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Monitorización terapéutica y cociente inhibitorio 
de los fármacos antirretrovirales: ¿son aplicables 
a nuestra realidad?

La monitorización terapéutica es una estrategia

terapéutica que suscita un creciente interés para mejorar

la eficacia del tratamiento antirretroviral y disminuir su

toxicidad, aunque los datos que la avalan son todavía

escasos. Los inhibidores de la transcriptasa inversa

análogos de nucleósidos (ITIAN) no son actualmente

candidatos, puesto que su efecto depende de la forma

activa intracelular y no de la concentración plasmática.

Los inhibidores de la proteasa (IP) y los de la transcriptasa

inversa no análogos de nucleósidos (ITINN) satisfacen los

criterios necesarios para ser candidatos a la

monitorización terapéutica. Las principales limitaciones

radican en que los parámetros a monitorizar para medir la

exposición al fármaco y la concentración eficaz del mismo

no se han definido adecuadamente. Los pocos estudios

efectuados en pacientes no tratados previamente han

demostrado que la monitorización mejora la eficacia

terapéutica. La monitorización será particularmente útil

cuando el riego de presentar concentraciones

subterapéuticas o tóxicas es muy elevado (interacciones

farmacocinéticas; malabsorción intestinal; efectos

adversos, fracaso virológico sin una causa evidente,

mujeres embarazadas, niños). El cociente inhibitorio

integra parámetros farmacológicos y virológicos y es útil

en los pacientes con fracasos virológicos previos, aunque

es necesaria su estandarización. Es importante que

cualquier programa de monitorización terapéutica se

acompañe de medidas para monitorizar y mejorar la

adherencia al tratamiento. En definitiva, existe

fundamento para pensar que la monitorización

terapéutica puede ser una herramienta útil para optimizar

el tratamiento en determinadas circunstancias; sin

embargo, antes de recomendar su amplia aplicación como

método de rutina es preciso estandarizar los parámetros

que deben utilizarse y realizar estudios con una

metodología adecuada para perfilar el papel de la

monitorización terapéutica en diferentes situaciones

clínicas.

Therapeutic drug monitoring is attracting growing interest

as a means of increasing the effectiveness of antiretroviral

therapy and of decreasing its toxicity, although data

supporting this strategy are still scarce. Currently,

nucleoside analog reverse-transcriptase inhibitors (NARTI)

are not candidates because their effect depends on their

active intracellular form and not on plasma concentration.

Protease inhibitors (PI) and non-nucleoside analogue

reverse-transcriptase inhibitors (NNARTI) meet the criteria

for therapeutic drug monitoring. The main limitations are

that the parameters to be monitored in order to measure

exposure to the drug and the effective concentration of the

drug have not been well defined. The few studies

performed in treatment-naive patients have demonstrated

that monitoring improves therapeutic efficacy. This

strategy will be particularly useful when the risk of

subtherapeutic or toxic concentrations is especially high

(pharmacokinetic interactions, intestinal malabsorption,

adverse effects, virological failure without obvious cause,

pregnancy, children). Although it remains to be

standardized, the inhibitory quotient integrates

pharmacological and virological parameters and is useful

in patients with prior virological failure. Any therapeutic

drug monitoring program should be accompanied by

measures to monitor and improve treatment adherence.

There are good reasons to believe that therapeutic drug

monitoring can be useful to improve treatment in specific

circumstances. However, before its widespread use as a

routine method can be recommended, the parameters to

be used should be standardized and studies with

appropriate methodology should be performed to define

the role of therapeutic drug monitoring in distinct clinical

situations.
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Introduction

Highly active antiretroviral therapy (HAART) was a rev-

olution in the management of HIV-infected patients, dras-

tically reducing mortality and the incidence of opportunistic

infections. In spite of the undeniable clinical benefits ob-

tained, between 20% and 50% of patients who initiate

HAART present virological failure during the first year of

treatment and the incidence of failure increases rapidly

during successive treatments1-5. Treatment can fail for

many reasons, which may be patient-, virus-, or drug-relat-

ed6. There can be no doubt as to the importance of obtaining

a suitable virological response at the focus of virological

multiplication. If the concentration is greater than needed

to inhibit the virus, viral replication will be suppressed and

development of resistance mutations will be avoided. If the

concentration is low, selective pressure on the virus will

lead to the development of resistance to one or more drugs

and virological failure. If, on the contrary, the concentration

of the drug is very high, toxicity could increase. At present,

pharmacological toxicity is the main reason for suspending

treatment and an important contributor to poor adherence.

Monitoring the plasma concentration of some drugs has

been in use for more than 30 years. The introduction of

this scientific discipline in normal clinical practice has

enabled us to reduce morbidity, mortality, adverse effects

and hospital stay among some patients, although it can

only be applied to a small group of drugs such as oral an-

ticoagulants, digoxin, theophyllines, aminoglycosides,

vancomycin, cyclosporine and other immunosuppressors

or some anti-epilepsy drugs. HIV therapy uses fixed dos-

es of drugs and therapeutic drug monitoring does not form

part of normal clinical practice, even though ART have

certain characteristics which make them appropriate for

therapeutic drug monitoring. The value of adjusting the

antiretrovirals dose to maintain specific concentrations re-

mains controversial. In recent years, therapeutic drug

monitoring has aroused both interest and speculation con-

cerning its role in the optimisation of ART7-13.

The concept of therapeutic drug monitoring
This strategy allows the dose of a drug to be modified ac-

cording to its plasma concentration, in order to maintain it

within previously defined therapeutic limits, with the ob-

jective of improving therapeutic efficacy and/or avoiding

toxicity.

Necessary requirements for drug monitoring
to be potentially useful

Determination of the drug plasma concentration
Liquid chromatography (HPLC) techniques enable us to

precisely determine the plasma or serum concentrations of

all the currently available PIs and NNRTIs14-16. Further-

more, we can simultaneously determine the concentra-

tion of several drugs in a single chromatography. Despite

the fact that this technique has only been applied in a few

large hospitals and reference centres, it can be carried out

in any clinical laboratory with a chromatograph and qual-

ified staff. At present, all laboratories can participate in

an international quality control programme for the deter-

mination of PI and NNRTI concentrations17,18. The cost of

determining the concentration of a drug is considerably

lower than that of other routine tests in HIV-infected pa-

tients. For example, determining the Cmin of a PI or an

NNRTI in an external laboratory costs 20-30 1.

Determination of the NRTI plasma concentration is

equally feasible. Nevertheless, given that they need to be

phosphorylated inside the cells to exercise their action, the

correlation between the blood levels of most compounds

and their antiretroviral activities and/or potential toxici-

ty is poor. Consequently, NRTIs are not currently recom-

mended for therapeutic drug monitoring, although the in-

terest in monitoring NRTI levels has shown us that

tenofovir increases the plasma concentration of didano-

sine by 40%-60%. This information has enabled us to rec-

ommend reducing the dose of didanosine in patients who

receive concomitant tenofovir.

Wide interindividual variability 
of pharmacokinetic parameters

Therapeutic drug monitoring is only meaningful when

the administration of the same dose to different patients

can lead to variable concentrations. Were this not the

case, the concentration of the drug would be very pre-

dictable, and knowing the dose would almost be the same

as knowing the plasma concentration. 

At present, patients treated with PIs or NNRTIs receive

the same dose, and one of the most common problems is

the huge interpatient variability of the plasma concentra-

tions19-27. The AUC, Cmax or Cmin frequently vary more than

10-fold between different patients receiving the same

dose. This wide interpatient variability is basically due to

differences in the activity of the isoenzymes of the cy-

tochrome P450 system and the transporter proteins or ef-

flux pumps (glycoprotein P, etc.) responsible for the ab-

sorption and metabolism of PIs and NNRTIs28-32. Other

factors, such as weight, age, presence of chronic liver dis-

ease and drug-drug interactions can also play an impor-

tant role.

Even when small doses of ritonavir are administered to

inhibit cytochrome P450 and the efflux pumps, interpa-

tient variability is still very wide33-35.

Scarce intrapatient variability 
of pharmacokinetic parameters

For therapeutic drug monitoring to be viable, it is im-

portant that a single determination of the plasma concen-

tration has a considerable value. If there was a wide in-

trapatient variability, monitoring would be practically

impossible, as determining the plasma concentration of a

drug today would not provide us with information on the

plasma concentration tomorrow, next week or next month. 

Few studies have evaluated the intrapatient variability

of ART, but those that do have observed that the concen-

tration of PIs and NNRTIs in the same patient is relative-
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ly constant, with variation coefficients of 30-45%21-23,26,36.

Therefore, a single determination of these drugs would

give us reliable information on the concentrations main-

tained by the patient. Obviously, pharmacokinetic stabili-

ty will break down if patient circumstances change, espe-

cially if adherence is poor, but also if absorption is altered

(due to diarrhoea, for example, or intestinal malabsorp-

tion) or if the patient takes other drugs or non-pharmaco-

logical products which interact with antiretrovirals.

Good correlation between plasma concentration
and therapeutic efficacy or toxicity

If the correlation between plasma concentration and

clinical response was not good, therapeutic drug monitor-

ing would be of no use. This seems to be the case with NR-

TIs. No clear relationship has been established between

the plasma concentration of NRTIs and response to ther-

apy. NRTIs are prodrugs which are activated inside the

cell by kinase action and become active triphosphate de-

rivatives. These reactions limit the amount of intracellu-

lar active drug. Determination of the intracellular con-

centration of NRTI-triphosphate could be more useful for

predicting the response to therapy37, but this requires very

complex techniques. Mass spectrometry is used, although

it is only available in some research laboratories.

Unlike NRTIs, PIs and NNRTIs do not require intracel-

lular metabolization to be active. Several studies show the

relationship between PI plasma concentration and re-

sponse to therapy, especially in ART-naive patients38-59.

A relationship has also been observed between high con-

centrations of ritonavir60, indinavir61-65, nelfinavir66 and am-

prenavir56, and a greater incidence of adverse reactions.

Some types of digestive toxicity from PIs are caused by local

action on mucosa and it is no surprise that the plasma con-

centration of nelfinavir is not associated with diarrhoea67.

As far as NNRTIs are concerned, both efavirenz and nevi-

rapine have a longer elimination half-life than PIs. This is

seen through smaller oscillations in plasma concentrations

during this phase and the possibility of using a single sam-

ple four hours after taking nevirapine when it is adminis-

tered every 12 hours, or after 12 hours, both for nevirapine

and for efavirenz, when they are administered once daily,

to predict the Cmin
68-70. Nevertheless, interpatient variations

in plasma concentrations are as marked as with PIs23-26,69-71,

and there are data to support a relationship between the

levels of both drugs and their efficacy, although the mini-

mum concentrations associated with long-term efficacy

have been neither clinically validated nor clearly de-

fined23,24,26,72-74. It may be very important to discover cases

with low concentrations of nevirapine or efavirenz given

the speed with which resistance can develop, since a single

mutation conditions the loss of efficacy. The toxicity of

NNRTIs has also been related to plasma concentrations.

High concentrations of efavirenz have been associated with

more frequent CNS alterations23,32,75,76, although some stud-

ies have not observed this association77. Similarly, high con-

centrations of nevirapine have been associated with liver

toxicity78 and rash79.

If we take into account the significant correlation be-

tween pharmacokinetic parameters such as AUC, Cmax

and/or Cmin and the response to ART or toxicity, it seems

logical to suppose that maintaining plasma concentrations

within certain levels will optimise its use.

Narrow therapeutic margin
Drugs with a wide therapeutic margin can be adminis-

tered relatively easily at a fixed dose, and effective,

non-toxic concentrations can be reached. Therapeutic drug

monitoring will be more useful when the difference be-

tween the effective concentration and the toxic concentra-

tion is small. Most PIs have a relatively small therapeutic

margin and the mean Cmin of patients receiving non-boost-

ed PIs is slightly above the effective concentrations.

Around 30-40% of patients have been estimated to present

PI concentrations lower than those which are considered

effective80,81. The administration of small doses of ritonavir

enormously increases the plasma concentrations of PIs

and, at present, all PIs, with the exception of nelfinavir,

are usually combined with ritonavir33,82-84. It is extremely

unusual for the concentration of saquinavir85, indinavir34,

amprenavir86 or lopinavir87 boosted with ritonavir to be

sub-therapeutic in patients who do not present resistance

to PIs, except in cases of poor adherence. Nevertheless,

therapeutic drug monitoring of PIs boosted with ritonavir

is still useful, given that wide interpatient variability is

maintained and that, by increasing the concentration of

the PI, the number of adverse effects can rise. In addition,

even if the concentration is therapeutic for non-resistant

viruses, it may be insufficient for viruses with several mu-

tations.

Characteristics which make the monitoring
of antiretrovirals difficult

Confusion between adherence to therapy 
and plasma concentration

Adherence to ART is essential if therapy is to be suit-

ably efficacious and durable, although it is difficult to

maintain good adherence to all drugs, if we take into ac-

count doses, dosing intervals and dietary requirements.

For therapeutic drug monitoring to be clinically useful, a

knowledge of adherence is necessary and adherence must

be good. A suitable plasma concentration does not neces-

sarily mean that adherence will be good, as the patient

may be more attentive to taking medication before the

monitoring visit. A low plasma concentration may reflect a

pharmacokinetic problem, poor adherence, or both. It is

therefore important to evaluate and optimise adherence88

and, if possible, determine the drug plasma concentration

after ingestion. If the concentration is low, we should in-

sist on the importance of adherence, as measuring adher-

ence can be difficult in some patients. In this context,

sub-therapeutic concentrations can help us to discover

cases of poor adherence. The plasma concentration is more

variable in patients with poor adherence88, and sub-ther-

apeutic concentrations of PIs or NNRTIs have been used

as another parameter to be taken into account when eval-

uating adherence89-92. Therapeutic drug monitoring is of

little use to know the adherence of drugs with a short

half-life, but it may be more useful in the case of drugs

with a longer half-life, such as NNRTIs or some boosted

PIs (e.g. lopinavir/ritonavir). If adherence is correct, we

should rule out other causes, such as pharmacokinetic re-

actions or intestinal malabsorption, which can lead to

sub-therapeutic concentrations.
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Difficulties in establishing an efficacious 
concentration

Despite abundant literature showing the relationship

between the concentration of a drug and response to ther-

apy, the therapeutic range of PIs and NNRTIs in differ-

ent situations is not clearly defined. Table 1 shows the

proposed therapeutic concentrations in some studies, al-

though we should no forget that these data have not yet

been sufficiently validated in clinical practice.

The first doubt concerns which of the pharmacokinetic

parameters (AUC, Cmax or Cmin) best predicts the clinical

efficacy of PIs or NNRTIs. These parameters are closely

related, even though they provide us with different phar-

macokinetic data.

The AUC tells us about the total exposure to the drug

and has been related to efficacy and toxicity48,51,65,85. The

main disadvantage is that, to calculate the AUC, a large

number of blood samples are necessary throughout the

dosing interval (8, 12 or 24 hours), with the result that

determination is much more complex than with isolated

concentrations, both for the patient and healthcare per-

sonnel.

The Cmax tells us the maximum exposure to the drug and

is essentially associated with toxicity56,60-62,65,85, although

also with virological efficacy. In a recent study, the Cmax of

indinavir was the only parameter associated with an in-

crease in the number of CD4 lymphocytes in patients with

an undetectable viral load, and this suggests a pharmaco-

kinetic-pharmacodynamic relationship which is different

with respect to the effect on immune reconstitution and vi-

rological efficacy52. The problem with determining Cmax is

that the point at which it is reached after ingestion varies

a great deal from patient to patient, so that, to detect it

correctly, it is necessary to take several blood samples

during the first hours after ingestion.

The Cmin tells us the lowest plasma concentration during

the dosing interval. The relative ease of determining this

parameter is a considerable advantage, as only one blood

sample is necessary just before the next dose is taken. For

HIV replication to be inhibited permanently, effective con-

centrations (EC) of the drug during the therapeutic inter-

val are necessary, so that, if the Cmin is greater than the

EC, the virus would be inhibited correctly. This alleged

EC is a theoretical concentration which can be found in

the literature and which has been calculated in vitro from

a phenotypic study of strains susceptible to the virus. In

this way, we can determine the concentration of the drug

necessary to inhibit 50% (IC50), 90% (IC90), or 95% (IC95)

of viral replication. This inhibitory concentration is cor-

rected by the drug’s binding to plasma proteins to obtain a

parameter which would theoretically correspond to the EC

(EC50, EC90, EC95). This correction by binding to proteins

can occur in several ways, with very different results12.

Since viral replication must be inhibited as much as possi-

ble, the EC95 or the EC90 would be more suitable than the

EC50, although the EC50 is generally used as it can be de-

termined more precisely.

The Cmin is the most widely studied pharmacokinetic pa-

rameter in the literature, and that which is most associ-

ated with virological efficacy48,50,56,65,85,93,94, although it is

also associated with toxicity60,63. Cmin is probably the most

useful parameter with regard to cost-benefit relationship

for the therapeutic drug monitoring of PIs, although it

does have three disadvantages. The first is that for some

PIs, the concentration continues falling for some time af-

ter the drug has been taken, until intestinal absorption re-

verts the trend. For this reason, a difference is made be-

tween the pre-dose, or trough, concentration (Ctrough),

which is usually determined, and the minimum concen-

tration (Cmin), which is the lowest concentration. These

terms are often confused, and the literature generally

refers to Cmin when it means Ctrough. For most drugs, both

concentrations are very similar, as the concentration be-

gins to increase shortly after administration, and the ter-

minological confusion is not clinically relevant. For other

drugs, such as lopinavir or ritonavir, the difference can be

considerable, since the concentration continues to fall for

one or two hours95. Fortunately, both the Ctrough and Cmin
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TABLE 1. Dose, therapeutic target concentrations for wild-type viral isolates and minimum concentrations of protease inhibitors 
and non-nucleoside reverse transcriptase inhibitors

Drug Dose (mg) IC50/IC90/IC95 (�g/mL)
Effective concentration Mean values of Cmin 

(�g/mL)* (�g/mL)

Amprenavir 1,200 b.i.d. 0.006-0.015 0.25 0.28-0.45

Amprenavir/ritonavir 600/100 b.i.d. 1.10-1.40

Fosamprenavir/ritonavir 700/100 b.i.d. 2.12

Atazanavir 400 q.d. 0.002-0.041 NA 0.16-0.22

Atazanavir/ritonavir 300/100 q.d. 1.02-1.41

Indinavir 800 t.i.d. 0.015-0.061 0.10 0.15-0.21

Indinavir/ritonavir 800/100 b.i.d. 0.83-1.39

Lopinavir/ritonavir 400/100 b.i.d. 0.062 1.00 3.4-7.1

Nelfinavir 1250 b.i.d. 0.004-0.13 0.80 0.70-0.95

Ritonavir 600 b.i.d. 0.03-0.11 2.1 3.1

Saquinavir 1,200 t.i.d. 0.003-0.054 0.05 0.07-0.16

Saquinavir/ritonavir 1,000/100 b.i.d. 0.37-0.44

Nevirapine 200 b.i.d. 0.0026-0.026 1.4-3.4 2.25-3.73

Efavirenz 600 q.d. 0.00014-0.0021 1.00 1.77

*For viruses with no reduction in susceptibility.
IC50/IC90/IC95: inhibitory concentration 50%/90%/95%; b.i.d.: two per day; q.d.: every day; t.i.d.: three per day; NA: not available.



of lopinavir are much higher than that which is necessary

to inhibit sensitive viruses, but when the virus has accu-

mulated a certain number of resistance mutations to PIs,

this difference could be important. A second disadvantage

of Cmin is the circadian rhythm of some PIs, such as nelfi-

navir or saquinavir, with concentrations which are consid-

erably lower at night than in the morning96. In these cas-

es, the lowest concentration during the dosing interval

would be the night-time Cmin. A third problem is that Cmin,

unlike Cmax and AUC, is usually determined without di-

rectly observing the administration of the previous dose of

the drug. It is therefore difficult to take blood samples at

the expected time (8, 12 or 24 hours after intake, depend-

ing on the dosing interval), because the patient has taken

the drug early/late, or because he/she arrived late for the

visit or because of the workload of the person taking the

sample. With PIs, a poor choice of extraction time can pro-

vide a sample which is not representative of what we wish

to evaluate. NNRTIs, in particular efavirenz, have a pro-

longed half-life, so that lack of precision with sampling

time has less effect on the results. In the study by Mar-

zolini et al23, where the concentration of efavirenz was as-

sociated with therapeutic efficacy and toxicity, samples

were taken indiscriminately between eight and twenty

hours after administration. 

Data from the literature have enabled us to generate

concentration-time curves which include the percentiles

10, 25, 50, 75 and 90 of the simulated concentrations of

the main therapeutic regimens with boosted and

non-boosted PIs and with NNRTIs97. These curves allow

us to extrapolate, with acceptable precision, the result of a

sample obtained at any time interval to the population pa-

rameters. This method requires an accurate knowledge of

the time of administration and the time of sampling. For

drugs with a short half-life, as is the case with most PIs,

errors of just a few hours can render the result inaccurate.

For drugs with a prolonged half-life, such as the NNRTIs,

this error is of little importance. 

An additional problem when determining whether the

concentration lies within therapeutic margins is that we

must realize that what we are determining is the total

concentration of the drug and not the free fraction, i.e. the

part which spreads to the tissues and inhibits the virus.

Both for PIs and for NNRTIs, the greater part of the drug

in plasma is bound to plasma proteins, mainly to acid al-

pha1-glycoprotein and albumen. Alpha 1-glycoprotein is

an acute phase reactant and its concentrations can vary

considerably under certain circumstances12, for example,

in the case of intercurrent infections. Therefore, it may be

important to determine the concentration of a drug in a

stable clinical situation. There is noticeable interpatient

and intrapatient variability in the protein-bound fraction

of indinavir98, and changes have been observed in the pro-

portion of free lopinavir during the therapeutic interval99,

although the clinical significance of this is unknown.

The presence of active metabolites which contribute to

the overall efficacy of drugs can also make it difficult to in-

terpret the plasma concentration. Nelfinavir is the only

drug susceptible to therapeutic drug monitoring for which

an active metabolite (M8) is known, with measurable con-

centrations in plasma. M8 is as active as nelfinavir itself

and is less bound to plasma proteins. The precise role it

plays in the overall activity of nelfinavir is unknown.

Co-administration of ritonavir and nelfinavir slightly in-

creases the concentration of nelfinavir but greatly in-

creases the M8/nelfinavir quotient100,101.

Finally, we must not forget that the necessary concen-

tration of the medication must be interpreted on an in-

dividual basis. Experienced patients, or those who are

infected by viruses with mutations which reduce suscep-

tibility to PIs, may require higher concentrations of PIs

(see section “Inhibitory quotient). Concomitant medication

will also play an important role, as this can be more or less

potent and show synergy with the drug we are monitoring.

All these difficulties mean that considerable pharmaco-

kinetic and pharmacodynamic knowledge is necessary in

order to interpret the plasma concentration of a drug and

provide a suitable dose adjustment.

Results of clinical trials
For monitoring of antiretrovirals to be applied to clinical

work, it is essential to have the results of randomized

studies which validate this therapeutic strategy. Several

trials have been, or are being, carried out both at the be-

ginning of treatment (to prevent the risk of virological fail-

ure or to avoid adverse effects), and in patients with pre-

vious failures (to adapt the concentration of the drug to

the resistance of the virus).

The first study102,103 included 40 naive patients who be-

gan therapy with zidovudine, lamivudine and indinavir

(800 mg/8 h), and who were randomized to receive the

standard doses or to undergo therapeutic drug monitor-

ing of the three drugs. Seven patients abandoned treat-

ment early and were excluded. In the monitoring group,

doses were adjusted at week 4 using the plasma concen-

tration from week 2. The dose of zidovudine, lamivudine

and indinavir was modified in 44, 31 and 81% of patients,

respectively. The therapeutic concentrations defined a pri-

ori were reached in 14 of the 16 patients monitored and in

3 of the 17 who received the standard dose. After one year

of follow-up, the number of patients with a viral load

< 50 copies/mL was greater in the monitored patients

(15 out of 16 compared with 9 out of 17). Although the

number of patients studied is small, the differences are

significant in favour of the therapeutic drug monitoring

group.

The ATHENA study104 included 147 naive patients who

began a regimen with nelfinavir (n = 92) or indinavir

(n = 55) and who were randomized to receive therapeutic

drug monitoring or not. In both groups, the PI concentra-

tion was determined and, in the monitoring group, the re-

sult was reported to the attending physician, together

with a recommendation to adjust the dose if necessary,

whereas in the control group the result was not reported.

The drug concentration was expressed as the quotient of

the value obtained in a sample taken at any time after

administration and the population reference value of a

concentration-time curve. For nelfinavir, the dose was in-

creased if the quotient was below 0.9, whereas for indi-

navir, it was increased or reduced if the quotient was not

within the range 0.75-2. After one year of follow-up, the

number of patients with a viral load < 500 copies/mL by

intention-to-treat (loss = failure) was significantly greater

in the monitoring group than in the control group (78.2%
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and 55.1%). Similarly, a lower number of patients inter-

rupted treatment in the monitoring group (17.4% and

39.7%). In the group treated with nelfinavir, the best out-

come of the monitoring group was due mainly to a lower

number of virological failures (2.4% and 17.6), whereas in

patients treated with indinavir it was due to fewer toxici-

ty-induced changes in therapy (14.3% and 29.6%). The au-

thors conclude that therapeutic drug monitoring improves

response to therapy. 

In the PharmaAdapt study105,106, patients with virologi-

cal failure received rescue therapy adapted to the geno-

type of the virus and were randomized to compare fol-

low-up with therapeutic drug monitoring and standard

follow-up. The study included 257 patients and the re-

sults of the 183 who received PIs have been published.

A trough concentration greater than the IC50 corrected

by the binding of plasma proteins described in the litera-

ture for non-resistant viruses was considered therapeutic.

In the therapeutic drug monitoring group, the PI dose

was modified at week 8 in 23.5% of patients based on the

Cmin of week 4. At week 12, and at week 32, no differences

were observed in viral load or in the number of patients

with an undetectable viral load between both groups.

Nevertheless, it cannot be concluded that therapeutic

drug monitoring is not useful because the results of the

study may be invalidated by several methodological prob-

lems. First, the choice of therapeutic concentrations,

which, with some reservations, could be adequate in

naive patients, but not in patients with previous virologi-

cal failure. Furthermore, the dose adjustment is not made

until week 8, which seems to be long enough for new mu-

tations to appear.

The GENOPHAR study107 has not yet been published

and we only have data from a congress communication.

In this study, 134 patients with virological failure were

randomized by comparing the efficacy of treatment adapt-

ed only to the genotype with that which was adapted to

the genotype and with therapeutic drug monitoring. Dos-

es were modified at week 8 in 20% of patients and the re-

sults were analysed at week 12. No significant differences

were observed with or without therapeutic drug monitor-

ing. This study has considerable problems in its design

and the interpretation of data, some of which can be su-

perimposed on the PharmaAdapt study. In addition, the

criteria used to adjust the dose are not clear, and the

analysis is carried out 4 weeks after adjusting the dose.

Selection of patients for whom therapeutic
drug monitoring can be particularly useful

Current efficacy of ART is high, and as many as 80-85%

of patients with good adherence have an undetectable vi-

ral load after one year of treatment. With these figures,

the contribution of universal therapeutic drug monitoring

may not be very important. Unless it is also used as an-

other measure of adherence, at most it could improve the

efficacy of ART by 5%. Given these limitations, the cost

and difficulty of implementing therapeutic drug monitor-

ing, it is clear that it cannot be applied easily to all pa-

tients. On the other hand, patients with a special risk of

presenting sub-inhibitory or extremely high concentra-

tions may obtain a considerable benefit.

In the first place, monitoring is recommended when

there are likely to be pharmacokinetic interactions. The

amount of possible interactions in HIV-infected patients

receiving ART is enormous12,28, depending mainly on the

inhibition or induction of the enzyme systems responsible

for the absorption or metabolism of the medication (cy-

tochrome P 450, transporter proteins). In general, PIs are

enzyme inhibitors and NNRTIs are enzyme inducers.

Many other drugs may be important enzyme inducers (e.g.

rifampicin, rifabutin) or inhibitors (e.g. azoles). In tuber-

culosis, which is often associated with HIV infection, ther-

apeutic drug monitoring can be recommended for some

drugs, due to the drug-drug interactions which the disease

leads to108-111. Even the so-called “natural medicine” can

cause interactions with ART112. Sometimes, combinations

of inhibitors and/or inducers can give rise to very complex

and unpredictable interactions, as has recently been ob-

served with the combination of lopinavir/ritonavir and

amprenavir, which lead to marked drops in the concentra-

tions both of lopinavir and amprenavir113-114. Therefore,

therapeutic drug monitoring is essential in these cases.

There are many guidelines for dosing drugs with known

interactions, but we must not forget that the recommen-

dations are generally based on mean concentrations. The

wide interpatient variability means that, in many cases,

the concentrations obtained are sub-therapeutic or ex-

tremely high. In the case of interactions, if possible, it

would be advisable to know the concentration of antiretro-

virals before and after adding the new drug in order to

evaluate the magnitude of the interaction and modify the

dose accordingly. 

Another situation where therapeutic drug monitoring

could prove useful is the appearance of adverse effects. It

is sometimes difficult to know which drug is responsible

for a particular toxicity, but many adverse effects are

clearly associated with specific drugs and a dose reduction

could revert, for example, the renal toxicity of indinavir

or the toxicity of other PIs60,61.

Therapeutic drug monitoring could also be useful in

once-daily regimens with drugs which do not have a long

half-life, such as PIs boosted with ritonavir. The Cmin of

most PIs boosted with ritonavir and of nevirapine is low-

er if the same dose of the once-daily drug is spread over

two intakes69,85,87,115-119. It is important to know the Cmin to

avoid exposure to sub-inhibitory concentrations, especial-

ly when there already exists a certain degree of resistance

to the drug.

Therapeutic drug monitoring is particularly important

in the case of virological failure, which may be associated

with a sub-therapeutic concentration of the drug. In some

cases, increasing the concentration (e.g. PI boosted with

ritonavir) could make the drug efficacious again120,121. The

therapeutic efficacy of successive regimens after virologi-

cal failure is increasingly low. In patients with few thera-

peutic options, ART must be maximized to give an accept-

able response, and correct pharmacological concentrations

will enable us to increase virological efficacy and reduce

toxicity (see Section “Inhibitory quotient”).

In patients with chronic liver disease, there have been

reports of greater variability122 or higher concentrations of

some drugs123,124, which can increase toxicity125. In this

sense, therapeutic drug monitoring may be especially use-

ful in cases of advanced liver disease to attempt to reduce
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toxicity in patients who are already prone to complica-

tions.

Some covariables, such as weight, sex or race can modi-

fy the pharmacokinetics of antiretrovirals. Overall, the

correlation between concentration and weight is not very

good in adults and neither PIs nor NNRTIs are adjusted to

weight, although in overweight patients there may be a

noticeable influence. In extremely overweight patients, it

may be useful to determine the concentration in order to

correct sub-therapeutic concentrations, and in very under-

weight patients, monitoring may help avoid toxicity.

There have been reports in women of high of some drugs

such as saquinavir, regardless of weight or body mass95,126.

This greater concentration in women has been associated

with greater efficacy, but also with greater toxicity, so that

if toxicity appears, it may be useful to determine the con-

centration and reduce the dose if it is high. The risk of pre-

senting adverse reactions to nevirapine (skin rash and liv-

er toxicity) is considerably higher in women than in

men127. Special mention must be made of the racial differ-

ences related to polymorphisms at codon 516, which may

be responsible for higher levels of efavirenz-induced toxic-

ity. This finding guarantees the possibility of pharma-

cogenomic studies alongside pharmacokinetic studies to

optimise treatment.

Pregnant women are a population in which therapeutic

drug monitoring is important128,129. It has been shown that

pregnancy can modify the pharmacokinetics of some

drugs, especially during the third term, with wide vari-

ability in plasma concentrations130-134. The concentrations

of non-boosted indinavir and saquinavir sometimes fall to

sub-therapeutic values, whereas that of nelfinavir is hard-

ly modified. If we determine the Cmin during the first term,

we can have a reference of the baseline concentration. If

it falls during the second or third term, the dose can be ad-

justed to avoid sub-therapeutic concentrations.

Therapeutic drug monitoring can be particularly useful

in children135. Despite the fact that we have more results

from pharmacokinetic studies on children41,130,136-142, many

antiretrovirals have not been studied in neonates or small

children. The pharmacokinetics of many drugs in children

is different to that observed in adults, and it can change

over time as the body matures. In children, many anti-

retrovirals are administered in mg/kg or mg/m2, but this

does not guarantee adequate concentrations and thera-

peutic drug monitoring may be recommended to adminis-

ter a dose which would provide adequate concentrations.

In a review of clinical studies which analyse ART in chil-

dren, 4 of the 23 studies adjusted the dose according to

pharmacokinetic parameters. In these studies, the thera-

peutic efficacy was greater than that of other studies

which used fixed doses136. In children, therapeutic drug

monitoring has also proved useful to ascertain adherence.

Inhibitory quotient
When we use the Cmin referring to the theoretical EC50 of

the sensitive virus or other similar methods for the thera-

peutic drug monitoring of PIs, we presuppose that the

virus of the patient is completely sensitive to the drug we

are monitoring. This may be the case in naïve pa-

tients102-104, but it is often not the case in patients who

have presented one or more virological failures. Despite

the methodological doubts they present, therapeutic drug

monitoring studies which have used these parameters in

patients with previous virological failure have not shown

the strategy to be useful105-107. In patients who receive PIs,

virological failures usually involve the emergence of mu-

tations which reduce viral susceptibility to PIs, so that the

drug concentration which is effective against sensitive

viruses is not effective against viruses with reduced sus-

ceptibility. To solve this problem, the concept of inhibito-

ry quotient (IQ) has appeared143.

The IQ is a parameter which relates the concentration

of the drug to the susceptibility of the virus. It is a quo-

tient whose numerator corresponds to exposure to the

drug and whose denominator corresponds to resistance to

the virus. Thus, the greater the concentration of the drug

and the lower the resistance to the virus, the greater will

be the IQ, whereas the lower the concentration and the

greater the resistance, the lower will be the IQ. As a mea-

sure of exposure to the drug, any one of the pharmacoki-

netic parameters (AUC, Cmax or Cmin) can be used, al-

though Cmin has traditionally been the most common. As a

measure of resistance, the EC50 is used (IC50 corrected for

plasma protein binding). The IQ tells us, therefore, the

number of times that the Cmin of the drug is above the con-

centration necessary to inhibit 50% of viral replication

and, in theory, would be a good parameter to evaluate

whether a drug will be effective against a virus with spe-

cific susceptibility.

One of the main problems of using the IQ as a reference

parameter for therapeutic drug monitoring is the need to

phenotype the virus. The technique is very complex, ex-

pensive and can only be carried out in a few laboratories

worldwide. Therefore, its application in clinical practice

is impossible. To solve this problem, the so-called virtual

inhibitory quotient (vIQ) has been developed, which, in-

stead of using the real phenotype, uses the virtual pheno-

type. The virtual phenotype is an interpretation of the

genotype which can be made thanks to a database with

many genotypes and with the real phenotype correspond-

ing to this genotype. Thus, in order to know the virtual

phenotype, we need only know the genotype of the virus

and apply a computer programme which will allow us to

interpret it. The result is the number of times the suscep-

tibility of the virus is reduced. To calculate the denomina-

tor of the vIQ, we must multiply the value of the virtual

phenotype by the EC50 of the sensitive virus referred to in

the literature.

The IQ50 corrected by the binding of the drug to plasma

proteins intervenes in both the IQ and the vIQ. As men-

tioned above, this corrected IQ50 is not standardised and

can be calculated in different ways with very different re-

sults. In order to avoid this problem, the normalized in-

hibitory quotient (nIQ) has been developed. The numera-

tor is the vIQ and the denominator is the reference vIQ

corresponding to the vIQ which, in the studies carried out

to date, has proven useful in predicting the efficacy of the

drug. The same corrected IC50 intervenes in both the nu-

merator and denominator and can therefore be eliminat-

ed. Thus, the numerator is left with the product of the Cmin

by the phenotype (number of times susceptibility is re-

duced) and the denominator with a different reference val-

ue for each drug, which corresponds to the product of the
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population Cmin and the phenotype below which the drug

conserves its clinical efficacy. This reference value has

been only been established for a few drugs.

Another inhibitory quotient has recently been defined,

which uses the genotype as a measure of viral resistance,

thus avoiding the need to have the real or virtual pheno-

type. This quotient is known as the genotypic inhibitory

quotient gIQ, which is defined as the quotient of the Cmin

and the number of mutations which reduce the suscepti-

bility of the drug.

Studies to date144-161 have observed that either of the in-

hibitory quotients mentioned relates much better than the

isolated Cmin to the therapeutic response to different PIs in

patients with previous virological failure and reduced vi-

ral susceptibility. Undoubtedly, the inhibitory quotient

will be very useful in this setting, although the wide vari-

ety of ways to calculate the inhibitory quotient and the

requirements of some of them make it necessary to agree

on a standard before applying it to normal clinical prac-

tice162-165.

Table 2 shows the different types of inhibitory quotient

and their correlation with response to therapy.

Final comments and conclusions
1. Individual dosing according to plasma concentration

is a therapeutic strategy has aroused interest in improv-

ing the efficacy of ART and in reducing its toxicity. 

2. The immediate objective of therapeutic drug moni-

toring is the detection and correction of pharmacokinetic

problems. Therapy does not only involve increasing or de-

creasing the dose of a drug, but it must also affect the un-

derlying pharmacokinetic problem in each case (e.g.

changing another drug which interacts with antiretrovi-

rals, patient education on specific problems, etc.). We

must not forget that therapeutic drug monitoring is not a

strategy for treating the drug concentration but for treat-

ing the patient. For example, if the drug concentration is

very high but the patient does not present toxicity, it

would be difficult to find reasons to reduce the dose. Some-

times, therapeutic drug monitoring has been used as a

complementary parameter to determine adherence to

treatment. 

3. The criteria a drug must fulfil to be suitable for ther-

apeutic drug monitoring are:

a) Possibility of determining the drug concentration us-

ing accurate laboratory methods which are available in

normal clinical practice.

b) Good relationship between plasma concentration,

therapeutic efficacy and the appearance of adverse effects,

in such a way that maintaining this concentration within

specific margins can be beneficial.

c) Narrow therapeutic margin, with a relative facility

for presenting sub-therapeutic or toxic concentration.

d) Wide interpatient variability and scarce intrapatient

variability of the drug concentrations.

4. PIs and NNRTIs fulfil the suitability criteria for ther-

apeutic drug monitoring. NRTIs do not and cannot cur-

rently be considered suitable for therapeutic drug moni-

toring.

5. Limitations to therapeutic drug monitoring include:

a) Confusion between pharmacokinetic problems which

lead to a low drug concentration and poor adherence.

b) Inadequately defined parameters for measuring ex-

posure to the drug and its efficacious concentration. Differ-

ent pharmacokinetic parameters have been used to mea-

sure exposure to the drug, and a single sample, usually

Cmin, is recommended in clinical practice. It may be difficult

to know exactly when to take the sample with respect to

taking the medicine (this is more important for PIs than

for NNRTIs). The concentration determined must be a con-

centration which is considered therapeutic. This can be
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TABLE 2. Types of inhibitory quotient (IQ) and their correlation
with efficacy (virological response)

IQ = Ctrough/IC50 (IC50 by phenotype, corrected by binding to
proteins)

– Logarithmic values of IC for lopinavir < 4, 4 to 15,
and > 15 were associated with virological response at 12 weeks
in 70, 80 and 100% of 57 patients in a rescue regimen with
efavirenz + ritonavir/lopinavir. The IQ of efavirenz and the
phenotypic results with lopinavir were also predictors of
efficacy at 24 weeks153

– The IQ was the best predictor of early virological response in
27 patients receiving ritonavir/lopinavir + amprenavir159

– An IQ > 0.8 compared with amprenavir was the best predictor
of virological efficacy at 24 weeks in 22 patients receiving
rescue therapy with r/lopinavir + amprenavir160

– In 27 heavily PI-experienced patients, the virological response
to nelfinavir and indinavir was greater in the case of an
IQ > 1 (1.2 vs 0.83 log)151

– Significant correlation between IQ with nelfinavir boosted
with saquinavir or ritonavir and fall in viral load at 12 weeks
in 52 patients receiving rescue therapy (r = –0.39)156

Virtual IQ (vIQ) = Ctrough/IC50 (↑ in IC50 according to virtual
phenotype, corrected by protein binding)

– Virological response (undetectable viral load or fall of 0.5 log)
in 89% of patients receiving rescue therapy with r/IDV
(400/400) and who present a vIQ > 2, compared with 11% of
those with a vIQ < 2. cIQ was the best predictor at 12, 24 and
48 weeks146

– In the rescue combination with r/lopinavir + amprenavir, a
vIQ > 15 for lopinavir and > 1.3 for amprenavir was associated
with undetectable viral load in 86% of patients. Responders
presented a median vIQ for lopinavir of 12.33, in comparison
with 1.82 in the non-responders157

Normalized IQ (nIQ) = Ctrough x phenotype (virtual or real) of the
drug/populational Ctrough x reference (cut-off CI50) phenotype
(virtual or real)

– In 52 rescue patients with r/lopinavir, a vIQ > 14.5 was
associated with a fall in viral load of approximately 2.7 log,
whereas vIQ values under 0.6 led to falls of approximately
0.8 log155

Genotypic IQ (gIQ) = Ctrough/number of mutations in the
genotypic analysis

– Significant correlation between gIQ and fall in viral load at
week 12 (r = 0.49), in rescue therapy with 49 patients
combining ritonavir and amprenavir. More efficacious
parameter than drug levels and number of mutations
separately152

– Correlation between gIG and virological response, with 78%
of patients with gIQ > 0.7 reaching a virological response in
rescue therapy with r/lopinavir, in comparison with only 42%
with gIQ below this figure. In the multivariate analysis, it was
a better predictor than drug levels or number of mutations161

Ctrough expressed in ng/ml; IC50 for strains with a level of resistance calcu-
lated as the IC50 for the wild-type (considered constant in all cases) multi-
plied by the number of times this IC50 increases in each patient



obtained by mathematical calculations using theoretical

concentration-time curves, but the IQ50 corrected by bind-

ing to plasma proteins, which is found in the literature, is

usually taken as a reference. This correction can be made

in different ways, with different results. Moreover, the free

fraction of the drug can vary in certain circumstances. In

the case of nelfinavir, the presence of an active metabolite

in considerable quantities can make it difficult to inter-

pret the concentration of the drug. In any case, the neces-

sary concentration must be interpreted on an individual

basis, taking into account the fact that patients with par-

tially resistant viruses will need higher concentrations and

that the efficacy of treatment will depend on all the drugs

involved and the synergy between them. 

6. Very few randomized clinical trials have been carried

out to evaluate the use of therapeutic drug monitoring,

although those involving naive patients have shown that

therapeutic drug monitoring improves the efficacy of

treatment. The studies carried out in patients with thera-

peutic failure have not observed differences in efficacy,

although they are affected by important problems of ap-

proach and methodology which make it impossible to in-

terpret the results. One of the most important problems

is the choice of efficacious reference concentrations, which

may not be useful for partially resistant viruses. 

7. The concept of inhibitory quotient includes both

pharmacokinetic data and viral resistance data. In this

way we can evaluate whether the plasma concentration

of the drug is the appropriate concentration for a virus

with a specific susceptibility. The inhibitory quotient is re-

lated to the efficacy of treatment in patients with virus

who present reduced susceptibility and may be useful for

therapeutic drug monitoring. Nevertheless, methodologi-

cal standardization and a clinical validation are necessary

before applying it in normal clinical practice.

8. Therapeutic drug monitoring will be particularly use-

ful when the risk of sub-therapeutic or toxic concentra-

tions is very high. Therefore, it is recommended in pa-

tients with any of the following characteristics:

a) Suspected clinically important pharmacokinetic in-

teractions.

b) Suspected intestinal malabsorption.

c) Appearance of adverse effects which can improve with

a reduced plasma concentration of the drug, especially in

low-weight patients, women and in patients with cirrhosis

of the liver.

d) Virological failure with no evident cause.

e) Pregnant women and children, whose pharmacoki-

netics can suffer modifications.

f) Patients who start ART with drugs which have rela-

tively low concentrations, such as non-boosted PIs or

once-daily treatments with some boosted PIs. 

9. Boosting of PIs with ritonavir considerably increases

their plasma concentration, although this does not invali-

date their usefulness in therapeutic drug monitoring, giv-

en that a high pharmacokinetic variability may persist

and viruses with reduced susceptibility may need higher

concentrations of PI.

10. It is important that any therapeutic drug monitor-

ing program contain measures to monitor and improve ad-

herence, thus making it easier to interpret concentrations

and provide a suitable response to therapy.

11. In summary, there is a clear basis for thinking that

therapeutic drug monitoring may be a useful tool for opti-

mising ART in certain circumstances. Before recommend-

ing its widespread application as a routine method in nor-

mal clinical practice, it is necessary to standardise the

parameters which must be used and carry out method-

ologically correct studies with a high number of patients to

profile the role of therapeutic drug monitoring in differ-

ent clinical situations. It may also be necessary to develop

education programs for physicians, pharmacists, health-

care personnel and patients, so that the information ob-

tained from monitoring can be used properly.
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