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INTRODUCTION

TDM, the measurement and interpretation of drug concen-
tration measurements, has been used to individualise drug
therapy since the early 1970s. In addition, application of
pharmacokinetic principles — as part of TDM — has been
used to assess drug behaviour. The aim of TDM is to opti-

mise pharmacotherapy by maximising therapeutic efficacy,
while minimising adverse events, in those instances where
the blood concentration of the drug is a better predictor of
the desired effect(s) than the dose. The reasons why these
principles have gained wide acceptance include:
• A better relationship, although imperfect, often exists

between the effect of a given drug and its concentration in
the blood, than between the dose of the drug and the effect.

• A recognition that inter-patient variability in the pharmaco-
kinetic processes of drug absorption, distribution, metabo-
lism and excretion results in a need for dosage individuali-
sation. 

• The development of reliable and relatively easy-to-use
drug monitoring assays. 

In addition, TDM can aid in diagnosis and management in
cases in which compliance is in question. These cases are
where: 
• It is not clear if the right drug is being taken.
• Dosage adjustment is required because of drug-drug or

drug-food interactions.
• Unintentional overdose is suspected.

TDM is more than simply the analysis of a single drug
concentration in the blood of a patient and a report of this
number. It also comprises interpretation of the value measured
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ABSTRACT

Background: :There are a number of effective but highly toxic drugs that exhibit a narrow therapeutic index and marked inter-
patient pharmacokinetic variability. Individualised therapy with such drugs requires therapeutic drug monitoring (TDM) in order to
obtain the desired clinical effects safely. Cost-effectiveness analysis in health care is still at an early stage of development, especial-
ly for TDM.
Study objectives: To carry out a systematic review documenting studies which have addressed the cost-effectiveness of TDM. 
Methods: The Cochrane database and Medline were searched. References identified by this approach were then searched man-
ually for relevant articles.
Results: :Very few studies have been performed that document the cost-effectiveness of TDM. Indeed TDM has only been demon-
strated to be cost-effective for aminoglycosides and to a lesser extent for vancomycin, anti-epileptics and immunosuppressants. For
the other classes of drugs that are monitored, there is a rationale behind the application of TDM but appropriate prospective cost-
effectiveness analyses have not been performed.
Conclusion: :Because there would be an increased risk of under- or overdosing if certain drugs are prescribed without the sup-
port of TDM, emphasis should not be placed solely on cost-effectiveness, but rather on how such interventions can be applied in
the most cost-effective and clinically relevant manner.
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There are several approaches to the evaluation of cost-effec-
tiveness. In 1966, Donabedian proposed the structure –
process – outcome-oriented method for the evaluation of
the quality of health care [2]. Schumacher and Barr translat-
ed this method to TDM [3]. The structure component
includes the total of laboratory facilities and personnel; the
process component comprises the process of proper sam-
pling, interpretation and intervention based on the results;
and the outcome component comprises the clinical effect of
the TDM intervention, including speed of recovery, number
of adverse events, morbidity and mortality, as well as cost-
savings of TDM. Schumacher and Barr identified the follow-
ing categories for TDM cost-effectiveness analysis [3]: 
• patient oriented

— what percentage of patients treated with TDM did not
experience adverse events?

• process oriented
— what percentage of TDM blood samples was correctly

drawn?
— what percentage of TDM patients had serum concentrations

that were within a predefined “therapeutic or target range”?

It is obvious that patient-oriented studies are to be preferred
over process-oriented studies. In process-oriented studies,
surrogate endpoints are used because of the lack of well
defined and measurable clinical parameters.

An important factor in carrying out a cost-effectiveness
analysis is the question of which costs and benefits are to be
included in the model. Are only the direct costs calculated
(e.g. human resources, materials, equipment, energy costs,
maintenance) or are indirect costs included (i.e. costs associat-
ed with loss of productivity of the patient, the costs borne by rel-
atives in supporting the patient, and healthcare costs associated
with a longer life)? Benefits of TDM can be assessed in several
ways. Differences in mortality, morbidity, duration of the hospital
stay, duration of drug therapy, number of drug dosages and
number of serum concentrations ordered can be costed and
compared. Benefits can also be costed in natural units (e.g.
costs per life year gained) or in qualys (quality-adjusted life
years). With this latter technique, each year that is gained is also
corrected for the quality of that extended life. It is evident that
well-conducted cost-effectiveness studies need thorough
pharmaco-economic expert support. 

Most of the published cost-effectiveness research in TDM is
process oriented, and many of these studies have been

using the mathematical (pharmacokinetic) principles men-
tioned above, drawing the appropriate conclusions about
the result and advising the physician who ordered the test
how to optimise treatment. It is important to apply a uniform
definition of TDM here, because different definitions have
previously been used in cost-effectiveness studies and
reviews of TDM. Consequently, comparisons have been
made based on different approaches, which can influence
the results. The International Association for Therapeutic
Drug Monitoring and Clinical Toxicology has adopted the
following definition: Therapeutic drug monitoring is defined
as the measurement made in the laboratory of a parameter
which, with appropriate interpretation, will directly influence
prescribing procedures. Commonly, the measurement is in
a biological matrix of a prescribed xenobiotic, but it may also
be of an endogenous compound prescribed as replacement
therapy in an individual who is physiologically or pathologi-
cally deficient in that compound [1].

Besides a definition of TDM, clear definitions of cost-
effectiveness must be presented, because most of the older
studies are driven by financial considerations. Useful definitions
are:
Cost-benefit analysis: costs and benefits measured simulta-
neously in monetary units.
Cost-effectiveness analysis: costs and benefits measured
simultaneously to obtain a specified objective, and in mone-
tary units.
Cost-utility analysis: benefits measured in terms of quality of
life, willingness to pay, and patient preference for one inter-
vention over another.
Cost-minimisation analysis: costs analysed and compared
when two or more interventions have been shown, or
assumed, to be equivalent in terms of outcomes.

In recent years, TDM has developed a much more patient-
oriented focus to include all the processes around drug ther-
apy (patient response, adverse events, dosing information,
timing of the taking of blood, pharmacokinetic behaviour,
drug analysis, interpretation and dose adjustment). The phar-
maceutical industry, in general, is not in favour of TDM
because it is felt that it increases therapeutic complexity and
drug-associated costs thereby raising barriers for the use of
their drug. However, in some cases, well-conducted cost-
effectiveness studies have shown the opposite. TDM is not a
goal in itself, but aims to contribute to the therapeutic drug
management process, in other words, patient safety. A
change from the passive “monitoring” in the TDM acronym
into (pro)active “management” has been advocated
(Charles Pippinger, Department of Laboratory Medicine,



www.ejhp.eu

Cost-effectiveness of therapeutic drug monitoring: an update
Daan J Touw et al

European Association of Hospital Pharmacists • Volume 13 • 2007/4 • www.ejhp.eu • 85

summarised and discussed in an excellent review by Ensom and
co-workers [4]. Recently, a paper has been published on behalf
of the Cost-effectiveness Committee from the International
Association for Therapeutic Drug Monitoring and Clinical
Toxicology where cost effectiveness studies in TDM were
reviewed and recommendations made [5]. From this paper and
other reviews [4] it is clear that the majority of TDM cost-analysis
studies have focused on the aminoglycoside antibiotics.

This review aims to update the existing information on the ration-
ale and cost-effectiveness of TDM for different classes of drugs by
using the method of a systematic review. For each class of drugs,
information from the previous systematic review is summarised
(for details and discussion on the evidence, please refer to our pre-
vious paper) [5] and new information is added if available.

METHODS

The medical literature was searched (MedLine) for the
indexed terms “cost-effectiveness” or “cost-benefit” or “phar-
macoeconomics” and “therapeutic drug monitoring” or
“drug analysis”. Studies found were selected for the cate-
gories “patient oriented” and “process oriented”. Reference
lists of review articles were searched by hand for studies that
were missed using the search terms.

Reviews and studies were rated according to the Canadian
Task Force rating system [6]:
A1. Systematic review containing several studies of A2 level

and with consistent outcomes
A2. Prospective randomised clinical trials of good quality
B. Randomised clinical trials of moderate quality (e.g. too

few patients), or other comparative trials (e.g. not ran-
domised, cohort studies, case-control studies)

C. Non-comparative trials
D. Experts’ opinions (e.g. according to the authors)

A clinical trial was rated “good” if the study included the following
components: a clear hypothesis, the presence of blinding, analy-
sis of confounders, statistical power and sample size calculation,
summary of patient characteristics, specification of data analysis
methods and identification of sources of bias such as the number
of patients lost for follow-up. In addition, a level of recommenda-
tion was assigned according to:
1. One systematic review (A1) or at least two independent

trials of level A2
2. At least two independent studies of level B
3. One study of level A2, B or C
4. Experts’ opinions, e.g. according to the authors
For each drug class the review paragraph is summarised by
a conclusion and a recommendation.

Aminoglycosides
The success and continuing use of the aminoglycosides can
be attributed to various factors, including a rapid concentra-
tion-dependent bactericidal effect, clinical efficacy, syner-
gism with ß-lactam antibiotics, a low rate of true resistance
and low costs. Aminoglycosides are the prototype drugs for
TDM. Since the publication of our paper [5], Bond and
Raehl published a paper on clinical and economic outcomes
of pharmacist-managed aminoglycoside or vancomycin
therapy [7]. The study was part of a National Clinical
Pharmacy Services study [8]. In hospitals that did not have
pharmacist-managed aminoglycoside or vancomycin thera-
py, death rates were 6.7% higher, length of stay was 12.3%
higher, total charges were 6.3% higher, hearing loss was
46.4% higher, renal impairment was 34.0% higher and the
death rate in patients who developed complications was
10.2% higher than in hospitals with pharmacists managing
these drugs. All differences were statistically significant.
These data are consistent with a Dutch cost-effectiveness
study comparing standard of care with a population model-
based TDM approach for aminoglycoside dosing that
showed both cost-effectiveness and reduced mortality [9].
Panel 1 shows a summary of our findings indicating that TDM
of aminoglycosides is proven cost-effective.

Conclusion (level 1): TDM of aminoglycosides leads to a
reduction of side effects (A2) [9], (A2) [10], (B) [7].
Conclusion (level 2): TDM of aminoglycosides leads to a
reduction of mortality (A2) [9], (B) [7], (B) [11].
Conclusion (level 1): TDM of aminoglycosides is cost-effective
(B) [7], (B) [11], (B) [12], (A2) [13], (A2) [9].

Recommendation: it is recommended that aminoglycoside
therapy is guided by TDM. 

Note: All cost-effectiveness studies reviewed here have been
performed before the introduction of extended interval dosing.

Vancomycin
Vancomycin is considered to be less nephrotoxic than the
aminoglycosides. Nevertheless, a relationship seems to exist
between serum concentrations and both toxicity and effica-
cy [14]. Since the systematic review of Touw et al. [5], Bond
and Raehl published their study on the clinical and economic
outcomes of pharmacist-managed aminoglycoside or van-
comycin therapy [7]. A limitation of this study is that aminogly-
cosides and vancomycin were analysed together, which is not

Panel 1: Conclusion and recommendation on cost-effectiveness 

with respect to aminoglycosides
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logical because of the different efficacy and safety profile of van-
comycin.  Consequently, no separate conclusions for van-
comycin can be drawn except those for the group as a whole.
Panel 2 shows a summary of our findings indicating that for
some populations, TDM of vancomycin is proven cost-effective.

Conclusion (level 2): TDM of vancomycin results in reduced
nephrotoxicity (B) [7], (A2) [15].
Conclusion (level 2): TDM is cost-effective in selected
patient populations: oncology patients; intensive care unit
patients and patients treated with other nephrotoxic drugs
(A2) [14], (B) [16], (B) [7].

Recommendation: it is recommended that vancomycin
therapy is guided by TDM in patient populations at risk, such
as ICU patients, oncology patients and patients receiving
concomitant nephrotoxic medicines.

Classical anti-epileptic drugs
Since the 1960s, therapy with classical anti-epileptic drugs
(phenobarbital, phenytoin, carbamazepine, primidone, val-
proic acid) has been guided by TDM in Europe and in the
US. However, well-conducted, patient-oriented studies on
the cost-effectiveness of TDM for anti-epileptic drugs are
lacking. In addition, there are conflicting views on the need to
use TDM to optimise therapy. The need to monitor pheny-
toin, phenobarbital and carbamazepine seems clear for
pharmacokinetic reasons, but there is less support for the
routine monitoring of valproic acid and primidone. For the
modern anti-epileptic drugs (oxcarbazepine, gabapentin,
lamotrigine, levetiracetam, pregabalin, tiagabine, topiramate,
vigabatrin, zonisamide), there are no studies that have inves-
tigated the rationale for or cost-effectiveness of TDM.
Concentration-effect studies are scarce and concentration-
effect relationships that have been described were estab-
lished in retrospective studies [16]. Nevertheless, for a number
of new anti-epileptic drugs, pharmacokinetic parameters
differ greatly between individuals and analysis of the serum
concentration can be helpful if a patient is difficult to control,
to document at what drug concentration a patient responds,
or where there are drug-drug interactions [16]. Recently,
Bond and Raehl analysed data from the 1995 National
Clinical Pharmacy Services Study [8] where they investigat-
ed associations between pharmacist-managed anti-epileptic
therapy (including ordering drug concentration measure-
ments and adjusting the dose based on interpretation of that
measurement) and outcomes such as death rate, length of

hospital stay, medical charges, drug charges, laboratory charges,
complications and adverse drug reactions [17]. In hospitals with-
out pharmacist-managed anti-epileptic drug therapy, death rates
were 121% higher, length of stay was 14.7% higher, medical and
laboratory charges were higher and aspiration pneumonia rate
was higher. These differences were all statistically significant. No
differences were investigated between the types of anti-epileptic
drug that were monitored. Because this pharmacist manage-
ment is largely supported by TDM of anti-epileptic drugs, one
may conclude that TDM is beneficial. Moreover, this study clear-
ly demonstrates the advantages of integrated therapy manage-
ment. Panel 3 shows a summary of our findings.

Conclusion (level 2): TDM of anti-epileptic drugs leads to better
control of epileptic patients with fewer side effects (B) [18], (B) [17].
Conclusion (level 2): TDM of the anti-epileptic drugs can be
cost-effective (B) [18], (B) [17].

Recommendation: it is preferable that therapy with anti-
epileptic drugs is guided by TDM.

Theophylline
Theophylline used to have an important place in the treatment
of asthma in the western world. At present, it is used principally
in the treatment of chronic obstructive pulmonary disease.
There are no published studies on the cost-effectiveness of
TDM of theophylline. However, there is a clear relationship
between theophylline concentrations and therapeutic and toxic
effects [19, 20]. In addition, its pharmacokinetics show large inter-
individual variability, and theophylline is very sensitive to drug-
drug interactions mediated by CYP1A2, its main metabolic
pathway. Based on these considerations, TDM of theophylline is
rational. Panel 4 shows a summary of our findings.

Caffeine
Caffeine is used in neonates with apnoea associated with

Panel 2: Conclusion and recommendation on cost-effectiveness 

with respect to vancomycin

Panel 3: Conclusion and recommendation on cost-effectiveness 

with respect to anti-epileptic drugs

Panel 4: Conclusion and recommendation on cost-effectiveness 

with respect to theophylline

Conclusion (level 3): in view of the large inter-individual vari-
ability in theophylline pharmacokinetics, TDM is of help in
optimising  treatment (B) [21], (D) [authors’ opinions].
Conclusion (level 4): TDM of theophylline can be cost-
effective (D) [21].

Recommendation: TDM of theophylline therapy can be helpful.
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bradycardia and/or decreased oxygen saturation.
Although caffeine is frequently monitored, there are no
studies that have investigated the cost-effectiveness of
routine caffeine monitoring in neonates. In an attempt to
establish an association between caffeine serum concen-
trations and clinical efficacy, Keijer et al. retrospectively
studied the number of apnoea attacks in relation to caf-
feine TDM results [22]. No straightforward relationship
between caffeine serum concentrations and the number
of apnoea events could be demonstrated. However, the
authors commented that the retrospective nature of the
study had probably had a negative influence on the regis-
tration of apnoeic periods. A recent study, conducted by
Natarajan et al., demonstrated no difference in median
and interquartile concentrations of caffeine in neonates
who responded to therapy and those who did not
respond to therapy when treated for apnoea [23]. To con-
clude, from retrospective analyses carried out so far, there
is no strong evidence for a straightforward concentration-
effect relationship of caffeine in neonates with apnoea.
One may thus argue that TDM will be of limited value.
Panel 5 shows a summary of our findings.

Conclusion: based on the present data, the rationale for
caffeine TDM cannot be established in neonates with
apnoea. 

Recommendation: more studies are needed before a con-
clusion can be drawn on the rationale for TDM in
neonates with apnoea.

Digoxin
Digoxin is predominantly used in the treatment of atrial
fibrillation but there are no published studies that docu-
ment the cost-effectiveness of TDM of digoxin in this con-
dition. Criteria for ordering a digoxin serum concentra-
tion have been published recently [24]. For use in atrial
fibrillation, digoxin can be titrated until sinus rhythm is
achieved and the serum level (or as some authors say, the
peripheral compartment level [25]) serves as the concen-
tration at which the individual patient responds to therapy.
In cardiac failure, a post-hoc analysis of the DIG study
[26] demonstrated a positive effect of digoxin on mortal-
ity in males with serum concentrations ranging from 0.5-
0.8 mcg/L [27]. If this observation can be confirmed
in a prospective study, then TDM of digoxin is warranted
because of its very narrow target range, large inter-

individual variability in pharmacokinetics and potential for
drug-drug interactions. Panel 6 shows a summary of our
findings.

Conclusion (level 4): in atrial fibrillation, TDM of digoxin
may be of use (D) [authors’ opinions].
Conclusion (level 3): in cardiac failure, TDM of digoxin is
useful (B) [27].

Recommendation 1: in atrial fibrillation it can be clinically
useful to document the digoxin serum concentration
after titrating the patient with digoxin until the heart rate is
controlled. 
Recommendation 2: when digoxin is used in cardiac failure,
it can be useful to use serum concentration measurements to
guide digoxin therapy.

Immunosuppressants
Immunosuppressants are used to prevent acute and
chronic organ rejection following transplantation. For
ciclosporin, tacrolimus and sirolimus, blood concentration
ranges have been established that give the least chance of
rejection with acceptable side-effect profiles [28].
Current immunosuppressants all exhibit large inter- and
intra-patient variability in pharmacokinetics and in several
concentration-controlled trials it has been demonstrated
that the blood concentration is a better predictor of clini-
cal efficacy than dose [29]. From this perspective, the
immunosuppressants are ideal candidates for TDM. As it
has been clearly established that TDM increases the
chance of one-year survival of a transplanted kidney from
60% to 95% [29], a randomised study that investigates

Panel 5: Conclusion and recommendation on cost-effectiveness 

with respect to caffeine

Panel 6: Conclusion and recommendation on cost-effectiveness

with respect to digoxin

Panel 7: Conclusion and recommendation on cost-effectiveness with

respect to immunosuppressants

Conclusion (level 4): because of a shortage of donor organs
and costs associated with rejection of a transplant, immuno-
suppressants must be monitored. There is a wide inter-individ-
ual pharmacokinetic variability and risk of drug-drug interac-
tions, therefore TDM of immunosuppressants is required (D)
[authors´ opinion].
Conclusion (level 2): TDM of immunosuppressants is cost-
effective (B) [30], (B) [31].

Recommendation: therapy with immunosuppressants must be
guided by TDM.
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the cost-effectiveness of TDM versus no monitoring in
transplant patients would be ethically unacceptable. Recent
studies have indicated that C2 monitoring leads to a further
reduction of acute rejection and graft loss compared with
trough level monitoring alone, and model studies have
demonstrated that C2 monitoring is more cost-effective
than trough level monitoring [30, 31]. The next step should
be to establish the cost-effectiveness of abbreviated AUC
(area under the curve) measurements that are currently
gaining popularity. Studies that investigate the superiority of
abbreviated AUC monitoring over the traditional TDM are
ongoing. Panel 7 shows a summary of our findings.

Psychiatric drugs
There are no published studies on the cost-effectiveness of TDM
for psychiatric drugs. Only for a few psychiatric drugs (lithium,
imipramine, desipramine, nortriptyline, haloperidol and clozap-
ine) has a relationship been described between serum concen-
tration and efficacy or toxicity [32-35]. Many psychiatric drugs
are substrates for CYP2D6, CYP2C9 and/or CYP2C19,
resulting in highly variable pharmacokinetics because of geno-
type. Furthermore, drug-drug interactions are most likely. It is rec-
ommended that the serum concentration associated with a
patient’s best response is documented so that if drug-drug
interactions occur, the dose can be titrated accordingly.

A recent study demonstrates that the metabolic ratio of
desmethylsertraline/sertraline (DSER/SER) can be used to
identify noncompliance over a larger time window than the
assay of a serum concentration of the parent drug alone
[36]. The reason for this is that desmethylsertraline has a
longer half-life than sertraline. The inter- as well as intra-
individual variability of the ratio of DSER/SER is remarkably low

Conclusion (level 1): TDM is clinically useful for lithium, nor-
triptyline, desipramine, imipramine, haloperidol and clozap-
ine (A1) [32], (C) [35], (C) [37].
Conclusion (level 3): TDM of sertraline can be of use in ques-
tions of compliance and drug-drug interactions (B) [36].
Conclusion (level 4): for the other psychiatric drugs, TDM
can be of use in questions of compliance and drug-drug
interactions (D) [authors´ opinions].

Recommendation: although cost-effectiveness has not been
proven, therapy with lithium, nortriptyline, desipramine,
imipramine, haloperidol and clozapine should be guided
using TDM.

and ratios outside the mean ± 2 standard deviation could be
regarded as non-compliance. This extra information from a
serum concentration assay can be used as a discussion point
with the patient when non-compliance is suspected. In
principle, the same methodology could be applied with other
antidepressants with metabolites, such as amitriptyline,
nortriptyline, venlafaxine. Panel 8 shows a summary of our
findings.

Anti-retroviral drugs
With the introduction of the protease inhibitors and nucleo-
side and non-nucleoside reverse transcriptase inhibitors, the
prognosis of HIV-positive patients has improved dramatical-
ly. Because poor compliance is the main cause of failure with
HIV therapy, TDM can contribute to a greater chance of
success in the long term. In 2003, Gerber and Acosta pub-
lished their review on TDM in the treatment of HIV infection
[38]. They reviewed four prospective randomised clinical
trials investigating the effect of concentration-targeted HIV
therapy versus fixed dose. The trials reviewed were the
ATHENA trial, investigating nelfinavir and indinavir, the
PharmAdapt trial, investigating protease inhibitors, the trial
by Fletcher et al. investigating zidovudine, lamivudine and
indinavir, and the GENOPHAR trial, investigating protease
inhibitors and non-nucleoside reverse transcriptase
inhibitors. Their conclusion was that “…TDM may be useful in
specific situations (not specified which situations) and may
eventually play a prominent role, but currently there are not
enough data to broadly recommend its use …”. For monitor-
ing of HIV drugs, not only the concentration of the drug is
interesting, but the genotypic inhibitory quotient (GIQ),
which integrates drug resistance and drug concentration,
can be useful. In addition, Valer et al. published a study on the
impact of amprenavir drug level monitoring and the virolog-
ical response in amprenavir/ritonavir fixed-dose-based
salvage regimens [39]. They measured amprenavir trough
levels and calculated GIQ. Patients with viral response had

Panel 8: Conclusion and recommendation on cost-effectiveness

with respect to psychiatric drugs

Conclusion (level 3): TDM of nelfinavir is useful (A2) [40].
Conclusion (level 3): TDM of the other protease inhibitors
and non-nucleoside reverse transcriptase inhibitors can be
useful (C) [41], (C) [42].

Recommendation 1: nelfinavir therapy must be guided by TDM.
Recommendation 2: TDM can be useful to guide therapy of
the other protease inhibitors and non-nucleoside reverse
transcriptase inhibitors.

Panel 9: Conclusion and recommendations on cost-effectiveness

with respect to HIV drugs
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higher values of GIQ than non-responders, although the dif-
ference was not significant. They conclude that HIV geno-
typing but not drug levels could be helpful to predict which
patients would benefit from amprenavir/ritonavir rescue ther-
apy. It would have been interesting, when they had increased
the dose based on GIC, if they had examined its effect on
viral response. Panel 9 shows a summary of our findings.

Antimycotic drugs
Antimycotic drugs can be divided into the polyene antimy-
cotics, echinocandins, antimetabolites and azole antimy-
cotics. The polyenes, flucytosine and the azole antimycotics
will be discussed.  

Amphotericin B is a most lipophilic polyene drug with
broad-spectrum antifungal activity. It has been used for
decades as the treatment of choice for invasive candidiasis.
Unfortunately, it is poorly tolerated. No studies are known
that relate efficacy to clinical effect or toxicity. Nephrotoxicity
is related to male gender, body weight >90 kg, chronic renal
disease, simultaneous use of other nephrotoxic drugs and
dose [43].

The systemically-used azole antimycotics at present com-
prise fluconazole, itraconazole, voriconazole and posacona-
zole. Fluconazole is well absorbed with a high bioavailability.
Oral doses should be halved in patients with creatinine
clearance less than 50 mL/min and reduced by 75% if
clearance is less than 20 mL/min because high concentra-
tions of fluconazole are associated with neurological side
effects [44]. Given the highly predictable pharmacokinetics,
TDM of fluconazole is not usually necessary. In contrast, itra-
conazole is poorly absorbed with a bioavailability that is
highly dependent on food. Furthermore, its pharmacokinet-
ics vary with co-administration of enzyme-inducing and
enzyme-inhibiting drugs. A relationship between total blood
concentrations above 0.5 mg/L and antifungal efficacy was
demonstrated in post-marketing data analysis which sup-
ports the monitoring of blood levels during therapy [45]. It is
even better to target free concentrations above the minimum
inhibitory concentration for a substantial time of the dosing
interval [46, 47]. Voriconazole has an oral bioavailability of
60-100% and is hepatically metabolised by CYP2C19, an
isoenzyme that displays genetic polymorphism with poor
and ultra-rapid metabolisers. Metabolism is further affected
by enzyme-inducing and enzyme-inhibiting co-administered
drugs. There are many retrospective studies that suggest that
low levels of voriconazole are associated with a higher failure
rate and high levels of voriconazole are associated with neu-
rological and ocular adverse events [48-50]. Given the high

variability of systemic availability together with potential for
drug-drug interactions, monitoring can be helpful in life-
threatening situations. Cost-effectiveness, however, has not
been assessed. Posaconazole is a new azole with broad-
spectrum activity. The hepatic pathway differs from itracona-
zole and voriconazole: glucuronidation plays a major role in
its elimination whereas enzymes of the CYP system are
insignificant. Oral bioavailability may vary but increases with
food. At present, there are no data to support the use of
TDM to guide therapy. Panel 10 shows a summary of our
findings.

Conclusion: there is no evidence that TDM of amphotericin
B is useful.
Conclusion (level 3): TDM of voriconazole is useful (C)
[46], (C) [47], (C) [48]. 
Conclusion (level 3): TDM of itraconazole can be useful (C) [45]. 

Recommendation 1: voriconazole therapy must be guided by
TDM.
Recommendation 2: TDM can be useful to guide therapy of
itraconazole.

CONCLUSIONS

There is still a paucity of well-conducted studies investigating
the added value and cost-effectiveness of TDM. The impor-
tance and cost-effectiveness of TDM is well described for
aminoglycosides and to a lesser extent for vancomycin, anti-
epileptic drugs and immunosuppressant drugs.

For therapy with theophylline, digoxin, psychiatric and some
antifungal drugs, TDM is considered as a standard of care
despite the lack of formal cost-effectiveness data. Without TDM,
many of these drugs could not be used effectively and
there would be risks of either underdosing or serious toxicity.
Antiretroviral agents and antifungals have been identified as
new areas for TDM with a proven positive effect when TDM
is used for some of these drugs.

The clinical efficacy of TDM is strongly associated with
appropriate pharmacokinetic interpretation and is reflected
in individualised dosing recommendations being provided to
the clinicians who order the drug concentration tests.
“Numbers only” TDM services that provide test results with-
out appropriate interpretation and recommendations can be
misleading and do not use what we already know about
drug concentration-time profiles and behaviour. Such TDM

Panel 10: Conclusion and recommendations on cost-effectiveness

with respect to antimycotic drugs
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services will predominantly generate costs without gaining
great clinical benefits. With the incorporation of sound
recommendations to clinicians ordering drug assays, TDM
has already proved its added value in well-conducted
studies.

A recent US survey of outpatients receiving long-term ther-
apy with drugs having a narrow therapeutic index demon-
strated that 50% or more of patients receiving digoxin, theo-

phylline, procainamide, quinidine or primidone were not
monitored, and 25-50% of patients receiving valproic
acid, carbamazepine, phenobarbital, phenytoin or
tacrolimus were not monitored [51]. Regarding the benefits
that can be gained in terms of reduction of mortality,
morbidity and increase in medication safety, one should
question whether money should be spent on either
proving the cost-effectiveness of TDM or on increasing the
effectiveness of TDM.

REFERENCES
1. Watson I, Potter J, Yatscoff R et al. Editorial. Therapeutic Drug

Monitoring. Ther Drug Monit. 1997;19(2):125.
2. Donabedian A. Evaluating the quality of medical care. Milbank Q.

1966;44(3):166-206.
3. Schumacher GE, Barr JT. Economic and outcome issues for thera-

peutic drug monitoring in medicine. Ther Drug Monit. 1998;
20(5):539-42.

4. Ensom MHH, Davis GA, Cropp CD et al. Clinical pharmacokinetics
in the 21st century. Does the evidence support definitive outcomes?
Clin Pharmacokinet. 1998;34(4):265-79.

5. Touw DJ, Neef C, Thomson A, Vinks AA. Cost-effectiveness of ther-
apeutic drug monitoring: a systematic review. Ther Drug Monit.
2005;27(1):10-7.

6. Canadian Task Force on Preventive Health Care. Canadian Task
Force Methodology. http://ctfphc.org/methods.htm (accessed 28
August 2007).

7. Bond CA, Raehl CL. Clinical and economic outcomes of pharmacist-
managed aminoglycoside or vancomycin therapy. Am J Health-Syst
Pharm. 2005; 62(15):1596-605.

8. Raehl CL, Bond CA, Pitterle ME. 1995 National clinical pharmacy
services study. Pharmacotherapy. 1998;18(2):302-26.

9. Van Lent-Evers NAEM, Mathot RAA, Geus WP et al. Impact of goal-
oriented and model-based clinical pharmacokinetic dosing of amino-
glycosides on clinical outcome: a cost-effectiveness analysis. Ther
Drug Monit. 1999;21(1):63-73.

10. Streetman DS, Nafziger AN, Destache CJ,  Bertino AS Jr.
Individualized pharmacokinetic monitoring results in less aminoglyco-
side-associated nephrotoxicity and fewer associated costs.
Pharmacotherapy. 2001;21(4):443-51.

11. Bootman JL, Wertheimer AI, Zaske D, Rowland C. Individualizing
gentamicin dosage regimens in burn patients with gram-negative
septicemia: a cost-benefit analysis. J Pharm Sci. 1979;68(3):267-72.

12. Destache CJ, Meyer SK, Padomek MT, Ortmeier BG. Impact of a
clinical pharmacokinetic service on patients treated with aminoglyco-
sides for gram-negative infections. DICP Annals Pharmacotherapy.
1989;23(1):33-8.

13. Destache CJ, Meyer SK, Bittner MJ, Hermann KG. Impact of a clini-
cal pharmacokinetic service on patients treated with aminoglycosides:
a cost-benefit analysis. Ther Drug Monit. 1990;12(5):419-26.

14. Darko W, Medicis JJ, Smith A et al. Mississippi mud no more: cost-
effectiveness of pharmacokinetic dosage adjustment of vancomycin
to prevent nephrotoxicity. Pharmacotherapy. 2003;23(5):643-50.

15. Fernández de Gatta MD, Calvo MV, Hernández JM et al. Cost-effec-
tiveness analysis of serum vancomycin concentration monitoring in
patients with hematologic malignancies. Clin Pharmacol Ther.
1996;60(3):332-40.

16. Johannessen SI, Battino D, Berry DJ et al. Therapeutic drug monitor-
ing of the newer anti-epileptic drugs. Ther Drug Monit.
2003;25(3):347-63.

17. Bond CA, Raehl CL. Clinical and economic outcomes of pharmacist-
managed anti-epileptic drug therapy. Pharmacotherapy.
2006;26(10):1369-78.

18. Rane CT, Dalvi SS, Gogtay NJ et al. A pharmacoeconomic analysis of

the impact of therapeutic drug monitoring in adult patients with general-
ized tonic-clonic epilepsy. Br J Clin Pharmacol. 2001;52(2):193-5.

19. Burton ME, Vasko MR, Brater DC. Comparison of drug dosing
methods. Clin Pharmacokinet. 1985;10(1):1-37.

20. Holford N, Black P, Couch R et al. Theophylline target concentration
in severe airways obstruction - 10 or 20 mg/L? A randomised con-
centration-controlled trial. Clin Pharmacokinet. 1993;25(6):495-
505.

21. Kearns GL, Fischer TJ, Hunter RH. Use of serum theophylline deter-
minations during acute asthma therapy in children. Ann Allergy.
1982;48(2):71-4.

22. Keijer WJ, Van Weissenbruch MM, Van Loenen AC et al. Op weg
naar verfijning van de dosering. Farmacokinetiek van coffeine bij
neonaten met apneu. Pharm Weekbl. 2002;137:1021-7.

23. Natarajan G, Botica M-L, Thomas R, Aranda JV. Therapeutic drug
monitoring for caffeine in preterm neonates: an unnecessary exercise?
Pediatrics. 2007;119(5):936-40.

24. Cañas F, Tanasijevic MJ, Ma´luf N, Bates DW. Evaluating the appro-
priateness of digoxin level monitoring. Arch Intern Med.
1999;159(4):363-8.

25. Kramer WG, Kolibash AJ, Lewis RP et al. Pharmacokinetics of digox-
in: relationship between response intensity and predicted compart-
mental drug levels in man. J Pharmacokinet Pharmacodynam. 1979;
7(1): 47-61.

26. The Digitalis Investigation Group. The effect of digoxin on mortality
and morbidity in patients with heart failure. N Engl J Med.
1997;336(8):525-33.

27. Rathore SS, Curtis JP, Wang Y et al. Association of serum digoxin
concentration and outcomes in patients with heart failure. JAMA.
2003;289(7):871-8.

28. Johnston A, Holt DW. Immunosuppressant drugs – the role of thera-
peutic drug monitoring. Br J Clin Pharmacol 2001;52 Suppl. 1:61S-
73S.

29. Shaw LM, Kaplan B, Brayman KL. Prospective investigations of con-
centration–clinical response for immunosuppressive drugs provide
the scientific basis for therapeutic drug monitoring. Clin Chem.
1998;44:381-7.

30. Keown PA, Kiberd B, Balshaw R et al. An economic model of 2-hour
post-dose ciclosporin monitoring in renal transplantation.
Pharmacoeconomics. 2004;22(10):621-32.

31. Balshaw R, Machnicki G, Carre_o CA et al. Two-hour post-dose
cyclosporine levels in renal transplantation in Argentina: a cost-effec-
tive strategy for reducing acute rejection. Transplant Proc.
2005;37(2):871-4.

32. Schou M, Juel-Nielsen N, Stromgren E, Voldby H. The treatment of
manic psychosis by the administration of lithium salts. J Neurol
Neurosurg Psychiatry. 1954;17(4):250-60.

33. Amdisen A. Serum concentration and clinical supervision in monitor-
ing of lithium treatment. Ther Drug Monit. 1980;2(1):73-83.

34. Mitchell PB. Therapeutic drug monitoring of psychotropic medica-
tions. Br J Clin Pharmacol. 2001;52 Suppl. 1:45S-54S.

35. Ulrich S, Baumann B, Wolf R et al. Therapeutic drug monitoring of
clozapine and relapse – a retrospective study of routine clinical data.



European Association of Hospital Pharmacists • Volume 13 • 2007/4 • www.ejhp.eu • 91

REFERENCES
Int J Clin Pharmacol Ther .2003;41(1):3-13.

36. Reis M, Aberg-Wistedt A, Agren H et al. Compliance with SSRI med-
ication during 6 months of treatment for major depression: an evalu-
ation by determination of repeated serum drug concentrations. J
Affect Disord. 2004;82(3):443-6.

37. Gaertner I, Gaertner HJ, Vonthein R  Dietz K. Therapeutic drug mon-
itoring of clozapine in relapse prevention: a five-year prospective
study. J Clin Psychopharmacol. 2001;21(3):305-10.

38. Gerber JG, Acosta EP. Therapeutic drug monitoring in the treatment
of HIV-infection. J Clin Virol. 2003;27(2):117-28.

39. Valer L, González de Requena D, de Mendoza C et al. Impact of
drug levels and baseline genotype and phenotype on the virologic
response to amprenavir/ritonavir-based salvage regimens. AIDS
Patient Care STDS. 2004;18(1):1-6.

40. Burger DM, Hugen PWH, Aernoutse RE et al. Treatment failure of nelfi-
navir-containing triple therapy can largely be explained by low nelfinavir
plasma concentrations. Ther Drug Monit. 2003;25(1):73-80.

41. Hugen PWH, Burger DM, Aarnoutse RE et al. Therapeutic drug
monitoring of HIV-protease inhibitors to assess noncompliance. Ther
Drug Monit. 2002;24(5):579-87.

42. Hugen PWH, Langebeek N, Burger DM et al. Assessment of adher-
ence to HIV protease inhibitors: comparison and combinations of var-
ious methods, including MEMS (electronic monitoring), patient and
nurse report, and therapeutic drug monitoring. J Acquir Immune Defic

Syndr. 2002;30(3):324-34.
43. Flückiger U, Marchetti O, Bille J et al. Treatment options of invasive

fungal infections in adults. Swiss Med Wkly. 2006;136:447-63.
44. Matsumoto K, Ueno K, Yoshimura H et al. Fluconazole-induced con-

vulsions at serum trough concentrations of approximately 80
microg/mL. Ther Drug Monit .2000;22(5):635-6.

45. Glasmacher AC, Hahn C, Leutner E et al. Breakthrough invasive fun-
gal infections in neutropenic patients after prophylaxis with itracona-
zole. Mycoses. 1999;42(7-8):443-51.

46. Andes D. Clinical utility of antifungal pharmacokinetics and pharma-
codynamics. Curr Opin Infect Dis. 2004;17(6):533-40.

47. Andes D. In vivo pharmacodynamics of antifungal drugs in treatment
of candidiasis. Antimicrob Agents Chemother. 2003;47(4):1179-86.

48. Smith J, Safdar N, Knasinski V et al. Voriconazole therapeutic drug
monitoring. Antimicrob Agents Chemother. 2006;50(4):1570-2.

49. Trifilio S, Pennick G, Pi J et al. Monitoring plasma voriconazole levels
may be necessary to avoid subtherapeutic levels in hematopoietic
stem cell transplant recipients. Cancer. 2007;109(8):1532-5.

50. Imhof A, Schaer DJ, Schwarz U, Schanz U. Neurological adverse
events to voriconazole: evidence for therapeutic drug monitoring.
Swiss Med Wkly. 2006;136:739-42.

51. Raebel MA, Carroll NM, Andrade SE et al. Monitoring of drugs with
a narrow therapeutic range in ambulatory care. Am J Manag Care.
2006;12(5): 268-74.

www.ejhp.eu

Cost-effectiveness of therapeutic drug monitoring: an update
Daan J Touw et al


