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ABSTRACT

Objectives: Novel formulations (gastro-resistant tablet and intravenous solution) of posaconazole (POS)
have been approved in prophylaxis and therapy of invasive fungal diseases (IFDs). Study aim was to
analyze treatment strategies and clinical effectiveness.
Methods: We set up a web-based registry on www.ClinicalSurveys.net for documentation of
comprehensive data of patients who received novel POS formulations. Data analysis was split into
two groups of patients who received novel POS formulations for antifungal prophylaxis (posaconazole
prophylaxis group) and antifungal therapy (posaconazole therapy group), respectively.
Results: Overall, 180 patients (151 in the posaconazole prophylaxis group and 29 in the posaconazole
therapy group) from six German tertiary care centers and hospitalized between 05/2014 - 03/2016 were
observed. Median age was 58 years (range: 19 - 77 years) and the most common risk factor for IFD was
chemotherapy (n=136; 76%). In the posaconazole prophylaxis group and posaconazole therapy group,
median POS serum levels at steady-state were 1,068 pg/L (IQR 573-1,498 ng/L) and 904 p.g/L (IQR 728-
1,550 wg/L), respectively (P=0.776). During antifungal prophylaxis with POS, nine (6%) probable/proven
fungal breakthroughs were reported and overall survival rate of hospitalization was 86%. The median
overall duration of POS therapy was 18 days (IQR: 7 - 23 days). Fourteen patients (48%) had progressive
IFD under POS therapy, of these five patients (36%) died related to or likely related to IFD.
Conclusions: Our study demonstrates clinical effectiveness of antifungal prophylaxis with novel POS
formulations. In patients treated for possible/probable/proven IFD, we observed considerable mortality
in patients receiving salvage treatment and with infections due to rare fungal species.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

trials demonstrated efficacy of posaconazole oral solution com-
pared to fluconazole or itraconazole in patients with hematologic

Posaconazole, a triazole broad-spectrum antifungal agent with
activity against many pathogenic fungi, was primarily approved as
prophylaxis against invasive fungal diseases (IFDs) in 2005. Clinical
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malignancies during neutropenia following chemotherapy or in
patients with immunosuppressive treatment of GVHD after receipt
of an allogeneic stem-cell transplantation (Cornely et al., 2007;
Ullmann et al., 2007). Given the acceptable tolerability and toxicity
profile of the drug and an increasing incidence of IFDs (Lass-Florl,
2009), systemic antifungal prophylaxis (SAP) with posaconazole
has become a widely used standard to prevent IFDs, which remain
associated with high morbidity and mortality rates in hematologic
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patients (Herbrecht et al., 2012; Neofytos et al., 2009). While SAP
with posaconazole adds to the economical burden of prescribing
hospitals, management of IFDs is associated with substantial costs
(Heimann et al., 2015a; Menzin et al., 2009; Rieger et al., 2012), and
recent studies have demonstrated effectiveness regarding clinical
outcomes and costs of prophylactic posaconazole (Heimann et al.,
2014; Heimann et al., 2015b).

Initially, only posaconazole oral solution became available,
which shows a bioavailability limited by gastric pH and intake of
high-fat meals (Krishna et al., 2009). Low and very low steady-state
serum levels were reported (Dolton et al., 2012). Several recent
studies suggest superior pharmacokinetics and a similar safety
profile of novel posaconazole formulations (tablet and intravenous
solution) (Duarte et al., 2014; Krishna et al., 2012a; Krishna et al.,
2012b; Maertens et al., 2014). A first multicenter observational
study analyzing 61 hematological patients receiving posaconazole
intravenous solution for antifungal prophylaxis and therapy
demonstrated clinical efficacy with stable posaconazole serum
levels of >1,000 p.g/L, without any breakthrough IFDs (Jeong et al.,
2016). Other studies, including one phase III interventional trial,
analyzed the use of posaconazole tablet for antifungal prophylaxis
with comparable results attaining target posaconazole serum
levels while maintaining a favorable safety and tolerability profile
(Cornely et al., 2016; Pham et al., 2016).

We hypothesized that the new formulations would allow safe
and stable administration of posaconazole to severely ill patients,
improving effectiveness and extending the use to patients who
need intensive care or high-dosed treatment for established
infections. A retrospective, multicenter study of high-risk patients
treated in German tertiary care hospitals was performed to analyze
treatment indication, administration route, risk factors, adverse
drug reactions, serum concentrations, effectiveness, and outcome
of novel posaconazole tablet and intravenous solution in different
strategies.

Patients & methods
Study design

The study at hand is a retrospective, non-interventional, web-
based, multicenter study conducted in German tertiary care
hospitals and was planned and carried out by the academic
authors of the University Hospital of Cologne (UHC). For study
conduction, we used the ClinicalSurveys.net online-platform,
which was set up in cooperation with the Globalpark AG, Hiirth,
Germany (now QuestBack GmbH, Cologne, Germany).

Patients and definitions

Female and male patients, 18 years of age or older, with a
hematological or oncological underlying disease and who received
posaconazole tablet and/or intravenous solution for primary
prophylaxis or therapy of IFDs for >3 days during an inpatient
stay between 05/2014 - 03/2016 were included into our study.
Patients still on posaconazole at time of study start were excluded
and patient follow-up was performed until hospital discharge of
the initial inpatient stay during which novel posaconazole
formulations were administered. Posaconazole related adverse
reactions were assessed in the opinion of the participating
investigator, whereby relatedness to posaconazole administration
was defined and eligible as proven, probable, possible, unlikely,
and not assessable. Assessment of successful antifungal prophy-
laxis with novel posaconazole formulations was rated based on
evidence of possible, probable, and proven IFD (De Pauw et al.,
2008). Further assessment of success or failure of antifungal
therapy with novel posaconazole formulations were rated by the

participating investigators in adherence to the EORTC/MSG criteria
by Segal et al. (Segal et al., 2008). Posaconazole steady-state Cyyn
serum levels >700 wg/L for antifungal prophylaxis and >1,000 p.g/
L for antifungal therapy were defined as target values (Chau et al.,
2014; Lewis et al., 2015).

Data documentation

Documentation of data into electronic case report forms was
performed by using the epidemiological research platform www.
ClinicalSurveys.net. This platform enables an up-to-date, secure,
and fast data entry platform in adherence to good epidemiological
practice guidelines. Physicians and academic researchers of the
Infectious Disease Working Party of the German Society of
Hematology and Medical Oncology (AGIHO/DGHO) were invited
to provide retrospective clinical data on patients who received
novel posaconazole formulations. Based on inpatient chart-review,
the following data items were anonymously documented by the
participating investigators after the patient completed treatment:
demographics, underlying disease, treatment indication, risk
factors for IFD, full antifungal regimen, concurrent medication
(interacting drugs), treatment course (e.g. microbiological results,
clinical findings, laboratory parameters), duration of inpatient stay
(general ward, bone marrow transplant ward, intensive care unit
(ICU)), adverse events attributed to posaconazole assessed by the
investigator, treatment outcome (e.g. response, failure, break-
through IFD, treatment switch), overall outcome (alive, death,
reason for death), resistance test results of breakthrough IFD, if
diagnosed, classification of IFD, and serum levels of novel
posaconazole formulations (multiple levels, measured up to seven
times during the inpatient stay, were possible to be documented).
Central data monitoring and plausibility checking, subsequent to
documentation, was performed by the academic authors of the
UHC.

Statistical analysis

All completely documented cases were included into the
statistical analysis, which was performed using IBM SPSS Statistics
software version 23 (IBM Corp., Armonk, NY, USA). Our data
analysis was split into two groups of patients who received novel
posaconazole formulations for antifungal prophylaxis (posacona-
zole prophylaxis group) or antifungal therapy (posaconazole
therapy group), respectively. With respect to analysis of posaco-
nazole serum levels at steady-state, we additionally analyzed
subgroups of patients received posaconazole tablets and intrave-
nous solution for antifungal prophylaxis and therapy, respectively.
Furthermore, steady-state levels for patients who received novel
posaconazole formulations for therapy and who were treated on
ICU for at least 72h were analyzed separately. For descriptive
purposes, median and interquartile range (IQR) as well as mean
and standard deviation (SD) were used. Data were tested for
normal distribution by using Kolmogorov-Smirnov test. Student’s
t-test and Mann-Whitney U-test were applied to test significance
of normally and non-normally distributed data between patients
who received novel posaconazole formulations as prophylaxis or
therapy, respectively. A P value <0.05 was considered statistically
significant. The observed timeframe for all statistical analyses was
from day of hospital admission until discharge or patients’ death.

Ethical consideration

The local ethics committee approved the study prior to
invitation of other centers to participate and beginning of data
documentation (ID approval: 16-071; Ethics Commission of
Cologne University's Faculty of Medicine, University of Cologne,
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Cologne, Germany). Additionally, according to §67 (6) of German
drug law, our study was registered at competent authorities and
organizations of the German healthcare insurances (National
Association of Statutory Health Insurance “GKV-Spitzenverband”,
National Association for Statutory Health Insurance Physicians
“Kassendrztliche Bundesvereinigung”, Association of German
private healthcare insurers “Verband der Privaten Krankenversi-
cherung e.V.”), as well as the Federal Institute for Drugs and
Medical Devices (“BfArM”).

Results

Within the observed timeframe from 05/2014-03/2016, 185
patients from six participating German tertiary care centers
(university hospitals of Berlin Charité, Cologne, Frankfurt/Main,
Heidelberg, Jena, and Wiirzburg) were documented in our registry.
Five patients were excluded due to incomplete documentation
and/or non-fulfillment/fulfillment of in-/exclusion criteria. Out of
the remaining 180 patients, 151 (84%) and 29 (16%) patients were
included into the posaconazole prophylaxis group and posacona-
zole therapy group, respectively. Most patients had an acute
myeloid leukemia (n=111; 62%) as primary underlying disease.
Chemotherapy (n=136; 76%), neutropenia defined as a neutrophil
count <500/l (n=133; 74%), and treatment with immunosup-
pressants (n=108; 60%) and/or corticosteroids (n=91; 51%) were
the most important risk factors for IFD. A detailed overview of
further patient characteristics is presented in Table 1.

Patients included in the posaconazole prophylaxis group were
regularly treated with a dose of 300 mg posaconazole per day, as
recommended by current guidelines of the Infectious Diseases
Working Party of the German Society for Haematology and
Oncology (AGIHO/DGHO) (Mellinghoff et al., 2018). Twenty-two
out of 151 patients (15%) received a loading dose of 600 mg/day.

However, participating investigators reported nine (6%; 95% CI:
3.0%-11.1%) cases of breakthrough IFD during posaconazole
prophylaxis. In the posaconazole therapy group, most patients
received posaconazole tablet and/or intravenous formulation as
first line therapy (n=17). Further 12 patients were treated with
novel posaconazole formulations for salvage therapy, following
first line treatment failure of liposomal amphotericin B (n=8),
voriconazole (n=2), amphotericin B (n=1), and liposomal
amphotericin B/caspofungin (n=1). Five patients were treated
with liposomal amphotericin B concomitant to posaconazole
therapy. All patients were treated with a therapeutic dose of
posaconazole of 300mg per day, whereby six patients (21%)
received a loading dose of 600 mg/day. In one patient, therapeutic
dose was changed from 300 mg to 600 mg posaconazole per day. As
presented in Table 2, increased liver function values was the most
common adverse drug reaction with at least possible relationship
to posaconazole treatment (n=4; 2%). Investigators rated antifun-
gal prophylaxis with novel posaconazole formulation as success in
132 out of 151 cases (87%). The success rate in the posaconazole
therapy group was 45% (13/29 patients). In the residual patients of
the posaconazole therapy group, failure was commonly attributed
to progression of mycosis.

Further subgroup analyses with respect to assessment of
posaconazole therapy showed success rates for treatment of
possible, probable, or proven IFD of 67% (6/9 patients), 29% (2/7
patients), and 38% (5/13 patients), respectively. Furthermore,
participating investigators rated posaconazole first line therapy in
53% (9/17 patients) and posaconazole salvage therapy in 33% (4/12
patients) as success. With respect to fungal pathogens identified
for therapy of IFD, the highest success rate was documented in
therapy of trichosporosis (1/1 patient; 100%) and mucormycosis
(4/7 patients; 57%), followed by aspergillosis (8/20 patients; 40%),
and fusariosis (0/1 patient; 0%).

Table 1
Patient characteristics (N =180).
Item Posaconazole prophylaxis group (n=151) Posaconazole therapy group (n=29)
Age (years); median (range) 58 (19-77) 56 (24-77)
Female gender; n (%) 65 (43) 11 (38)
Hematological underlying disease; n (%)
- ALL 17 (11) 4 (14)
- AML 103 (68) 8 (28)
- CLL 2(1) 1(3)
- CML 0 3(10)
- MDS 15 (10) 6 (21)
- Non-Hodgkin lymphoma 7 (5) 3(10)
- Other 7 (5) 4 (14)
Risk factor for IFD; n (%)
- Age >65 years 26 (17) 7 (24)
- Allogeneic stem cell transplantation 66 (44) 19 (66)
- Autologous stem cell transplantation 1(<1) 1(3)
- Chemotherapy 117 (78) 19 (66)
- Hemodialysis 3(2) 2(7)
- Mechanical ventilation 10 (7) 11 (38)
- Neutropenia 119 (79) 14 (48)
- Treatment on ICU 23 (15) 13 (45)
- Treatment with immunosuppressives 86 (57) 22 (76)
- Treatment with corticosteroids 70 (46) 21 (72)
Co-medication that potentially may interact with posaconazole treatment; n (%)
- Cyclosporin A 43 (29) 11 (38)
- H2 antagonists 41 (27) 7 (24)
- Midazolam 5(3) 3 (10)
- Mitoxantrone 5(3) 0
- Proton-pump inhibitors 67 (44) 25 (86)
- Sirolimus 6 (4) 3 (10)
- Statins 6 (4) 1(3)
- Tacrolimus 21 (14) 2(7)
- Other 5(3) 1(3)

ALL; acute lymphocytic leukemia, AML; acute myeloid leukemia, CLL; chronic lymphocytic leukemia, CML; chronic myeloid leukemia, ICU; intensive care unit, IFD; invasive

fungal disease, MDS; myelodysplastic syndrome.”
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Table 2

Administration route, success rates, adverse drug reactions, and outcome of patients received novel posaconazole formulations.

Item

Posaconazole prophylaxis group (n=151)

Posaconazole therapy group (n=29)

Posaconazole administration route; n (%)

- Patients received only posaconazole tablet 143 (95)
- Patients received only posaconazole iv 2 (1)
- Patients received posaconazole tablet and iv 6 (4)

Duration of posaconazole administration (days);
median (IQR)/mean (SD)

13 (45)
11 (38)
5 (17)

- Tablet 19 (13-26)/23 (20) 5 (0-15)/8 (9)

-iv 0 (0-0)/1 (6) 7 (0-18)/12 (17)
Breakthrough IFD?; n (%)

- Probable aspergillosis 6 (4) n.a

- Proven aspergillosis 2(1) n.a

- Proven fusariosis 1(<1) n.a
Indications for posaconazole therapy; n (%)

- Possible aspergillosis n.a. 9 (31)

- Probable aspergillosis n.a. 7 (24)

- Proven aspergillosis n.a. 4 (14)

- Proven mucormycosis n.a. 7 (24)

- Proven fusariosis n.a. 1(3)

- Proven trichosporosis n.a. 1(3)
Posaconazole success rate as rated by the investigator; n (%)

- Success 132 (87) 13 (45)

- Failure 19 (13) 16 (55)
Reason for failure as rated by the investigator; n (%)

- Atypical pneumonia 10 (7) n.a.

- Breakthrough IFD 9 (6) n.a.

- Progression of mycosis n.a. 14 (48)

- Other 0 2 (7)
Adverse drug reaction with at least possible relationship to posaconazole treatment; n (%)

- Increased liver function values 4 (3) -

- Nausea 2 (1) -

- Psychosis - 1(3)

- Vertigo 1(<1) -

Overall hospital length of stay (days); median (IQR)/mean (SD)
End of hospitalization; n (%)

- Death 21 (14)
- Transfer to another hospital/rehabilitation center 6 (4)
- Regular hospital discharge 124 (82)

37 (26-52)/46 (31)

52 (32-84)/65 (38)

14 (48)
3 (10)
12 (41)

IFD; invasive fungal disease, iv; intravenous, IQR; interquartile range, n.a.; not applicable, SD; standard deviation.

¢ Based on EORTC/MSG criteria (De Pauw et al., 2008).
b Inconsistent sum due to rounding errors.

Serum levels of novel posaconazole formulations during antifungal
prophylaxis and therapy

Two out of six participating centers performed TDM based on
standardized protocols, and in the majority of patients steady-state
was measured at day 4-6 (Dekkers et al., 2016). Posaconazole
serum levels were documented in 40 patients in the posaconazole
prophylaxis group (37 and three patients were treated with
posaconazole tablets and intravenous solution, respectively) and
19 patients in the posaconazole therapy group (11 and eight
patients were treated with posaconazole tablets and intravenous
solution, respectively). Out of the 19 patients in the posaconazole
therapy group, serum levels of seven patients who received
posaconazole tablets and/or intravenous solution during an ICU
stay were separately analyzed. Results for non-normally distribut-
ed posaconazole serum levels at steady-state are presented in
Figure 1. The median posaconazole serum levels at steady-state of
the predefined subgroups were as follows: patients who received
posaconazole tablets for antifungal prophylaxis 1,122 pg/L (IQR
539 -1,579 pg/L), patients who received posaconazole intravenous
solution for antifungal prophylaxis 664 p.g/L (IQR 561-692 p.g/L),
patients who received posaconazole tablets for antifungal therapy
858 wg/L (IQR 547-1,407 pwg/L), and patients who received
posaconazole intravenous solution for antifungal therapy
1,111 pg/L (IQR 868-1,709 wg/L). Patients who received posacona-
zole tablet and/or intravenous solution for antifungal therapy and
were treated in ICU had a median posaconazole serum level at

steady-state of 1,407 wg/L (IQR 881-1,713 wg/L). Looking at the co-
medication of these ICU patients, cyclosporin A (n=3), H2
antagonists (n=2), midazolam (n=2), and sirolimus (n=2) were
the most common agents that potentially may interact with
posaconazole treatment. The median overall posaconazole serum
level at steady-state in the posaconazole prophylaxis group and
posaconazole therapy group was 1,067 pg/L (IQR 574-1,498 p.g/L)
and 904 pg/L (IQR 728-1,550 wg/L), respectively (P= 0.776).

With respect to the number of patients who achieved targeted
posaconazole serum levels at steady-state, 25/37 patients (68%)
and 0/3 patients (0%) who received posaconazole tablets and
posaconazole intravenous solution for antifungal prophylaxis
reached values >700 g/L, respectively. Five out of 11 patients
(45%) who received posaconazole tablets and 4/8 patients (50%)
who received posaconazole intravenous solution for antifungal
therapy achieved predefined values at steady-state >1,000 pg/L.
Furthermore, more patients treated in the ICU with posaconazole
tablets and/or intravenous solution for antifungal therapy achieved
levels >1,000 pg/L at steady-state (5/7 patients; 71%).

Patients with probable/proven fungal breakthroughs during
antifungal prophylaxis or failure of antifungal therapy

Patients with probable/proven fungal breakthrough infections
during posaconazole prophylaxis (n=9; 6%) and failure of
posaconazole therapy (n=16; 55%) as rated by the participating
investigators were analyzed separately. Detailed information
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Figure 1. Posaconazole Cyn serum levels measured at steady-state during antifungal prophylaxis and therapy (Box-whisker plot).
y-axis: posaconazole serum level in pg/L; x within the boxes represents the mean values; ICU; intensive care unit, IV; intravenous.

regarding patient characteristics, antifungal treatment, posacona-
zole serum levels, and outcome are given in Tables 3 and 4.
Probable/proven invasive aspergillosis (n=8; 89%) was the most
common breakthrough IFD during posaconazole prophylaxis and
one case of proven fusariosis (n=1; 11%) was documented (see
Table 3). The median duration of posaconazole tablets adminis-
tered was 21 days (IQR: 13-28 days). Posaconazole serum
concentrations were measured in 3/9 patients (33%) and all
patients reached the target value of >700 ug/L at steady-state.
After cessation of posaconazole prophylaxis, 7/9 patients (78%)
switched to antifungal therapy, resulting in clinical improvement
of IFD in 5/9 patients (71%). The overall survival rate of patients

with probable/proven fungal breakthrough was 44% (n=4) and no
adverse events attributed to posaconazole occurred within this
subgroup.

With respect to the subgroup of patients with failure of
posaconazole therapy, 12/16 patients (75%) with possible/proba-
ble/proven invasive aspergillosis, 3/16 patients (19%) with proven
invasive mucormycosis, and 1/16 patient (6%) with proven invasive
fusariosis were documented by the participating investigators (see
Table 4). Eight out of 16 patients (50%) were treated with
posaconazole as salvage therapy, predominately administered
after failure of first line therapy with liposomal amphotericin B
(n=6; 75%). Ten patients (63%) received at least one dose of

Table 3
Patients received posaconazole as antifungal prophylaxis and developed probable/proven fungal breakthrough (n=9).
Patient Underlying Age Sex Risk Risk POS Duration POS serum Breakthrough Site Antifungal Response to Patient
no. disease factor factor formulation of POS level at IFD* agent switch antifungal outcome
aSCT  GvHD (days) steady-state following POS  switch
1 AML 48 Female Yes No Tablet 17 2,147 pg/L Proven Skin LAmB Clinical Death
fusariosis improvement (not IFD
of IFD related)
2 ALL 52 Male No No Tablet 21 882 ng/L Proven Lung LAmB Clinical Alive
aspergillosis improvement
of IFD
3 AML 48 Female No No Tablet 19 2,363 pg/L Probable Lung LAmB Clinical Alive
aspergillosis improvement
of IFD
4 Base of 71 Male No No Tablet 5 n.a. Probable Lung Voriconazole Clinical Alive
tongue aspergillosis improvement
cancer of IFD
5 ALL 53 Female Yes Yes Tablet 26 n.a. Probable Lung AmB, Clinical Alive
aspergillosis Voriconazole improvement
of IFD
6 AML 67 Male Yes Yes Tablet 21 n.a. Probable Lung No - Death
aspergillosis (likely IFD
related)
7 AML 60 Female No No Tablet 30 n.a. Probable Lung LAmB Clinical Death
aspergillosis worsening of  (likely IFD
IFD related)
8 AML 55 Male No No Tablet & iv 34 &2 n.a. Proven Lung Caspofungin Clinical Death
aspergillosis worsening of (IFD
IFD related)
9 AML 73 Male No No Tablet 9 n.a. Probable Lung No - Death
aspergillosis (likely IFD
related)

ALL; acute lymphocytic leukemia, AmB; amphotericin B; AML; acute myeloid leukemia, aSCT; allogeneic stem cell transplantation, GvHD; graft-versus-host disease, IFD;
invasive fungal disease, iv; intravenous, LAmB; liposomal amphotericin B, n.a.; not available, POS; posaconazole.

¢ Rated based on EORTC/MSG criteria (De Pauw et al., 2008).



Table 4

Patients with failure of posaconazole therapy (n=16).

Patient Underlying Age Sex Underwent Risk Type of IFD*®  POS Antifungal POS Duration POS serum Reason for failure of POS Antifungal Response to Patient outcome
no. disease asCT factor therapy agent prior  formulation of POS level at therapy agent switch  antifungal
GvHD to POS (days) steady- following POS agent switch
state
1 AML 48 Male No No Proven Salvage LAmB iv 8 1,600 wg/L  Progression No - Unknown,
mucormycosis transferred to
another hospital
2 Myelofibrosis 71  Female No No Possible First - Tablet 18 390 wg/L Progression LAmB Clinical Alive
aspergillosis  line improvement
of IFD
3 ALL 71 Female Yes Yes Probable First - Tablet 8 728 gL Progression No - Death (likely IFD
aspergillosis  line related)
4 ALL 44  Male No No Proven Salvage LAmB iv 7 n.a. Progression LAmB Clinical Death (not IFD
fusariosis worsening of  related)
IFD
5 AML 66 Male No No Possible Salvage LAmB Tablet 23 1,407 wg/L  Progression LAmB Clinical Death (not IFD
aspergillosis worsening of  related)
IFD
6 MDS 77 Male No No Possible Salvage Voriconazole iv & tablet 2 & 14 854 ng/L Progression No - Unknown,
aspergillosis transferred to
another hospital
7 NHL 44 Male No No Probable Salvage AmB Tablet 1 1,191 pg/L  Progression No - Death (IFD
aspergillosis related)
8 MDS 37 Male Yes Yes Proven Salvage LAmB iv 7 n.a. Progression No - Death (not IFD
Mucormycosis related)
9 NHL 53 Male No No Proven First - Tablet 19 n.a. Progression LAmB Clinical Death (likely IFD
aspergillosis line improvement related)
of IFD
10 MDS 58 Female Yes No Probable First - Tablet & iv 4 & 66 1,695 ug/L  Detection of No - Unknown,
aspergillosis line galactomannan antigen transferred to a
in serum at day of rehabilitation
discharge center
11 AML 55 Female Yes No Probable First - iv 15 1,713 wg/L  Psychotic disorder under LAmB Clinical Death (not IFD
aspergillosis line POS improvement related)
of IFD
12 NHL 60 Male Yes No Proven First - iv 9 2,498 ng/L  Progression LAmB Clinical Death (likely IFD
mucormycosis line worsening of related)
IFD
13 MDS 72  Male Yes Yes Proven First - iv 19 547 gL Progression No - Death (not IFD
aspergillosis line related)
14 MDS 52 Male Yes Yes Probable Salvage LAmB iv 19 1,318 ug/L  Progression LAmB Clinical Death (not IFD
aspergillosis worsening of  related)
IFD
15 MDS 27 Female Yes Yes Proven Salvage LAmB Tablet & iv 5 & 55 881 ng/L Progression No - Death (not IFD
aspergillosis related)
16 CML 65 Male Yes Yes Proven First - Tablet 6 n.a. Progression AmB Clinical Death (likely IFD
aspergillosis line worsening of  related)

IFD

ALL; acute lymphocytic leukemia, AmB; amphotericin B; AML; acute myeloid leukemia, aSCT; allogeneic stem cell transplantation, CML; chronic myeloid leukemia, GvHD; graft-versus-host disease, IFD; invasive fungal disease, iv;

intravenous, LAmB; liposomal amphotericin B, MDS; myelodysplastic syndrome, NHL; non-Hodgkin lymphoma, n.a.; not available, POS; posaconazole.

2 Rated based on EORTC/MSG criteria (De Pauw et al., 2008).

P All possible/probable/proven IFDs were diagnosed at lung (Patient no. 1: lung, disseminated).
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intravenous posaconazole. In one of these patients, adverse events
attributed to intravenous posaconazole were documented (patient
no. 11 developed a psychotic disorder, resulting in cessation of
posaconazole). The median duration of posaconazole tablets and
intravenous solution administered was 11 days (IQR: 6-19 days)
and 9 days (IQR: 7-19 days), respectively. Furthermore, posaco-
nazole serum levels of 12/16 patients (75%) could be analyzed, of
whom five patients (42%) did not reach the target value of
>1,000 pg/L at steady-state (patient no. 2, 3, 6, 13, 15). In case of
antifungal agent switch following posaconazole therapy, antifun-
gal treatment was continued with liposomal amphotericin B in 7/8
patients (88%), resulting in clinical improvement of IFD in three
patients (43%). At the end of hospitalization, 5/16 patients (31%)
died related to or likely related to IFD.

Discussion

To our knowledge, the study at hand is the first analysis
evaluating data of adult hematological/oncological patients
outside the controlled environment of a clinical trial with respect
to safety, efficacy, and feasibility of antifungal prophylaxis and
therapy of IFDs with novel posaconazole formulations (gastro-
resistant tablet and intravenous solution) in Europe.

Looking at the TDM in antifungal prophylaxis and therapy of
novel posaconazole formulations, current consensus guidelines
recommend a target serum level of >700 wg/L and >1,000 p.g/L for
prophylaxis and therapy, respectively (Chau et al., 2014; Lewis
et al., 2015). Our data demonstrates stable median posaconazole
serum levels at steady-state of 1,067 j.g/L (IQR 574-1,498 n.g/L) for
antifungal prophylaxis and 904 pg/L (IQR 728-1,550 pg/L) for
antifungal therapy. These results are in line with several studies in
patients with hematological/oncological underlying diseases
reaching these targeted exposure ranges (Cornely et al., 2016;
Cumpston et al., 2015; Jeong et al., 2016; Pham et al., 2016).
Nevertheless, the rate of patients who achieved the targeted
posaconazole serum levels at steady state is comparable to a study
by Miceli et al. (2015), but lower compared to other published data
(Durani et al., 2015; Liebenstein et al., 2018). Another study by Chin
et al. reported a rate of only 44% of patients who reached stable
posaconazole serum levels >1,000 wg/L in antifungal therapy,
whereby outcome was unfortunately not reported (Chin et al.,
2017). Interestingly, highest mean posaconazole serum levels at
steady-state of patients included into our study were measured for
antifungal therapy of patients treated on an ICU. This result is
noteworthy because recently published studies, analyzing critical-
ly ill patients, demonstrated serum levels of posaconazole oral
solution below target values (Ray et al,, 2011; Storzinger et al.,
2012). This may have been caused by drug-drug interactions
between posaconazole and other drugs administered during the
ICU stay, which were not part of this analysis.

Additionally, our data analysis suggests efficacy of novel
posaconazole formulations, especially in antifungal prophylaxis.
Out of 151 patients who received antifungal prophylaxis, a
moderate number of nine (6%) breakthrough IFDs were reported
by the participating investigators. This result is also within the
range of breakthrough IFDs in other studies, reporting rates during
posaconazole prophylaxis with novel formulations between 0-15%
(Belling et al., 2017; Chin et al., 2017; Cumpston et al., 2015; Jeong
et al,, 2016; Tverdek et al.,, 2017), probably reflecting different
exposure of patients to mold in various hospital settings and
heterogeneity in patient-based risk factors.

With respect to patients who received posaconazole therapy of
IFDs (n = 29), our study reports a success rate of 45%. Progression of
mycosis was the most important factor for treatment failure. It
must be considered that 12 out of 29 patients (41%) received novel
posaconazole formulations as salvage-therapy, generally referring

to antifungal treatment in patients intolerant or refractory to first-
line therapy. Most patients included into our study received
liposomal amphotericin B as first line therapy prior to posacona-
zole salvage-therapy. In this context of failure of liposomal
amphotericin B as first line therapy, a high rate of morbidity
and mortality is known, whereby patients who received posaco-
nazole oral solution as salvage therapy showed improved outcome
compared to controls (Raad et al., 2008; Walsh et al., 2007).
Additionally, nine cases (31%) of rare proven mucormycosis,
fusariosis, and trichosporosis were included in the therapy group,
well known for high morbidity, mortality, and treatment costs
(Heimann et al., 2019; Menzin et al., 2009; Seidel et al., 2017).
Nevertheless, the failure rate as reported by the participating
investigators is higher than those in previously reported studies
(Jeong et al., 2016; Kim et al., 2016; Yi et al., 2017). The high
mortality rate in this patient population underlines the urgent
need of appropriate empiric and targeted antifungal therapy with
respect to both, clinical outcome and associated costs (Zilberberg
et al,, 2010).

Furthermore, our study demonstrates only a small number of
adverse drug reactions rated as at least possibly associated with
novel posaconazole formulations, which is comparable to other
published data (Belling et al., 2017; Jeong et al., 2016; Kim et al.,
2016). However, a study by Pham et al. reported a relatively high
rate of hepatotoxity of >10% of the observed patient population
who received posaconazole tablet for prophylaxis and therapy of
IFDs (Pham et al., 2016). A further phase 3 trial by Cornely et al.
showed a relatively high rate of nausea (11%) and diarrhea (8%) as
treatment related adverse events (Cornely et al., 2016). Based on
the used methodology, it is plausible that the same effects may
have occurred in our study patients, but were not rated as related
to posaconazole by the investigators due to comorbidities and
comedication as other likely causes.

Several limitations of our study should be noted. Because of the
retrospective study design, participating investigators were not
blinded. Furthermore, cause-effect relationship between the
administration of novel posaconazole formulations and e.g.
adverse drug reactions cannot be assessed as in randomized
clinical trials. Additionally, medical record documentation and/or
measures of antifungal patient management were different
between the participating centers. For example, TDM analysis of
novel posaconazole formulations is limited because not all patients
had measured serum levels. However, we do not see any center
effect with respect to our study results. As a subgroup of particular
interest, only a small number of patients treated with novel
posaconazole formulations as first line therapy was included into
the study, meaning that interpretation of these data is, unfortu-
nately, limited. Nevertheless, compared to the current literature,
our study gives a comprehensive insight in patient characteristics,
type and duration of posaconazole treatment, posaconazole serum
levels at steady-state, and overall outcome of patients rated as
failure of posaconazole therapy.

Despite the above-mentioned limitations, our multicenter, non-
interventional study demonstrates that novel posaconazole
formulations show a safety and efficacy profile, which is
comparable to recently published data of posaconazole oral
solution. Additionally, similar overall hospital length of stay and
duration of antifungal prophylaxis could be shown in a phase IV
study of real-life patient data (Vehreschild et al., 2010). Advantages
of the new formulations are once-daily dosing, reliable pharma-
cokinetics including administration without high-fat meals, and
availability of an intravenous solution for critically ill patients, who
might be unable to take posaconazole oral solution and/or tablets.
Cost-effectiveness seems to be a further advantage of novel
posaconazole formulations compared to conventional prophylaxis
regimens (Camara et al, 2017; Grau et al, 2018), although
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additional analyses are required from different healthcare settings.
Nevertheless, further prospective studies are needed to explore
optimization of antifungal therapy and reduce overall morbidity
and mortality as well as treatment costs.
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