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1  |  E XECUTIVE SUMMARY

Fungal infections cause significant morbidity and mortality globally, 
with over 13 million infections and 1.5 million deaths each year.1 In 

2018, more than 600,000 fungal infections were diagnosed in hos-
pitalized patients in the United States with estimated costs of over 
$6.7 billion.2 During the COVID- 19 pandemic, the incidence of life- 
threatening fungal infections such as mucormycosis, aspergillosis, 
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and invasive candidiasis including C. auris surged. The challenges 
in managing invasive fungal infections (IFIs) in these complex pa-
tients have further heightened awareness of the need to optimize 
antifungal use. Although there are several new antifungal agents in 
the pipeline, triazoles continue to be the mainstay of therapy for the 
treatment and prevention of IFIs, but their clinical use is complicated 
by variable pharmacokinetics and drug– drug interactions. Therefore, 
there is increased recognition of the need for antifungal stewardship 
and practical guidance for therapeutic drug monitoring (TDM) for 
patients with IFIs. The Infectious Diseases Society of America (IDSA) 
and other international organizations have recommended TDM for 
mold- active triazoles when used for the prevention or treatment 
of IFIs such as aspergillosis. Despite these recommendations, TDM 
was performed only in approximately half of patients receiving 
voriconazole or posaconazole for prevention or treatment of IFI in a 
recent large multi- center study.3

The recent publication of additional TDM recommendations 
from several different groups offers the opportunity to highlight 
areas of consensus and identify where controversies and unan-
swered questions remain (Table 1). An international interdisciplinary 
expert panel of members with research and/or clinical experience in 
antifungal pharmacotherapy was convened to review the literature 
and formulate insights for best practice for triazole antifungal TDM. 
Herein, the Society of Infectious Diseases Pharmacists (SIDP) offers 
these insights on the updated literature regarding triazole antifungal 
TDM and summarizes evidence (Appendix S1) supporting the utility 
of TDM for azoles in the prevention and management of IFIs.

TDM remains the most straightforward approach for determin-
ing whether suspected breakthrough infection or observed toxici-
ties are developing in the setting of low or excessive systemic drug 
exposures, respectively. Preemptive identification of subtherapeutic 
or potentially toxic drug exposures may also guide dosing adjust-
ments that reduce the risk of poor outcomes. Given the challenges 
associated with early diagnosis of breakthrough fungal disease and 
the high mortality and impact such infections have on treatment of 
underlying diseases, TDM remains a useful tool for assessing triazole 
exposures in conjunction with other clinical, laboratory and radio-
logical criteria.

2  |  THER APEUTIC DRUG MONITORING 
BEST PR AC TICES

Drawing from the literature, review of current published guidelines, 
and the authors' collective clinical experience, we have identified 
three triazoles where TDM should be routinely employed: voricona-
zole, posaconazole, and itraconazole. TDM for fluconazole and isavu-
conazole may be recommended in specific circumstances, as outlined 
below. For pediatric patients, there may be additional considerations 
for timing of levels and dosing due to altered pharmacokinetics, but 
the general concepts for TDM goals are also applicable in this popu-
lation. Timing, target concentrations, and special considerations for 
TDM for each azole are summarized in Table 1.

2.1  |  Voriconazole

Given the marked intra-  and inter- patient pharmacokinetic 
variability with voriconazole dosing and the association of its 
plasma concentrations with both efficacy and toxicity, voriconazole 
concentrations should be routinely monitored in patients receiving 
this agent for prophylaxis or treatment.4,5 Trough concentrations 
drawn typically 5 days (or as early as day 2 if a loading dose 
is administered) after initiation, dose adjustment, or with the 
initiation or cessation of an interacting medication should be 
obtained and potentially repeated during a course of therapy to 
document continued therapeutic concentrations. A trough goal of 
1– 5.5 mg/L is reasonable for most infections, although a narrower 
range of 1– 4 mg/L has also been recommended to avoid toxicities. 
Some experts recommend a trough concentration >2 mg/L for the 
treatment of invasive aspergillosis.6

Voriconazole trough concentrations of >5– 5.5 mg/L are associ-
ated with an approximate fourfold increased risk of toxicity.7– 9 In 
a randomized trial of 108 evaluable patients (with predominantly 
Aspergillus spp. infections), TDM of voriconazole was associated with 
a reduction in discontinuation of therapy due to adverse events and 
higher complete/partial response to therapy.4

More sophisticated pharmacometric models recently developed 
may optimize voriconazole dosing based on pharmacodynamic pa-
rameters.10,11 Dosing algorithms and specialized software have also 
been developed to aid the adjustment of voriconazole dosing to 
achieve target concentrations more readily.12 Practically, dose ad-
justments are made in increments of 50– 100 mg due to tablet size; 
TDM must be performed after dose adjustment since metabolism is 
nonlinear. TDM should also be performed after converting from in-
travenous to oral formulation (or vice versa) due to variations in ab-
sorption and metabolism. Metabolizer phenotypes, hypermetabolic 
states, and interacting drugs must be carefully taken into consider-
ation when designing or adjusting a dosage regimen for voriconazole. 
For subtherapeutic concentrations, it may be necessary to dose 
more frequently than every 12 h, add cytochrome P450 (CYP450) in-
hibitors such as omeprazole to the regimen, or discontinue CYP450 
inducers.13 Although obtaining a CYP2C19 genotype is not currently 
the standard- of- care for most patients receiving voriconazole in the 
US, at least two guidelines now recommend avoiding voriconazole or 
making phenotype- specific dosage empirical adjustments (i.e., initi-
ating the dose at 1.5× the standard starting dose) in patients with 
certain CYP2C19 phenotypes.14,15 Recent Australian guidelines sug-
gest considering alternate antifungal agents and CYP2C19 testing if 
a patient has subtherapeutic concentrations after two appropriate 
dose adjustments.13

2.2  |  Itraconazole

Therapeutic drug monitoring (TDM) for itraconazole measures con-
centrations of both the parent drug and its active metabolite, hydroxy- 
itraconazole. The sum of both itraconazole and hydroxy- itraconazole 
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plasma concentrations yields the total bioactive drug concentration, 
but therapeutic trough targets discussed below are based on itracona-
zole alone as measured by chromatographic assays (e.g., HPLC, LC/
MS), which are more commonly performed than bioassay for clinical 
samples in the US and Europe. More extensive information is provided 
in the Appendix S1. TDM is recommended for all patients receiving 
first- generation itraconazole capsules (Sporanox®) due to unreliable 
absorption and the likelihood of subtherapeutic concentrations.16 The 
need for TDM with the more reliably absorbed oral solution or newer 
SUBA- itraconazole capsules (Tolsura®) is uncertain; however, clinical 
data support a trough threshold of >0.5 mg/L when using itraconazole 
for antifungal prophylaxis. Target attainment with SUBA- itraconazole 
may be improved over older formulations but could still be suboptimal 
in certain populations such as lung transplant recipients, in whom only 
49% achieved initial trough concentrations >0.5 mg/L with a starting 
dose of 100 mg twice daily.17 Similarly, 68% of patients with hema-
tologic malignancies achieved trough concentrations ≥0.5 mg/L after 
10 days of SUBA- itraconazole dosing, but high inter- patient variability 
was apparent.18

The target trough concentration for treatment is unclear, al-
though most experts cite a value of >1 mg/L. In general, it is rec-
ommended to wait approximately 5– 7 days before checking an 
itraconazole blood concentration (when loading doses are used), 
and 10– 14 days without a loading dose due to the prolonged half- 
life and slow accumulation to steady state. In theory, concen-
trations could be checked at any time during the dosing interval 
due to the long half- life; however, troughs are the most common 
point of monitoring utilized in clinical practice. If reporting trough 
itraconazole concentrations via bioassay, it might be reasonable 
to consider 17 mg/L as the toxicodynamic threshold to consider 
lowering a patient's itraconazole dose. Conversely, a lower toxic-
ity threshold (i.e. 3– 4 mg/L) should be considered if itraconazole 
trough concentrations are measured by chromatographic assays. 
Clinicians should be vigilant for signs and symptoms of pseudo-
hyperaldosteronism (e.g., new or worsening hypertension, hypo-
kalemia) in patients receiving itraconazole therapy. Finally, TDM 
is recommended when interacting drugs start or stop (either in-
hibiting absorption or affecting metabolism), concerns for patient 
adherence or gastrointestinal absorption exist, and/or the patient 
has manifestations of toxicities.

2.3  |  Posaconazole

The need for routine TDM during posaconazole prophylaxis or treat-
ment is principally driven by the variable bioavailability of oral for-
mulations. Multiple studies have reported subtherapeutic troughs 
(<0.7 mg/L) in a high proportion of patients receiving the immediate- 
release posaconazole suspension.19,20 In contrast, fewer than 10% of 
patients enrolled in clinical studies utilizing the delayed- release (DR) 
tablet or IV formulations of posaconazole were reported to have 
serum posaconazole troughs below 0.5 mg/L.21– 24 Although some ob-
servational studies have confirmed a low prevalence of subtherapeutic 

posaconazole trough concentrations in patients receiving the newer 
formulations, others have reported up to one- third of patients receiv-
ing DR tablets still exhibit low systemic exposures, especially in those 
with poor appetite, concomitant acid- suppression therapy, and severe 
diarrhea/intestinal mucositis.25– 29 Recently, centers have crushed DR 
tablets for patients with enteral feeding tubes to avoid the need for a 
central venous catheter for intravenous posaconazole administration; 
TDM is recommended if employing this dosage form modification.30

The concentration- effect relationship of serum posaconazole 
exposures and mycological outcome in vivo is well established from 
animal models and limited observational data in humans.31 However, 
there is a lack of data from prospective randomized trials to demon-
strate a specific correlation of clinical outcomes based on target at-
tainment with posaconazole in the treatment of IFIs.32 TDM data 
from a recent clinical trial of posaconazole versus voriconazole for 
invasive aspergillosis have yet to be published.24 From a toxicody-
namic standpoint, accumulating clinical experience with the new 
posaconazole formulations has suggested higher rates of hepatotox-
icity and pseudohyperaldosteronism are possibly linked to elevated 
posaconazole serum exposures.33

Routine TDM should be implemented for all patients receiving 
immediate- release posaconazole suspension. For dosage forms with 
more reliable bioavailability (e.g., DR tablet, DR suspension, IV), 
decisions regarding whether TDM should be performed routinely 
in all patients or selectively targeted to patients with IFIs and/or 
specific risk factors (e.g., GI dysfunction, obesity, drug interactions) 
will largely depend on resources, expertise, and patient population 
at individual centers for performing, interpreting and applying TDM 
results in daily patient care. Conditions that strongly favor TDM 
include patients with risk factors for poor absorption (e.g., GI dys-
function), resistant/refractory infection, evidence of toxicity (e.g., 
signs of pseudohyperaldosteronism, hepatic injury), physiologic 
abnormalities, drug interactions, etc. When TDM is performed, 
a posaconazole trough should be measured at a steady state (ap-
proximately 5 days after initiation if a loading dose is used; a trough 
should be drawn 7 days after dosage adjustment, initiation or dis-
continuation of an interacting medication, or initiation without a 
loading dose).

2.4  |  Fluconazole

Currently, there is a lack of evidence to support routine TDM for flu-
conazole. In limited scenarios such as the critical care setting, some 
groups have recommended TDM to optimize the probability of ob-
taining the maximal fluconazole pharmacokinetic/pharmacodynamic 
(PK/PD) target of AUC/MIC > 100.34 These authors suggest steady 
state sampling times at 1, 4, and 24 h to estimate the AUC. However, 
trough concentrations correlate reasonably well with AUC.35 A 
trough concentration target of 10– 15 mg/L as a surrogate for AUC/
MIC > 100 (based upon a MIC value of 0.125) has been suggested for 
clinical practice in liver transplant patients.36 There is no established 
toxicodynamic threshold for fluconazole.
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TDM is not routinely recommended for adults receiving fluco-
nazole therapy, regardless of formulation or route of administration. 
The benefit of TDM has not been demonstrated in clinical studies, 
and pharmacokinetics are most often predictable and linear. In clin-
ical scenarios of known pharmacokinetic variability (e.g., critical ill-
ness), use of appropriate weight- based dosing accounting for renal 
function or renal replacement therapy (e.g., 400 mg twice daily as a 
maintenance dose in a 70 kg critically ill patient on CRRT with can-
didemia) is likely acceptable without the need for TDM. Fluconazole 
TDM may be reasonable in pediatric patients with anatomical con-
siderations, physiologic abnormalities, or drug interactions poten-
tially impacting fluconazole concentrations.

2.5  |  Isavuconazole

In randomized, clinical trials, >90% of patients achieved trough 
concentrations >1 mg/L, and no concentration- dependent re-
lationship was observed for efficacy or safety.37,38 Therefore, 
routine TDM of isavuconazole was not initially recommended for 
most patients. However, patients receiving isavuconazole through 
alternative methods of administration (e.g., opened capsules via 
enteral feeding tubes), with drug– drug interactions, critical ill-
ness, extremes of weight, refractory/resistant infections, or other 
factors anticipated to alter pharmacokinetics may benefit from 
plasma concentration monitoring.39– 41 Some experts recommend 
maintaining a trough concentration >1 mg/L for efficacy, despite 
no established pharmacodynamic target.42 Additionally, a thresh-
old of 4.6– 5.1 mg/L is emerging as a potential safety target, with 
higher concentrations resulting in more gastrointestinal toxicity. 
Due to the prolonged half- life of isavuconazole, if TDM is uti-
lized, a concentration could theoretically be sampled at any point 
in the dosing interval once a patient has achieved a steady state 
(approximately 5– 7 days with a loading dose and 10– 14 days with-
out a loading dose). Routine TDM for isavuconazole is not recom-
mended except in situations of known pharmacokinetic variability 
and/or refractory/resistant infections where higher concentra-
tions may be desired. TDM for isavuconazole may be reasonable 
to perform in children, especially those receiving treatment for 
a resistant/refractory infection and/or with anatomical consid-
erations, physiologic abnormalities, or drug interactions that may 
alter isavuconazole concentrations.

3  |  CONCLUSIONS

The SIDP supports routine TDM in adult patients receiving voricon-
azole, itraconazole, and posaconazole, and TDM in certain circum-
stances for fluconazole and isavuconazole. For pediatric patients, 
there may be additional considerations for the timing of levels and 
dosing due to altered pharmacokinetics, but the general concepts 
for TDM goals are also applicable in this population. Facilities should 
ensure access to timely plasma concentrations where appropriate 

and consider quality improvement initiatives to optimize triazole 
TDM in their practice setting.
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