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Abstract
Background: Posaconazole	and	 itraconazole	are	commonly	used	 for	 systemic	anti-
fungal prophylaxis after lung transplantation. The aim of this study on critically ill 
lung transplant recipients was to assess the rate of adequate plasma concentra-
tions and the frequency of fungal- induced transitions from antifungal prophylaxis to 
therapy	after	the	administration	of	either	posaconazole	or	itraconazole	for	systemic	
prophylaxis.
Methods: Critically	 ill	 lung	 transplant	 recipients	 with	 postoperative	 posaconazole	
or	itraconazole	prophylaxis	and	therapeutic	drug	monitoring	from	February	2016	to	
November	2019	were	retrospectively	included	in	the	study.	Positive	fungal	cultures	
or Aspergillus antigen tests resulting in a transition from antifungal prophylaxis to 
therapy	were	analyzed	 from	the	 first	day	of	prophylaxis	until	7	days	after	 the	 last	
sample	for	each	patient.	Adequate	plasma	concentrations	were	defined	as	≥500	µg/L	
for	itraconazole	and	≥700	µg/L	for	posaconazole.
Results: Two hundred seventy- five samples from 73 patients were included in the 
analysis.	Overall,	60%	of	the	posaconazole	and	55%	of	the	itraconazole	concentra-
tions	were	subtherapeutic.	Administration	of	posaconazole	suspension	resulted	sig-
nificantly (P <	 .01)	more	often	 in	subtherapeutic	concentrations	 than	 tablets	 (68%	
vs	10%).	Patients	treated	with	posaconazole	showed	less	positive	fungal	records	re-
sulting in a transition from prophylaxis to therapy than patients treated with itra-
conazole	 (10%	vs	33%,	P-	value:	 .029).	The	detection	of	a	 fungal	pathogen	was	not	
associated with the measured plasma concentrations or the achievement of the tar-
get concentrations.
Conclusion: Our	findings	suggest	that	posaconazole	should	be	used	instead	of	itra-
conazole	for	systemic	prophylaxis	in	critically	ill	lung	transplant	recipients.
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1  | INTRODUC TION

Fungal	 infections	 remain	 a	 challenge	 in	 immunocompromised	 pa-
tients,	 such	 as	 lung	 transplant	 recipients.	 Approximately	 8%-	19%	
of	the	lung	transplant	recipients	develop	a	fungal	infection,	and	the	
mortality	rate	is	up	to	60%.1– 4

Lung	 transplant	 recipients	 receive	 immunosuppressants	 to	 re-
duce	 the	 risk	 of	 an	 allograft	 rejection.	 However,	 immunosuppres-
sion	 increases	 the	 risk	 of	 a	 fungal	 infection,	 with	Aspergillus spp. 
and Candida spp. being the most frequently observed pathogens.1 
Consequently,	 lung	 transplant	 recipients	 need	 an	 effective	 anti-
fungal	 prophylaxis.	 The	 Infectious	 Diseases	 Society	 of	 America	
recommended	 the	use	of	 triazoles	or	 inhalative	amphotericin	B	as	
prophylaxis for 3 to 4 months after lung transplantation.5	A	recent	
survey	 in	62	transplant	centers	 in	 the	United	States	 identified	 the	
two	triazoles	posaconazole	and	itraconazole	as	the	most	commonly	
used drugs administered for systemic prophylaxis in lung transplant 
recipients.6	The	antifungal	activity	of	posaconazole	and	itraconazole	
includes	yeasts	(eg,	Candida spp.) and Aspergillus spp.1

Critically	 ill	 patients	 are,	 in	 general,	 due	 to	 pharmacokinetic	
alterations	 (eg,	 an	 increased	 volume	 of	 distribution),	 at	 risk	 of	
suboptimal drug exposure with standard dosing.7 Previous stud-
ies showed indeed a high variability and subtherapeutic concen-
trations	of	itraconazole	and	posaconazole	in	this	population.8,9 In 
addition,	there	have	been	several	drug–	drug	interactions	reported	
in	previous	studies	for	azoles.	For	example,	proton	pump	inhibitors	
(PPI),	metoclopramide,	and	rifampicin	lower	drug	concentrations,	
whereas	 macrolide	 antibiotics,	 amiodaron,	 ciprofloxacin,	 and	
some	 antiviral	 drugs	 raise	 the	 azole	 plasma	 concentration.3,10,11 
However,	critically	ill	 lung	transplant	recipients	depend	on	an	ef-
fective	prophylaxis,	 as	 they	have	a	high	 risk	 to	develop	a	 fungal	
infection,	 because	 the	 allograft	 is	 exposed	 to	 the	 environment	
and high steroid doses are administered; catheters further in-
crease the risk of a fungal infection.1,12,13	As	a	result,	therapeutic	
drug monitoring (TDM) is recommended for both drugs.8,14-	16 The 
British	Society	of	Mycology	recommended	a	target	concentration	
in	 steady	state	of	≥500	µg/L	 for	 itraconazole	and	≥700	µg/L	 for	
posaconazole	as	prophylaxis.	Lower	azole	plasma	 levels	were	as-
sociated with a higher mortality.2,15,17

In	our	 intensive	care	unit	 (ICU)	at	the	LMU	hospital	 in	Munich,	
either	 itraconazole	 or	 posaconazole	 is	 administered	 at	 the	 discre-
tion of the responsible physician as antifungal prophylaxis in the 
postoperative period of lung transplant recipients. TDM is regularly 
performed.

Previous studies investigated antifungal prophylaxis mainly in 
patients	 with	 hematologic	 malignancies,	 neutropenic	 patients,	 or	

non- critically ill lung transplant recipients in general wards.2,3,18–	20 
This retrospective study in critically ill lung transplant patients aimed 
to compare the rate of adequate plasma concentrations after po-
saconazole	or	itraconazole	administration	as	systemic	prophylaxis	in	
critically ill lung transplant recipients and the frequency of fungal- 
induced	transitions	from	prophylaxis	to	targeted	therapy	(FITPTs).

2  | MATERIAL AND METHODS

2.1 | Study setting

This	was	 a	monocentric,	 retrospective	 study	evaluating	 antifungal	
prophylaxis	 with	 itraconazole	 tablet	 (Itraconazol	 100	 mg,	 ratiop-
harm®),	 posaconazole	 suspension	 (Noxafil®	40	mg/mL	suspension,	
MSD),	 and	 posaconazole	 tablet	 (Noxafil®	 100	 mg	 tablets,	 MSD)	
at	 the	 anesthesiologic	 ICU	 of	 the	 LMU	 hospital	 in	 Munich,	 from	
February	 2016	 to	 November	 2019.	 The	 local	 institutional	 review	
board	approved	the	study	(registration	number	20-	168).

2.2 | Laboratory measurements and data collection

All	clinical-	chemical	parameters	were	extracted	from	electronic	pa-
tient	records.	The	azole	plasma	concentrations	were	measured	with	
an isotope- dilution liquid chromatography tandem mass spectrom-
etry	method	using	a	commercially	available	IVD	kit	(Chromsystems,	
Gräfelfing,	 Germany).	 All	 measured	 values	 of	 antimycotic	 plasma	
concentrations,	 corresponding	 doses,	 and	 additional	 laboratory	
measurements	 including	 albumin,	 aspartate-	aminotransferase,	
alanine-	aminotransferase,	 bilirubin,	 creatinine,	 the	 glomerular	
filtration	 rate	 (GFR)	 calculated	 according	 to	 the	 Chronic	 Kidney	
Disease	Epidemiology	Collaboration,	C-	reactive	protein	 (CRP),	and	
Interleukin	6	(IL-	6)	were	collected.21	The	Simplified	Acute	Physiology	
Score	II	was	assessed	at	the	first	day	of	the	azole	use.22

2.3 | Study population

All	 itraconazole	 and	 posaconazole	 plasma	 concentrations	 of	 lung	
transplant recipients in the immediate postoperative period meas-
ured	between	February	2016	and	November	2019	were	screened	
for inclusion. Inclusion criteria of the study were as follows:

•	 itraconazole	treatment	for	at	least	seven	consecutive	days	prior	to	
measurement

from the Munich Clinician- Scientist Program 
(Ludwig-	Maximilians-	Universität	München).
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or

•	 posaconazole	treatment	for	at	least	five	consecutive	days	prior	to	
measurement.

After	this	time,	a	steady	state	was	assumed	as	described	in	the	
literature.3,15,23 Multiple samples per patient were included when 
available.	 The	 patients	with	 posaconazole	 treatment	were	 divided	
into	two	groups	(Group	1:	suspension;	Group	2:	tablets).	If	patients	
received	suspension	or	tablet	formulations,	the	sample	was	assigned	
to one of the groups if the patient received the same formulation 
more	than	90%	of	 the	 time	within	 the	5	days	prior	 to	 the	sample.	
Samples	with	less	than	90%	of	the	same	formulation	5	days	prior	to	
the sample were excluded from the analysis. The standard proce-
dure	of	our	ICU	allows	the	responsible	physician	to	choose	between	
posaconazole	and	itraconazole	as	prophylaxis	and	to	adapt	the	dos-
age regimen. Therapeutic drug monitoring of plasma concentrations 
is	performed	once	a	week,	 screening	 for	 fungal	 infections	 (swabs,	
endotracheal aspirate/sputum analysis) twice a week.

2.4 | Fungal- induced transition from prophylaxis 
to therapy

Positive fungal cultures (Candida spp. or Aspergillus spp.) or 
Aspergillus antigen tests resulting in a transition from prophylaxis 
to antifungal therapy within 7 days after the positive record were 
defined	 as	 an	 FITPT.	 The	 decision	 to	 switch	 from	 prophylaxis	 to	
therapy is reached at our center as a team approach including the 
attending	 intensive	 care	 physician,	 an	 infectiologist,	 a	microbiolo-
gist,	and	a	radiologist.	Fungal	cultures	and	Aspergillus antigen tests 
were	analyzed	from	the	day	of	the	first	azole	dose	until	7	days	after	
the last sample for each patient.24,25	Galactomannan	antigen	 test-
ing from the patient's serum was performed twice a week using the 
Bio-	Rad	Laboratories	Platelia	Aspergillus	EIA	(Bio-	Rad	Laboratories,	
Feldkirchen,	Germany)	according	to	the	manufacturer's	instructions.	
Positive and negative cut- off controls were included in each run. 
Threshold for positivity was an optical density (OD) index of >0.5. 
For	all	positive	samples,	the	test	was	repeated	with	a	second	aliquot	
and considered positive only if both tests showed an OD index of 
>0.5.	BAL/endotracheal	 aspirate	 fluid	 samples	were	 tested	 analo-
gously,	and	OD	indices	>1/4.5	were	defined	positive.	Fungal	cultures	
were	performed	weekly	on	Sabouraud-	Dextrose-	Agar	incubated	at	
35℃	for	7	days.	Any	growing	molds	were	identified	by	MALDI-	TOF	
mass spectrometry. Patients with a prior antifungal treatment were 
excluded from the analysis.

2.5 | Covariates

The existing literature was screened for potential influencing co- 
medications.	 We	 identified	 PPI,	 immunosuppressants	 (tacrolimus	
and	ciclosporin),	cytochrome	P450	inhibitors	(ciprofloxacin,	isoniazid,	

clarithromycin,	and	erythromycin),	cytochrome	P450	inductors	(glu-
cocorticoids,	 rifampicin,	 carbamazepine,	 and	 barbiturate),	 norepi-
nephrine,	and	amiodaron	as	potential	influencing	co-	medication	for	
itraconazole.	 For	 posaconazole,	 we	 included	 PPI,	 norepinephrine,	
H2	 antagonists	 (ranitidine	 and	 cimetidine),	 and	 phase-	2	 enzyme	
inhibitors	and	inductors	including	ciclosporin,	erythromycin,	carba-
mazepine,	phenytoin,	and	rifampicin.	All	co-	medications	that	might	
influence the antimycotic plasma concentrations were collected 
from our hospital's electronic patient records. The norepinephrine 
dose was evaluated at each timepoint when the patients received 
the	 azole.3,11,20,26,27 The type of food intake was divided in four 
categories:	no	food	 (1),	 tube	feeding	 (2),	normal	food	 (3),	and	tube	
feeding + normal food (4). Protein drinks were included in the tube 
feeding group.

2.6 | Definition of target attainment

Target	 attainment	 was	 defined	 as	 recommended	 by	 the	 British	
Society of Mycology and in accordance with the previously pub-
lished	 literature.	Trough	concentrations	of	≥500	µg/L	for	 itracona-
zole15,17,28,29	 and	 of	 ≥700	 µg/L	 for	 posaconazole	 were	 defined	 as	
target concentrations.3,15,20

2.7 | Statistical analysis

Statistical	analysis	was	performed	using	R	(R	version	4.02,	CRAN.R-	
project.org).	 To	 analyze	 the	effects	of	 the	 covariates	on	 the	 azole	
plasma	concentrations,	a	linear	mixed	effect	model	was	used.	Effects	
were considered significant with a P-	value	≤	.05.	To	decrease	the	risk	
of	a	Type	I	error,	the	P- value was corrected using the false discovery 
rate method.30

Age,	height,	weight,	and	body	mass	index	were	evaluated	on	ID	
level,	whereas	CRP,	GFR,	IL-	6	bilirubin,	albumin,	norepinephrine,	PPI,	
cytochrome	p450	inhibitors	and	inductors,	H2	antagonists,	phase	2	
inhibitors,	and	nutrition	were	evaluated	on	a	sample	level.	A	linear	
mixed effect model was used to compare the plasma concentration 
difference	 between	 posaconazole	 suspension	 and	 posaconazole	
tablet.	To	compare	the	probability	of	an	FITPT	between	itraconazole	
and	posaconazole,	Fisher's	exact	test	was	used.

3  | RESULTS

A	total	of	275	samples	from	73	patients	were	included	in	the	analy-
sis.	 Forty-	nine	 patients	 were	 treated	 with	 itraconazole	 (median:	
two	samples	per	patient,	range	1-	14),	and	31	patients	were	treated	
with	posaconazole	(median:	three	samples	per	patient,	range	1-	28).	
Seven	 patients	 received	 itraconazole	 and	 posaconazole	 one	 after	
the other during the observed period and were therefore included 
twice in the analysis. Table 1 shows the patient characteristics. The 
most frequent underlying disease leading to lung transplantation 
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was	pulmonary	fibrosis	 (45%),	 followed	by	COPD	(22%)	and	cystic	
fibrosis	(18%).	Patients	received	PPIs	90%	of	the	days	observed	and	
predominantly	 received	 tube	 feeding	 (42%	of	 days	 observed),	 fol-
lowed	by	normal	food	intake	(20%)	or	normal	food	intake	supported	
by	 tube	 feeding	 (27%).	 The	median	 daily	 dose	was	 800,	 300,	 and	
350	 mg	 for	 posaconazole	 suspensions,	 posaconazole	 tablets,	 and	
itraconazole,	respectively.	Dose	adjustments	were	made	by	the	re-
sponsible	physician	in	0,	11,	and	5	patients	in	the	posaconazole	tab-
let	group,	the	posaconazole	suspension	group,	and	the	itraconazole	
group,	respectively.

3.1 | Plasma concentrations of posaconazole and 
itraconazole

Overall,	 60%	of	 the	measured	 posaconazole	 plasma	 concentrations	
were	 subtherapeutic,	 and	 the	median	 concentration	was	 496	 µg/L.	
The	 median	 posaconazole	 plasma	 concentration	 after	 administra-
tion of the tablets was 1437 µg/L,	whereby	10%	of	the	samples	were	
subtherapeutic	 in	 this	 subgroup.	 The	 median	 posaconazole	 plasma	
concentration after administration of the suspension was 426 µg/L,	
and	 in	this	subgroup,	68%	of	the	samples	were	subtherapeutic.	The	

TA B L E  1   Patient characteristics

Overall
n (%)

Itraconazole
n (%)

Posaconazole tablets
n (%)

Posaconazole 
suspensions
n (%)

No. of patients 73a  49a  5a  27a 

No. of samples 275 117 21 137

Gender	(male/female) 44	(60)/29	(40) 32	(61)/19	(39) 3 (60)/2 (40) 16	(59)/11	(41)

Cystic fibrosis 13	(18) 3 (6) 4	(80) 6 (22)

COPD 16 (22) 12 (24) 1 (10) 4 (15)

Pulmonary fibrosis 33 (45) 26 (53) 0 (0) 12 (44)

Other underlying disease 11 (15) 8	(16) 0 (0) 5	(19)

Single lung transplantations 9	(12) 7 (14) 0 (0) 2 (7)

Re- transplantations 2 (3) 1 (2) 1 (20) 0 (0)

Mortality 6	(8) 3 (6) 0 (0) 4 (15)

Median (range) Median (range) Median (range) Median (range)

Age	(y) 56	(16-	68) 56	(25-	68) 30 (26- 52) 55 (16- 67)

BMI	(kg/m2) 23.0 (13.0- 31) 22 (16- 31) 20 (15- 25) 24 (13- 31)

SAPS	IIb  41	(14-	91) 42	(21-	91) 29	(25-	44) 44	(14-	91)

IL-	6	(pg/mL) 16.9	(1.5-	5307) 14 (2.2- 5307) 12.1 (3.7- 331) 24.2	(1.5-	429)

CRP	(mg/dL) 0.1 (0.1- 33.4) 1.3	(0.1-	20.8) 1.0 (0.1- 33.4) 3.3 (0.1- 27)

Creatinine	(mg/dL) 0.9	(0.2-	2.9) 0.85	(0.2-	2.8) 1.2	(0.8-	2.9) 0.9	(0.3-	2.5)

GFR-	CKD-	Epi	(mL/min) 97	(24-	160) 101	(25-	159) 100 (24- 126) 90	(28-	160)

Bilirubin	(mg/dL) 0.5	(0.1-	12.8) 0.6 (0.2- 3.1) 0.3 (0.2- 0.7) 0.5	(0.1-	12.8)

Albumin	(mg/dL) 2.7 (1.5- 4.5) 2.5	(1.9-	3.5) 2.9	(2.0-	3.4) 2.9	(1.5-	4.5)

Norepinephrine (mg/h)c  0.04	(0-	1.39) 0.08	(0-	0.87) 0 (0- 0.45) 0.02	(0-	1.39)

Azole	plasma	level	(µg/L) — 454	(20-	1973) 1437 (300- 3566) 426	(50-	4538)

Daily	azole	dose	(mg) — 350 (300- 700) 300 (300- 400) 800	(200-	1800)

PPI (mg/d)c  50 (0- 205) 85	(0-	205) 33 (0- 40) 33 (0- 120)

PPI	(%	of	d	observed) 90	(0-	100) 100 (0- 100) 83	(0-	100) 83	(0-	100)

CYP	inductors	(%	of	d	observed) — 0 (0- 100) — — 

CYP	inhibitors	(%	of	d	observed) — 25 (0- 100) — — 

H2	antagonists	(%	of	d	observed) — — 0 (0- 16) 0 (0- 100)

Phase	2	inhibitors	(%	of	d	
observed)

— — 0 (0) 0 (0- 100)

Abbreviations:	BMI,	body	mass	index;	COPD,	chronic	obstructive	pulmonary	disease;	CRP,	C-	reactive	protein;	CYP,	cytochrome	P;	GFR-	CKD-	EPI,	
glomerular	filtration	rate	according	to	21;	IL-	6,	Interleukin	6;	PPI,	proton	pump	inhibitors;	SAPS,	Simplified	Acute	Physiology	Score	22.
aEight	patients	received	several	azole	forms	in	different	time	intervals	and	were	therefore	included	twice	in	the	analysis.
bFirst	day	of	azole	use.
cMean amount in mg/day (PPI) or mg/h (norepinephrine) per day.
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administration of tablets led to significantly (P < .01) less subtherapeu-
tic	concentrations,	compared	with	the	suspensions.	Fifty-	five	percent	
of	the	measured	itraconazole	plasma	concentrations	were	below	the	
defined target of 500 µg/L.	The	median	itraconazole	plasma	concen-
tration was 454 µg/L.	Target	 attainment	was	not	 significantly	more	
often	 achieved	 in	 the	 posaconazole	 group	 than	 in	 the	 itraconazole	
group (P =	 .39).	Two	 (40%),	20	 (74%),	and	37	 (75%)	patients	 receiv-
ing	 posaconazole	 tablets,	 posaconazole	 suspension,	 or	 itraconazole	
showed at least one sample below the target attainment. There was no 
significant correlation between the administered median daily amount 
of	the	azole	and	the	plasma	concentration	(itraconazole	P- value: .26; 
posaconazole	P-	value:	.62).	In	Figures	1	and	2,	the	measured	plasma	
concentrations are displayed related to the median daily dose.

3.2 | Covariates

All	 patients	 were	 immunosuppressed	 with	 a	 calcineurin-	inhibitor	
(tacrolimus or ciclosporin) and corticosteroid therapy. Ninety per-
cent,	80%,	and	74%	(P = .14) of the patients received mycophenolate 
mofetil	 additionally	 in	 the	 itraconazole,	 posaconazole	 tablet,	 and	
posaconazole	suspension	group,	respectively.	In	64%	of	the	samples,	
the patient received less than 0.1 mg/h norepinephrine when the 
azole	was	administered.	None	of	the	investigated	covariates	showed	
a	significant	effect	on	the	plasma	concentrations	of	itraconazole	or	
posaconazole.

3.3 | Fungal- induced transition from prophylaxis 
to therapy

In	total,	19	patients	(26%)	showed	an	FITPT	in	our	study	with	a	me-
dian	time	from	transplantation	to	fungal	detection	of	18	days	(range:	

2-	162).	Of	these	19	patients,	16	patients	received	itraconazole	and	
3	patients	received	posaconazole	as	prophylaxis.	In	the	itraconazole	
group,	13	patients	 showed	positive	 fungal	cultures,	and	3	showed	
positive	antigen	findings,	while	the	3	patients	 in	the	posaconazole	
group (all patients received suspension) showed only positive anti-
gen	tests.	Seven	of	the	observed	FITPTs	 in	the	 itraconazole	group	
occurred before the defined steady state but none in the posacona-
zole	 group.	 The	 positive	 fungal	 cultures	 included	Candida albicans 
(5),	Aspergillus fumigatus	(1),	Candida species	(6),	and	Candida glabrata 
(1). The sites of the positive cultures were bronchoalveolar lavage 
(2),	 urine	 (1),	 endotracheal	 aspirate	 (5),	 thoracic	drainage	 swab	 (2),	
and sputum (3). The aspergillus antigen tests were performed on 
serum	(4),	bronchoalveolar	lavage	(1),	and	endotracheal	aspirate	(1).	
There	was	a	significant	difference	in	the	number	of	FITPTs	between	
the	posaconazole	and	itraconazole	group	detectable	(P =	.029),	with	
an	odds	ratio	4.4	times	higher	for	itraconazole	patients	showing	an	
FITPT.	Table	2	shows	the	characteristics	of	patients	with	an	FITPT.	
The	median	 length	 of	 ICU	 stay	 of	 patients	with	 FITPT	was	 48	 vs	
37	days	in	patients	without	FITPT	(P =	.14).	A	CMV	replication	was	
found	 in	39	patients	 (53%);	8	of	 them	developed	an	FITPT.	There	
was	no	significant	association	between	CMV	replication	and	FITPT	
(P = .30).

There was no influence of target attainment on the development 
of	an	FITPT	 for	 itraconazole	 (P =	 .97)	 and	posaconazole	 (P =	 .98).	
Furthermore,	the	plasma	concentrations	did	not	show	a	significant	
influence	on	 the	development	of	an	FITPT	 (posaconazole	P =	 .48,	
itraconazole	P =	 .96).	The	median	posaconazole	plasma	concentra-
tion was slightly lower for patients with (436 µg/L)	 than	 without	
(523 µg/L)	 an	 FITPT.	 The	 median	 itraconazole	 concentration	 was	
even	higher	for	patients	with	an	FITPT	(601	µg/L)	than	without	an	
FITPT	(441	µg/L).	Figure	3	compares	the	plasma	concentrations	for	
patients	with	FITPT	to	patients	without	an	FITPT.

4  | DISCUSSION

To	 the	 best	 of	 our	 knowledge,	 this	 is	 the	 first	 study	 investigating	
antifungal	prophylaxis	with	the	triazoles	posaconazole	and	itracona-
zole	 in	 lung	 transplant	 recipients	postoperatively	during	 their	 stay	
at	the	ICU.	In	our	population,	posaconazole	was	found	to	be	signifi-
cantly (P =	 .029)	more	 effective	 in	 the	 prevention	of	 FITPTs	 than	
itraconazole.

Our results are in line with previous studies in neutropenic pa-
tients and hematologic patients undergoing chemotherapy or hema-
topoietic stem cell transplantation.19 Cornely et al studied a group 
of	neutropenic	patients	receiving	either	fluconazole/itraconazole	or	
posaconazole.18	In	this	study,	posaconazole	prevented	invasive	fun-
gal	 infections	more	 effectively	 than	 either	 fluconazole	 or	 itracon-
azole	 and	 improved	 overall	 survival.18 Similar results were found 
by Copley et al in patients with acute myeloid leukemia undergoing 
intensive	 chemotherapy:	 posaconazole	was	 associated	with	 fewer	
fungal infections and a lower need for continued antifungal prophy-
laxis	compared	with	itraconazole.31	Based	on	the	available	evidence,	

F I G U R E  1  Posaconazole	plasma	concentrations	related	
to the median daily dose in µg/L	for	suspensions	(red	dots)	
and	tablets	(blue	triangle).	Ten	percent	of	the	posaconazole	
plasma	concentrations	after	intake	of	tablets	and	68%	of	the	
posaconazole	plasma	concentrations	after	intake	of	suspension	
were subtherapeutic. Dotted line: defined target of 700 µg/L	for	
posaconazole	according	to	Ashbee	et	al15
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the	German	Society	of	Hematology	and	Medical	Oncology	recom-
mended	posaconazole	as	prophylaxis	for	patients	at	high	risk	of	in-
vasive fungal infections.16	Our	data	support	the	use	of	posaconazole	
in lung transplant recipients in the immediate postoperative period.

The	initiation	of	an	antifungal	therapy	in	the	itraconazole	group	
seemed to be independent of the achieved plasma concentrations. 
Even attaining the target concentrations (>500	 ng/L)	 provided	
by	 the	British	 Society	of	Mycology	did	not	 appear	 to	be	protec-
tive	 against	 an	FITPT.15 It has been previously reported that the 
defined target might be too low.15,32	On	the	other	hand,	patients	
treated	with	posaconazole	did	not	show	a	high	number	of	FITPTs,	
although	60%	of	 the	patients	showed	subtherapeutic	concentra-
tions	 according	 to	 the	 definition	 provided	 by	 the	British	 Society	
of Mycology.15	 Future	 studies	 should	 investigate	 and	 reevaluate	
whether the defined targets are linked with therapeutic efficacy in 
critically	ill	patients,	and	the	target	thresholds	should	be	adapted	
if necessary.

The	 number	 of	 FITPTs	 in	 our	 population	 (26%)	 appears	 to	 be	
high but has been similarly described in previous studies.13 None of 
the	patients	with	an	FITPT	deceased	during	their	stay	at	the	ICU	in	
comparison	with	an	up	to	60%	mortality	described	in	other	studies	
for lung transplant recipients with invasive fungal infections.13 This 
might	be	explained	by	the	few	FITPTs	caused	by	Aspergillus spp. and 
a	limited	surveillance	period.	In	addition,	it	can	be	suspected	that	the	
indication for therapy was presumably applied generously because 
of the immunosuppressed and critically ill condition of the patients. 
ICU	stay	was	slightly,	non-	significantly	longer	in	patients	with	FITPT	
than	in	patients	without	FITPT	(48	vs	37	days).	Both	mortality	and	
length	of	ICU	stay	are	multifactorially	influenced	and	based	on	the	
limited number of patients in our study; interpretation of these pa-
rameters	should	be	cautious.	Overall,	we	found	more	FITPTs	caused	
by Candida spp. (n = 12) than by Aspergillus spp. (culture =	 1,	 an-
tigen = 6) in our study population. Even though Candida spp. is in 
general the more frequently observed pathogen in lung transplant 
recipients,	the	observed	ratio	seems	to	be	high.33 Our findings could 
be related to the early observation period of the study (patients 
were excluded from the study when transferred to a general ward). 
Infections by Candida spp. regularly occur within the first month 
after	transplantation,	whereas	infections	by	Aspergillus spp. tend to 
occur after 3- 12 months.34	Therefore,	the	extent	to	which	itracon-
azole	and	posaconazole	protect	against	infections	by	Aspergillus spp. 
can	only	be	interpreted	to	a	limited	extent.	However,	posaconazole	
seems to be more effective in prophylaxis against Candida spp. in-
fections,	which	usually	dominate	in	the	postoperative	period.	Seven	
FITPTs	occurred	before	the	steady	state	was	reached	in	the	itracon-
azole	 group.	 Therefore,	 it	 can	 be	 concluded	 that	 especially	 in	 the	
first	 period	 of	 prophylaxis,	 administration	 of	 itraconazole	 tablets	
does not provide adequate protection against fungal detection. 
Other	routes	of	administration	(inhalative,	IV)	may	offer	advantages	
by reaching adequate exposure more quickly.

Patients	receiving	posaconazole	suspension	showed	significantly	
(P < .01) more concentrations below the target than patients receiv-
ing	 prophylaxis	with	 posaconazole	 tablets.	 This	 has	 also	 been	 re-
ported	by	Stelzer	et	al	in	a	group	of	lung	transplant	recipients	during	
a routine follow- up and was mainly associated with the use of PPI 
and the diagnosis of cystic fibrosis.3,35 We did not find any significant 
covariates	influencing	the	plasma	concentrations	of	posaconazole	or	

F I G U R E  2   Itraconazole	plasma	concentrations	related	to	the	
median	daily	dose.	Fifty-	five	percent	of	the	itraconazole	plasma	
concentrations were subtherapeutic. Dotted line: defined target of 
500 µg/L	for	itraconazole	according	to	Ashbee	et	al15
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TA B L E  2   Characteristics of patients with a fungal- induced 
transition from prophylaxis to therapy after the administration of 
posaconazole	or	itraconazole	as	prophylaxis

Itraconazole Median 
(range) or median (%)

Posaconazole Median 
(range) or median (%)

Number of 
patients

16 3

Positive antigen 
records

3 3

Positive fungal 
cultures

13 0

Mortality 0 0

Single lung 
transplantations

3	(19) 0

Re- transplantations 0 0

Gender	(male/
female)

10 (63)/6 (37) 2 (67)/1 (33)

Age	(y) 48	(33-	68) 62 (33- 64)

BMI	(kg/m2) 22.1	(17.93-	30.49) 21.5 (13.1- 25.1)

SAPS	II 45 (22- 91) 57 (52- 63)

Azole	plasma	
concentration 
(µg/L)

601	(20-	1936) 436	(98-	1436)

IL-	6	(pg/mL) 15.4 (5.3- 5307) 37.1	(8.3-	169)

CRP	(mg/dL) 1.4	(0.3-	19.2) 4.8	(0.4-	25.2)

Norepinephrine 
(mg/h)

0.14	(0-	0.9) 0.02	(0-	0.79)

Average	amount	
per day (mg)

350 (300- 525) 800	(300-	1200)

Abbreviations:	BMI,	body	mass	index;	CRP,	C-	reactive	protein;	IL-	6,	
Interleukin	6;	SAPS,	Simplified	Acute	Physiology	Score.22
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itraconazole.	This	might	be	explained	by	the	fact	that	several	factors	
(simultaneously)	alter	the	pharmacokinetics	of	azoles	and	critically	ill	
patients	are	subject	to	diverse	influences.	In	this	context,	our	study	
population might have been too small to identify influencing factors. 
Many lung transplant recipients suffer from dysphagia caused by 
long-	term	 ventilation,	 especially	 in	 the	 postoperative	 period,	 and	
have	 problems	 swallowing	 the	 tablets.	 In	 principle,	 unpredictable	
bioavailability/pharmacokinetics could be circumvented by intrave-
nous or inhalative administration. Mellinghoff et al recommended 
the	use	of	an	intravenous	formulation	of	posaconazole	if	the	admin-
istration	of	posaconazole	tablets	 is	prevented.16 Sime et al investi-
gated	the	pharmacokinetics	of	posaconazole	in	critically	ill	patients	
after the administration of 300 mg of an intravenous formulation 
and observed higher rates of target attainment.36	Although	we	did	
not	 investigate	 intravenous	 administration	 of	 posaconazole,	 the	
studies described earlier in combination with the high rate of sub-
therapeutic	 concentrations	 after	 posaconazole	 suspension	 in	 our	
analysis support the administration of an intravenous formulation of 
posaconazole	 instead	of	a	suspension	to	 lung	transplant	recipients	
with dysphagia (or patients with other inability to swallow tablets) in 
the	postoperative	setting.	Similarly,	the	use	of	an	alternative	formu-
lation	with	better	bioavailability	of	itraconazole	(SUBA-	itraconazole)	
could lead to a higher rate of target attainment and a higher efficacy 
in	prophylaxis	using	itraconazole.

Our study has several limitations. It cannot be assumed that all 
FITPTs	represented	probable/proven	 invasive	fungal	 infections	ac-
cording	to	ISHLT	or	EOTRC/MSG	guidelines.37,38	Thus,	comparison	
of our data with prevalence rates of infections in other studies is 
not	possible	without	limitations.	However,	the	reliability	of	diagnos-
tic criteria of invasive fungal infections in the context of critically 
ill	 patients	 is	 questionable.	Guidelines	 for	 critically	 ill	 patients	 are	
currently in progress.39 The subjective primary endpoint chosen in 
our	study	(definition	of	FITPT	= clinical decision to initiate a targeted 
therapy) included all information available to an experienced inten-
sive	care	specialized	team	at	the	time	of	the	positive	fungal	record.	
However,	although	the	same	definition	was	applied	to	patients	re-
ceiving	itraconazole	and	posaconazole,	a	bias	(ie,	clinicians	were	less	
“comfortable” when cultures were positive in patients they knew 

were	on	itraconazole)	cannot	be	completely	excluded	because	of	the	
retrospective,	unblinded	study	design.

The	 structured	 evaluation	 of	 radiologic,	 bronchoscopic,	
and histologic results would have been desirable for our study. 
Unfortunately,	no	uniform	diagnostics	were	carried	out	for	patients	
with positive microbiological results making a meaningful evaluation 
not feasible in this study.

Finally,	due	to	the	retrospective	study	design,	a	bias	due	to	unob-
served	confounders	cannot	be	excluded.	Therefore,	future	prospec-
tive studies are needed to confirm our results.

5  | CONCLUSIONS

Itraconazole	 and	 posaconazole	 prophylaxis	 led	 to	 a	 high	 rate	 of	
subtherapeutic plasma concentrations. The plasma concentrations 
achieved	 were	 not	 linked	 with	 efficacy.	 However,	 posaconazole,	
compared	with	 itraconazole,	showed	a	greater	efficacy	in	prevent-
ing	FITPTs	in	critically	ill	lung	transplant	recipients	and	should	there-
fore	 be	 used	 preferentially	 in	 this	 context.	 Future	 studies	 should	
reevaluate	 the	existing	 target	 concentrations	of	posaconazole	and	
itraconazole	 in	critically	 ill	patients.	Because	 the	administration	of	
the	suspension	of	posaconazole	resulted	more	often	in	insufficient	
plasma	concentrations,	preference	should	be	given	to	tablets.
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