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INTRODUCTION

ABSTRACT

Background: Antifungal prophylaxis (AFP) reduces the incidence of invasive fungal
infections (IFls) during induction therapy of acute myeloid leukemia (AML). Posaconazole
is considered the standard of care. Voriconazole, a generic cheaper alternative is a
newer generation azole with broad anti-fungal activity. There is limited data on the
use of voriconazole as a prophylactic drug. Materials and Methods: A single-center,
prospective study was performed during which patients with AML undergoing induction
chemotherapy received voriconazole as AFP (April 2012 to February 2014). Outcomes
were compared with historical patients who received fluconazole as AFP (January
2011-March 2012, n = 66). Results: Seventy-five patients with AML (median age:
17 years [range: 1-75]; male:female 1.6:1) received voriconazole as AFP. The incidence
of proven/probable/possible (ppp) IFI was 6.6% (5/75). Voriconazole and fluconazole
cohorts were well-matched with respect to baseline characteristics. Voriconazole (when
compared to fluconazole) reduced the incidence of ppplFl (5/75, 6.6% vs. 19/66,
29%; P < 0.001), need to start therapeutic (empiric + ppplFl) antifungals (26/75,
34% vs. 51/66, 48%; P < 0.001) and delayed the start of therapeutic antifungals in
those who needed it (day 16 vs. day 10; P < 0.001). Mortality due to IFl was also
reduced with the use of voriconazole (1/75, 1.3% vs. 6/66, 9%; P = 0.0507), but
this was not significant. Three patients discontinued voriconazole due to side-effects.
Conclusion: Voriconazole is an effective and safe oral agent for IFl prophylaxis during
induction therapy of AML. Availability of generic equivalents makes this a more
economical alternative to posaconazole.
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fungal infection, voriconazole

fluconazole.>' In 2006, posaconazole was approved as
antifungal prophylactic agent during induction therapy

Invasive fungal infection (IFI) is a major cause of morbidity
and mortality during induction chemotherapy in patients
with acute myeloid leukemia (AML).!" Up to a quarter of
patients develop IFI during induction therapy of AML
with an associated mortality of 40% (candidiasis and
aspergillosis) to 70% (fusatiosis and zygomycosis).*”
One of the reasons for the high mortality could be the
difficulty in establishing the diagnosis and the consequent
delay in instituting definitive therapy.""'? Hence, it is the
standard practice to use prophylactic anti-fungal agents in
this setting.

One of the first agents used was fluconazole that
was effective and safe.®”"! But fluconazole lacked
activity against molds," which are a major cause of
IFI during therapy of AML.I") However, subsequent
studies with itraconazole and various formulations of
amphotericin B failed to demonstrate superiority vis a vis
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of AML.I'"I 'This approval was based on an international
randomized trial comparing posaconazole to fluconazole as
a prophylactic agent during the induction therapy of AML
where posaconazole demonstrated reduced occurrence
of IFI and reduced mortality associated with IFI in these
patients."” At present, most of the guidelines recommend
posaconazole as the agent of choice for prophylaxis during
induction therapy of AML.I"!

Despite the approval and subsequent availability of
posaconazole, there was limited use of posaconazole in
our hospital due to the high cost. As we had a very high
incidence, morbidity and mortality associated with IFI at
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our center with the use of fluconazole prophylaxis, an
effective alternative was needed. Voriconazole, another
new generation oral azole, with a wide spectrum of anti-
fungal activity (including Aspergillus sp.) was approved for
the treatment of IFI in patients with neutropenia.”*? At
our center, voriconazole was cheaper than posaconazole
(mainly due to the availability of generic equivalents). The
proven activity against the common agents causing IFI and
the economical pricing made voriconazole an attractive
proposition as a preventive agent. Beginning in 2011, we
started using voriconazole as the prophylactic agent for
all our patients with AML undergoing induction therapy.
We prospectively followed these patients to understand
the efficacy and safety of voriconazole as anti-fungal
prophylaxis (AFP) during induction chemotherapy of
AML. The results were compared with patients in the
previous years that received similar treatment but received
prophylaxis with fluconazole.

MATERIALS AND METHODS

This was a single center, prospective observational study
of patients with AML undergoing induction chemotherapy
and receiving voriconazole as AFP. All patients were treated
at the Department of Medical Oncology, Cancer Institute
(WIA), Adyar, Chennai between April 2012 and February
2014. The outcomes were compared with the historical
data of similar patients who received fluconazole as AFP.

Inclusion

All patients of AML (pediatric and adult) who had
undergone induction chemotherapy at our center during
the study period were included. Patients with a preexisting
diagnosis of proven/probable/possible (ppp) IFI (ptior
to starting induction treatment) or those with significant
renal or hepatic dysfunction, who were ineligible for
prophylactic voriconazole, were excluded from analysis.
Before enrollment, written informed consent was obtained
from each patient or the patient’s parent or legal guardian
for allowing collection of data from the patient. The study
protocol was approved by the Ethics Committee of the
Institution.

Anti-fungal prophylaxis and management of febrile
neutropenia

All patients started voriconazole on day 1 of induction
chemotherapy of AML. Voriconazole was taken by the
patient on an empty stomach (1 h before or 2 h after food).
The dose of voriconazole was 200 mg orally twice a day in
adults and 4 mg/kg/dose (rounded to nearest 50 mg) twice
a day in pediatric patients (maximum 200 mg BID). Drug
level monitoring was not performed in any of our patients.

When patients developed fever, cultures were obtained
and empiric antibacterial agents (first line treatment with
a combination of cefoperazone-sulbactam and amikacin,

second line with piperacillin-tazobactam and the third line
with meropenem; teicoplanin was added in patients with
suspected/proven Gram-positive infection ot hypotension)
were initiated. High-resolution computed tomography
scan (HRCT) of the thorax was done in patients with
chest symptoms or in those with unresponsive fever after
5-7 days of antibiotics.

Diagnosis and management of invasive fungal
infections

Whenever a diagnosis of ppplFI was made, voriconazole
was discontinued and therapeutic intravenous amphotericin
B deoxycholate (1 mg/kg) or intravenous caspofungin
(70 mg on day1 and 50 mg/day from day 2) was started. In
addition, empirical antifungal therapy (for unresponsive
fever after 5-7 days of appropriate antibiotics without
any evidence of ppplFl) was considered on a case-by-
case basis at the discretion of the attending or consultant
physician. Voriconazole was discontinued and changed to
other anti-fungal agent when there was grade 2 or more
side effects attributable to voriconazole. In all other
patients, voriconazole was continued until the absolute
neutrophil count was more than 1500 for 3 consecutive
days.

Historical cohort

Prior to initiating this study with voriconazole prophylaxis,
all patients undergoing induction therapy were treated with
fluconazole as the prophylactic agent at the dose of 6 mg/
kg/day, capped at 300 mg/day. The data of these patients
treated between January 2011 and March 2012 was obtained
retrospectively from the medical records.

End points and statistical analysis

The primary end point was the incidence of proven/
probable/ possible IFI duting the induction chemotherapy.”!
Secondary end points analyzed were: The need to start
empirical antifungal therapy, time to start antifungal
therapy, mortality due to IFI, mortality due to any reason,
and incidence of adverse events possibly or probably
related to voriconazole. Side effects were graded as per NCI
toxicity criteria version 3.0 whenever feasible.

The categorical end points were compared between patients
receiving voriconazole and fluconazole using the Fischer
exact test. Student’s #~test was used to compare the time-
dependent variables. All analysis was carried out using SPSS
software version 17 (SPSS Chicago, IL).

RESULTS

Ninety-one patients with AML started induction therapy
during the study period. Seventy-five of these started on
prophylactic voriconazole. Sixteen patients couldnot start
prophylactic voriconazole due to various reasons [Figure 1].
Among these, there were 12 patients who presented with
features of possible IFI at diagnosis and were initiated on

54 Indian Journal of Medical and Paediatric Oncology | Jan-Mar 2016 | Vol 37 | Issue 1



Shah, et al.: Prophylactic voriconazole during induction therapy of acute myeloid leukemia

Started Posaconazole
N=3

Possible IFl at diagnosis
N=12

Altered LFT, started AMB

Newly diagnosed
patients of AML
N=91
¥ . v
Started Voriconazole prophylaxis Unableto start on Voriconazole prophylaxis
N=75 N=16
y
Developed IFI >
N=5
Proven IFI Possible IFI R
N=2 N=3

N=1

Figure 1: Flow diagram showing all the patients of acute myeloid leukemia treated in the study period and their outcomes with respect to

development of invasive fungal infections

therapeutic anti-fungal and were not eligible for inclusion
in the prophylactic treatment.

The median age of the study population was 17 years (range
1-75 years) with a male:female ratio of 1.6:1 [Table 1]. Most
patients (87%) received daunorubicin + cytarabine-based
induction therapy.

Efficacy and toxicity of voriconazole

ppp fungal infection developed in 5/75 (6.6%) patients.
Two of these had proven IFI (blood culture isolated
candidiasis, one had Candida krusei, and one had Candida
labrata). Three others had possible IFI based on clinical and
radiological features [Figure 2 and Supplementary Table 1].

Twenty-one patients started empiric anti-fungal therapy.
Hence, a total of 26/75 (34%) patients started therapeutic
(empiric + ppplFI) antifungals. The mean time to start of
therapeutic antifungals was 16 days. The mortality due to
IFI was 1/75 while 7/75 patients died due to other causes
[Supplementary Table 2].

Voriconazole was associated with visual disturbances in
7/75 (9.3%) patients. Most of these patients described
transient blurring of vision, photophobia or photopsias.
Most of these symptoms were mild and transient and did
not require interruption. Three patients (4%) developed
visual hallucinations that necessitated discontinuation in
one patient. In the other two, symptoms gradually resolved
without specific interventions. Three patients developed
hepatotoxicity (elevation of bilirubin) - this was NCI
CTC version 3.0 Grade 3 in two patients and required
discontinuation. These patients were switched to prophylactic
amphotericin B. Hepatotoxicity in these two patients was
noted on day 2 and day 14 of therapy respectively. In both
these patients, liver functions reverted to normal within 3
days of stopping voriconazole. No other Grade 3/4 toxicity

- ]
Figure 2: Lung nodule showing with halo sign (a) and bilateral opacities
with cavitations (b)

Table 1: Baseline characteristics (n = 75)
of patients who received voriconazole
prophylaxis

Parameter n (%)
Age
Median (range) 17 (1-75)
Age <15 years 34 (45)
Male sex 46 (61)
Risk group
Good 22 (29)
Intermediate 23(30)
Poor 18 (24)
Unknown 12 (17)
Chemotherapy received
Daunorubicin + cytarabine 68 (91)
ATRA + daunorubicin 5 (6)
Decitabine 2(3)

ATRA - All-trans retinoic acid

attributable to voriconazole was noted. In total, three patients
discontinued voriconazole due to side effects.

Historical data of patients using fluconazole
as anti-fungal prophylaxis

Sixty-six patients with AML took treatment at our institute
between January 2011 and March 2012 and received
fluconazole as prophylaxis. Age, sex, risk groups, and
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Supplementary Table 1: Characteristics of
patients who developed invasive fungal
infection (n = 5) while on voriconazole
prophylaxis

Age/sex Diagnosis Dayof  Antifungal Outcome
induction  switched to

36/male Possible® Day 14 Caspofungin Recovered

41/female  Proven? Day 12 Caspofungin Expired

18/male Possible® Day 16 AmphotericinB  Recovered

5/male Possible® Day 13 Amphotericin B Recovered

17/male Proven?® Day 15 AmphotericinB  Recovered

*Blood culture grew Candida spp.; *Based on clinical and radiological features

Supplementary Table 2: Characteristics
of patients who expired (n = 8)

Age Use of antifungal therapy Dayof Cause of death

death
14 Empirical amphotericin B Day19 MSSA sepsis
51 Empirical caspofungin Day18 MDR Enterococci sepsis
53 Empirical caspofungin Day14 MDR Klebsiella sepsis
41 Therapeutic caspofungin Dayis Candida glabrata sepsis
34 Empirical caspofungin Dayi14 MDR E. colisepsis
55 Not used Day 15  E. colisepsis
39 Not used Day14 MRSA sepsis
75 Not used Day1o Sudden cardiac death

MSSA — Methicillin-sensitive staphylococcus aureus; MDR — Multidrug-resistant;
MRSA — Methicillin resistance staphylococcus aureus; E. coli — Escherichia coli

treatment protocols were comparable to the cohort
of patients treated with voriconazole [Supplementary
Table 3]. Nineteen out of 66 patients (29%) developed
ppplFI (3 proven, 16 possible). Of these, six patients
died due to IFI and total 10 patients died due to other
causes. In addition, 32 patients (48%) needed empiric anti-
fungal treatment. Hence, 51/66 (77%) needed to start on
therapeutic (empric+ppplF]) antifungals. Mean time to
start of antifungals was 10 days.

On comparing the outcomes between patients receiving
voriconazole and fluconazole, it was found that patients
treated with voriconazole had a significantly lesser incidence
of ppplIFI and lesser need for empiric anti-fungal treatment
and also had a much longer time to initiate therapeutic
antifungal drugs [Table 2].

DISCUSSION

This is one of the few studies prospectively evaluating
the efficacy of voriconazole as AFP during induction
therapy of AML. Voriconazole was a well-tolerated and
extremely effective as a prophylactic agent and reduced
the incidence of IFI to 6.6% (from 25% in an earlier
cohort who received fluconazole). The incidence of
ppplFI was only 6.6%. In addition, voriconazole also
reduced the number of deaths due to IFI, need of
empirical antifungal treatment and delayed the start of
anti-fungal treatment.

Supplementary Table 3: Comparison of
baseline variables between patients receiving
fluconazole and voriconazole

Parameter Voriconazole  Fluconazole P
(n =75) (%) (n=66) (%)
Age
Median (range) 17 (1-75) 19 (2-60) 0.678°
Age <15 years 34 (45) 29 (43) 0.86°
Male sex 46 (61) 43 (65)
Risk group (37)
Good 22 (29) 17 (26) 0.96°
Intermediate 23 (30) 22 (34)
Poor 18 (24) 17 (26)
Unknown 12 (17) 10 (16)
Chemotherapy received
Daunorubicin + cytarabine 68 (91) 61(92) 0.86°
ATRA+ daunorubicin 5(6) 5(8)
Decitabine 2(3) —

2Student’s t-test; ®Chi-square test; ATRA — All trans retinoic acid

Table 2: Comparison of voriconazole and
fluconazole as antifungal prophylaxis agents
during induction therapy of acute myeloid
leukemia

Endpoint Fluconazole Voriconazole P
(n=66) (%) (n=75) (%)

Incidence of IFI 19 (29) 5(6.6) <0.001°
Mortality due to IFI 6/66 (9) 1/75(1.3)  0.0507°
Mortality due to any cause 10/66 (15) 8/75(10.6)  0.458°
Need for empirical antifungal 32(48) 21 (28) 0.015°
treatment

Mean day of start of therapeutic 10 16 <0.001°
antifungal

Need to stop due to adverse events o) 3 0.247°

*Fischer exact test; "Student’s t-test. IFl - Invasive fungal infection

Three other studies [Table 3] have reported on the use
of voriconazole as an antifungal prophylactic agent.l*>*"!
The incidence of IFI ranged from 0% to 4% in these
studies. We saw an incidence of 6.6% in our patients
which is comparable to that reported by Mandhaniya
¢t all* and Chabrol ez a/* but higher than that reported
by Vehreschild ez a/. However the study by Vehreschild
et al” had very small number of patients which limits
interpretation. On comparing secondary end points,
the need for empirical antifungal treatment was 28%
in our study that was 17% and 22% in studies by
Chabrol ef a/. and Mandhaniya e# a/. respectively, which
is comparable.**

The incidence of IFI with voriconazole among our
patients appears to be slightly higher than the remarkable
2% reported by Cornely e al. in the registration trial of
posaconazole." However, cross-trial compatisons can be
fallacious because of the variability in end points and the
variable settings in which they are performed. Cornely
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Table 3: Comparison of studies using
voriconazole as antifungal prophylaxis during
induction therapy of acute leukemia

Study n  Diagnosis Incidence Death Empiric
of IF1 (%) dueto treatment
IFI1 (%) (%)
Chabrol et al.2® 257 AMLandALL 4.0 4.0 17
Vehreschild et al.?” 25 AML 0 o NA
Mandhaniya et al.*) 100 AMLandALL 4 2 22
Current study 75 AML 6.6 1.3 28

IF1 - Invasive fungal infection; AML — Acute myeloid leukemia; ALL — Acute
lymphoid leukemia; NA — Not available

et al. considered only “proven” and “probable” cases as
IFI, whereas in our study proven, “possible” cases were
also included. Moreover, the study by Cornely ¢z al. was
conducted in a Western environment with a temperate
weather where the incidence of IFI could be much lesser
compared to the tropical conditions in India.?**! In fact,
the incidence of IFI in the study by Cornely e a/. in the
control arm using fluconazole was only 6% (compared to
25% with the use of fluconazole at our center).

An important concern with voriconazole was its potential
for toxicity and drug interactions. However, most of
the medicines used during AML therapy (including
many antibacterials) don’t have clinically significant
interactions with voriconazole, and this is well-established
as a therapeutic agent in these patients. We found that
voriconazole was very well-tolerated, and most of the
side effects were mild and as expected from earlier
reports.’? Drug-related setious adverse events leading
to discontinuation of voriconazole prophylaxis was 4% in
our study while in the study by Mandhaniya ez a/. it was 2%
and 14% in the study by Chabrol e# a/**%! Setious adverse
events possibly or probably related to posaconazole have
been reported in up to 6% of patients.!"

CONCLUSION

Our patients did not have access to serological tests
that could have led to underdiagnosis of “probable”
IFI. Furthermore, HRCT scans at baseline were
performed routinely in the voriconazole cohort while
they were performed only in the symptomatic patients
in the historical controls. This may have led to these
patients receiving AFP rather than therapy. However,
we had a proactive approach to performing diagnostic
high-resolution computed tomography scans of the chest
and nasal sinuses to enable eatly diagnosis of fungal
infections. We did not monitor voriconazole drug level
that is recommended by some authors.”*! Though the
comparator cohort receiving fluconazole was historical,
both groups were comparable and received similar
treatment and supportive care medicines, making the
comparisons relevant. This is one of the few studies to

clearly show the efficacy and safety of voriconazole as a
prophylactic agent during AML therapy and cleatly shows
its superiority versus fluconazole. Only a randomized trial
can answer the question of whether it can be equivalent to
posaconazole. However, in a resource-constrained setting
with a high incidence of IFI, generic voriconazole affords
an effective and cheaper alternative.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Leventakos K, Lewis RE, Kontoyiannis DP. Fungal infections
in leukemia patients: How do we prevent and treat them?
Clin Infect Dis 2010;50:405-15.

2. Viscoli C, Girmenia C, Marinus A, Collette L, Martino P,
Vandercam B, et al. Candidemia in cancer patients: A
prospective, multicenter surveillance study by the Invasive
fungal infection group (IFIG) of the European organization for
research and treatment of cancer (EORTC). Clin Infect Dis
1999;28:1071-9.

3. Lin SJ, Schranz J, Teutsch SM. Aspergillosis case-fatality
rate: Systematic review of the literature. Clin Infect Dis
2001;32:358-66.

4. Boutati El, Anaissie EJ. Fusarium, a significant emerging
pathogen in patients with hematologic malignancy: Ten
years’ experience at a cancer center and implications for
management. Blood 1997;90:999-1008.

5. Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA,
Sarkisova TA, Schaufele RL, et al. Epidemiology and outcome
of zygomycosis: A review of 929 reported cases. Clin Infect
Dis 2005;41:634-53.

6. Denning DW, Marinus A, Cohen J, Spence D, Herbrecht R,
Pagano L, et a/. An EORTC multicentre prospective survey of
invasive aspergillosis in haematological patients: Diagnosis
and therapeutic outcome. EORTC invasive fungal infections
cooperative group. J Infect 1998;37:173-80.

7. Bow EJ, Loewen R, Cheang MS, Schacter B. Invasive fungal
disease in adults undergoing remission-induction therapy
for acute myeloid leukemia: The pathogenetic role of the
antileukemic regimen. Clin Infect Dis 1995;21:361-9.

8. Rotstein C, Bow EJ, Laverdiere M, loannou S, Carr D,
Moghaddam N. Randomized placebo-controlled trial of
fluconazole prophylaxis for neutropenic cancer patients:
Benefit based on purpose and intensity of cytotoxic therapy.
The Canadian fluconazole prophylaxis study group. Clin
Infect Dis 1999;28:331-40.

9. Winston DJ, Chandrasekar PH, Lazarus HM, Goodman JL,
Silber JL, Horowitz H, et al. Fluconazole prophylaxis of
fungal infections in patients with acute leukemia. Results of
a randomized placebo-controlled, double-blind, multicenter
trial. Ann Intern Med 1993;118:495-503.

10. Prentice HG, Kibbler CC, Prentice AG. Towards a targeted,
risk-based, antifungal strategy in neutropenic patients. Br J
Haematol 2000;110:273-84.

11. von Eiff M, Roos N, Schulten R, Hesse M, Zlhilsdorf M, van
de Loo J. Pulmonary aspergillosis: Early diagnosis improves
survival. Respiration 1995;62:341-7.

12. Hope WW, Walsh TJ, Denning DW. Laboratory diagnosis of
invasive aspergillosis. Lancet Infect Dis 2005;5:609-22.

13. Menichetti F, Del Favero A, Martino P, Bucaneve G, Micozzi A,
D’Antonio D, et al. Preventing fungal infection in neutropenic
patients with acute leukemia: Fluconazole compared with
oral amphotericin B. Ann Intern Med 1994;120:913-8.

Indian Journal of Medical and Paediatric Oncology | Jan-Mar 2016 | Vol 37 | Issue 1 57



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Shah, et al.: Prophylactic voriconazole during induction therapy of acute myeloid leukemia

Perea S, Patterson TF. Antifungal resistance in pathogenic
fungi. Clin Infect Dis 2002;35:1073-80.

Gomes MZ, Mulanovich VE, Jiang Y, Lewis RE, Kontoyiannis DP.
Incidence density of invasive fungal infections during primary
antifungal prophylaxis in newly diagnosed acute myeloid
leukemia patients in a tertiary cancer center, 2009 to 2011.
Antimicrob Agents Chemother 2014;58:865-73.

Vardakas KZ, Michalopoulos A, Falagas ME. Fluconazole
versus itraconazole for antifungal prophylaxis in neutropenic
patients with haematological malignancies: A meta-
analysis of randomised-controlled trials. Br J Haematol
2005;131:22-8.

Noxafil (Posaconazole) FDA Approval History - Drugs.com.
Available from: http://www.drugs.com/history/noxafil.html.
[Last cited 2014 Apr 24].

Cornely OA, Maertens J, Winston DJ, Perfect J, Ullmann AJ,
Walsh TJ, et al. Posaconazole vs. fluconazole or itraconazole
prophylaxis in patients with neutropenia. N Engl J Med
2007;356:348-59.

Baden LR, Bensinger W, Angarone M, Casper C, Dubberke ER,
Freifeld AG, et al. Prevention and treatment of cancer-related
infections. J Natl Compr Canc Netw 2012;10:1412-45.
Pagano L, Caira M, Candoni A, Aversa F, Castagnola C,
Caramatti C, et al. Evaluation of the practice of antifungal
prophylaxis use in patients with newly diagnosed acute
myeloid leukemia: Results from the SEIFEM 2010-B registry.
Clin Infect Dis 2012;55:1515-21.

Herbrecht R, Denning DW, Patterson TF, Bennett JE,
Greene RE, Oestmann JW, et al. Voriconazole versus
amphotericin B for primary therapy of invasive aspergillosis.
N Engl J Med 2002;347:408-15.

FDA Approves Antifungal Medicine Vfend — Drugs.com
MedNews. Available from: http://www.drugs.com/news/fda-
approves-antifungal-medicine-vfend-3041.html. [Last cited
on 2014 Apr 24].

De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE,
Calandra T, et al. Revised definitions of invasive fungal
disease from the 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) Consensus
Group. Clin Infect Dis 2008;46:1813-21.

Common Terminology Criteria for Adverse Events
v3.0. Available from: http://www.ctep.cancer.gov/
protocolDevelopment/electronic_applications/docs/ctcaev3.
pdf. [Last cited on 2015 Sep 10].

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mandhaniya S, Swaroop C, Thulkar S, Vishnubhatla S,
Kabra SK, Xess I, et al. Oral voriconazole versus intravenous
low dose amphotericin B for primary antifungal prophylaxis in
pediatric acute leukemiainduction: A prospective, randomized,
clinical study. J Pediatr Hematol Oncol 2011;33:e333-41.
Chabrol A, Cuzin L, Huguet F, Alvarez M, Verdeil X, Linas MD,
et al. Prophylaxis of invasive aspergillosis with voriconazole
or caspofungin during building work in patients with acute
leukemia. Haematologica 2010;95:996-1003.

Vehreschild JJ, Boéhme A, Buchheidt D, Arenz D,
Harnischmacher U, Heussel CP, et al. A double-blind trial on
prophylactic voriconazole (VRC) or placebo during induction
chemotherapy for acute myelogenous leukaemia (AML).
J Infect 2007;55:445-9.

Gandham NR, Jadhav SV, Sardar M, Vyawahare C, Misra RR.
The spectrum and aetiology of mycotic infections from a
tertiary care hospital from Western part of India. J Clin Diagn
Res 2013;7:2157-9.

Chakrabarti A, Chatterjee SS, Shivaprakash MR. Overview of
opportunistic fungal infections in India. Nihon Ishinkin Gakkai
Zasshi 2008;49:165-72.

Zonios DI, Gea-Banacloche J, Childs R, Bennett JE.
Hallucinations during voriconazole therapy. Clin Infect Dis
2008;47:e7-10.

Pascual A, Calandra T, Bolay S, Buclin T, Bille J, Marchetti O.
Voriconazole therapeutic drug monitoring in patients with
invasive mycoses improves efficacy and safety outcomes.
Clin Infect Dis 2008;46:201-11.

Tan K, Brayshaw N, Tomaszewski K, Troke P, Wood N.
Investigation of the potential relationships between plasma
voriconazole concentrations and visual adverse events or liver
function test abnormalities. J Clin Pharmacol 2006; 46:235-43.
Denning DW, Ribaud P, Milpied N, Caillot D, Herbrecht R,
Thiel E, et al. Efficacy and safety of voriconazole in the
treatment of acute invasive aspergillosis. Clin Infect Dis
2002;34:563-71.

Siopi M, Mavridou E, Mouton JW, Verweij PE, Zerva L,
Meletiadis J. Susceptibility breakpoints and target values for
therapeutic drug monitoring of voriconazole and Aspergillus
fumigatus in an in vitro pharmacokinetic/pharmacodynamic
model. J Antimicrob Chemother 2014;69:1611-9.

Owusu Obeng A, Egelund EF, Alsultan A, Peloquin CA,
Johnson JA. CYP2C19 polymorphisms and therapeutic
drug monitoring of voriconazole: Are we ready for clinical
implementation of pharmacogenomics? Pharmacotherapy
2014;34:703-18.

Staying in touch with the journal

1)

2)

Table of Contents (TOC) email alert

Receive an email alert containing the TOC when a new complete issue of the journal is made available online. To register for TOC alerts go to

www.ijmpo.org/signup.asp.

RSS feeds

Really Simple Syndication (RSS) helps you to get alerts on new publication right on your desktop without going to the journal’s website.
You need a software (e.g. RSSReader, Feed Demon, FeedReader, My Yahoo!, NewsGator and NewzCrawler) to get advantage of this tool.
RSS feeds can also be read through FireFox or Microsoft Outlook 2007. Once any of these small (and mostly free) software is installed, add

www.ijmpo.org/rssfeed.asp as one of the feeds.

58

Indian Journal of Medical and Paediatric Oncology | Jan-Mar 2016 | Vol 37 | Issue 1



