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Registry of Secondary Antifungal Prophylaxis, we performed an analysis of patients receiving caspofungin (CAS) or itraconazole (ITC). All patients had an underlying haematological malignancy and had been diagnosed with an episode of IFD earlier in their course of treatment. Data collected comprised demographics, underlying disease, first episode of IFD, antifungal prophylaxis, incidence and outcome of breakthrough IFD and survival. A total of 75 patients were evaluated, comprising 28 receiving CAS and 47 receiving ITC. Patients in the CAS group were more likely to have had progression of underlying disease (32.1% vs. 8.5%; P = 0.028) as well as incomplete response of initial IFD at baseline (85.7% vs. 57.4%; P = 0.005). Allogeneic stem cell transplantation was more prevalent in patients receiving CAS (46.4% vs. 14.9%; P = 0.010). There was no difference in the occurrence of breakthrough IFD between both groups (32.1% vs. 31.9%). Treatment outcomes for recurrent IFD and overall mortality did not differ between groups. Both ITC and CAS were equally effective in preventing second episodes of IFD. Patients with uncontrolled first IFD, uncontrolled underlying disease or those receiving stem cell transplantation were more likely to have received CAS prophylaxis. Despite antifungal prophylaxis, risk of breakthrough IFD was high in both groups. 

Introduction

Invasive fungal diseases (IFDs) remain a major cause of treatment-related morbidity and mortality in patients with haematological malignancy and neutropenia [START_REF] Maschmeyer | Invasive aspergillosis: epidemiology, diagnosis and management in immunocompromised patients[END_REF][START_REF] Maschmeyer | The changing epidemiology of invasive fungal infections: new threats[END_REF] and the incidence of IFD has actually been rising over the last decades [START_REF] Mcneil | Trends in mortality due to invasive mycotic diseases in the United States, 1980-1997[END_REF]. This change is attributed to increased use of intensified chemotherapy protocols, allogeneic stem cell transplantation (SCT) and immunosuppressive treatments in elderly or co-morbid patients [START_REF] Maschmeyer | The epidemiology and treatment of infections in cancer patients[END_REF]. The most common IFDs in neutropenic patients are invasive pulmonary aspergillosis and invasive candidiasis, including candidaemia [START_REF] Cornely | Primary prophylaxis of invasive fungal infections in patients with hematologic malignancies. Recommendations of the Infectious Diseases Working Party of the German Society for Haematology and Oncology[END_REF]. New antifungal agents, i.e. the echinocandins, newer triazoles and lipid formulations of amphotericin B (AMB), represent effective and well tolerated treatment options [START_REF] Maertens | Efficacy and safety of caspofungin for treatment of invasive aspergillosis in patients refractory to or intolerant of conventional antifungal therapy[END_REF][START_REF] Herbrecht | Voriconazole versus amphotericin B for primary therapy of invasive aspergillosis[END_REF][START_REF] Walsh | Treatment of invasive aspergillosis with posaconazole in patients who are refractory to or intolerant of conventional therapy: an externally controlled trial[END_REF]. This may have encouraged clinicians to proceed with dose-intense chemotherapy even in patients having contracted IFD during previous cycles of treatment. However, these patients are at high risk of recurrent IFD, often with fatal outcome. The reported incidence rates of recurrent IFD range from 16% to 33% [START_REF] Cornely | Risk factors for breakthrough invasive fungal infection during secondary prophylaxis[END_REF][START_REF] Offner | Impact of previous aspergillosis on the outcome of bone marrow transplantation[END_REF][START_REF] Fukuda | Invasive aspergillosis before allogeneic hematopoietic stem cell transplantation: 10-year experience at a single transplant center[END_REF], and IFD-related mortality may be as high as 88% [START_REF] Offner | Impact of previous aspergillosis on the outcome of bone marrow transplantation[END_REF][START_REF] Avivi | Stem cell transplantation post invasive fungal infection is a feasible task[END_REF][START_REF] Bjerke | Hepatosplenic candidiasis-a contraindication to marrow transplantation?[END_REF].

At present there are no standard procedures for secondary antifungal prophylaxis in these patients and treatment decisions are based mainly on results from firstline treatment trials. Antifungal agents reported to have been used for secondary prophylaxis include AMB formulations, flucytosine, itraconazole (ITC), fluconazole (FLC) and voriconazole (VRC) [14]. Two retrospective studies A c c e p t e d M a n u s c r i p t 7 demonstrated an ca. 30% incidence of recurrent IFD in patients undergoing allogeneic SCT after a previous episode of IFD, despite secondary antifungal prophylaxis with AMB, ITC and/or FLC [START_REF] Offner | Impact of previous aspergillosis on the outcome of bone marrow transplantation[END_REF][START_REF] Fukuda | Invasive aspergillosis before allogeneic hematopoietic stem cell transplantation: 10-year experience at a single transplant center[END_REF].

ITC has frequently been used as secondary antifungal prophylaxis owing to its activity against clinically relevant fungal pathogens. However, ITC has a complex drug-drug interaction profile [15-19] and the tolerability of ITC is poor compared with FLC [START_REF] Marr | Itraconazole versus fluconazole for prevention of fungal infections in patients receiving allogeneic stem cell transplants[END_REF] secondary antifungal prophylaxis. Caspofungin (CAS) has a favourable tolerability profile and very few clinically relevant drug-drug interactions [START_REF] Walsh | Caspofungin versus liposomal amphotericin B for empirical antifungal therapy in patients with persistent fever and neutropenia[END_REF]. The purpose of this study was to compare ITC and CAS as secondary prophylaxis in patients with haematological malignancies and a history of proven or probable IFD who received subsequent chemotherapy associated with grade 4 neutropenia [START_REF]Common toxicity criteria version 3.0[END_REF]. and the Mycoses Study Group (MSG) [START_REF] Ascioglu | Defining opportunistic invasive fungal infections in immunocompromised patients cancer and hematopoietic stem cell transplants: an international consensus[END_REF].

Methods

Patient population

Data collection

A case report form was accessible through the Internet, allowing anonymised data entry and electronic transfer into a relational database. Information obtained included patient characteristics (age, gender and underlying malignancy), details regarding first IFD (including fungal species, site of infection, treatment regimens and outcome) and current neutropenic episode (including duration of neutropenia, antifungal regimen, risk factors for IFD, fungal breakthrough infections, treatment results of underlying malignancy, survival and cause of death if appropriate). In the case of breakthrough IFD, additional data were obtained on fungal species and organ involvement as well as treatment outcome.

Plausibility controls were carried out for all data received and queries were issued when necessary for further clarification. Outcome was assessed at the end of neutropenia. No further follow-up was performed.

A c c e p t e d M a n u s c r i p t 9

Diagnosis and response assessment

Diagnosis assessment of first and breakthrough IFD according to the early draft of the EORTC/MSG criteria used in two major clinical trials [START_REF] Herbrecht | Voriconazole versus amphotericin B for primary therapy of invasive aspergillosis[END_REF][START_REF] Cornely | Liposomal amphotericin B as initial therapy for invasive mold infection: a randomized trial comparing a high-loading dose regimen with standard dosing (AmBiLoad trial)[END_REF] was made by the investigator. Investigators agreed to use appropriate diagnostic methods as described in the EORTC/MSG criteria, including clinical examination, microbiological and histopathological tests, and imaging techniques. Complete response was defined as the disappearance of all clinical, microbiological and radiographic evidence of infection, and partial response was defined as a >50% reduction in radiological infection signs. Stable disease was defined as stable signs of infection within a minimum of 4 weeks, and progressive was disease defined as increase of infection signs. Response was evaluated by the investigators.

The status of the underlying malignancy was evaluated according to World Health Organization criteria [START_REF]WHO handbook for reporting results of cancer treatment[END_REF]. Complete remission was defined as the complete disappearance of disease for at least 4 weeks. Partial remission was defined as a >50% reduction in the tumour lasting at least 4 weeks. Stable disease was defined as unchanged disease status for a minimum of 4 weeks, and progression as an increase of disease.
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Variables

Other variables included in the analysis were demographics and potential confounders, i.e. age, gender, type of transplant, isolation measures, site, treatment, response, evidence and pathogen of first IFD, site and evidence of breakthrough IFD, as well as mortality and attributable mortality, defined as death during uncontrolled IFD.

Statistical analysis

Demographics and disease characteristics were summarised using descriptive statistics. The  2 test, Fisher's exact test and t-test test were used as appropriate with a confidence interval of 95% to investigate differences in proportions and means, respectively. No multivariate analysis was performed due to the relatively small number of patients. Statistical analysis was performed with SPSS Version 16.0.1 (SPSS Inc., Chicago, IL).

Reporting

Data analyses and reporting were performed with attention to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF].
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Results

Of 448 patients, 77 fulfilled the inclusion criteria, comprising 28 receiving CAS and 49 receiving ITC for secondary prophylaxis. Two patients from the ITC group were excluded because of incomplete data (unknown formulation of ITC and missing leukocyte counts). Some data for 5 patients from the CAS group and 22 patients from the ITC group were part of an earlier publication on risk factors for breakthrough infections [START_REF] Cornely | Risk factors for breakthrough invasive fungal infection during secondary prophylaxis[END_REF]. Owing to the sample size, no formal matching of patients was performed. Patients in the ITC group were more likely to have controlled underlying disease at baseline and less frequently underwent SCT (Table 1). Prior IFD was more likely to be controlled when starting secondary prophylaxis in patients in the ITC group (Table 2).

Most patients in the CAS group (86%) were administered a daily dose of 50 mg; two patients received 70 mg/day and two others received a loading dose of 70 mg followed by 50 mg maintenance dose. In the ITC group the majority of patients (87%) received 400 mg/day ITC, three patients (6%) received 500 mg/day and three other patients (6%) received 600 mg/day. Therapeutic drug monitoring was carried out in 66% of patients in the ITC group. For most of these (68%), the total target plasma level of ITC and its metabolite hydroxyitraconazole was >500 g/L, followed by >750 g/L in one patient (3%) and >1000 g/L in nine patients (29%).
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Of note, a significantly greater number of patients from the CAS group compared with the ITC group had liver and/or spleen involvement during their first IFD (25% vs. 0% liver and 14% vs. 0% spleen; Fisher's exact test, P = 0.001 and P = 0.017, respectively) (Table 2). Treatment of baseline IFD included conventional and lipid formulations of AMB, CAS, ITC, FLC, VRC and 5-flucytosine (Table 2).

Three patients in each group underwent surgery as treatment of first IFD [not significant (N.S.)].

More patients in the CAS group than in the ITC group started with secondary antifungal prophylaxis when initiating chemotherapy (79% and 36%). The strategy most frequently chosen for the other patients was to proceed continuously from treatment of first IFD to secondary prophylaxis (21% and 36%).

In all of these cases, the prophylactic regimen differed from the previous treatment regimen. The remainder began prophylaxis when the neutrophil count declined below 500/L (0% and 19%), at occurrence of fever (0% and 4%) or at discharge from hospital (0% and 4%). Initiation of prophylaxis between both treatment groups differed significantly (² test, P < 0.008).

Most patients in both groups stopped secondary antifungal prophylaxis at the end of neutropenia (39.3% and 40.4%). More patients in the ITC group needed targeted antifungal therapy (7.1% and 27.%). Other reasons for treatment discontinuation were toxicity (0% and 4.3%), death (10.7% and 2.1%), other reasons (25.0% and 6.4%) or unknown (7.1% and 2.1%). Prophylaxis was A c c e p t e d M a n u s c r i p t 13 continued in 10.7% and 17.0%. The reasons for discontinuing prophylaxis were significantly different between both groups (Fisher's exact test, P < 0.027).

The incidence of breakthrough IFD under secondary prophylaxis was almost identical in both groups (32.1% and 31.9%) (Fig. 1). A trend towards fewer proven or probable breakthrough IFD in the ITC group was not significant (29% and 17%). A high target plasma level of ITC of >1000 g/L did not offer protection from breakthrough infections (44.4% possible, 11.1% probable, 11.1% proven breakthrough IFD). There was no significant difference in the incidence of proven, probable or possible breakthrough IFD between patients with continuous and non-continuous antifungal prophylaxis. Patients with uncontrolled first IFD were numerically more likely to experience recurrent IFD (55.6%) than patients achieving at least a partial response of first IFD (28.8%) (N.S.). One patient in each group had proven breakthrough infection due to Aspergillus fumigatus and one patient in the ITC group due to Fusarium oxysporum. The outcome of breakthrough IFD was similar in both groups (Table 3). The rate of breakthrough fungal infections was comparable when looking at the subgroup of patients with proven first IFD, with one patient in each group showing proven or probable breakthrough IFD (13.3%).

Overall survival favoured the ITC group, but this trend was not significant (75% and 89%). Death was attributed to IFD in 3.6% and 4.3%, i.e. one patient in the A c c e p t e d M a n u s c r i p t 14 CAS group and two patients in the ITC group (Table 3). Mortality of probable or proven breakthrough IFD was 18.8%.

Discussion

Our exploratory study involved 75 patients with a recent history of probable or proven IFD receiving secondary antifungal prophylaxis during a subsequent course of chemotherapy or conditioning treatment for SCT. Invasive aspergillosis followed by invasive candidiasis were the most frequent reasons for initiation of secondary antifungal prophylaxis. Despite the known differences in tolerability and exposure of the two drugs [START_REF] Glasmacher | Antifungal prophylaxis with itraconazole in neutropenic patients with acute leukaemia[END_REF], the prophylactic efficacy of CAS and ITC was surprisingly similar in this cohort. The clinician's choice between the two drugs was influenced by patient risk factors. Clinicians were significantly more likely to use CAS in patients with uncontrolled first IFD, uncontrolled underlying disease or those undergoing SCT.

Treatment strategies for secondary prophylaxis varied; whilst most patients started prophylaxis and chemotherapy simultaneously, treatment of the previous IFD was continued without interruption in 30.1% of the patients. This adds to the notion that subsequent chemotherapy often cannot be delayed without risking relapse or progression of underlying disease [START_REF] Nosari | Invasive aspergillosis in haematological malignancies: clinical findings and M a n u s c r i p t 22 management for intensive chemotherapy completion[END_REF].

A c c e p t e d M a n u s c r i p t 15 The 32% breakthrough rate despite secondary prophylaxis in our study was in line with the rate observed in other series [START_REF] Offner | Impact of previous aspergillosis on the outcome of bone marrow transplantation[END_REF][START_REF] Fukuda | Invasive aspergillosis before allogeneic hematopoietic stem cell transplantation: 10-year experience at a single transplant center[END_REF]. Overall mortality was 16%, with one-quarter of deaths being attributed to breakthrough IFD. This underlines the need for prevention. Primary antifungal prophylaxis was effective in patients undergoing remission induction chemotherapy for acute myelogenous leukaemia/myelodysplastic syndrome [START_REF] Cornely | Posaconazole vs. fluconazole or itraconazole prophylaxis in patients with neutropenia[END_REF] and following allogeneic SCT [START_REF] Goodman | A controlled trial of fluconazole to prevent fungal infections in patients undergoing bone marrow transplantation[END_REF]. In our study, better control of first IFD caused a trend towards improved outcome, a well known observation [START_REF] Fukuda | Invasive aspergillosis before allogeneic hematopoietic stem cell transplantation: 10-year experience at a single transplant center[END_REF]. Whenever possible, IFD should be resolutely treated before exposing patients to another episode of profound long-term immunosuppression.

In our study, secondary antifungal prophylaxis with CAS or ITC was a feasible means of preventing IFD relapse. The optimal timing and antifungal drug require further exploration. 

4 ABSTRACT

 4 Patients surviving invasive fungal disease (IFD) and needing further antineoplastic chemotherapy are at high risk of recurrent fungal infection. In the absence of randomised controlled trials in this area, secondary prophylactic regimens are diverse. From 448 patients registered with the Multinational Case
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From

  October 2001 to July 2004, data from 448 patients were prospectively collected and analysed in the Multinational Case Registry of Secondary Antifungal Prophylaxis, a project of the ID Working Party of the German Society for Hematology and Oncology. The study was non-interventional and treatment choice was at the physician's discretion. Inclusion criteria were: (i) history of proven or probable IFD during the most recent neutropenic episode; (ii) diagnosis

  or other haematological malignancy; (iii) secondary antifungal prophylaxis with ITC oral solution (dose 400 mg/day) or intravenous CAS; and (iv) a current neutropenic episode of at least 3 days. Patients receiving both ITC and CAS were excluded. IFD was diagnosed according to the consensus criteria of the European Organisation for Research and Treatment of Cancer (EORTC)

A

  c c e p t e d M a n u s c r i p t 17 was carried out in accordance with the Declaration of Helsinki and local ethical and legal requirements.
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 231 Fig. 1. Primary outcome: incidence of breakthrough invasive fungal disease

  

Table 1

 1 Demographic and clinical characteristics of 75 patients receiving secondary

	antifungal prophylaxis			
	Characteristic	Caspofungin (N =	Itraconazole (N =	P-
		28)	47)	value
	Age (years)			N.S.
	Median	45	52	
	Range	16-69	16-72	
	Female [n (%)]	10 (36%)	18 (38%)	N.S.
	Underlying malignancy			N.S.
	Acute lymphoblastic leukaemia 4 (14%)	6 (13%)	
	Acute myeloid leukaemia	24 (86%)	37 (79%)	
	Acute biphenotypic leukaemia	-	1 (2%)	
	Lymphoma	-	3 (6%)	
	Response of underlying			0.028
	malignancy at baseline			*
	Complete remission	14 (50.0%)	33 (70.2%)	
	Partial remission	3 (10.7%)	9 (19.1%)	
	Stable disease	2 (7.1%)	1 (2.1%)	
	Progression	9 (32.1%)	4 (8.5%)	
	Stem cell transplantation			0.010
				*
	None	14 (50.0%)	37 (78.7%)	
	Allogeneic	13 (46.4%)	7 (14.9%)	
	Autologous	1 (3.6%)	3 (6.4%)	

a Super-additive. * Fisher's exact test.

Table 2

 2 Site, status and previous treatment of first invasive fungal disease (IFD) before

	initiation of secondary antifungal prophylaxis		
		Caspofungin (N	Itraconazole (N	P-
		= 28)	= 47)	value
	Evidence of first IFD			N.S.
	Probable	22 (79%)	38 (81%)	
	Proven	6 (21%)	9 (19%)	
	Aspergillus spp.	6 (100%)	5 (56%)	N.S.
	Candida spp.	-	2 (22%)	N.S.
	Fusarium spp.	-	1 (11%)	N.S.
	Trichosporon spp.	-	1 (11%)	N.S.
	Organ involved a			
	Lung	21 (75%)	44 (94%)	N.S.
	Blood	0 (0%)	4 (9%)	N.S.
	Liver	7 (25%)	-	0.001
				*
	Spleen	4 (14%)	-	0.017
				*
	Kidney	-	-	N.S.
	Brain	-	-	N.S.
	Skin, ear, cranial bones	-	3 (6%)	N.S.
	Treatment of first IFD a			N.S.
	AMB lipid complex	2 (7%)	-	
	AMB deoxycholate	13 (46%)	23 (49%)	

Table 3

 3 Incidence, site and outcome of breakthrough invasive fungal disease (IFD) with

	secondary antifungal prophylaxis		
		Caspofungin (N =	Itraconazole (N =	P-
		28)	47)	value
	Breakthrough IFD			N.S.
	Proven	1 (3.6%)	2 (4.3%)	
	Probable	7 (25.0%)	6 (12.8%)	
	Possible	1 (3.6%)	7 (14.9%)	
	Outcome of breakthrough			N.S.
	IFD			
	Complete response	1 (11.1%)	4 (26.7%)	
	Partial response	2 (22.2%)	6 (40.0%)	
	Stable disease	4 (44.4%)	1 (6.7%)	
	Progression	2 (22.2%)	3 (20.0%)	
	Unknown	-	1 (6.7%)	
	Site of breakthrough IFD a			
	Lung	7 (77.8%)	14 (93.3%)	N.S.
	Blood	-	1 (6.7%)	N.S.
	Liver	3 (33.3%)	2 (13.3%)	N.S.
	Spleen	2 (22.2%)	2 (13.3%)	N.S.
	Brain	1 (11.1%)	1 (6.7%)	N.S.
	Overall mortality	7 (25.0%)	5 (10.6%)	N.S.
	Mortality attributable to IFD 1 (3.6%)	2 (4.3%)	N.S.
	N.S., not significant.			
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