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LIST OF ABBREVIATIONS AND RELEVANT DEFINITIONS 

 

A. fumigatus 

A. species 

AE 

Aspergillus fumigatus 

Aspergillus species 

Adverse event 

AR 

BAL 

Adverse Reaction 

Bronchoscopic Alveolar Lavage 

CE 

 

CSLI 

CT 

CV 

abbreviation of Conformité Européenne, meaning European 

Conformity 

The Clinical & Laboratory Standards Institute 

Cycle Treshold 

Curriculum Vitae 

Dpt 

GCP 

Department 

Good Clinical Practice 

IC Informed Consent 

ICER 

IMP 

Incremental cost-effectiveness ratio 

Investigational Medicinal Product 

METC  

 

MIC 

PCR 

PPV 

RAMS 

Medical research ethics committee (MREC); in Dutch: medisch 

ethische toetsing commissie (METC) 

Minimal inhibitory concentration 

Polymerase Chain Reaction 

Positive Predictive Value 

Azole resistance associated mutations 

(S)AE (Serious) Adverse Event  

Sponsor The sponsor is the party that commissions the organisation or 

performance of the research, for example a pharmaceutical 

company, academic hospital, scientific organisation or investigator. A 

party that provides funding for a study but does not commission it is 

not regarded as the sponsor, but referred to as a subsidising party. 

SUSAR Suspected Unexpected Serious Adverse Reaction 

TR 

Wbp 

Tandem Repeat 

Personal Data Protection Act (in Dutch: Wet Bescherming 

Persoonsgevens) 

WMO Medical Research Involving Human Subjects Act (in Dutch: Wet 

Medisch-wetenschappelijk Onderzoek met Mensen 
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SUMMARY 

 

Rationale: 

Invasive aspergillosis (IA) is the most common mould infection in immunocompromised 

haematological patients. A relatively low mortality is observed when diagnosis is made early 

and treatment with voriconazole, the first choice of treatment, is initiated promptly. However, 

azole resistance in Aspergillus fumigatus is increasingly reported in Europe. Fungal 

susceptibility testing is difficult, time consuming and not widely available. Furthermore, 

cultures remain negative in the majority of the patients with IA. AsperGenius®, is a CE 

certified multiplex real-time polymerase chain reaction (PCR) assay that allows for a 

simultaneous detection of the presence of Aspergillus species and identification of the most 

common mutations in the A. fumigatus CYP51A gene conferring resistance.  The use of this 

PCR results in faster diagnosis of azole resistance and thus the initiation of appropriate 

therapy at an earlier point in time. A fast diagnosis and correct treatment leads to an 

improved outcome. After extensive discussions and a face-to-face meeting with 7 of the 8 

UMC in the Netherlands a consensus diagnostic and therapeutic protocol was agreed upon. 

In this protocol, the AsperGenius® PCR will be used for the diagnosis of azole resistance 

and antifungal treatment will be changed if resistance is detected. This protocol is the current 

standard diagnostic and treatment approach at Erasmus MC and also at Radboud UMC a 

comparable protocol is in use. The other 6 participating centers have agreed to implement 

this protocol for patients with suspected IA.  

 

Objective:  

1. Improve the outcome of patients infected with azole resistant A. fumigatus by the early 

detection of RAMs and with this the earlier initiation of the most appropriate therapy.  

2. Monitor the prevalence of invasive aspergillosis due to strains carrying the TR34/L98H or 

the TR46/T289A/Y121F resistance associated mutations in the Netherlands. 

 

Study design: A prospective multicentre observational study. 

 

Study population: Haematological patients, older than 18 years old, with pulmonary 

lesion(s) on chest CT scan suspicious for IA that have undergone or are being planned for 

bronchoscopy.  

 

Intervention (if applicable): Diagnosis and treatment of IA will be based on a the results of 

a standardized diagnosis and treatment protocol that includes the use of the AsperGenius® 

PCR. 
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Main study parameters/endpoints: Incidence of antifungal treatment failure in patients 

treated according to the diagnostic and therapeutic treatment protocol that were diagnosed 

with an Aspergillus infection in which RAM were detected by the AsperGenius® resistance 

PCR. This incidence of treatment failure will be compared with a fixed failure rate set at 75%, 

based on the observed treatment failure in patients treated with voriconazole that were 

shown to carry azole resistant A. fumigatus. 

 

Nature and extent of the burden and risks associated with participation, benefit and 

group relatedness: A standardized treatment protocol that is implemented as the standard 

diagnostic and therapeutic treatment protocol in the participating centres will be followed. 

Drugs will be used within the indication. No extra burden or extra risks are associated with 

participation compared to normal clinical practice. 



Azole resistance Management Study  AzoR-Man 

Version 1.1:  30/MAR/2017  10 of 28 

1. INTRODUCTION AND RATIONALE 

 

Voriconazole, an antifungal drug from the azole class, is the first line therapy for invasive 

aspergillosis. Unfortunately, over the last 10 years resistance to voriconazole has been 

described increasingly and in certain European countries, azole resistance is no longer a 

rare event. Azole resistance selection in A. fumigatus is believed to be caused mainly 

through exposure to azole fungicides in the environment (1). In recent studies, the 

prevalence of azole resistance in patients with an invasive aspergillus infection was 5.5% in 

Belgium (2) and even 10% in the Netherlands. In 3 Dutch centres, the local prevalence is as 

high as 20-25%. Other countries in Europe are starting to see azole resistance as well. In the 

majority of patients with an invasive aspergillus infection, the infection can only be 

documented trough the presence of galactomannan or fungal DNA. In the subset of patients 

in which Aspergillus could be cultured and azole resistance was detected, the mortality was 

extremely high at 88% (3). This exceptionally high mortality is not only the consequence of 

the azole resistance in se but also has to do with the fact that Aspergillus cultures become 

positive late in the course of the disease at the time when the infection is no longer limited to 

a small part of the lungs.  

 

Recently, a newly developed and now CE certified and commercially available multiplex PCR 

was developed. It does not only demonstrate that Aspergillus is present but also the 

presence of the most frequently described CYP51a mutations that confer resistance of A. 

fumigatus to itraconazole, voriconazole and posaconazole (4).  Obviously, the advantage of 

this PCR is that it can detect azole resistance in culture positive but also culture negative 

BAL samples. Therefore, it detects azole resistance at a much earlier time in the course of 

the disease. Actually, in the large majority of patients with invasive aspergillosis cultures 

never become positive. In the first multicentre study ever performed in which azole 

resistance was demonstrated with non-culture based methods, Aspergillus DNA could be 

detected in 78 BAL samples from 201 haematology patients. In as much as 13 of them (17%) 

azole resistance associated mutations (RAMs) in CYP51a were present. This study was 

done in 2015 in 5 Dutch and Belgium tertiary referral centres and most importantly, it 

demonstrated that in 6 of the 8 patients (75%) in which azole resistance was documented 

with this PCR, voriconazole therapy failed. This azole failure rate was markedly higher than 

the failure rate of 30% in the patients without RAMs (75% versus 30%, p=0,02) and the 6 

week mortality in these patients was 30% higher (50% versus 20%, p=0.08) (5).  The 50% 

overall mortality was lower than the 88% mortality mentioned above. This probably has to do 

with the fact that the Aspergillus infections in these patients were less extensive because the 
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presence of Aspergillus was detected with PCR at a time when the majority of the samples 

were still culture negative.  

 

The clinicians that are treating these patients face a devils dilemma. Because cultures of 

most patients with invasive aspergillosis remain negative, clinical failure of azole therapy will 

be the first hint for the clinician that the aspergillus strain infecting the patient might be azole 

resistant. Unfortunately, the outcome of patients with invasive aspergillosis largely depends 

on the administration of early effective therapy. However, treating all patients with non-azole 

antifungals like liposomal amphotericin B is associated with significantly more toxicity, is 

more expensive and can only be given intravenously. The latter is very cumbersome 

because treatment in immunocompromised haematology patients often needs to be given for 

months. 

 

At this time, it is unclear what the preferred treatment strategy should be in countries like the 

Netherlands and Belgium where azole resistance is increasingly detected (6). Based on the 

observations described above we postulate that the outcome of patients with invasive 

Aspergillosis can be improved when azole resistance is detected early with the use of PCR. 

PCR allows for the detection of RAMs in culture negative patients as soon as galactomannan 

is detected in the BAL fluid. Therefore PCR based therapy will help with the prompt initiation 

of the most appropriate antifungal therapy.  

 

In a subset of patients, no BAL is performed but invasive aspergillosis is diagnosed based on 

a positive sputum culture. In this subset of patients, the PCR can be readily performed 

directly on the cultured fungus. Again, this will speed-up the diagnosis and therefore also the 

initiation of appropriate therapy as it takes at least 48-72 hours to do an old-fashioned 

phenotypic resistance test. Furthermore, as most hospitals do not perform the A. fumigatus 

phenotypic resistance test themselves but rather send the strain to a central lab (UZ Leuven 

in Belgium, Radboud UMC in Nijmegen) the susceptibility test result comes back to the clinic 

a week or more after the mould was first cultured. This delay in appropriate therapy can 

mean the difference between life and death. 

 

In this study proposal we will only look at haematology patients with invasive aspergillus 

infections. Because the large majority of haematology patients with invasive aspergillosis 

remain culture negative, the use of PCR is of paramount importance and will improve the 

sensitivity substantially. As such, it will become possible to include a sufficient amount of 

patients with documented azole resistance to draw statistically sound conclusions (see 

sample size below).  
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OBJECTIVES 

 

Primary Objective: 

 

1. Improve the outcome of patients infected with azole resistant A. fumigatus by the early 

detection of RAMs and with this the early initiation of the most appropriate therapy. 

 

2. Monitor the prevalence in the Netherlands of invasive aspergillosis due to strains carrying 

the TR34/L98H or the TR46/T289A/Y121F CYP51a resistance associated mutations using 

PCR. 

 

Secondary Objective(s):  

 

1. Demonstrate that early detection of azole resistance reduces the overall mortality.  

 

2. Demonstrate that a step down to oral posaconazole is a reasonable treatment option. 

 

3. Demonstrate that the sooner appropriate antifungal therapy is initiated in patients infected 

with a resistant A. fumigatus, the lower the incidence of treatment failure will be. 

 

4. Demonstrate that PCR-based antifungal therapy is cost-effective. 

 

 

2. STUDY DESIGN 

 

Prospective multicentre single arm observational study.  

 

The diagnostic and therapeutic protocol for patients with a suspected invasive fungal 

infection (IFI) that will be used in the participating centres is illustrated in the figure below. 

This protocol is comparable to the current approach at the department of haematology at 

Erasmus MC and also at Radboud UMC a comparable protocol is followed although an in-

house PCR rather than the AsperGenius® PCR has been used in the past.  

 

Note that in all participating centres is the standard of care diagnostic approach, that patients 

with a suspected IFI undergo a bronchoscopy for bronchoalveolar lavage sampling for 

diagnostic purposes. 
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Figure 1.  

MIC>2 in culture susceptibility testing means that following the CSLI method Aspergillus fumigatus is 

Voriconazole resistant (13). TR34/46 means that a RAM is detected via the AsperGenius® PCR and 

Aspergillus isolate has to be considered as resistant. PCR- / culture - means that the AsperGenius® 

PCR and culture was not successful and therefore, no conclusions can be drawn about the absence 

or presence of azole resistance. Galactomannan <0.7 is considered negative for BAL fluid samples. 

Prevalence of azole R >10% means that the local (study site) estimated prevalence of azole 

resistance is higher than 10%. * Posaconazole should not be considered an option if the 

posaconazole MIC is >1 mg/L.   

 

 

Note that the algorithm mentions the use of liposomal amphotericin-B (Ambisome) in regions 

with environmental azole resistance rates of Aspergillus of ≥ 10%. This management plan is 

based on an international expert consensus on the management of infection caused by azole 

resistant A. fumigatus (9). 
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STUDY POPULATION 

 

2.1 Population (base)  

Patients with an underlying haematological disease (AML, CLL, CML, stem cell transplant 

etc.) aged 18 years and older are eligible if they are presenting with a new pulmonary 

infiltrate on chest CT-scan suspicious for invasive fungal infection and are planned to 

undergo or have undergone a bronchoscopic alveolar lavage (BAL).  

 

2.2 Inclusion criteria 

 

In order to be eligible to participate in this study, a subject must meet all of the following 

criteria: 

 

- Patient with underlying hematological disease 

- Patient will undergo/underwent BAL sampling for suspected invasive fungal infection  

- BAL samples should be submitted to the local microbiology lab for fungal culture and 

for galactomannan detection. 

- The treating physician is planning to start voriconazole or isavuconazole or 

posaconazole after the BAL has been sampled while waiting for the culture or PCR 

results of the BAL sample or  has already started voriconazole or isavuconazole or 

posaconazole before BAL sampling. 

 

2.3 Exclusion criteria 

 

A potential subject who meets any of the following criteria will be excluded from 

participation in this study: 

 

- Antifungal therapy was started >120hours prior to BAL sampling (*)  

- Antifungal prophylaxis with posaconazole or voriconazole for >5 days within the 2 

weeks preceding BAL sampling 

- Antifungal prophylaxis with itraconazole and at least half of the plasma 

itraconazole/hydroxy-itraconazole levels that were measured through therapeutic 

drug monitoring were above the minimum effective plasma concentration of 0.5mg/L 

(parental compound only, HLPC assay method). The minimum effective plasma 

concentration of 0.5mg/L for itraconazole has been established by the ECIL 6 

meeting with a  recommendation AII (11).  
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(*) Patients that develop new pulmonary infiltrates during antifungal prophylaxis (systemic 

azoles or aerosolized amphotericin B) can be included. 

 

2.4 Sample size calculation 

The use of real-time detection of azole resistance will allow for a proactive change in therapy 

from the first line voriconazole therapy to other agents as soon as resistance is detected. In 

patients that start a non-azole therapy right from the start, the antifungal therapy can be 

changed to voriconazole as soon as the absence of RAM is documented. The goal is to 

demonstrate that this approach reduces the incidence of antifungal treatment failure. Based 

on previous research, we can assume that treatment failure is seen in 75% if the PCR is not 

performed and therefore voriconazole is continued in patients with RAMs. We anticipate that 

treatment failure will be reduced to 35% when the antifungal therapy is changed to liposomal 

amphotericin B in the presence of RAMs. Using these percentages, we will need 15 patients 

with detected RAMs that are switched to non-azole therapy (e.g. liposomal Amphotericin B) 

or in which liposomal Amphotericin-B is continued (if it was given as the primary therapy) to 

show with a statistical power of 90% that this approach leads to a decrease in treatment 

failures to a number significantly less than 75%. With an estimated prevalence of CYP51a 

resistance of 7.5%, this means that 200 patients are needed in which the CYP51a PCR is 

successfully performed. As we can expect that the AsperGenius® resistance PCR will 

successful in 75-80% of the samples that are tested this means that we need galactomannan 

positive BAL samples from 280 patients. The study will end when at least 15 patients with 

CYP51a mutations have been found. Sample size calculation was done with 

http://powerandsamplesize.com/Calculators/Test-1-Proportion/1-Sample-Equality with 0.75 

and 0.35 as parameters and 90% power. 

 

 

3. TREATMENT OF SUBJECTS 

 

3.1 Investigational product/treatment 

 

 Haematological patients suspected of having an invasive fungal pulmonary infection 

undergo BAL sampling as standard of care. AsperGenius® PCR on BAL sample allows to 

make a rapid diagnosis of invasive aspergillosis and gives information about azole resistance 

faster than standard time consuming methods like fungal culture and galactomannan 

measurement. A standard treatment protocol based on this new diagnostic tool is in place at 

Erasmus MC and will be implemented in the other study centres. The centres will be asked 

to send BAL sample of at least 1ml, preferably 2ml. 
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PCR based detection of RAMs. If RAMs are detected, the treating physician will be advised 

to switch from voriconazole to 1 of the following options (see figure 1): 

 

1. Ambisome 3mg/kg IV  

 

2. In case of treatment limiting toxicity of Ambisome IV, we suggest the use of an 

echinocandin in combination with posaconazole and aiming at serum Cthrough levels of 3-

4mg/L 

 

3. Step down therapy from IV therapy as described under 1 and 2 to oral therapy with 

posaconazole is allowed after at least 2 weeks of IV therapy and after a documented clinical 

and or radiological response. Posaconazole serum Cthrough levels of 3-4mg/L will be aimed 

for. Step down to posaconazole will not be done if an A. fumigatus strain with an MIC of >0.5 

microgram/ml is cultured. 

 

4. As an alternative to posaconazole step down, IV ambisome 5mg/kg thrice weekly can be 

given as well. 

  

4. NON-INVESTIGATIONAL PRODUCT 

4.1 Name and description of non-investigational product(s) 

 

 Voriconazole: Voriconazole is a triazole antifungal agent. The primary mode of 

action of voriconazole is the inhibition of fungal cytochrome P450-mediated 14 

alpha-lanosterol demethylation, an essential step in fungal ergosterol biosynthesis. 

The accumulation of 14 alpha-methyl sterols correlates with the subsequent loss of 

ergosterol in the fungal cell membrane and may be responsible for the antifungal 

activity of voriconazole. Voriconazole has been shown to be more selective for 

fungal cytochrome P-450 enzymes than for various mammalian cytochrome P-450 

enzyme systems. 

 

 Liposomal Amphotericin-B: Amphotericin B is a polyene antifungal agent with 

activity in vitro against a wide variety of fungal pathogens. Amphotericin B exerts 

its antifungal effect by disruption of fungal cell wall synthesis because of its ability 

to bind to sterols, primarily ergosterol, which leads to the formation of pores that 

allow leakage of cellular components. This affinity may also account for its toxic 
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effects against select mammalian cells. Amphotericin B is generally considered 

cidal against susceptible fungi at clinically relevant concentrations. 

 

 Posaconazole: Is member of the triazole drug family. Interferes with fungal 

cytochrome P450 (lanosterol-14α-demethylase) activity, decreasing ergosterol 

synthesis (principal sterol in fungal cell membrane) and inhibiting fungal cell 

membrane formation. Among the azoles, posaconazole has one of the broadest 

spectrum of activity and is available as both intravenous and oral formulations, 

addressing some of the pharmacokinetic concerns with other agents. 

 

 Isavuconazole: Isavuconazonium sulfate is a prodrug that is rapidly hydrolyzed in 

the blood to active isavuconazole. Isavuconazole inhibits the synthesis of 

ergosterol, a key component of the fungal cell membrane, through the inhibition of 

cytochrome P-450 dependent enzyme lanosterol 14-alpha-demethylase. This 

enzyme is responsible for the conversion of lanosterol to ergosterol. An 

accumulation of methylated sterol precursors and a depletion of ergosterol within 

the fungal cell membrane weakens the membrane structure and function. It was 

approved by the EMA for the treatment of invasive aspergillosis in July 2015.  

 

 

 

4.2 Dosages, dosage modifications and method of administration 

 

Voriconazole:  

According to the SPC or the local hospital voriconazole treatment protocol.  

 

Posaconazole: 

Oral: Tablets (delayed release): Initial: 300 mg twice daily on day 1; Maintenance 

dose: 300 mg once daily on day 2 and thereafter. Based on therapeutic drug 

monitoring results, the dose may have to be increased to reach the target serum level 

of 3-4mg/L. Based on therapeutic drug monitoring results,  the dose may have to be 

increased to reach the target serum level of 3-4mg/L. 

IV: Loading dose: 300 mg twice a day on day 1; maintenance dose: 300 mg once 

daily on day 2 and thereafter. Based on therapeutic drug monitoring results,  the dose 

may have to be increased to reach the target serum level of 3-4mg/L. Based on 

therapeutic drug monitoring results,  the dose may have to be increased to reach the 

target serum level of 3-4mg/L. 
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There is no registered therapy for the oral treatment of voriconazole resistant A. fumigatus. 

The use of posaconazole and aiming for high serum levels is a possible treatment option for 

these patients. The efficacy of this approach has not been well-validated in humans but given 

the fact that no other oral treatment options exist, it is occasionally being used for this 

purpose by physicians in the Netherlands. The efficacy of posaconazole at high serum levels 

was demonstrated in a pharmacodynamic study in neutropenic mice with invasive 

aspergillosis by Madrivou et al (7). This study showed that posaconazole retains activity 

against an A. fumigatus strain that carried the TR34/L98H mutation with a posaconazole MIC 

of 0.5 mg/L as long as serum drug levels are sufficiently high. No human data on the use of 

this treatment strategy have been published. However, in study 5615 (8) the average serum 

concentration of posaconazole in quartile 4 of the 186 patients that received posaconazole 

tablets at 300mg per day was 2,3-9.5 mg/L. Therefore, a serum level between 3 and 4 mg/L 

is a realistic target and was not associated with a specific safety signal. Given the small 

sample size of 52 in the quartile 4 of this study we realize that more data are needed about 

the safety of posaconazole in patients with serum levels above 3mg/L.  

 

Please note that posaconazole monotherapy should not be considered a treatment option 

when the MIC of posaconazole is >1 mg/L.  

 

Therapeutic drug monitoring of posaconazole: 

 

Through serum level of posaconazole will be measured before the 5th dose of 300mg and 

again before the 5th dose of every changed dosage (e.g. 5 days after the dose is increased 

from 300 to 400mg). 

 

The posaconazole PK-dose relationship is linear for the tablet and IV formulation. This 

means that doubling of the dose is expected to double the serum through concentrations. We  

advice to take this into account when the dosage is increased. This means that doubling the 

dose from 300mg once daily to 300mg twice daily in patient with a Cthrough level of 1.5 while 

on 300mg per day can be expected to lead to a serum level of 3.5mg/L. 

 

 

Safety monitoring during posaconazole therapy: 

 

Because serum target levels of 3-4mg/L are strived for, the following safety lab tests have to 

be performed if posaconazole is given: 
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Twice weekly during the first 2 weeks and as long as the posaconazole dosage is being 

increased: Na, K, calcium, phosphate, creatinine, Hb, L+diff, thrombocytes, liver parameters. 

 

All azoles, and therefore also posaconazole may cause QT prolongation and a standard 

ECG before treatment start is warranted. A new ECG should be performed when 

posaconazole serum levels are >3mg/L. When the oral form is given peak plasma 

concentrations are reached 5 hours after intake and an ECG should then be performed. If 

posaconazole is given intravenously, peak plasma concentration is reached at the end of 

infusion and ECG should then be performed. 

 

If no lab abnormalities possibly related to posaconazole are observed during the first 2 

weeks, and no further dosage increased of posaconazole is performed, the safety lab can be 

performed once weekly  

 

L-Amphotericin B:   

IV: 3mg/kg/day:  

In highly immunocompromised patients, the effectiveness of 3 mg/kg of liposomal 

amphotericin B per day as first-line therapy for invasive aspergillosis was demonstrated in a 

randomized clinical trial that compared 3 and 10mg/kg/day, with a response rate of 50% and 

a 12-week survival rate of 72% for the 3mg/kg regimen. The regimen of 10 mg/kg per day 

compared to 3mg/kg/day demonstrated no additional benefit and higher rates of 

nephrotoxicity (12).  

 

IV: 5mg/kg 3 times a week:  

There are no data from randomized clinical trials regarding the 5mg/kg 3 times weekly 

regimen. This has been incorporated in the protocol as there are no oral available treatment 

options for invasive aspergillosis caused by azole resistant aspergillosis. This treatment 

approach is daily practice in several haematology centers in the Netherlands as a step-down 

therapy in these patients because and after face to face meetings with all participating sites 

consensus was found for this regimen to be taken into the protocol as 1 of the step-down 

options. 

 

IV: Ambisome 5mg daily: 

Ambisome 5mg/kg QD is the approved dose according to the Dutch SPC for invasive fungal 

infections other than aspergillus (e.g. Zygomycetes) and is therefore the dose mentioned in 

patients without microbiological prove of an aspergillus infection (Aspergillus pcr and 

galactomannan negative, see figure 1). 

 

Isavuconazole:  

IV: Initial: 372 mg (isavuconazole 200 mg) every 8 hours for 6 doses. Maintenance: 372 mg 

(isavuconazole 200 mg) once daily. Start maintenance dose 12 to 24 hours after the last loading dose. 

Oral: Initial: 372 mg (isavuconazole 200 mg) every 8 hours for 6 doses. Maintenance: 372 mg 

(isavuconazole 200 mg) once daily. Start maintenance dose 12 to 24 hours after the last loading dose. 
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4.3 Preparation and labelling of Non Investigational Medicinal Product 

Preparation and labelling of all non-investigational medicinal products will be done 

according to the GMP guidelines. 

 

4.4 Drug accountability 

Not applicable as this is an observational study, not an intervention study. 

 

 

5. METHODS 

5.1 Study parameters/endpoints 

5.1.1 Main study parameter/endpoint 

Incidence of antifungal treatment failure in patients with the presence of RAM 

detected by the AsperGenius® resistance PCR. This incidence will be compared 

with a fixed failure rate set at 75%, based on the observed treatment failure in 

patients treated with voriconazole that were shown to carry azole resistant A. 

fumigatus (4). 

5.1.2 Secondary study parameters/endpoints (if applicable) 

 

1. Demonstrate that early detection of azole resistance reduces the overall mortality 

at 6 weeks in comparison with a fixed mortality of 50% as observed in ref 5.   

 

2. Demonstrate that a step down to oral posaconazole is a reasonable treatment 

option in patients that have responded to at least 2 weeks of IV antifungal therapy. 

Posaconazole step down therapy will be considered effective if  <35% of the 

patients treated with posaconazole oral monotherapy show progression of their 

invasive aspergillosis after documented response after at least 14 days of IV 

antifungal therapy as described below under intervention 1 and 2. 

 

3. Comparison of antifungal treatment failure in patients with the presence of RAM 

that received appropriate antifungal therapy soon versus those treated late. Soon 

will be defined as below the median number of days after diagnosis of the invasive 

aspergillus infection). 
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4. ICER of the approach described in this study in comparison with non-PCR based 

voriconazole therapy. 

 

 

Definition of treatment failure: 

 

Antifungal treatment failure is defined as a switch in antifungal therapy after at least 5 days of 

appropriate antifungal therapy. Appropriate antifungal therapy in a patient with documented 

PCR-based resistance detection is defined as: 

 

1. Ambisome 3mg/kg IV or  

2. An echinocandin in combination with posaconazole 

 

Occasionally, the PCR result shows a mixed infection of azole susceptible and resistance A. 

fumigatus. Also fungal cultures occasionally show a mixed infection. Patients with signs of a 

mixed infection will not be included in the treatment failure analysis. 

 

 

5.1.3 Other study parameters (if applicable) 

   

Demographic and other baseline data that will be collected are: 

 

Underlying haematological disease. Transplantation related parameters (conditioning 

regimen, source of the stem cells, type of matching). Sex. CD4 cell count. Monocyte cell 

count. Platelet count. Corticosteroid dose at time of IA diagnosis. Karnofski index.  

 

Extent of fungal disease (1 lung with 1 lesion <2.5cm, 1 lung 1 lesion >2.5cm, 1 lung with 

multiple lesions, 2 lungs, multi-organ, brain). Neutropenia <500 at the time of IA diagnosis. 

Serum galactomannan level at time of IA diagnosis. Evolution of serum galactomannan 

during antifungal therapy. Type, dose and duration of the antifungal therapy that was given. 

Documented azole resistance or not. Results of fungal cultures of BAL or sputum, biopsy or 

any other culture. Antifungal prophylaxis that was given before BAL sampling was performed.  

For AML patients; AML in remission or not, new AML or relapsed AML.  
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5.2 Study procedures 

 

 Processing BAL samples for PCR 

 

BAL samples are incubated with 0,1 M Dithiothreitol (DTT) for each ml BAL. After 

incubation with DTT, the BAL samples are incubated for 15 min at 37 °C. Subsequently, 

all BAL samples are centrifuged at high speed (10 min at 13400 g). After centrifugation, 

the supernatant and pellet are analysed in different ways. The supernatant is added to 2 

ml NucliSENS® lysisbuffer (Biómerieux, Boxtel, the Netherlands) and incubated for 10 

min at room temperature. An Internal Amplification Control (IC) is added to the BAL to 

monitor PCR inhibition, DNA-extraction efficiency and manual handling errors. The pellet 

is transferred to green bead tubes (Roche Diagnostics, Indianapolis, USA) and 500 ul 

NucliSENS® lysisbuffer is added together with 5 µl of IC. The pellets are subsequently 

bead-beaten in a MagnaLyser (Roche Diagnostics) for 45 sec at 6500 rpm. Proteinase K 

(Roche Diagnostics) is added and incubated for 10 min at 65 oC and subsequently 

inactivated for 10 min at 95 oC. After centrifugation, the supernatant of the lysed 

Aspergillus suspension is transferred to a new tube.  

 

Both the supernatant and pellet DNA will be extracted with the NucliSENS® easyMAG 

magneticextraction(Biómerieux)accordingtothemanufacturer’sinstructions. 

 

Alternatively, the MagNA Pure can be used for extraction of DNA using the normal 

volume extraction method in which we 225 ul BAL is eluted in 50 ul and 5 ul of this final 

solution is used for the PCR. 

 

The DNA from the pellet and supernatant will be tested separately. 

 

 AsperGenius® multiplex real-time PCR assay 

 

The AsperGenius® multiplex real-time PCR assay (PathoNostics, Maastricht, the 

Netherlands) will be used for the detection of Aspergillus species and the identification of 

prevalent mutations conferring resistance against triazoles. The AsperGenius® species 

multiplex assay allows for specific detection of A. fumigatus, Aspergillus terreus and all 

clinical relevant Aspergillus species by targeting the 28S multicopy gene. Detection of 

the internal control (IC) is included. The AsperGenius® resistance multiplex assay 

targets the CYP51A gene of A. fumigatus and detects TR34, L98H, T289A and Y121F to 

differentiate wildtype from mutant A. fumigatus strains via melting curve analysis. The 
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real-timePCRwillbeperformedaccordingtothemanufacturer’sinstructions.Detection

of four different fluorescent labels (emission spectra: 495 nm, 530 nm, 598 nm, 645 nm 

is enabled by using the RotorGene-Q (Qiagen, Heidelberg, Germany) for all 

experiments. Alternatively, the MyCycler or the LightCycler can be used for the detection 

of different fluorescent labels. 

 

Each extracted BAL sample will be tested in duplicate and a non-template control (blank) 

is included in each run to exclude contamination. A sample is considered positive when 

one of the duplicates showed increased fluorescence above the threshold. Synthetic 

single-stranded DNA targets (IDT, Heverlee, Belgium) are included in the assay as a 

standard for the melting peaks. These positive control sequences are tested 

simultaneously with the BAL samples to determine if the melting peak represents a 

wildtype or resistant A. fumigatus strains.  

 

5.3 Withdrawal of individual subjects 

Subjects can leave the study at any time for any reason if they wish to do so without 

any consequences. The investigator can decide to withdraw a subject from the study 

for urgent medical reasons. 

 

 

6. SAFETY REPORTING 

This is an observational study of a standard diagnostic and therapeutic protocol. Safety 

reporting is therefore not applicable. 

 

STATISTICAL ANALYSIS 

 

6.1 Primary study parameter(s) 

The proportion of patients with treatment failure in the patients included in this study will be 

compared with a fixed 75% treatment failure incidence using medcalc "test for one 

proportion" in which the p-value of the comparison of the observed value in the study 

population and the null hypothesis value of 75% is calculated using a general z-test and 

using the exact clopper-pearson C.I. for the observed proportion.  

https://www.medcalc.org/calc/test_one_proportion.php 
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6.2 Secondary study parameter(s)  

1. The proportion of patients included in this study that have died 6 weeks after the start of 

appropriate antifungal therapy will be compared with a fixed 50% overall mortality in the 

same way as the primary endpoint analysis is done. 

 

2. The incidence of progression of IA during step-down posaconazole therapy will be 

measured 12 weeks after the start of oral posaconazole and using a 2-sided 95% confidence 

interval for proportions without continuity correction. Patients that die for reasons other the 

invasive aspergillosis will not be counted as progression of IA.  

 

3. Treatment failure in patients that started appropriate antifungal therapy earlier than the 

median number of days after the diagnosis of the invasive Aspergilllus infection will be 

compared with patients that started later than the median. Comparison will be done with the 

2-sided Fisher-Exact test.  

 

4. The cost-effectivity analysis of the PCR-based diagnostic and therapeutic approach 

described in this protocol will be compared with voriconazole therapy without resistance 

testing at the time of diagnosis. The cost-effectivity analysis will be done in 3 theoretical 

patient populations with invasive aspergillosis with 4 different incidences of azole resistance 

(5%, 10%, 25%, 50%). A full description of this CE analysis is beyond the scope of this 

protocol and will be described in a separate protocol.  

 

6.3 Other study parameters 

Demographic and other baseline data that will be collected are: 

 

Underlying hematological disease. Transplantation related parameters (conditioning regimen, 

source of the stem cells, type of matching). Sex. CD4 cell count. Monocyte cell count. 

Platelet count. Corticosteroid dose at time of IA diagnosis. Karnofski index.  

 

Extent of fungal disease (1 lung with 1 lesion <2.5cm, 1 lung 1 lesion >2.5cm, 1 lung with 

multiple lesions, 2 lungs, multi-organ, brain). Neutropenia <500 at the time of IA diagnosis. 

Serum galactomannan level at time of IA diagnosis. Evolution of serum galactomannan 

during antifungal therapy. Type, dose and duration of the antifungal therapy that was given. 

Documented azole resistance or not. Results of fungal cultures of BAL or sputum, biopsy or 

any other culture. Antifungal prophylaxis that was given before BAL sampling was performed.  

For AML patients; AML in remission or not, new AML or relapsed AML.  



Azole resistance Management Study  AzoR-Man 

Version 1.1:  30/MAR/2017  25 of 28 

 

 

7. ETHICAL CONSIDERATIONS 

 

7.1 Regulation statement 

The study will be performed in accordance with the protocol, the guidelines of Good 

Clinical Practice/ICH, which underwrites the principles of the Declaration of Helsinki, as 

most recently revised by the 59th WMA General Assembly in Edinburgh, Scotland, 

October 2008.  

 

7.2 Recruitment and consent 

  

Patients will be recruited at the study sites mentioned on page 2-3. It is the 

responsibility of the supervising doctors to inform the patient about the study and to 

obtain written informed consent from each subject participating in this study (patient 

information form, see appendix C). 

 

Besides the specific information regarding the study, the following standard items are 

covered in the patient information form (Dutch: patiënten informatie formulier, appendix 

C): 

 Patient’srighttowithdrawfromtheclinicalstudyanytimewithoutgivingreasonsand

without any consequences for further medical treatment.  

 The information that all study findings will be stored in a computer database and 

handled confidentially 

 Patient names will be kept separate from research data and patients will be 

identifiable by subject number only.   

 Information about the possibility of inspection of relevant parts of the hospital 

records by regulatory authorities. Inspection will only take place if a confidentiality 

agreement has been signed. 

 All novel clinically relevant information that will become available during the study 

and is possibly important for the patient will be communicated to him/her by one of 

the investigators. 

 

The signature of an investigator or co-investigator on the form will attest that the 

information in the consent form was accurately explained and understood. Thereafter 

the patient will sign after a period of reflection.  
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7.3 Objection by minors or incapacitated subjects (if applicable) 

 Not applicable 

7.4 Benefits and risks assessment, group relatedness 

There is no attributable risk than the risks already in place in standard medical care. 

 

7.5 Compensation for injury 

Not applicable as the patients will not be the subject of any treatment other than the 

standard of care. 

 

7.6 Incentives (if applicable) 

Not applicable 

 

 

8. ADMINISTRATIVE ASPECTS, MONITORING AND PUBLICATION 

8.1 Handling and storage of data and documents 

A clinical trial site agreement on the usage of clinical data and publication policy will be 

made and signed by the principle investigator and the other researchers of other sites. 

A subject identification code list will be used to link data to the specific subject. This code 

will be safeguarded by the coordinating investigator in a safe place. Patients will be coded 

with three letters (indicating the derived centre) followed by a number. For example: 

EMC-001, EMC-002,… 

 

8.2 Amendments  

Amendments are changes made to the research after a favourable opinion by the 

accredited METC has been given. All amendments will be notified to the METC that gave 

a favourable opinion.  

 

All substantial amendments will be notified to the METC and to the competent authority. 

 

Non-substantial amendments will not be notified to the accredited METC and the 

competent authority, but will be recorded and filed by the sponsor.  

 

8.3 Annual progress report 

Not applicable for this non-WMO study  
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8.4 Temporary halt and (prematurely) end of study report 

Not applicable for this non-WMO study 

 

8.5 Public disclosure and publication policy 

 

A clinical trial site agreement on the usage of clinical data and publication policy will be 

made and signed by the principle investigator and the other researchers of other sites. 
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