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Pediatric	  Fungal	  InfecKons	  

•  An	  increasingly	  recognized	  complicaKon	  of:	  
– Organ	  transplantaKon	  
– Childhood	  malignancies	  
– Neonatal	  medicine	  
– Pediatric	  surgery	  

•  In-‐hospital	  mortality	  of	  immunocompromised	  
children	  with	  invasive	  aspergillosis	  ~	  18%	  	  

Steinbach	  WJ,	  Walsh	  TJ.	  Mycoses	  in	  Pediatric	  PaKents.	  Infect	  Dis	  Clin	  North	  Am.	  2006	  Sep;20(3):663-‐78.	  	  

Voriconazole	  

•  Use	  is	  increasing	  because:	  
– EffecKve	  against	  Candida	  and	  Aspergillus	  species	  	  
– Favorable	  side	  effect	  profile	  and	  cost	  	  

	  

Voriconazole	  TDM	  
•  Pediatric	  paKents	  respond	  differently	  to	  voriconcazole	  than	  

adults	  
•  Non-‐linear	  kineKcs	  at	  doses	  above	  7	  mg/kg	  
•  2–11	  years	  of	  age	  have	  a	  higher	  capacity	  for	  eliminaKon	  per	  

kg	  of	  body	  weight	  

Walsh	  et	  al.	  PharmacokineKcs	  and	  safety	  of	  intravenous	  voriconazole	  in	  children	  aber	  single-‐	  or	  mulKple-‐dose	  	  
administraKon.	  AnKmicrob	  Agents	  Chemother	  2004;	  48:	  2166–72.	  	  

	  

Voriconazole	  TDM	  

•  Generally	  accepted	  trough	  range:	  1-‐6	  mg/L	  
– Studies	  have	  shown	  failure	  under	  2	  mg/L	  
– Studies	  have	  associated	  toxicity	  with	  troughs	  >5.5	  
mg/L	  	  

•  Trough	  should	  be	  drawn	  30	  minutes	  prior	  to	  dosing	  
at	  steady	  state	  (5-‐7	  days	  aber	  iniKaKon	  of	  therapy)	  

	  
Variables	  Influencing	  	  

ConcentraKons	  
•  Food	  interacKons	  
•  Drug	  interacKons	  	  
– Substrate	  and	  inhibitor	  of	  CYP	  2C9,	  2C19,	  and	  3A4	  

•  GeneKc	  cytochrome	  P450	  polymorphisms	  	  
•  Self-‐induced	  metabolism	  
•  HepaKc	  insufficiency	  
•  CriKcal	  illness	  



13-‐01-‐17	  

2	  

Voriconazole	  TDM	  

•  High	  inter-‐	  and	  intra-‐individual	  variability	  	  
– May	  be	  associated	  with	  decreased	  efficacy	  or	  increased	  
toxicity,	  indicaKng	  a	  possible	  need	  for	  therapeuKc	  drug	  
monitoring	  

Chen	  et	  al.	  2012	  
•  “Compelling	  evidence	  exists	  to	  support	  TDM	  of	  voriconazole	  in	  children	  

because	  it	  can	  be	  readily	  measured	  in	  the	  desired	  biological	  matrix,	  its	  
pharmacologic	  response	  is	  not	  always	  readily	  assessable,	  a	  clear	  
rela3onship	  exists	  between	  drug	  concentra3on	  and	  drug	  response,	  its	  
pharmacokineKc	  parameters	  can	  be	  unpredictable	  due	  to	  the	  presence	  of	  
confounding	  factors,	  the	  duraKon	  of	  drug	  therapy	  is	  of	  a	  sufficient	  length	  
for	  children	  to	  benefit	  from	  TDM,	  and	  in	  certain	  situaKons,	  the	  results	  of	  a	  
voriconazole	  assay	  may	  provide	  more	  informaKon	  than	  sound	  clinical	  
judgment	  alone”	  

	  	  
•  “Thus,	  at	  this	  Kme,	  the	  rouKne	  use	  of	  TDM	  is	  recommended	  as	  a	  tool	  to	  

individualize	  voriconazole	  doses	  in	  children”	  

Chen	  J,	  Chan	  C,	  Colantonio	  D,	  and	  Seto	  W.	  TherapeuKc	  Drug	  Monitoring	  
	  of	  Voriconazole	  in	  Children.	  Ther	  Drug	  Monit	  2012;34:77–84	  	  

Clinical	  QuesKon	  
P	   Pediatric	  paKents	  receiving	  voriconazole	  
I	   TherapeuKc	  drug	  monitoring	  (trough	  1-‐6	  mg/L)	  
C	   No	  therapeuKc	  drug	  monitoring	  or	  an	  alternate	  therapeuKc	  

range	  
O	   Efficacy:	  

•  InfecKon	  prevenKon	  
•  InfecKon	  resoluKon	  
•  Mortality	  reducKon	  
	  

	  Safety:	  
•  Dermatological	  	  

•  PhotosensiKvity/rash	  
•  GastrointesKnal	  

•  HepaKc	  impairment/nausea/vomiKng	  
•  Neurologic	  	  

•  Irritability/dizziness	  
•  Renal	  impairment	  
•  Visual	  	  

•  HallucinaKons	  
•  DisconKnuaKon	  due	  to	  AE	  

Search	  Strategy	  
Databases	   Cochrane,	  Google,	  Google	  Scholar,	  Embase,	  

Medline,	  PubMed,	  IPA	  

Search	  Strategy	  	   Voriconazole,	  pediatrics	  OR	  children,	  
therapeuKc	  drug	  monitoring	  OR	  
pharmacokineKcs	  	  

Limits	   English,	  humans,	  clinical	  trials	  

Results	   1	  ProspecKve	  
7	  RetrospecKve	  

1	  prospecKve	  and	  2	  largest	  retrospecKve	  included	  

Voriconazole drug monitoring in the management of invasive fungal
infection in immunocompromised children: a prospective study

Pere Soler-Palacı́n1*, Marie Antoinette Frick1, Andrea Martı́n-Nalda1, Miguel Lanaspa1, Leonor Pou2, Eva Roselló3,
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Objectives: To evaluate voriconazole plasma level monitoring in immunocompromised children and determine
the relationship of plasma levels with dose, safety and efficacy.

Methods: We used a prospective study including all consecutive children with invasive fungal infection (IFI)
treated with voriconazole between August 2008 and May 2010. IFI diagnosis and clinical outcome evaluation
were based on European Organization for Research and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group
(‘EORTC/MSG’) definitions.

Results: A total of 196 voriconazole plasma trough measurements from 30 patients (median age 10 years)
obtained during 2135 days of voriconazole therapy were analysed. Nineteen patients (63%) presented with
proven or probable IFI. Voriconazole plasma levels varied widely and 73% of patients required dose adjustment.
The median voriconazole dose was 20 mg/kg/day and the median duration of therapy was 6 weeks. Age 5 was
the smallest value defining two groups on which the correlation between dose and plasma levels had a different
behaviour, and this relationship was especially significant for patients ,5 years old (Spearman’s rank correlation
coefficient¼0.38213, P¼0.008). For patients ,5 years old the median dose to achieve therapeutic levels was
38.0 mg/kg/day (12–40.0) and for those ≥5 years old it was 15 mg/kg (4–52). Voriconazole plasma levels
showed a significant relationship with early outcome (P¼0.0268), but not late outcome (P¼0.2015). Overall mor-
tality was 42% and a significant relationship with voriconazole therapeutic plasma levels was not demonstrated.
A significant relationship was established between plasma levels above normal range and skin and neurological
toxicity (P¼0.0001), but this could not be demonstrated for liver toxicity.

Conclusions: Our study confirms the large variability in voriconazole trough plasma levels in children and a trend
to non-linear pharmacokinetics in older patients. In addition, doses significantly higher than those recommended
in younger children seem warranted and a significant relationship between plasma voriconazole above the
normal range and some adverse events is confirmed.

Keywords: antifungal therapy, therapeutic drug monitoring, adverse drug events, aspergillosis, candidiasis

Introduction
Invasive fungal infection (IFI) is a life-threatening disease in
immunocompromised patients. IFI has high morbidity and
mortality rates and its management continues to challenge clini-
cians. Understanding the pharmacokinetics/pharmacodynamics
of antifungal drugs is extremely important for optimal drug
choice anddosing regimendesign. In addition, it is known that vari-
ability in plasma levels of most drugs is greater in the paediatric
population.1

Voriconazole is a triazole with broad-spectrum antifungal
activity. It is considered to be a first-line agent against invasive
aspergillosis and is currently a treatment option for other IFI,
such as fusariosis, scedosporidiasis and candidiasis.2–4

Voriconazole plasma levels are quite unpredictable because
several pharmacokinetic variables influence its steady-state
plasma concentration. Age, decreased absorption of oral vori-
conazole formulations with meals (although less significant),
interactions with co-medications, self-induced metabolism,
genetic cytochrome P450 polymorphisms (mainly CYP2C19)

# The Author 2011. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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showed a significant relationship with early outcome (P¼0.0268), but not late outcome (P¼0.2015). Overall mor-
tality was 42% and a significant relationship with voriconazole therapeutic plasma levels was not demonstrated.
A significant relationship was established between plasma levels above normal range and skin and neurological
toxicity (P¼0.0001), but this could not be demonstrated for liver toxicity.
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to non-linear pharmacokinetics in older patients. In addition, doses significantly higher than those recommended
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Soler-‐Palacin	  et	  al.	  2012	  
Design	   ProspecKve,	  SC,	  observaKonal	  

P	   Immunocompromised,	  age:	  1m-‐	  17y,	  53%	  PO,	  63%	  proven/probable	  and	  
37%	  had	  possible	  invasive	  fungal	  infecKon	  (IFI)	  (n=30)	  	  

I	   TherapeuKc	  trough=	  1	  –	  5.5	  mg/L	  
30	  min	  prior	  to	  the	  next	  dose	  on	  the	  fibh	  day	  of	  therapy	  and	  q	  weekly	  	  

Efficacy:	  trough	  >1	  mg/L	  
Safety:	  trough	  <5.5	  mg/L	  

C	   Efficacy:	  trough	  <1	  mg/L	  
Safety:	  trough	  >5.5	  mg/L	  

O	   Efficacy:	  	  
•  Early	  and	  late	  response	  
•  Mortality	  
Safety:	  
•  PhotosensiKvity	  and	  skin	  reacKon,	  >10-‐fold	  GGT	  increase,	  GI	  

intolerance,	  irritability/dizziness,	  visual	  hallucinaKons	  	  

Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  
infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  
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Total	  
n=	  30	  

Proven/Probable	  	  
IFI	  	  

n=19	  (63%)	  

Proven/Probable/Possible	  	  
IFI	  

n=30	  (100%)	  

Efficacy	  analysis	   Safety	  analysis	  

Early	  response	  (4-‐6	  weeks)	  	  
n=15	  

Late	  response	  (12	  weeks)	  
n=13	  
	  

Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  
infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  

Proven=	  sterile	  site	  culture	  +	  histology	  
	  
Probable=	  host	  factor,	  clinical	  features,	  	  
and	  mycological	  evidence	  	  
	  
Possible=	  clinical	  evidence	  	  

Assay	  CharacterisKcs	  
•  HPLC	  
•  Specificity:	  ✖	  
•  SensiKvity:	  	  ✔ 	  	  
•  Limit	  of	  quanKficaKon:	  0.2	  mg/L	  	  

•  Linearity:	  ✖	  	  
•  Precision:	  	  ✔	   	  	  
•  20%	  

•  Accuracy:	  ✔ 	   	  	  
•  20%	  	  

	  
✖=	  not	  described	  

✔=	  described	  	  
	  

Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  
infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  

Results	  
•  196	  voriconazole	  plasma	  trough	  measurements	  from	  30	  

paKents	  	  
•  Dose:	  Median	  20mg/kg/day	  (range	  3.5-‐	  52)	  	  
•  DuraKon:	  Median	  6	  weeks	  (range	  1–84)	  
•  50%	  of	  the	  troughs	  obtained	  were	  (<1	  mg/L)	  and	  7%	  were	  (>	  

5.5	  mg/L)	  
•  78%	  of	  proven/probable	  IFI	  paKents	  were	  on	  combinaKon	  

anKfungal	  therapy	  	  
•  DI:	  90%	  of	  paKents	  on	  omeprazole,	  and	  one	  paKent	  on	  

carbamazepine	  	  

	  

	  

Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  
infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  

Response	  
Trough	  plasma	  levels	  	  

Proven/Probable	  
IFI	  Response	  

Cases	  
n	  (%)	  	  

Samples	  
n	  

<1	  (mg/L),	  	  
n	  (%)	  	  

≥	  1(mg/L),	  	  
n	  (%)	  	  

P	  

Early	  (4-‐6	  w)	  
Favorable	  
Unfavorable	  	  

	  
9/15	  (60)	  	  
6/15	  (40)	  

	  
42	  
26	  

	  
16/42	  (38)	  
17/26	  (65)	  

	  
26/42	  (62)	  
9/26	  (35)	  
	  

	  
0.0268	  

Late	  (12	  w)	  
Favorable	  
Unfavorable	  	  

	  
7/13	  (54)	  
6/13	  (46)	  

	  
51	  
52	  

	  
24/51	  (47)	  
31/52	  (60)	  

	  
27/51	  (53)	  
21/52	  (40)	  
	  

	  
0.2015	  

Survival	  	  
Survived	  	  
Died	  	  
	  

	  
11/19	  (58)	  
8/19	  (42)	  
	  

	  
120	  
46	  
	  

	  
55/120	  (46)	  
25/46	  (54)	  
	  

	  
65/120	  (54)	  
21/46	  (46)	  
	  

	  
0.3258	  

Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  
infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  

Adverse	  Effects	  
Trough	  plasma	  levels	  mg/L	  	   P	  value	  

Total	   <	  1	   1–5.5	   >	  5.5	   <5.5	  vs	  >	  5.5	  

Dermatological	  
PhotosensiKvity	  and	  skin	  
reacKon	  
Rash	  

	  
2	  
	  
-‐	  

	  
	  
	  
-‐	  

	  
	  
	  
-‐	  

	  
2	  
	  
-‐	  

	  
0.0001	  	  
	  

GastrointesKnal	  
HepaKc	  impairment	  	  
(>10-‐fold	  GGT	  increase)	  	  

Nausea/vomiKng	  	  
(GI	  intolerance)	  

	  
6	  
	  
1	  

	  
2	  

	  
2	  

	  
2	  
	  
1	  

	  
NSS	  
	  
NSS	  

Neurologic	  
Irritability/dizziness	  

	  
1	  

	  
1	  

	  
0.0001	  	  

Renal	  impairment	   -‐	   -‐	   -‐	   -‐	  

Visual	  
HallucinaKons	  	  

	  
2	  

	  
2	  

	  
NSS	  

DisconKnuaKon	  due	  to	  AE	   -‐	   -‐	   -‐	   -‐	  
Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  

infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  

Conclusions	  

•  “Although	  no	  clear	  relaKonship	  has	  been	  
demonstrated	  between	  plasma	  trough	  levels	  
and	  efficacy,	  our	  study	  allowed	  us	  to	  
recommend	  the	  rouKne	  use	  of	  plasma	  
voriconazole	  monitoring	  in	  pediatrics	  in	  its	  
therapeuKc	  indicaKon	  since	  weekly	  TDM	  may	  
prevent	  toxic	  plasma	  levels”	  

Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  
infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  
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LimitaKons	  	  
•  ObservaKonal	  study	  
•  Not	  R,	  DB	  
•  Assay:	  accuracy:	  20%,	  specificity	  and	  linearity	  not	  described	  
•  CYP2C19	  polymorphism	  not	  assessed	  
•  CombinaKon	  anKfungal	  therapy	  used	  in	  majority	  of	  paKents	  	  
•  Excluded	  death	  in	  efficacy	  analysis	  
•  DI:	  90%	  of	  paKents	  on	  omeprazole,	  and	  one	  paKent	  on	  

carbamazepine	  	  
•  Food	  interacKons	  not	  described	  
•  Do	  not	  specify	  number	  of	  children	  by	  age	  
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(See the editorial commentary by Drusano, on pages 37–9.)
Background. Voriconazole pharmacokinetic and pharmacodynamic data are lacking in children.
Methods. Records at the Childrens Hospital Los Angeles were reviewed for children with !1 serum voriconazole

concentration measured from 1 May 2006 through 1 June 2007. Information on demographic characteristics,
dosing histories, serum concentrations, toxicity and survival, and outcomes was obtained.

Results. A total of 207 voriconazole measurements were obtained from 46 patients (age, 0.8–20.5 years). A 2-
compartment Michaelis-Menten pharmacokinetic model fit the data best but explained only 80% of the observed
variability. The crude mortality rate was 28%, and each trough serum voriconazole concentration !1000 ng/mL
was associated with a 2.6-fold increased odds of death (95% confidence interval, 1.6–4.8; ). SerumP p .002
voriconazole concentrations were not associated with hepatotoxicity. Simulations predicted an intravenous dose
of 7 mg/kg or an oral dose of 200 mg twice daily would achieve a trough 11000 ng/mL in most patients, but with
a wide range of possible concentrations.

Conclusions. We found a pharmacodynamic association between a voriconazole trough 11000 ng/mL and
survival and marked pharmacokinetic variability, particularly after enteral dosing, justifying the measurement of
serum concentrations.

Voriconazole is a triazole antifungal drug with activity

against yeasts, endemic fungi, and certain molds, no-

tably Aspergillus species, for which it is currently first-

line therapy in adults [1]. In children, voriconazole use

has increased steadily since 2002, accounting for ∼10%

of prescribed systemic antifungal therapy in nearly

63,000 US pediatric inpatients in 2006 [2]. Strikingly,

voriconazole has almost completely replaced the use of

any amphotericin B formulation for the treatment of

aspergillosis. However, to our knowledge there are only

2 peer-reviewed publications that document voricon-

azole pharmacokinetics obtained from prospective clin-

ical trials in children !12 years of age [3, 4] and no
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studies to measure a pharmacodynamic link between

concentration and outcome in children.

Although a single target trough voriconazole con-

centration to maximize efficacy has not been defined,

several independent studies have demonstrated a re-

lationship between higher voriconazole serum concen-

trations in adults and improved outcomes [5–8], such

that a target range has emerged, and trough serum

voriconazole concentrations are recommended to be

500–2000 ng/mL and !6000 ng/mL [9, 10].

Given the paucity of information on voriconazole

pharmacokinetics in children, the known interindivi-

dual and intraindividual variability, and the associations

between serum concentrations and outcomes in adults,

voriconazole concentrations are frequently measured at

our hospital as part of the clinical care of children

receiving this drug. Therefore, we reviewed our ther-

apeutic drug management experience in hospitalized

patients with available voriconazole drug concentra-

tions. Our goal was to refine our voriconazole dosing

guidelines by achieving 3 aims: (1) to analyze associ-

ations between voriconazole concentrations and vari-

ous patient outcomes, including toxic effects and sur-
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studies to measure a pharmacodynamic link between

concentration and outcome in children.
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centration to maximize efficacy has not been defined,

several independent studies have demonstrated a re-

lationship between higher voriconazole serum concen-

trations in adults and improved outcomes [5–8], such

that a target range has emerged, and trough serum

voriconazole concentrations are recommended to be

500–2000 ng/mL and !6000 ng/mL [9, 10].

Given the paucity of information on voriconazole

pharmacokinetics in children, the known interindivi-

dual and intraindividual variability, and the associations

between serum concentrations and outcomes in adults,

voriconazole concentrations are frequently measured at

our hospital as part of the clinical care of children

receiving this drug. Therefore, we reviewed our ther-

apeutic drug management experience in hospitalized
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tions. Our goal was to refine our voriconazole dosing

guidelines by achieving 3 aims: (1) to analyze associ-

ations between voriconazole concentrations and vari-

ous patient outcomes, including toxic effects and sur-
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Neely	  et	  al.	  2010	  
Design	   RetrospecKve,	  SC,	  observaKonal	  

	  

Pa3ents	   Age:	  0.8–20.5	  y,	  90%	  PO,	  26%	  proven,	  15%	  probable,	  and	  59%	  
possible	  IFI	  (n=46)	  
	  

Objec3ve	   Analyze	  the	  associaKon	  between	  voriconazole	  trough	  
concentraKons	  and	  	  
•  Efficacy:	  Mortality	  	  
•  Safety:	  HepaKc	  impairment	  

•  1.5-‐5	  fold	  increase	  in	  ALT	  and/or	  ALP	  

Neely	  et	  al.	  Voriconazole	  pharmacokineKcs	  and	  pharmacodynamics	  in	  children.	  
	  Clin.	  Infect.	  Dis.	  2010;	  50:27–36	  

Assay	  CharacterisKcs	  
•  HPLC	  
•  Specificity:	  	  ✔ 	  	  
–  No	  cross	  reacKvity	  with	  14	  anKmicrobial	  agents	  

•  SensiKvity:	  	  ✔	  
•  Limit	  of	  quanKficaKon:	  0.2	  mg/L	  

•  Linearity:	  ✔	  
–  Linear	  through	  ∼0.2–30	  mg/L	  

•  Precision:	  	  ✔	  
–  <5%	  	  

•  Accuracy:	  ✖	  	  	  

Neely	  et	  al.	  Voriconazole	  pharmacokineKcs	  and	  pharmacodynamics	  in	  children.	  
	  Clin.	  Infect.	  Dis.	  2010;	  50:27–36	  

✖=	  not	  described	  
✔=	  described	  	  

	  

Results	  

•  207	  concentra3ons	  measured	  from	  46	  pa3ents	  	  
•  Dose:	  	  
– PO:	  2.0	  to	  12.9	  mg/kg	  	  
–  IV:	  3.4	  to	  10.5	  mg/kg	  	  

•  Troughs:	  	  
– 99	  obtained	  without	  a	  verified	  preceding	  dose	  
Kme	  

– 108	  had	  a	  median	  sampling	  Kme	  of	  9.0	  h	  (range:	  
1.3–36.0	  h)	  aber	  the	  preceding	  dose	  

Response	  
Response	   Number	  of	  cases	  (n=46)	  
Survival	  	  

Died	  
Survived	  

	  
13	  (28)	  
33	  (72)	  

Neely	  et	  al.	  Voriconazole	  pharmacokineKcs	  and	  pharmacodynamics	  in	  children.	  
	  Clin.	  Infect.	  Dis.	  2010;	  50:27–36	  

Mortality:	  
Each	  trough	  <1	  mg/L	  was	  associated	  with:	  

A	  2.6-‐fold	  increased	  odds	  of	  death	  (95%	  CI:	  1.6–4.8;	  p=0	  .002)	  
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Adverse	  Effects	  
Total	  n=28,	  n(%)	  

GastrointesKnal	  
HepaKc	  impairment	  	  

ALT	  
ALP	  
ALT	  and	  ALP	  

	  
16	  (57)	  
10	  (36)	  
2	  (7)	  
4	  (14)	  

Neely	  et	  al.	  Voriconazole	  pharmacokineKcs	  and	  pharmacodynamics	  in	  children.	  
	  Clin.	  Infect.	  Dis.	  2010;	  50:27–36	  

By	  Cox	  proporKonal	  hazards	  analysis,	  the	  risk	  of	  hepatotoxicity	  	  
was	  not	  significantly	  associated	  with	  concentraKon	  
	  

Conclusions	  

•  “We	  found	  a	  pharmacodynamic	  associaKon	  between	  
a	  voriconazole	  trough	  <1	  mg/L	  and	  survival	  and	  
marked	  pharmacokineKc	  variability,	  parKcularly	  aber	  
enteral	  dosing,	  jusKfying	  the	  measurement	  of	  serum	  
concentraKons”	  

	  

Neely	  et	  al.	  Voriconazole	  pharmacokineKcs	  and	  pharmacodynamics	  in	  children.	  
	  Clin.	  Infect.	  Dis.	  2010;	  50:27–36	  

LimitaKons	  
•  Not	  R,	  DB	  
•  No	  comparison	  trough	  range	  
•  RetrospecKve	  
•  ObservaKonal	  
•  Assay	  accuracy	  not	  described	  
•  CYP	  2C19	  genotype	  not	  specified	  	  
•  Food	  interacKons	  not	  addressed	  
•  Dose	  modificaKons	  for	  sub	  or	  supra	  therapeuKc	  levels	  not	  provided	  
•  Adherence	  for	  outpaKents	  
•  99	  (48%)	  were	  obtained	  aber	  outpaKent	  dosing	  with	  no	  verified	  preceding	  

dose	  Kme	  
•  Of	  those	  with	  a	  verified	  preceding	  dose	  Kme,	  trough	  was	  drawn	  at	  a	  

median	  of	  9h	  (range:	  1.3–36.0	  h)	  	  post	  dose	  

Monitoring of voriconazole plasma concentrations
in immunocompromised paediatric patients

Stephanie Pieper1, Hedwig Kolve2, Hans G. Gumbinger3, Grazyna Goletz1, Gudrun Würthwein4

and Andreas H. Groll1*

1Infectious Disease Research Program, Centre for Bone Marrow Transplantation and Department of Pediatric Hematology/Oncology,
University Children’s Hospital Münster, Münster, Federal Republic of Germany; 2Central Pharmacy Department, University Hospital

Münster, Münster, Federal Republic of Germany; 3Institute for Pharmacology and Toxicology, University Hospital Münster, Münster,
Federal Republic of Germany; 4Coordinating Centre for Clinical Trials (KKS), University Hospital Münster, Münster,

Federal Republic of Germany

*Corresponding author. Tel: +49-251-834-7742; Fax: +49-251-834-7828; E-mail: grollan@ukmuenster.de

Received 11 February 2012; returned 1 April 2012; revised 29 May 2012; accepted 11 June 2012

Objectives: Voriconazole is approved for management of invasive fungal diseases (IFDs) in paediatric patients.
We analysed plasma trough concentrations and explored their association with endpoints of antifungal
therapy.

Patients and methods: The cohort included 74 immunocompromised patients (0.2–18 years of age) who
received 101 courses of voriconazole for possible (7) and probable/proven (13) IFDs, as prophylaxis (79) or
empirical therapy (2). Voriconazole was given intravenously (4), intravenously and orally (15) and orally (82)
at recommended dosages until intolerance or maximum efficacy. IFDs and outcomes were assessed by
EORTC/MSG consensus criteria.

Results: Voriconazole was administered at a median maintenance dosage of 4.8 mg/kg twice daily (range 2.2–
17.4) for a median of 40 days (range 6–1002). Trough plasma concentrations at steady state (251 samples;
3.4+4.3/patient) ranged from ,0.2 to 14.9 mg/L with high intra- and inter-individual variability and no appar-
ent relationship to dose (P¼0.074, ANOVA). Of the samples 22%, 42% and 58% had voriconazole concentra-
tions ,0.2, ≤0.5 and ≤1.0 mg/L, respectively. Adverse events (AEs) occurred in 77/101 (76.2%) courses and
were mostly grade I or II. Ten courses (9.9%) were discontinued due to AEs. Treatment success was observed
in 8/20 patients (40%) with IFDs, and in 67/81 courses (82.7%) of empirical therapy/prophylaxis. There were no
consistent correlations between dose, trough concentrations and laboratory/clinical AEs or treatment response,
and proposed threshold values were not discriminative.

Conclusions: Voriconazole had acceptable safety and useful efficacy in the management of paediatric IFDs.
Pharmacokinetic variability was high and no predictable dose-concentration–effect relationships were
observed.

Keywords: mycoses, children, cancer, transplantation, drug monitoring

Introduction
Voriconazole is a synthetic second-generation antifungal triazole
with broad-spectrum antifungal in vitro activity against the
majority of clinically important yeasts and moulds, including
Candida spp., Cryptococcus neoformans, Aspergillus and other
hyaline moulds, dematiaceous moulds as well as dimorphic
moulds.1 Phase II and III clinical trials in adults have demon-
strated safety and efficacy in the treatment of superficial and
invasive candidiasis, invasive aspergillosis, scedosporiosis and

fusariosis, and the compound is approved for these indications
in subjects ≥12 years in both the USA and the European Union.
The recommended intravenous adult dosage is 4 mg/kg twice
daily (day 1: 6 mg/kg twice daily), and the oral dosage is
200 mg twice daily (day 1: 400 mg twice daily) (,40 kg body
weight: 100 mg twice daily with a loading dose of 200 mg
twice daily on day 1).2,3

Whereas the disposition of voriconazole in adolescents
≥12 years and weighing .50 kg is similar to that in adults,4 an
initial dose-finding study demonstrated that paediatric patients
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at recommended dosages until intolerance or maximum efficacy. IFDs and outcomes were assessed by
EORTC/MSG consensus criteria.

Results: Voriconazole was administered at a median maintenance dosage of 4.8 mg/kg twice daily (range 2.2–
17.4) for a median of 40 days (range 6–1002). Trough plasma concentrations at steady state (251 samples;
3.4+4.3/patient) ranged from ,0.2 to 14.9 mg/L with high intra- and inter-individual variability and no appar-
ent relationship to dose (P¼0.074, ANOVA). Of the samples 22%, 42% and 58% had voriconazole concentra-
tions ,0.2, ≤0.5 and ≤1.0 mg/L, respectively. Adverse events (AEs) occurred in 77/101 (76.2%) courses and
were mostly grade I or II. Ten courses (9.9%) were discontinued due to AEs. Treatment success was observed
in 8/20 patients (40%) with IFDs, and in 67/81 courses (82.7%) of empirical therapy/prophylaxis. There were no
consistent correlations between dose, trough concentrations and laboratory/clinical AEs or treatment response,
and proposed threshold values were not discriminative.

Conclusions: Voriconazole had acceptable safety and useful efficacy in the management of paediatric IFDs.
Pharmacokinetic variability was high and no predictable dose-concentration–effect relationships were
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Introduction
Voriconazole is a synthetic second-generation antifungal triazole
with broad-spectrum antifungal in vitro activity against the
majority of clinically important yeasts and moulds, including
Candida spp., Cryptococcus neoformans, Aspergillus and other
hyaline moulds, dematiaceous moulds as well as dimorphic
moulds.1 Phase II and III clinical trials in adults have demon-
strated safety and efficacy in the treatment of superficial and
invasive candidiasis, invasive aspergillosis, scedosporiosis and

fusariosis, and the compound is approved for these indications
in subjects ≥12 years in both the USA and the European Union.
The recommended intravenous adult dosage is 4 mg/kg twice
daily (day 1: 6 mg/kg twice daily), and the oral dosage is
200 mg twice daily (day 1: 400 mg twice daily) (,40 kg body
weight: 100 mg twice daily with a loading dose of 200 mg
twice daily on day 1).2,3

Whereas the disposition of voriconazole in adolescents
≥12 years and weighing .50 kg is similar to that in adults,4 an
initial dose-finding study demonstrated that paediatric patients
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Pieper	  et	  al.	  2012	  
Design	   RetrospecKve,	  SC,	  cohort	  	  

	  
Pa3ents	   Immunocompromised,	  age:	  	  0.2–18	  y,	  81%	  	  PO,	  78%	  using	  

voriconazole	  for	  IFI	  prophylaxis,	  13%	  for	  probable/proven	  IFI,	  7%	  for	  
possible	  IFI,	  and	  2%	  for	  empiric	  therapy	  (n=74)	  	  
	  

Objec3ve	   To	  explore	  trough	  concentraKons	  and	  their	  associaKon	  with	  :	  
Efficacy:	  
•  Success	  
•  Failure	  
Safety:	  	  
•  Laboratory	  and	  clinical	  AE	  
•  DisconKnuaKon	  due	  to	  to	  AE	  

Pieper	  et	  al.	  Monitoring	  of	  voriconazole	  plasma	  concentraKons	  in	  immunocompromised	  	  
paediatric	  paKents.	  J.	  AnKmicrob.	  Chemother.2012;	  67:2717–	  2724.	  

Assay	  CharacterisKcs	  
•  HPLC	  
•  Specificity:	  ✖	  
•  SensiKvity:	  ✔	  
•  Limit	  of	  quanKficaKon:	  0.2	  mg/L	  

•  Linearity:	  ✖	  
•  Precision:	  ✔	  
–  Intra-‐	  and	  inter-‐day	  variability:	  10%	  	  

•  Accuracy:✔	  
–  10%	  	  

	  

Pieper	  et	  al.	  Monitoring	  of	  voriconazole	  plasma	  concentraKons	  in	  immunocompromised	  	  
paediatric	  paKents.	  J.	  AnKmicrob.	  Chemother.2012;	  67:2717–	  2724.	  

✖=	  not	  described	  
✔=	  described	  	  
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Results	  
•  251	  samples	  were	  obtained	  from	  101	  treatment	  courses	  in	  

74	  pa3ents	  
•  Median	  maintenance	  dosage:	  4.8	  mg/kg	  q	  12h	  (range	  2.2–

17.4)	  	  
•  Dura3on:	  Median	  of	  40	  days	  (range	  6–1002)	  	  
•  Trough:	  12	  hour	  post	  dose	  at	  steady	  state	  (12h	  post	  LD	  or	  day	  

6	  of	  maintenance	  therapy)	  
•  58%	  had	  voriconazole	  concentraKons	  ≤1.0	  mg/L	  
•  Voriconazole	  was	  combined	  with	  other	  systemic	  anKfungal	  

agents	  in	  6	  of	  20	  courses	  for	  therapy	  of	  fungal	  infecKons	  
	  

Pieper	  et	  al.	  Monitoring	  of	  voriconazole	  plasma	  concentraKons	  in	  immunocompromised	  	  
paediatric	  paKents.	  J.	  AnKmicrob.	  Chemother.2012;	  67:2717–	  2724.	  

Response	  
Response	   Prophylaxis/

Empiric	  (n=81)	  
%	  

Probable/Proven/
Possible	  IFI	  (n=20)	  
%	  

Total	  
(n=101)	  
%	  

Success	   83	   40	  
	  

75	  

Failure	   17	   60	  
	  

25	  

Died	  	   0	   20	   3.9	  

Soler-‐Palacın	  et	  al.	  Voriconazole	  drug	  monitoring	  in	  the	  management	  of	  invasive	  fungal	  	  
infecKon	  in	  immunocompromised	  children:	  a	  prospecKve	  study.	  J	  AnKmicrob	  Chemother	  2012;	  67:	  700–706	  

Adverse	  Effects	   %	  (n=101	  courses)	  

Dermatological	  
PhotosensiKvity	  	  
Rash	  

	  
6	  
5	  

GastrointesKnal	  
HepaKc	  impairment	  	  

ALP	  
ALT	  
AST	  
Bili	  

Nausea/vomiKng	  	  

	  
	  
15	  
51	  
45	  
24	  
1	  

Neurologic	  
Insomnia	  
Lack	  of	  concentraKon	  
Irritability/dizziness	  
VerKgo	  

	  
1	  
1	  
-‐	  
1	  

Renal	  impairment	   19	  

Visual	  
HallucinaKons	  	  
Photophobia	  

	  
-‐	  
3	  

DisconKnuaKon	  due	  to	  AE	   9.9	  
Pieper	  et	  al.	  Monitoring	  of	  voriconazole	  plasma	  concentraKons	  in	  immunocompromised	  	  

paediatric	  paKents.	  J.	  AnKmicrob.	  Chemother.2012;	  67:2717–	  2724.	  

Results	  

•  No	  consistent	  correlaKons	  between	  trough	  
concentraKons	  and	  response	  or	  adverse	  effects	  

•  Threshold	  value	  of	  5.5	  mg/L	  was	  not	  found	  to	  be	  
discriminaKve	  for	  increases	  in	  hepaKc	  funcKon	  
parameters	  

	  
	  

Pieper	  et	  al.	  Monitoring	  of	  voriconazole	  plasma	  concentraKons	  in	  immunocompromised	  	  
paediatric	  paKents.	  J.	  AnKmicrob.	  Chemother.2012;	  67:2717–	  2724.	  

Conclusions	  

•  “Variability	  was	  high	  and	  no	  predictable	  dose-‐
concentraKon	  –	  effect	  relaKonships	  were	  observed”	  

•  “Nevertheless,	  based	  on	  a	  comprehensive	  
pharmacokineKc	  and	  pharmacodynamic	  analysis	  that	  
also	  included	  pediatric	  paKents,	  we	  strongly	  
advocate	  TDM	  of	  voriconazole	  in	  pediatric	  paKents	  
with	  life-‐threatening	  IFIs”	  

Pieper	  et	  al.	  Monitoring	  of	  voriconazole	  plasma	  concentraKons	  in	  immunocompromised	  	  
paediatric	  paKents.	  J.	  AnKmicrob.	  Chemother.2012;	  67:2717–	  2724.	  

LimitaKons	  
•  Not	  R,	  DB	  	  
•  No	  comparison	  trough	  range	  
•  RetrospecKve	  
•  ObservaKonal	  
•  Assay	  specificity	  and	  linearity	  not	  described	  
•  CYP	  2C19	  genotype	  not	  specified	  	  
•  Drug	  and	  food	  interacKons	  not	  addressed	  
•  Dose	  modificaKons	  for	  sub	  or	  supra	  therapeuKc	  levels	  and	  staKsKcal	  

analysis	  not	  provided	  
•  Voriconazole	  was	  combined	  with	  other	  systemic	  anKfungal	  agents	  in	  6	  of	  

20	  courses	  for	  therapy	  of	  fungal	  infecKons	  
•  Final	  conclusion	  recommending	  TDM	  based	  on	  another,	  primarily	  adult,	  

trial	  
•  Do	  not	  specify	  number	  of	  children	  by	  age	  
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Clinical	  QuesKon	  
P	   Pediatric	  paKents	  receiving	  voriconazole	  
I	   TherapeuKc	  drug	  monitoring	  (trough	  1-‐6	  mg/L)	  
C	   No	  therapeuKc	  drug	  monitoring	  or	  an	  alternate	  therapeuKc	  

range	  
O	   Efficacy:	  

•  InfecKon	  prevenKon	  
•  InfecKon	  resoluKon	  
•  Mortality	  reducKon	  
	  

	  Safety:	  
•  Dermatological	  	  

•  PhotosensiKvity/rash	  
•  GastrointesKnal	  

•  HepaKc	  impairment/nausea/vomiKng	  
•  Neurologic	  	  

•  Irritability/dizziness	  
•  Renal	  impairment	  
•  Visual	  	  

•  HallucinaKons	  
•  DisconKnuaKon	  due	  to	  AE	  

Overall	  Efficacy	  
•  Soler-‐Palacin	  et	  al.	  2012:	  	  
–  Trough	  concentra3ons	  >1	  	  mg/L	  showed	  a	  staKsKcally	  
significant	  rela3onship	  with	  early	  outcome	  at	  4-‐6	  weeks	  

•  Neely	  et	  al.	  2010:	  
– Mortality:	  Each	  trough	  <1	  mg/L	  was	  associated	  with:	  
•  A	  2.6-‐fold	  increased	  odds	  of	  death	  (95%	  CI:	  1.6–4.8;	  p	  .
002)	  

•  Pieper	  et	  al.	  2012:	  
–  No	  consistent	  correlaKons	  between	  trough	  concentraKons	  
and	  response	  or	  mortality	  

Overall	  Safety	  
•  Soler-‐Palacin	  et	  al.	  2012:	  	  
–  Trough	  concentra3ons	  >5.5	  mg/L	  demonstrated	  a	  
staKsKcally	  significant	  relaKonship	  with	  neurological	  and	  
skin	  side	  effects	  	  

•  Neely	  et	  al.	  2010:	  	  
–  Risk	  of	  hepatotoxicity	  was	  not	  significantly	  associated	  with	  
voriconazole	  concentraKons	  

•  Pieper	  et	  al.	  2012:	  
–  No	  consistent	  correlaKons	  between	  trough	  concentraKons	  
and	  adverse	  effects	  

–  Troughs	  >5.5	  mg/L	  were	  not	  found	  to	  increase	  hepa3c	  
func3on	  parameters	  

	  

Summary	  

•  There	  does	  not	  appear	  to	  be	  a	  clear	  
relaKonship	  between	  drug	  concentraKon	  and	  
drug	  response	  

•  Further	  research	  is	  required	  to	  determine	  the	  
opKmal	  role	  for	  voriconazole	  TDM	  

•  I	  would	  not	  rouKnely	  monitor	  voriconazole	  
trough	  levels	  
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Voriconazole	  Dosing	  
•  C	  and	  W	  Pediatric	  Drug	  Dosage	  Guidelines	  6th	  ed:	  

–  IV:	  
•  LD:	  6	  mg/kg	  IV	  q12h	  X	  2	  doses	  
•  Maintenance:	  4	  mg/kg/dose	  IV	  q12h	  	  

–  Reduce	  to	  3	  mg/kg/dose	  if	  paKent	  is	  unable	  to	  tolerate	  
–  PO:	  </=	  12	  yo	  

•  LD:	  10	  mg/kg/dose	  po	  q12h	  X	  2	  doses	  
•  Maintenance:	  100	  mg/dose	  po	  q12h	  

–  PO:	  >12	  yo	  
•  </=	  40	  kg:	  LD:	  200	  mg/dose	  po	  q12h	  X	  2	  doses,	  Maintenance:	  100	  
mg/dose	  po	  q12h	  

•  >	  40kg:	  LD:	  400	  mg/dose	  po	  q12h	  X	  2	  doses,	  Maintenance:	  200	  
mg/dose	  po	  q12h	  


