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Abstract

World-wide, emerging triazole resistance increasingly complicates treatment of invasive aspergillosis (IA).
In settings with substantial (>10%) prevalence of triazole resistance, empiric combination therapy with both
a triazole and liposomal amphotericin B (LAmMB) can be considered because of the low yields of susceptibil-
ity testing. To avoid toxicity while optimizing outcome, a strategy with monotherapy would be preferable. A
newly designed treatment algorithm based on literature and expert consensus provided guidance for empiric
monotherapy with either voriconazole or LAmB. Over a four and a half year period, all adult patients in our
hospital treated for IA were included and patient data were collected. An independent committee reviewed
the attributability of death to IA for each patient. Primary outcomes were 30- and 100-day crude mortality and
attributable mortality. In total, 110 patients were treated according to the treatment algorithm. Fifty-six pa-
tients (51%) were initially treated with voriconazole and 54 patients (49%) with LAmB. Combined attributable
and contributable mortality was 13% within 30 days and 20% within 100 days. Treatment switch to LAmB
was made in 24/56 (43%) of patients who were initially treated with voriconazole. Combined contributable
and attributable 100-day mortality in this subgroup was 21% and was not increased when compared with
patients initially treated with LAmB (P = 0.38). By applying a comprehensive clinical decision algorithm, an
antifungal-sparing regime was successfully introduced. Further research is warranted to explore antifungal
treatment strategies that account for triazole-resistance.

Lay summary

Due to resistance of Aspergillus against triazoles, combination therapy with liposomal amphotericin B
(LAmB) is applied more often as primary therapy against invasive aspergillosis. This study presents the
results of a decision tool which differentiated between triazole or LAMB monotherapy.
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Introduction

Since the introduction of the antifungal drug voriconazole, mold-
active triazole formulations are the primary treatment of choice
for invasive aspergillosis (IA) in leading European and American
guidelines.'> However, over the past decades, emerging triazole
resistance has developed as a new important threat to effective
prevention and treatment of IA.*7 This development has given
rise to an increase in the application of liposomal amphotericin B
(LAmB), which is the drug of second choice for this indication.®>?
This is concerning due to decreased efficacy and increased toxic-
ity of Amphotericin B formulations when compared to voricona-
zole."19-17 The highest incidence rates of IA can be found in
patients with a hematological malignancy who receive intensive
chemotherapeutic treatment and/or undergo hematopoietic stem
cell transplantation (HSCT).'8-2! Despite the use of antifungal
chemoprophylaxis, the residual incidences observed in this pop-
ulation often remain 5-10% or more.2'~3 Furthermore, due to
the increasing number of patients that survive with temporary
or chronic diseases of the immune system and by introduction
of new treatment modalities e.g., tyrosine kinase inhibitors like
ibrutinib, the population at risk of IA is expanding.!>-24-23
Traizole-resistance mutations in the fungal DNA, specifically
the CYP51A-gene and its promotor-region, are most often as-
sociated with pan-triazole resistance and therefore necessitate
the use of LAmB. Use of LAmB can be associated with lower
rates of treatment success and high rates of toxicity when com-
pared to voriconazole.!?12:13 Demonstrated resistance against
all triazoles is a clear indication for the use of LAmB.’ Decid-
ing between voriconazole and LAmB as empiric therapy is diffi-
cult when the clinician suspects the presence of triazole resistant
IA, but definite proof is missing. The background resistance rate,
which varies among different populations at risk and different re-
gions, needs to be taken into account when making this decision.
The first clinical isolates with triazole-resistance mecha-
nisms have been recognized in Northern Western Europe.”->®
At present, resistance against triazoles in environmental as well
as clinical isolates has developed to a global problem.?’-3? Re-
sults of a nationwide surveillance study in 2014 showed a tria-
zole resistance rate of 5% in the USA, and presence of resistant
isolates in the environment has been demonstrated as well.>?>3!
In the Netherlands, average resistance rates of Aspergillus fumi-
gatus were 14.7% of 764 isolates screened in academic hospi-
tals and 7.8% of 784 isolates screened in non-academic teach-
ing hospitals in 2018.33 It is complicated to measure the impact
of triazole resistance in the clinical setting. Due to the fact that
cultures and antifungal susceptibility testing fails in the major-
ity of clinical specimens, the clinician often has to resort to an
empirical treatment strategy. Although our ability to determine

susceptibility has recently been improved due to the introduc-
tion of PCR, the combined results of both culture and PCR are
conclusive only in 30-60% of patients with probable invasive
aspergillosis.>*¢ The resulting uncertainty about susceptibility
easily gives rise to overtreatment with LAmB. When there is a
high background resistance rate, any clue that raises the suspi-
cion of resistance could motivate the clinician to opt for the use
of LAmB instead of voriconazole. To ensure both the addition of
the survival benefit of treatment with voriconazole and covering
the risk of triazole resistance, Dutch national guidelines advise to
empirically treat IA with combination therapy of both voricona-
zole and LAmB in case of unknown susceptibility.3” However,
the expected benefits of this strategy need to be weighed against
a higher rate of serious adverse events associated with combina-
tion therapy, as well as higher costs,'®>3%:3 but no randomized
study data are available on this topic. Furthermore, no random-
ized head-to-head comparison between LAmB and voriconazole
has been published, leaving some uncertainty about the superi-
ority of voriconazole.!%13

To evade unnecessary toxicity while optimizing outcome,
a clinical decision rule guiding to monotherapy with either
voriconazole or LAmB was designed and validated in our hospi-
tal in a region with resistance rates between 16 and 24% reported

in the last 10 years.?3

Methods

Development of a clinical treatment strategy

In 2014, all medical specialties in the Leiden University Medical
Center involved in the diagnosis and treatment of patients with
IA participated in constructing a treatment algorithm that pro-
vided guidance for empiric monotherapy with either voricona-
zole or LAmB (Figure 1). The algorithm aimed to optimize
the balance between the risk of treating triazole-resistant 1A
with voriconazole and the risk of unnecessarily treating triazole-
susceptible IA with LAmB. The treatment protocol was based

1,21,23,38,40-42 4nd information about

on literature and guidelines
local resistance rates.>3
Criteria were formulated that either predispose for a worse
outcome (e.g., presence of respiratory insufficiency) or were
thought to predispose for infection with a triazole-resistant
isolate (development of IA during chemoprophylaxis with a
triazole). On the basis of these criteria, a decision about empiric
(i.e., awaiting susceptibility testing) treatment was made. Both
predicted worse outcome and breakthrough infections were con-
sidered indications for empiric treatment with LAmB. Although
it is currently not supported by the literature that prophylaxis
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Patient with at least possible* invasive aspergillosis
Consider the following criteria for primary therapy with LAmB

1. Mechanical ventilation required or imminent
2. Hemoptysis
3. Expected duration of neutropenia > 2 weeks
4. Relapsed haemotological malignancy
5. Use of systemic immunosuppressants for chronic graft vs host
disease
6. |A despite adequate triazole prophylaxis

No criteria present

At least one criterion present

|

Group 1: Primary therapy with
voriconazole monotherapy

Switch to LAmB monotherapy if:

1. Triazole resistance is demonstrated
2. Inadequate treatment response after 2
weeks

No criteria present At least one criterion present

v ¥

l

Group 2: Primary therapy with
LAmB monotherapy

Switch to voriconazole monotherapy if:

1. Tnazole susceptibility is demonstrated
2. Adequate treatment response after 2
weeks and sufficient host immunity

No criteria present At least one criterion present

Group 1A: Group 18:

Treatment switch to

Continue voriconazole LAMB

Group 2A: Group 2B:

Treatment switch to

Continue LAMB voriconazole

Figure 1. Flowchart of the treatment protocol.

Legend: The treatment protocol was implemented in a setting with high > 10% of triazole resistance. IA denotes Invasive Aspergillosis; LAmMB Liposomal am-
photericin B. *as defined by the 2008 EORTC/MSG criteria for the diagnosis of invasive fungal infections.*

using a triazole predisposes for infection with a triazole-resistant
isolate, the committee that constructed the algorithm decided
to apply this criterion based on its rational concept. The reason
to initially treat patients with a predicted worse outcome with
LAmB was to mitigate the risk of applying ineffective treatment
to a severely ill patient with potentially triazole-resistant IA.
As treatment failure in the first phase of disease is associated
with higher mortality, avoiding this risk was considered a high
priority.?0>41:43 Combination therapy was not applied to avoid
possible toxicity or other complications.

During treatment, results of susceptibility testing were used
directly to switch treatment if appropriate. After two weeks
of treatment without information on susceptibility, an evalua-
tion of treatment outcome was made. In case of clinical non-
response in a patient initially treated with voriconazole, the risk
of triazole-resistance was considered high and treatment was
switched to LAmB. In case of clinical non-response in a patient
initially treated with LAmB, the risk of an (intrinsically) polyene-
resistant infectious agent was considered to still be very low. Be-
cause host factors were considered to be the most likely cause of
non-response in this case, no benefit was expected to switch treat-
ment to voriconazole. In case of response to treatment in patients
treated with LAmB, treatment was de-escalated to voriconazole
monotherapy under close monitoring.

The designed algorithm was approved by the institution’s
antimicrobial steering committee and was implemented from

January 2015 onwards.

Study protocols and definitions

All patients who were considered to have a high risk of IA rou-
tinely received prophylaxis with a triazole with activity against
Aspergillus. This included patients receiving remission-induction
therapy prior to allogeneic HSCT, patient who underwent
allogeneic HSCT, patients with prolonged neutropenia (at least
two weeks), or other patients receiving high risk chemotherapeu-
tics that induce neutropenia or impaired granulocyte function.
Therapeutic drug monitoring was applied in this population.**

Protocolized CT-scanning and bronchoalveolar lavage (BAL)
were performed upon suspicion of IA. BAL samples were ex-
amined by direct microscopy, culture, Galactomannan assay (cut
off at 0.5 optical density) and from 2017 onwards also by PCR.
All available BAL samples from patients initially not tested by
PCR were retrospectively tested. The AsperGenius® PCR assay
(Pathonostics, Maastricht, the Netherlands) was used. Triazole
resistance was routinely tested by four well agar plate screening
(VIP check, Groningen, The Netherlands).

Data collection

All adult patients were retrospectively included if they had been
treated according to our treatment protocol between January
2015 and September 2019. Patients who received either LAmB,
voriconazole, isavuconazole or posaconazole in our center were
identified through the hospital pharmacy database. Of these pa-

tients, the electronic medical records were examined to ensure
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eligibility for inclusion in our study. Extracted patient charac-
teristics included age, diagnosis of immunocompromising dis-
ease, diagnosis of IA, comorbidity and immune status, as well as
information about performed diagnostics, triazole susceptibility,
dosage of therapy, duration of therapy, treatment history, switch
of antifungal therapy, renal function and outcome of IA. IA was
classified according to the 2008 revised European Organisation
for Research and Treatment of Cancer — Mycoses Study Group
criteria for the classification of invasive fungal infections.*? After
retrieval of all relevant information, the data of all participants
was pseudonymized.

Definition of attributable mortality

The role of TA with regard to the cause of death was classified
as either ‘non-attributable to IA’, ‘contributable’, ‘attributable’,
or ‘unknown’ (see criteria in the text Box 1). The last category
was introduced because the clinical data at time of death were
insufficient for a few cases. Attributable and contributable mor-
tality were the primary outcome measures for this study. The
classification was constructed by the investigator group prior to

Box 1. Attributable

The immediate cause of death was defined as the disease pro-
cess, injury, or complication immediately preceding death. IA
was considered the cause of death when the immediate cause
of death was due to this infection. Examples are neurological
complications of an Aspergillus infection that disseminated to
the brain, lung bleeding or respiratory insufficiency in a patient
with pulmonary aspergillosis

or

IA was judged to have played a major role if death would not
have occurred had the patient not had IA, even though another
condition was present that also contributed to death. This in-
cludes toxicity, interactions and other side effects of antifun-
gal treatment that played a major role in the cause of death.
Another example is a Pseudomonas bacteremia in a patient
with a cavitating pulmonary aspergillosis in which the lungs
are considered the most likely source of the bacteremia.
Contributable

IA or treatment of IA was defined as playing a minor role if it
was probably not essential in explaining the patient’s death
but arguably did play some role in the event. Example is a
patient with an aspergillus infection as well as severe uncon-
trolled gastrointestinal GVHD at the time of death
Non-attributable

Mortality was classified as not related to |A if there was a clear
other cause of death not related to IA

Unknown:

If insufficient data were present about the circumstances death

occurred

analysis of the data and was based on modification of defini-
tions from literature.*">*> A committee was instructed to deter-
mine attributability in all patients who died within 100 days. The
committee consisted of three reviewers who were not directly in-
volved with the study, with experience in the fields of infectious
diseases, clinical microbiology and hematology. The reviewers
received written instructions to use the medical correspondence,
post-mortem reports and laboratory findings as reported in the
patient files to categorize the deceased patients according to the
above definitions. In case of disagreement between the reviewers,
the case was discussed between all three reviewers until consen-
sus was reached.

Statistics

Survival proportions were calculated and comparative analyses
were performed using SPSS version 25 (IBM Corp., Armonk,
NY).

Ethics

The study was reviewed by the institutional review board, which
deemed that the Dutch law on research on human subjects was
not applicable to our study. Data were processed in accordance
with the national Personal Data Protection Act.

Results

Protocol adherence and study population
characteristics

A total number of 115 patients were treated for IA at our insti-
tution from January 2015 to September 2019. Of this total, 110
patients (96%) were treated for IA with either voriconazole or
LAmB monotherapy according to the designed algorithm. The
remaining five patients received off-protocol treatment regimens
(Figure 2). These patients received either combination therapy,
or violated the criteria mentioned in the decision tool otherwise.
For all results, the remaining 110 patients were used to calculate
percentages, with the exception of the triazole resistance rates.

Study population characteristics

Out of 110 included patients, 76 (69%) were male; the me-
dian age was 63 (range 20-83), and 100 (90%) patients were
treated for an underlying hematologic malignancy or had un-
dergone allogeneic stem cell transplantation (Table 1). Of pa-
tients with hematologic malignancy, 14 suffered from a re-
lapsed malignancy and eight from a secondary (treatment re-
lated) malignancy. A small subgroup of patients (10%) did
not suffer from hematologic malignancy but were recipients
of a solid organ transplantation, received chemotherapy for
other malignancies, or were immunocompromised for other

reasons.
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All patients treated for invasive
aspergillosis (n=115)
= Triazole-susceptibility testing resuits:
B Susceptible: 19; Resistant: 10; Unknown: 86
o Excluded: Non-adherence to
8 > protocol (n=5)
E Triazole-susceptibility testing results:
Susceptible: 1; Resistant: 2; Unknown: 2
P ¥ ¥
Group 1: Group 2:
w
-
; Primary therapy with voriconazole Primary therapy with LAmB
- monotherapy (n=56 monotherapy (n=54
Py PY
[e]
m 30-day contributable or attributable mortality: 4% 30-day contributable or attributable mortality: 22%
; 100-day contributable or attributable mortality: 10% 100-day contributable or attributable mortality: 30%
m
> Triazole-susceptibility testing results: Triazole-susceptibility testing results:
-
= Susceptible: 8; Resistant: 4; Unknown: 44 Susceptible: 10; Resistant: 4; Unknown: 40
m
=
-]
2 4 v v ¥
g Group 1A:
g roup 1A: Group 1B: Group 2A: Group 2B:
o Continua tggconazole Treatment switch to LAmB Continue LAmB (n=44) Treatment switch to
| (n=32) (n=24) voriconazole (n=10)
m i 30-day contributable or
§ 3_0—day Icomnbult_ab.lisr 30-day contributable or attribu tayble mortality: 27% 30-day contributable or
= attributable mor}a ity: 4% attributable mortality: 4% ) Ity ° attributable mortality: 0%
c 100-day contributable or . 100-day contributable or )
> ttributable mortality: 4% 100-day contributable or attributable mortality: 34% 100-day contributable or
= a yi &t attributable mortality: 20% ’ attributable mortality: 10%
(o) . y - . Triazol bil .
= Triazole suscep;ttlblllty testing Triazole-susceptibility testing flazo e'su::m;m ity testing Triazole-susceptibility testing
results: ¢
) . results: e ; an results:
Suscepﬂbl:. 3 R.ezgltant. % Susceptible: 5; Resistant: 3; Suscepﬂ:l:l.]:;:-eilﬁstam. % Susceptible: 6; Resistant: 0;
v nknown: Unknown: 16 ) Unknown: 4

Figure 2. The treatment protocol with numbers of patients in each arm as well as resistance and mortality rates.

Legend: LAmB Liposomal amphotericin B. Susceptibility testing was done by applying both PCR and culture techniques. Resistance data were not yet known at
the moment of start of therapy, but were known at the moment of treatment evaluation. Contributable and attributable mortality rates were defined in the process
as described in the methods section and can also be found in Table 3. *possible IA was defined according to the 2008 revised definitions for the diagnosis of

invasive fungal infections.*

Treatment and outcomes

Fifty-six patients (51%) were initially treated with voriconazole
and 54 (49%) were initially treated with LAmB. Cultures were
positive in 16/115 (14 %) patients and phenotypical voriconazole
resistance was detected in 5/16 (31%). Overall, susceptibility
testing was successful in 29 cases, yielding 10 (34%) triazole-
resistant and 19 (66%) triazole-susceptible isolates. Suscepti-
bility was determined phenotypically by culture in 13 clinical
isolates, and genetically with PCR in 16 clinical isolates. In one
case, triazole resistance was detected by both PCR and cul-
ture. Five non-fumigatus Aspergillus fungi were identified with
PCR or culture, none of which with intrinsic LAmB-resistance
(two Aspergillus flavus, two Aspergillus niger, one Aspergillus
nidulans).

Upon clinical evaluation of empiric therapy and of resistance
data, a switch was made to LAmB in 24/56 (43%) of patients

who were initially treated with voriconazole. Table 2 displays the
reasons for treatment switch. In the group that started treatment
with LAmB, 9 out of 54 (17%) patients switched to voriconazole.
Treatment was completed with voriconazole in 42 cases and with
LAmB in 68 patients. The flowchart (Figure 2) shows the number
of patients in each treatment group.

Therapy-related adverse events occurred in both treatment
arms. Hepatotoxicity was a reason to stop treatment with
voriconazole in seven patients (13%) and nephrotoxicity was a
reason to stop treatment with LAmB in 11 patients (20%). Al-
lergic reaction was a reason to stop treatment with voriconazole
in one case. Serious alteration of mental state and/or visual hal-
lucinations was a reason to stop treatment with voriconazole
in two cases. Reasons to start treatment with LAmB are dis-
played in Table 2. The most common reason to initially treat with
LAmB was adequate prophylaxis with voriconazole before es-
tablishing the diagnosis of IA (28 patients). Of these 28 patients,
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Table 1. Characteristics of patients treated for invasive aspergillo-

sis.

Total number of patients 110
Sex, male (%) 76 (69)
Age, median (range) 63 (20-83)
Underlying predisposing disease, number of pts. (%)

Total with hematologic malignancy or after HSCT 100 (91)
Total who underwent HSCT 54 (49)
Patients with hematologic malignancy: 45 (41)
AML/MDS-RAEB2 29 (26)
ALL 12 (1)
Multiple myeloma 4 (4)
MDS 4 (4)
Aplastic anemia 2(2)
CLL 2(2)
Myelofibrosis 1(1)
CML 1(1)
Received HSCT for sickle cell disease

Receiving chemotherapy for solid tumor 2(2)
Kidney transplantation 3(3)
Liver transplantation 2(2)
Other* (not malignant, not transplant-related) 3(3)

Legend: 1A denotes invasive aspergillosis, HSCT hematopoietic Stem Cell Trans-
plantation, LAmB Liposomal Amphotericin B, ALL Acute Lymphoid Leukaemia,
AML Acute Myeloid Leukemia, CML Chronic Lymphoid leukemia, CLL Chronic
Lymphoid leukemia, MDS Myelodysplastic Syndrome, MDS-RAEB2 Myelodysplas-
tic Syndrome - Refractory Anaemia with Excess Blasts grade 2. *Other underlying
diseases: severe anorexia nervosa, badly regulated diabetes type 1, and influenza.

susceptibility testing was successful in four cases, of which only
one was triazole resistant.

Crude and attributable mortality rates per treatment stra-
tum are listed in Table 3. The flowchart (Figure 2) shows a
combination of attributable and contributable rates only. Con-
tributable or attributable mortality was lower in patients initially
treated with voriconazole (30-day contributable or attributable
mortality was 6%) than in patients initially treated with LAmB
(30-day contributable or attributable mortality was 22%). Mor-
tality was lowest in patients who were only treated with
voriconazole monotherapy. Mortality was highest in patients
who were only treated with LAmB monotherapy and in patients
initially treated with voriconazole and later switched to treat-
ment with LAmB as per the rules of the decision tree. The mortal-
ity rates differed only slightly (61 vs 54% crude 100-day mortal-
ity, 34 vs 21% combined attributable and contributable 100-day
mortality). Attributable mortality was highest in the first period
after diagnosis of IA. After 40 days, most mortality was either
non-attributable to IA or of unknown cause (Figure 3). Com-
bined contributable and attributable mortality for all groups was
12% after 30 days and 20% after 100 days. Mortality unrelated
to IA within 30 days was lower in patients with proven or proba-
ble IA only when compared to all patients (4 versus 10% overall).

Table 2. Motivation of treatment decisions.

Number of patients initially treated with 56
voriconazole (group 1)

Number of patients initially treated with LAmB 54
(group 2)

Reason to initially treat with LAmB*, number of
patients, (% of patients treated with LAmB)

Mechanical ventilation required or imminent 9(17)

Hemoptysis 0

Expected duration of neutropenia >2 weeks 2 (4)

Relapsed hematologic disease 14 (26)

Use of systemic immunosuppression for chronic 0
graft versus host disease

IA occurred despite adequate prophylaxis with a 28 (52)
triazole

Broader antifungal spectrum deemed necessary (e.g., 5(9)
suspicion of mucormycosis)

Intolerance or significant drug interaction with 4(7)
voriconazole

Number of patients who switched from 24 (23)
voriconazole to LAmB (group 1B)

Reasons to switch, number of patients, (% of
patients who switched)

Resistance to azoles demonstrated 3(13)

Progression of TA 15 (63)

Intolerance to voriconazole 6 (25)

Number of patients who switched from LAmB to 10 (9)
voriconazole (group 2B)

Reasons to switch, number of patients (% of
patients who switched):

Susceptibility to azoles demonstrated 6 (60)

Adequate treatment response and sufficient recovery 2 (20)
of host immunity

Intolerance to LAmB 2 (20)

Legend: LAmB denotes Liposomal Amphotericin B, IA Invasive Aspergillosis. *More
than one reason could be present for one patient.

The calculation of survival rates was repeated for proven
and probable cases of IA (defined according to the 2008 revised
EORTC criteria*’) and detailed in supplement A. The results
were similar to the results of the overall analysis.

Discussion

By applying a comprehensive clinical decision algorithm in our
area with high (>10%) triazole-resistance rates, 51% of patients
were empirically treated with monotherapy voriconazole, with-
out indications for excess crude mortality even if a later switch
to LAmB was needed. In 29% of patients, therapy with LAmB
could be avoided during the entire course of treatment. Our
study provides a rationale to effectively account for possible tri-
azole resistance while preventing the negative effects associated
with combination therapy. However, due to the way the study
has been designed, it is not possible to make direct comparisons
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Table 3. Outcomes of patients treated according to the protocol.

Group 1 Group 2 Group 1A Group 1B (VOR,  Group 2A Group 2B
Total (VOR) (LAmB) (VOR) LAmB) (LAmB) (LAmB, VOR)
Number of patients 110 56 32 24 44 10
30-day mortality # patients (%)
Total 26 (24) 7 (13) 19 (35) 4 (13) 3 (13) 19 (43) 0
Attributable 3(3) 2 (4) 1(2) 1 (4) 1(4) 1(2) 0
Contributable 11 (10) 0 11 (20) 0 0 11 (25) 0
Unrelated 11 (10) 5(9) 6(11) 3(9) 2 (8) 6(11) 0
Unknown 1(1) 0 1(2) 0 0 1(2) 0
100-day mortality # patients (%)
Total 51 (46) 20 (34) 31(57) 9 (28) 11 (54) 27 (61) 4 (40)
Attributable 6(5) 3(5) 3 1(4) 2 (8) 2(5) 1(10)
Contributable 16 (15) 3(5) 13 (24) 0 3(13) 13 (29) 0
Unrelated 24 (22) 12 (21) 12 (22) 6 (18) 6 (28) 9 (20) 3(30)
Unknown 5(9) 2 (4) 3 2 (6) 0 3(7) 0
Azole-resistance # of patients (%) 8 (5) 4(7) 4 1(3) 3(13) 4 (10) 0
Azole-susceptibility # of patients (%) 18 (15) 8 (14) 10 (19) 3(09) 5(21) 4(9) 6 (60)
Diagnostic certainty # of patients (%)
Possible 36 (33) 16 (29) 20 (37) 13 (41) 3(13) 19 (43) 1(10)
Probable 72 (65) 39 (70) 33 (61 19 (59) 20 (83) 25(57) 8 (80)
Proven 2(2) 1(2) 102) 0 1(4) 0 1(10)

Legend: LAmB denotes Liposomal amphotericin B, VOR voriconazole. Diagnostic certainty was defined according to the revised 2008 EORTC/MSG criteria for the diagnosis

of Invasive Fungal Infection.*” Group 1 consists of patient initially treated with voriconazole. Subgroup 1A continued treatment with voriconazole, while subgroup 1B switched

to LAmB eventually. Group 2 consists of patients initially treated with LAmB. Subgroup 2A continued treatment with LAmB, while subgroup 2B switched to voriconazole

eventually. The treatment rules for the different groups can be found in Figure 1.

between treatment groups; the basis on which the choices for
therapy were made were dependent on clinical factors which are
also associated with outcomes, thought to be helpful in iden-
tifying the patients who would benefit the most from the rele-
vant treatment strategy. This distinction causes factors that are
correlated with a worse outcome to not be equally distributed
between the treatment groups. Mortality rates of patients ini-
tially directed to voriconazole monotherapy were lower when
compared to people who were treated with LAmB. However, the
group of patients that were initially treated with LAmB were ex-
pected to have a worse outcome at baseline.

The treatment decision tree was constructed in accordance
with our local antibiotics steering committee, with knowledge
about local epidemiology and triazole-resistance rates, current
literature and the relevant guidelines. National and international
guidelines that describe the optimal management for A need to
rely on low evidence levels, in part due to the relative rarity of
IA. Additionally, because of improvements in the management
of patients with hemato-oncological disease, the population at
risk is becoming harder to define and is ever-changing. Emerging
triazole resistance makes it even more difficult to formulate an
unambiguous treatment advice.

No data are available that support an increased risk of
triazole-resistant IA in patients that develop IA despite receiving
adequate prophylaxis with a triazole. We did choose to include

this as a criterion to initially treat with LAmB. Nonetheless, no
remarkable additional risk of triazole-resistance was found in
this subgroup (of four successful susceptibility tests in 28 pa-
tients, one isolate showed triazole resistance). A limitation of
this study is that detection of resistance was not as successful as
reported in literature despite the use of both PCR and conven-
tional culture.3*3¢%5 Reported rates of triazole resistant IA in
our region are amongst the highest in the Netherlands, and in the
world.32:33 The high local resistance rates have been linked to the
extensive use of fungicides in agriculture.” All-cause mortality in
our cohort was high with a 46% mortality rate within 100 days.
In patients with proven and probable invasive aspergillosis only,
this rate was similar (41%). In literature, the mortality rates dif-
fered greatly between different subpopulations, but were on av-
erage lower than in our population.'3?2:23 However, within the
total mortality count, a minority of cases was attributable or con-
tributable to TA. The nature of the subpopulation plays a large
role in the expected case fatality rate. On average, our popula-
tion consisted of patients with both a high risk of developing IA
and a high risk of mortality due to hematological malignancy.
Additionally, T-cell depleted HSCT is standard practice in our
center. This method of transplantation is associated with a sub-
stantially lower risk of graft versus host disease, but at the cost of
more difficulty in the treatment of opportunistic infections due
to an initially less effective T-cell mediated immune response.
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Patients initially treated with voriconazole (total 56 patients)
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Patients initially treated with liposomal amphotericin B (total 54 patients)
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Figure 3: Mortality counts of patients treated for Invasive Aspergillosis.
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Legend: 1A denotes Invasive Aspergillosis. Attributable or contributable mortality was determined in the procedure as described in the methods section.

In conclusion, the results of our study can provide new insight
in the application of an antifungal-sparing clinical decision tool
while minimizing the risks of the consequences of undertreat-
ment. The non-randomized approach and heterogeneous pop-
ulation make it difficult to make generalized statements about
treatment effectiveness, and future research could further expand
on the hypothesis that LAmB can have an important role in the
treatment of IA in areas with high triazole resistance without the
necessity of combination therapy.
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