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evaluating the trueness of developed 
LC-MS/MS methods by cross-validating 
them, when available, with reference 
standards, reference methods, and/or 
reference labs. 

Unfortunately, pro� ciency testing 
programs speci� cally for TDM using 
LC-MS/MS instrumentation are 
not readily commercially available. 
Laboratories performing antifungal 
TDM often struggle to � nd ways 
to ful� ll this requirement. Some 
laboratories participate in an inter-
national pro� ciency testing program 
for measuring antifungal concen-
trations organized by the Dutch 
Association for Quality Assessment 
in Therapeutic Drug Monitoring and 
Clinical Toxicology (8), while others 
send blind samples to a reference 
laboratory using the same method-
ology to compare results to their 
in-house testing. 

Application of LC-MS/MS in 
Antifungal TDM
The triazoles are the most common 
antifungal drugs in clinical practice, 
used often for both prophylaxis and 
treatment of invasive infections due 
to their broad spectrum activities. 
Although LC-MS/MS for TDM works 
well with all the agents in the triazole 
class—itraconazole, fluconazole, vori-
conazole, and posaconazole—laborato-
ries most frequently employ LC-MS/
MS for voriconazole and posaconazole 
because of their increasing use in clini-
cal practice. Laboratories have devel-
oped and validated rapid, simple, flex-
ible, and multiplexed assays, including 
all four of the triazoles. As noted 
previously, questions linger about the 
need for TDM for amphotericin B and 
the echinocandins, although TDM for 
these agents has been determined in 
human blood using LC-MS/MS assays 
(9, 10). Finally, when reporting results, 
laboratories should provide informa-
tion about the recommended thera-
peutic range as well as the possible 
toxic threshold of each drug tested.

Looking Forward
In antifungal TDM, accurately detect-
ing drugs and/or their metabolites is 
extremely important because of the 
drugs’ narrow therapeutic windows. 
LC-MS/MS’s superior selectivity, 
high sensitivity, and simultaneous 
quantitation of multiple drugs make 

it a possible reference method for 
antifungal TDM. However, LC-MS/
MS also presents some challenges for 
labs. Instruments and maintenance 
are expensive, and laboratories need 
experienced personnel to develop a 
method. LC-MS/MS methods also 
suffer from high inter-lab and inter-
instrument variation due to a lack of 
method standardization, commercial 
calibrators and QC, and stable-
labeled isotypes. Future development 
should focus on simplifying the tech-
nology and making these complex 
instruments more affordable and 
robust, easier to use, and more open 
to automation.

Further improvements in sensi-
tivity, speci� city, and throughput, 
as well as the commercialization of 
LC-MS/MS methods, will enable 
broad LC-MS/MS applications 
in antifungal TDM. In the near 
future, highly complex LC-MS/
MS, once limited to specialized labs, 
will become widely utilized not 
only in commercial labs and large 
clinical centers, but also in physi-
cians’ of� ce labs. Without a doubt, 
using LC-MS/MS for antifungal 
TDM will increase clinical ef� cacy, 
decrease toxicity risk, and improve 
treatment response in invasive 
fungal infections. 

T2 Typical validation parameters and acceptance criteria

PARAMETER ACCEPTANCE CRITERIA

Sensitivity Background signal < 20% lower limit of measuring interval (LLMI) 

Matrix Effects ≤15% coef� cient of variation (CV) 

Carryover ≤ 25% LLMI

LLMI Trueness < 15% bias; imprecision < 20%; signal to noise ratio > 10

Linearity of calibration 9 to 11 points should be analyzed 

Dilution Recovery/trueness ≤ 15% bias; imprecision ≤ 20%

Impression ≤ 15% CV except LLMI ≤ 20% CV

Blank < 20% LLMI 

Retention Time (RT) A tolerance of ± 2.5% RT of the analyte to that of internal standard

Recovery Consistent

T1 Comparison of methods used for monitoring antifungal drugs

METHOD ADVANTAGES DISADVANTAGES

Bioassay Inexpensive; easy to operate; 
commercially available

Interference because of drug-drug 
interactions; dif� culty distinguishing the 
activity of some drugs from metabolites 
(e.g., itraconazole)

HPLC Commercially available; multiplexed 
measurement; high chromatographic 
resolution

Interference from many substances; 
more time for running sample; 
complex sample preparation; 
limited speci� city

LC-MS/MS High sensitivity and speci� city; small 
sample requirements; minimal sample 
preparation; rapid assay; multiplexed 
measurement; cost-effective

Expensive initial cost; not widely 
available; requires experienced 
personnel
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