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Purpose: To determine the clinical significance of voriconazole therapeutic drug monitoring (TDM) in the pediatric population,
Methods: Twenty—eight patients with invasive fungal infections administered with voriconazole from July 2010 to June 2012
were investigated retrospectively, Fourteen received TDM, and 143 trough concentrations were analyzed, All 28 patients
were assessed for adverse events and treatment response six weeks into treatment, and at the end.

Results: Out of 143 samples, 53.1% were within therapeutic range (1.0-5.5 mg/L). Patients administered with the same loading
(6 mg/kg/dose) and maintenance (4 mg/kg/dose) dosages prior to initial TDM showed highly variable drug levels, Adverse
events occurred in 9 of 14 patients (64.3%) in both the TDM and non—TDM group, In the TDM group, voriconazole—related
encephalopathy (n=2, 14.3%) and aspartate aminotransferase (AST) or alanine aminotransferase (ALT) elevation (n=8, 57.1
%) occurred with serum levels in the toxic range ()5.5 mg/L), whereas blurred—vision (n=2, 14.3%) occurred within the
therapeutic range (1,18 mg/L and 3.9 mg/L). The frequency of voriconazole discontinuation due to adverse events was
lower in the TDM group (0.0% vs. 18.2%, P=0.481), Overall, 57.2% of the patients in the TDM group versus 14.3% in the
non—TDM group showed clinical response after 6 weeks (P=0,055), whereas 21.4% in the TDM group versus 14.3% in the
non—TDM group showed response at final outcome (P=0.664). In the TDM group, »67.0% of the serum levels were within
therapeutic range for the first 6 weeks; however 45 5% were within therapeutic range for the entire duration,
Conclusion: Routine TDM is recommended for optimizing the therapeutic effects of voriconazole,
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Introduction

Invasive fungal infections (IFI) are among the
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in immunocompromised patients. With advances in
treatment options for hematologic malignancies, the
clinical outcome of immunocompromised patients
has improved, resulting in an increasing number of
patients living with a profoundly compromised im-
mune system. One of the sequelae to such pheno-
menon is the increase in the incidence of IFI over
the past decade" ?. Because of the seriousness of
the disease and its fatal outcome, IFI has become
an eminent obstacle in the outcome of immunocom-
promised patients.

Novel agents are continually being discovered
targeting fungal infections”. It has been reported
that in patients with invasive aspergillosis, initial
therapy with voriconazole compared to amphotericin
B led to better outcome and improved survival”.
Therefore, voriconazole is now being used exten-
sively in patients with IF1°.

Voriconazole is a second generation triazole with
broad spectrum of antifungal activity, indicated for
use in the treatment of invasive aspergillosis, can-
didiasis, as well as other IFI?. It is known to reach
steady—state concentrations after 5—7 days, but
can be reduced to 1—2 days by starting with a loading
dose”. Indicated in both adults and children, vori-
conazole is known to have non—linear pharmaco-
kinetics in adults. Many studies have demonstrated
that pharmacokinetics of voriconazole in children are
different from that of adults; while some studies

. . . 89
linear plasma pharmacokinetics ),

demonstrate
other studies show that children have high inter—
patient variability which limits the accurate predic-
tion of pediatric voriconazole exposure based on
adult dosagesw).

The high morbidity and mortality of IFI warrants

aggressive yet specified treatment, and because

10

voriconazole has a narrow therapeutic margin and
unpredictable serum levels, the awareness for the-
rapeutic drug monitoring (TDM) is increasing. This
study aimed to determine the implications of vori-
conazole TDM on the clinical outcome and adverse

events in pediatric immunocompromised patients.

Materials and Methods

1. Patients

We reviewed the medical records at Seoul Na-
tional University Children’s Hospital (SNUCH), a
tertiary care, 350—bed pediatric referral hospital
with an electronic medical record system. This was
a retrospective study on pediatric patients with he-
mato—oncologic disease or immunosuppression, who
were administered voriconazole. Voriconazole became
available at SNUCH in July of 2005, and from July
2005 to June 2012 a total of 57 pediatric patients
were administered voriconazole. Voriconazole TDM
became available as a clinical study in November
2008, and was performed on pediatric patients star-
ting July 2010.

Between July 2010 and June 2012, a total of
twenty —eight patients aged 18—years old or younger
were included in this study. All patients who received
voriconazole at least once for treatment or prophy-
laxis of IFI were included. Fourteen patients under-
went voriconazole serum level monitoring, and a
total of 143 serum trough concentrations were ana-
lyzed. All 28 patients administered with voriconazole
were assessed for voriconazole—related adverse
events and treatment response six weeks into treat-

ment, and at final outcome.
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2. Investigations for diagnosis of fungal infection

Patients fulfilling one of the ‘host factors’ of the
revised version of the Invasive Fungal Infection
Group of the European Organization for Research
and Treatment of Cancer and Mycosis study Group
(EORTC/MSG) criteria” were assumed to be at high
risk for invasive fungal disease and were checked
for vital signs daily and screened with Aspergillus
galactomannan (Platelia Aspergillus; Bio—Rad La-
boratories, United States) weekly. The threshold
optical density index (ODI) of Aspergillus galacto-
mannan was set as 0.5 according to the pediatric in-
fection specialists at our hospital. A CT scan of the
lung was performed when patients remained febrile
for 5 days despite broad—spectrum antibiotics, when
an abnormal shadow emerged on routine chest X—
ray examinations, or when Aspergillus galactomannan
titers became positive.

IFI and responses to antifungal therapy were
classified by definitions of the European Organization
for Research and Treatment of Cancer/Mycoses
Study Group (EORTC/MSG)'".

3. Drug administration

Of the 28 patients that received voriconazole ad-
ministration, 18 patients received voriconazole in-
travenously (6 in the TDM group and 12 in the non—
TDM group) and 10 patients received voriconazole
intravenously and then switched to the oral form (8
in the TDM group and 2 in the non—TDM group).
Reasons for the switch from intravenous to oral form
was mainly due to fluid restriction, difficulty of in-
travenous line access, and discharge from the ward.

Patients received two loading doses of 6 mg/kg/

dose and maintenance doses of 4 mg/kg/dose. In

11

the TDM group, 3 patients did not receive loading
doses, whereas in the non—TDM group, 1 patient
did not receive loading doses. Patients in the TDM
group received dosage adjustment after the initial
TDM sampling if the levels were below or above
the therapeutic level, and the next TDM sampling

occurred 7 days after adjustments were made.
4. Measurement of voriconazole level

A quantitative analysis of voriconazole was per-
formed using high—performance liquid chromato-
graphy (1200 series, Agilent Technologies, United
States) coupled with tandem mass spectrometry
(API3200, Applied Biosystems/MDS sciex, United
States). Trough levels were measured by obtaining
blood samples 30 minutes before the next scheduled
dosing of voriconazole. The therapeutic range was
determined as 1.0-5.5 mg/L” '* 17

5. Adverse events

Adverse events and their relationship with vori-
conazole were defined according to the criteria of
the National Cancer Institute”‘), where a voricona-
zole—related adverse event was defined as one with
a possible or stronger relationship. Encephalopathy
included altered mental state, hallucinations, and
seizures. Patients with light sensitivity, blurring, or
changes in color vision were defined as having visual
changes. Aspartate aminotransferase (AST) or
alanine aminotransferase (ALT) of greater than 5—
fold compared to baseline levels taken before initia-
ting voriconazole therapy was considered abnormal.
Other known voriconazole—related adverse events
(i.e., hypertension, arrhythmia, nausea, vomiting,
abdominal pain, pancytopenia, acute renal failure,

hypocalcaemia, and rash)*® were investigated in each
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patient, but their relationship with voriconazole did

not meet the possible or stronger relationship criteria.
6. Treatment response

Treatment response was categorized as according
to the general criteria for global responses to anti-
fungal therapy according to the EORTC/MSG criteria
W Treatment success was considered in patients
with complete or partial response. A complete re-
sponse was defined as resolution of all attributable
symptoms and signs of disease and radiological ab-
normalities, and mycological evidence of eradication
of disease. A partial response was defined as impro-
vement in attributable symptoms and signs of disease
and radiological abnormalities, and evidence of
clearance of cultures or reduction of fungal burden.
Treatment failure was considered in patients with
stable response, progression of disease, or death.
A stable response was defined as minor or no im-
provement in fungal disease, but no evidence of
progression. Progression of fungal disease was
defined as clinical, radiologic, and mycological prog-
ression. Death included any death during the period
of evaluation, regardless of attribution.

Patients who received voriconazole for prophy-
laxis of fungal infection, and those who discontinued
voriconazole before 6 weeks were categorized into
the ‘unable to determine outcome’ group.

The outcome of IFI was assessed at 6 weeks after
beginning voriconazole therapy and at final outcome.
Six weeks was chosen for outcome assessment be-
cause in invasive aspergillosis, clinical response to

therapy may be evident by 2-6 weeks'?.

7. Statistical analysis

In order to compare categorical variables for ba-

12

seline characteristics, Fisher's exact test, Pearson
Chi square test, and Mann—Whitney U test was
used. For adverse events and treatment outcome,
the Fisher’s exact test was used. Statistical analyses
were performed using SPSS (Statistical Package for
the Social Sciences) software (ver. 19.0; IBM Corp.,
Unites States). All tests were 2—tailed. A P value

<0.05 was considered statistically significant.

8. Ethics statement

The study protocol was approved by the institu-
tional review board of Seoul National University
Hospital (IRB registration number—H—-1204-040~-
405). Informed consent was exempted, since the
study was conducted in a retrospective manner, and
also since the patients’ personal information was

not exposed.

Results

1. Baseline patient characteristics

Between July 2010 and June 2012, a total of 28
patients with hemato—oncologic disease or immuno-
suppression (26 patients; 15 patients who received
hematopoietic stem cell transplantation, 2 acute my-
elocytic leukemia patients, 5 acute lymphocytic leu-
kemia patients, 2 aplastic anemia patients, and 2
solid tumor patients), congenital neutropenia (1 pa-
tient), and juvenile rheumatoid arthritis on steroid
therapy (1 patient) were administered with vorico-
nazole during this period. Six patients had proven
IFI (4 patients with invasive aspergillosis, 1 patient
with mucormycosis, and 1 patient with invasive can-
didiasis), 13 patients had probable IFI (all 13 patients
with invasive aspergillosis), 4 patients had possible

IFI, and 5 patients were prophylactically administered
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Table 1. Baseline Characteristics of the Patients who Received Voriconazole Treatment for Invasive Fungal

Infection

No. of cases (%)

TDM (n=14) Non-TDM (n=14)
Median age, years (range) 12.8 (0.6-15.9) 13.4 (0.4-18.7) 1.000"
Sex, male 10 (71.4) 11 (78.6) 1.000"
Underlying disease 0.185"
Hematopoietic stem cell transplantation 6 (42.9) 9 (64.3)
Acute myelocytic leukemia 1 (7D 1 (7.
Acute lymphoblastic leukemia 2 (14.3) 3 2L4)
Aplastic anemia 2 (14.3) 0 (0.0
Solid tumor 2 (14.3) 0 (0.0
Congenital neutropenia 1 (7.D 0 (0.0
Juvenile rheumatoid arthritis on steroid therapy 0 (0.0 1 (7.1
Neutropenia (WBC<{500/uL) 9 (64.3) 8 (57.1) 1.000"
Evidence of IFI’ 0.815"
Proven 4 (28.6) 2 (14.3)
Probable 6 (42.9) 7 (50.0)
Possible 2 (14.3) 2 (14.3)
Prophylaxis 2 (14.3) 3 2L4
Site of infection 0.683"
Lung 6 (42.9) 6 (42.9)
Sinus 1 (7.1 0 (0.0
Intra—abdominal 0 (0.0 1 (7.1
Multiorgan/Disseminated 4 (28.6) 3 (219
Unknown 3 (21.4) 4 (28.6)
Fungal organisms 0.238"
Aspergillus 12 (85.7) 9 (64.3)
Candida 1 (7.1 0 (0.0
Mucorales 0 (0.0 1 (7.1
Unknown 1 (7. 4 (28.6)
Reason for voriconazole use 0.693
First-line use 2 (14.3) 1 (7.0
Failure of other antifungal agent 9 (64.3) 11 (78.6)
Combination therapy? 3 2L 2 (14.3)
Duration of voriconazole use, days (median) (IQR) 57.50 (24.00-143.00) 13.50 (6.00-40.00) 0.0097

Abbreviations: TDM, therapeutic drug monitoring; IFI, invasive fungal infection.

Pearson Chi square test.

Fisher's exact test.

"Mann-Whitney U test.

TEvidence of IFI according to the EORTC/MSG criteria.

!'Unknown due to Aspergillus galactomannan antigen positive or prophylactic use.

ICombination with either Caspofungin or Amphotericin B.

with voriconazole. Of the 28 patients, 14 (50.0%)
received voriconazole TDM, and a total of 143 trough
concentrations were measured.

Table 1 shows the characteristics of the patients

included in this study. The baseline characteristics

of the patients showed no significant statistical dif-
ference between the TDM and non—TDM groups,
except the median duration of treatment (57.5 days
in the TDM group versus 13.5 days in the non—TDM
group, P=0.009).
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. the samples were in the toxic range (>5.5 mg/L), 49
2. Results of voriconazole TDM )
(34.3%) were below therapeutic range (<1.0 mg/L),

1) Intra-individual variability leaving 76 (53.1%) within therapeutic range. Main-
A total of 143 serum trough concentrations were tenance voriconazole dosages for toxic, therapeutic,
taken from 14 patients (median 7.5 samples per and below therapeutic levels were 4.0—11.0 mg/kg/

patients, with the range at 1 to 32). With the the- dose, 3.5—-11.0 mg/kg/dose, and 3.0—10.0 mg/kg/
rapeutic range set at 1.0—5.5 mg/L, 18 (12.6%) of dose, respectively. Fig. 1 shows large fluctuations
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Fig. 1. Distribution of 143 voriconazole serum trough levels from 14 patients.
With the therapeutic range set at 1.0-5.5 mg/L, 18 (12.6%) samples were in the
toxic range (>5.5 mag/L), 49 (34.3%) samples were below therapeutic range (1.0
mag/L), leaving 76 (53.1%) samples within therapeutic range.
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Fig. 2. The initial voriconazole concentration of 13 patients and the day it was
taken after initiation of the drug. One patient’s initial voriconazole concentration
was taken 52 days after initiation of therapy therefore is not included in the graph.
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of serum voriconazole levels within one patient during
treatment.

2) Inter-individual variability

Fig. 2 shows the day and concentration of the first
voriconazole serum level taken from patients after
the initiation of voriconazole treatment. One patient’s
initial voriconazole concentration was taken 52 days
after starting therapy, therefore is not included in
the graph. Patients who were administered with id-
entical loading dosages of 6 mg/kg/dose and main-
tenance dosages of 4 mg/kg/dose or no loading doses
and only maintenance doses of 4 mg/kg/dose had
greatly varying serum concentrations, demonstrating

inter—individual variability.
3. Adverse events during voriconazole use

Nine out of 14 patients (64.3%) in both the TDM
and non—TDM group experienced adverse events
(Table 2). In both groups, 8 out of 14 patients (57.1
%) experienced AST or ALT elevation greater than
5—fold of their baseline levels measured prior to
initiating voriconazole. Two patients (14.3%) in the
TDM group and one patient (7.1%) in the non—TDM

group displayed voriconazole—related encephalopathy.

Table 2. Drug Adverse Events during Voriconazole Use

Two patients (14.3%) in the TDM group complained
of blurred vision during treatment, whereas none
of the patients in the non—TDM group had visual
symptoms.

Even though patients in both the TDM and non—
TDM group experienced similar percentages of vori-
conazole—related adverse events, none of the patients
in the TDM group discontinued the drug because of
its side effects, whereas 2 patients (18.2%) in the
non—TDM group were withdrawn from voriconazole
treatment because of the side effects (P=0.481).

Patients in the TDM group were analyzed to ob-
serve how adverse events correlated with toxic drug
levels. The two patients with voriconazole—related
encephalopathy displayed their symptoms while
serum levels were in the toxic range. One patient
developed symptoms of encephalopathy on the 23™
day of treatment, after serum voriconazole levels
maintained in the toxic range for the first 20 days
of treatment, peaking up to 6.57 mg/L. The other
patient with voriconazole—related encephalopathy
had serum voriconazole levels in the toxic range for
the first 19 days of treatment, peaking up to 11.75

mg/L before presenting symptoms of encephalopathy.

No. of cases (%) »
TDM (n=14) Non-TDM (n=14)

Any adverse drug event 9 (64.3) 9 (64.3) 1.000
Drug discontinuation due to adverse events 0 (0.0) 2 (18.21) 0.481
Adverse drug event

Liver function test abnormality 8 (57.1) 8 (57.1) 1.000

Encephalopathy”’ 2 (14.3) 1 (7.1 1.000

Visual changes' 2 (14.3) 0 (0.0) 0.481

Fisher's exact test

TOut of n=11 (the total number of patients with adverse drug event)
T Aspartate aminotransferase or alanine aminotransferase levels

"Including altered mentality, hallucinations, seizures

!Including light sensitivity, blurring, or changes in color vision

15

increase greater than 5-fold the baseline
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Blurred vision occurred in two patients in the TDM
group, and both patients had serum levels within the
therapeutic range (1.18 mg/L and 3.9 mg/L) when
the symptoms presented. Eight patients in the TDM
group had liver enzyme elevation. With the exception
of two patients whose serum voriconazole level
maintained within the therapeutic or sub—therapeutic
range during the entire treatment duration, 6 patients’
voriconazole level was in the toxic range greater
than 10 treatment days. Of these 6 patients, 4 had
serum levels in the toxic range prior to AST or ALT
elevation, whereas the other two patients” AST or
ALT started to rise just before serum voriconazole

levels measured in the toxic range.
4, Outcome between TDM and non-TDM group

To observe differences in the outcome between
the TDM and non—TDM group, patients were as-
sessed at 6 weeks after initiating voriconazole, and
at final outcome (Table 3). Of the 14 patients that
did not receive TDM, two (14.3%) showed treatment
success at 6 weeks, whereas treatment failure
occurred in 6 patients (42.8%). The remaining 6

patients (42.8%) received voriconazole for prophy-

laxis or did not receive a full 6 week treatment. In
the TDM group, 8 patients (57.2%) showed treat-
ment success at 6 weeks after initiating voricona-
zole, which is comparable to the response shown in
the non—TDM group (P=0.055). Three patients
(21.4%) in the TDM group experienced treatment
failure, and the remaining 3 patients’ (21.4%) out-
come was not evaluated due to either prophylactic
use or early cessation of treatment.

By final outcome, 2 patients (14.3%) in the non—
TDM group and 3 (21.4%) in the TDM group showed
treatment success, with no statistically significant
difference in the end result between the two groups
(P=0.664).

Excluding the 3 patients whose outcome was not
evaluated due to either prophylactic use or early
cessation of treatment, a total of 11 patients were
evaluated to see how drug levels affected their out-
come. The 11 patients were able to maintain their
serum voriconzole levels within therapeutic range
67.0% of the time for the first 6 weeks; however
by the end of treatment, 45.5% of their serum vo-

riconzole levels were within therapeutic.

Table 3. Outcome at 6 Weeks and Final Outcome of the Patients Received Voriconazole Treatment for Invasive

Fungal Infection

No. of cases (%)

TDM (n=14) Non-TDM (n=14) ’

Response at 6 weeks 0.055

Treatment success 8 (57.2) 2 (14.3)

Treatment failure 3 (21.4) 6 (42.8)

Unable to determine outcome 3 (21.4) 6 (42.8)
Response the end of treatment 0.664

Treatment success 3 (21.4) 2 (14.3)

Treatment failure 8 (57.2) 6 (42.8)

Unable to determine outcome ' 3 (21.4) 6 (42.8)

Response was determined according to the EORTC/MSG criteria.

Fisher's exact test for treatment success and failure.

Prophylactic voriconazole use or duration of therapy <6 weeks.
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Discussion

During the study period of two years (July 2010
to June 2012) a total of 28 patients aged 18—years
old or younger were administered voriconazole, and
14 of these patients received serum level monitoring.
The serum levels of patients who underwent TDM
showed inter— and intra—individual variability, de-
monstrating the difficulty of predicting pharmaco-
kinetics and the need for concentration monitoring
in the pediatric population. The incidence of adverse
events was similar in both the TDM and non—TDM
group, but voriconazole discontinuation due to these
adverse events was lower in the non—TDM group.
Adverse events presented as encephalopathy, blurred
vision, and liver enzyme elevation, where both en-
cephalopathy and liver enzyme elevation occurred
more frequently in patients whose drug levels were
in the toxic range. Furthermore, there was a higher
clinical response rate at 6 weeks in the TDM—group
where the patients were able to maintain an average
of 67.0% of their serum levels within therapeutic
range.

Through this study, it was clearly shown that mo-
nitoring serum voriconazole levels during admini-
stration in pediatric patients is vitally important in
many aspects. Among patients that received vori-
conazole TDM, 53.1% of the levels were within the
therapeutic range of 1.0-5.5 mg/L, and 46.9% were
above or below the therapeutic level. Many previous
studies have shown treatment failure far more com-
mon in the toxic and sub—therapeutic levels of vori-
conazole in adults'” ', With the high incidences of
sub—therapeutic and toxic voriconazole serum trough

levels in the patients within our study, we thought

17

it critical to assess factors that may contribute to
the high inter— and intra— individual variability of
the serum voriconazole levels.

Previous studies have demonstrated that elimination
of voriconazole in children is linear, while other
studies show non—linear pharmacokinetics®™ **. There
have also been reports of high inter—individual va-
riability in serum levels of children receiving vori-

12, 20, 22 ) .
), and one factor behind such incon-

conazole
sistencies that can be applied to the patients in this
study is the phenotype of CYP2C19. A large per-
centage of asians are CYP2C19 poor metabolizers®” ,
but in our study, the CYP2C19 genotyping was not
done. Furthermore, patients that have the same
CYP2C19 genotype may have variable pharmaco-

17 . .
), therefore it is more reasonable to monitor

kinetics
serum voriconazole levels and adjust the admini-
stered dosages rather than giving the patients fixed
dosages.

For intra—individual variability, drug—interaction
can be a factor affecting voriconazole serum level.
Most patients in this study were administered many
different types of drugs during the use of voricona-
zole, mostly in order to control the severe infection
and manage their deteriorating underlying condition.
In the TDM group, 79% of the patients received sul-
famethoxazole/trimethoprim (increases voriconazole
level), 57% of patients were administered with am-
photericin B (decreases voriconazole level), and 36
% of patients received phenytoin (decreases vori-

conazole level) ™

. Midazolam, hydrocortisone, and
ibuprofen are drugs that increase in toxicity when
co—administered with voriconazole'” and these drugs
were administered concomitantly with voriconazole
in 57% the patients. These findings are important in

recognizing that drugs commonly administered to
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patients have drug interactions with voriconazole,
but in most cases the drugs are given inevitably,
therefore we must be aware of their effects on vo-
riconazole serum levels.

Overall, the frequency of voriconazole—related
adverse events within our study was similar or
slightly higher compared to other studies!” 12129,
A previous case was reported of an adult patient
presenting with visual and auditory hallucination
during voriconazole treatment associated with high
trough levels®™. Both patients that displayed vori-
conazole—related encephalopathy in our study had
serum voriconazole levels in the toxic range for
about three weeks, with one of the patient’s serum
level peaking up to 6.57 mg/L, and the other 11.75
mg/L. Another study done by Imhof et al.?? found
in an analysis of 28 treatment courses, that 6 patients
presented with neurological adverse events, there-
fore emphasized the need for voriconazole TDM.

Both in the TDM and non—TDM group of our study,
57.1% of the patients (n=8) had increased AST or
ALT levels greater than 5—fold the baseline. When
patients in the TDM group were investigated further
to see the influence of toxic voriconazole levels on
liver function, we observed that 6 of the 8 patients
(75%) with elevated AST or ALT had serum levels
in the toxic range during the treatment. We also
found that of these 6 patients, 4 had serum levels
in the toxic range prior to AST or ALT elevation,
showing the toxic effect of voriconazole on hepatic
function. On the other hand, two patients’ AST or
ALT started to rise just before serum voriconazole
levels measured in the toxic range. There may be
a few explanations for this phenomenon, the first
being the aggravation of liver function causing de-

creased metabolism of voriconazole, thus leading to

18

higher serum levels. Another explanation may be
that prolonged voriconazole use even in the thera-
peutic range may be hepatotoxic. Other studies have
also found voriconazole to be hepatotoxic, the cause
being multifactorial®” 2* .

In both the TDM and non—TDM group, the rate of
adverse events were similar, but two patients in the
non—TDM group discontinued voriconazole due to
adverse events, whereas none of the patients in the
TDM group were held from treatment. Park et al.l”
investigated adult patients with IFI, and in their study,
voriconazole TDM significantly reduced drug dis-
continuation due to adverse events. They speculated
that the attending physician could continue vorico-
nazole administration because adverse events were
expected to be alleviated after dosage adjustment.

Most studies report a higher treatment failure rate
in both toxic and sub—therapeutic levels of vorico-
nazolem, therefore we examined the difference in
the outcome of patients within the TDM group de-
pending on the percentage of voriconazole levels that
remained within therapeutic range. In the TDM group,
the patients were able to maintain an average of
67.0% of their serum voriconazole levels within the-
rapeutic range during the first 6 weeks of treatment.
But by the end of therapy, patients were only able
to maintain an average of 45.5% of their levels within
therapeutic range. We believe that this is one finding
that answers why there was a high response rate
at 6 weeks of treatment in the TDM group, but poor
overall outcome. As the treatment duration extended,
besides disease progression as a key factor in poor
outcome, other factors may have contributed to the
high variability in serum voriconazole levels; such
as the increase in drug interactions, aggravated liver

and kidney function, etc.
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We also sought the difference in the outcome bet-
ween patients that received TDM versus those who
did not. In the non—TDM group, 2 out of 14 patients
(14.3%) showed clinical and radiological improve-
ment, whereas 8 out of 14 patients (57.2%) in the
TDM group showed improvement by 6 weeks. This
shows that early efforts in trying to maintain vori-
conazole therapeutic level in patients lead to better
clinical responses. Although the P—value yielded
0.055 showing less clinical significance, a greater
sample size is likely to extrapolate clinically signifi-
cant results. The final outcome, on the other hand,
showed no clinically significant difference in the
outcome among the two groups, where most of the
patients” IFI aggravated (P=0.664). The reason
behind this is most likely due to the progression of
the underlying disease of hematologic malignancy
and prolonging immunocompromised state.

There were a few limitations in this study. First
of all, there was some difficulty in deducing statisti-
cally significant findings because of the small study
sample size, both in the analysis of the outcome and
adverse events. Only 28 children with IFI at a single
center were included, all with the same ethnicity.
Secondly, because this was a retrospective study,
there may have been a selection bias of the patients
in the TDM and non—TDM group. Many of the pa-
tients who received monitoring of serum voricona-
zole levels had a more severe and unstable course,
and the treatment duration lasted for a longer period.
Another limitation in this study was determining to
what degree the underlying conditions of the patients
affected their voriconazole levels and frequency of
side effects.

In conclusion, routine monitoring of serum vori-

conazole levels in pediatric patients with suspicious
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IFI is strongly recommended for optimizing thera-
peutic response, especially as many factors contri-
bute to the high variability in serum levels of children.
Also, adverse events frequently occur during vori-
conazole administration, and monitoring serum levels
allow physicians to continue treatment of IFI and
avoid withdrawing the drug unnecessarily, enabling

aggressive treatment for IFIL.
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