that nearly 42% of patients (672 of
1,605 eligible participants) were hospitalized for one or more

days after initiating HAART. Median adherence levels were
92 (interquartile range 58—100) and 100 (interquartile range
83-100) among those hospitalized and those never hospital-
ized, respectively. After controlling for confounders, those
with <95% adherence had a 1.88-fold (95% confidence
interval 1.6-2.21) higher risk for hospitalization. Identifying
and addressing factors contributing to poor adherence in the
early treatment period could improve patient care and lower
hospitalization costs. Although poor adherence is one of the
most important factors in the development of virologic fail-
ure, applying TDM in this setting represents a challenge.*
Numerous approaches have been used to evaluate adherence,
including patient self-reports, physician assessment, electronic
monitoring, pill count, and prescription refill compliance.*
Using these approaches, TDM was found to enhance adher-
ence, the most likely reason being that it enhances patient
awareness of the therapy and the sense of being properly
taken care of.3*37 Only the association of therapeutic failure
with the detection of subtherapeutic or more specifically null
drug levels is a strong indicator of noncompliance with treat-
ment. Our data show that the cohorts of patients we studied
did not differ in demographic/confounding factors, leaving
TDM as the main critical difference and thus the variable
affecting adherence to treatment. Suboptimal adherence
among HIV-infected patients taking HAART may also predict
hospitalization. Overall, cost models have shown that high
levels of adherence are associated with overall lower total
health care costs in the USA* and South Africa.** Timely
and practical combination of antiretroviral therapy adherence
monitoring and interventions are thus advisable for HIV/
AIDS programs in both developed and developing countries.
Our results support this evidence, by demonstrating that use
of TDM was associated with a reduction in the length of
hospital stay from 29.47 days to 7.21 days per patient. Thus,
it can be reasonably hypothesized that use of TDM in routine
clinical management of HIV-infected patients has a positive
impact on the duration and cost of hospitalization. Indeed, in
our cohort, the cost of hospitalization per patient was €395
less in the TDM* group than in the TDM™ group. This does
not cover the increased cost due to the mean health care per
patient, that was €1,815 more in the TDM+ group, a value
including also the costs incurred to analyze the plasma drug
concentrations. It does not cover the costs for a specialized
clinical laboratory to perform quantitation of antiretroviral
concentrations, that includes high-performance liquid chro-
matography and tandem mass spectrometry; these may cost in
the range of €200,000. This implies that, to be cost-effective,
TDM has to be performed in centralized structures servicing
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more than one hospital. This is related to a considerably higher
adherence level that in the long run will benefit the patient
and reduce costs further. The reduced costs of hospitalization
may also impact positively long term on health care resources
because of the reduced number of hospital beds and associated
health care operators required, although the possible longer
life expectancy of TDM* patients might lead to higher life-
time costs per patient. Despite the demonstrated relevance of
TDM, there are still some problems that limit its use in routine
clinical practice. These include timing of sample collection
for TDM and the presence of confounding factors, such as
virologic and immunologic parameters, protein binding,
intracellular kinetics, and the nature of combination therapy,
which may also complicate the interpretation of TDM results.
Nevertheless, TDM has already been incorporated in the treat-
ment guidelines from the USA and Europe. Our results pro-
vide the first evidence that introducing TDM for HI V-infected
patients is not only a useful tool to improve the response of
patients to HAART, but is also potentially cost-effective.

A limitation of this study was that the differences between
the TDM and non-TDM groups were not fully explored and
we do not have enough information to run a univariate or
multivariate analysis adjusting for potential confounders and
allowing determination of whether hospitalization or admis-
sion costs truly differ by use of TDM. The limited number of
patients in some of the comparisons was a challenge. Some
numeric differences did not reach statistical significance, and
this might be due to lack of power. Missingness is a common
problem in register-based observational studies. In our study,
missingness did not differ among drugs. However, due to the
limitations described above, the results of this study have to
be interpreted with caution. Finally, we excluded evaluation
of patients that incurred in drug switches. This was due to a
limitation of the database, that it does not provide the reason
behind the drugs switches.

Conclusion

We found that inclusion of TDM as part of the clinical routine
for optimization of drug dosing in HIV-infected patients is
associated with higher adherence to therapy, fewer hospital-
izations, and a significant reduction in the cost to health care
systems. Ongoing research on TDM may provide a useful tool
for future improvement of HAART. In a context of limited
health care resources, pharmacoeconomic considerations are
crucial to help policy-makers in making the most appropriate
decisions regarding resource allocation. In the case of anti-
retroviral drugs, such decisions may not be in contrast with
optimal treatment for patients.
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