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Invasive aspergillosis (IA) continues to challenge physicians. Indeed, as more than 500 delegates from nearly 50 countries heard during the 4th Advances Against Aspergillosis meeting, held in Rome, Italy (4–6 February 2010), new and sometimes surprising findings continue to accumulate about this often fatal invasive fungal infection (IFI). For example, emerging data reveal that IA is not confined to neutropenic haematological patients but can occur also in those who are not classically immunocompromised. However, despite ongoing research, diagnosing IA, let alone estimating its incidence, remains problematic.
Surveillance 

The problems start with surveillance. Malcolm Richardson, University of Manchester, UK, noted only 60 outbreaks of nosocomial aspergillosis in the English literature between 1967 and 2007 – which must be a vast underestimate – and that in many of the reported cases the source of the outbreak was unknown. There are many recommendations but no standardised protocol for aerobiological surveillance, he said. 
Dionissios Neofytos, Johns Hopkins University, USA, outlined the shortcomings of many existing surveillance databases. Multicentre databases such as the US Transplant-Associated Infection Surveillance Network (TRANSNET) and the Prospective Antifungal Therapy (PATH) Alliance registries provide more reliable data than those from single centres. Their findings suggest a lower yearly cumulative incidence of IA in haematopoietic stem cell transplantation (HSCT) recipients (4% in TRANSNET) than observed in single-centre studies (10–12%). Reported survival is also better: 70% at 12 weeks in PATH Alliance vs. 50% at a single centre. 

Nevertheless,  these multicentre databases also have deficiencies including heterogeneity in case capture, case definitions and clinical practices, differences in endemicity, limited clinical data, inadequate follow-up and an inability to capture late events related to transplant-associated complications, underlying disease relapse and infections. Diagnostic accuracy may vary between patient groups: in PATH Alliance, diagnosis was based on culture in most solid organ transplant (SOT) recipients, but on non-culture tests such as a CT scan or a galactomannan (GM) assay in those receiving HSCT. The use of antifungal (AF) prophylaxis, combination AF therapy and the introduction into the diagnostic work-up of polymerase chain reaction (PCR) techniques for the detection of fungal-specific DNA present further challenges to the design of surveillance registries, Dr Neofytos warned.
Non-neutropenic patients: an emerging at-risk population

The typical patient at high risk of IA is neutropenic as a result of chemotherapy for haematological malignancy and/or conditioning regimens for allogeneic HSCT. But non-haematological patients now account for approximately 40% of all those with IA and suffer a higher mortality than those with neutropenia: around 90% vs. 60%, respectively, reported Patricia Muñoz, Universitario Gregorio Maranon, Spain. 

An IA incidence of up to 6% has been observed in patients admitted to the medical intensive care unit (ICU), noted John Baddley, University of Alabama, Birmingham, USA.  Elie Azoulay, Hôpital Saint-Louise, Paris, France, pointed out that although such patients may not be neutropenic, 90% of them receive steroids and therefore are immuno-compromised. Guillaume Monneret, Université Lyon, France, explained that they may develop an immunoparesis characterised by decreased monocyte HLA-DR expression and dendritic cell anergy, leaving them susceptible to secondary infection. 
Dr Baddley discussed the increasing evidence for chronic obstructive pulmonary disease (COPD) as a risk factor for IA. COPD may account for up to 10% of all cases of IA, which is associated with 70% mortality in these patients. In one recent retrospective study in 14,618 COPD patients, 239 had positive respiratory tract cultures and 53 had probable IA – a rate of 3.6 cases per 1000 COPD admissions. Intrapulmonary aspergillosis was present in 22% of the patients with positive aspergillus cultures from sputum. Diagnosis is difficult so it is important to be aware of risk factors: corticosteroid therapy, previous antibiotic use, late-stage disease and viral infections.
Patients with asthma may develop allergic bronchopulmonary aspergillosis (ABPA). Ritesh Agarwal, Postgraduate Institute of Medical Education and Research, India, explained there is a link between aspergillus sensitivity and asthma severity, particularly as assessed by nocturnal symptoms and lung function. 

David Denning, University of Manchester, UK, described the association between pulmonary tuberculosis (TB) and chronic pulmonary aspergillosis (CPA). CPA is defined as the presence of at least one pulmonary cavity on chest imaging with or without a fungal ball, together with symptoms for at least 3 months and serology or cultures implicating Aspergillus species. Dr Denning has estimated that each year there may be as many as 350 new cases of CPA in the UK and 250,000 worldwide. He advised a chest X-ray for all pulmonary TB patients at the end of treatment and further follow-up, including an aspergillus antibody test, in those with radiological changes. 

IA is the most frequent life-threatening IFI in SOT recipients, with a mortality rate of 66–100%, said Faouzi Saliba, Université Paris-Sud, France. A. fumigatus and A. flavus are responsible for nearly 90% of infections in SOT patients. The main risk factors for IA are graft dysfunction, intensive immunosuppressive therapy, polyclonal and monoclonal antibodies for induction or treatment of rejection, renal failure and the need for haemodialysis. 

The pattern of IA in SOT patients is different from that in haematological patients. Immunosuppression impairs the inflammatory response and so there are few typical clinical or radiological signs. Infection is often advanced at the time of diagnosis and is rapidly progressive. There are few reliable surrogate markers. In lung transplant recipients, culture from sputum is positive in only 8–34% and from bronchiolar lavage fluid in only 45–62% of patients. Although the pulmonary X-ray is usually abnormal, the halo sign is extremely rare. The GM assay shows a sensitivity of only 22%. Even real-time PCR on the first positive GM sample increases sensitivity to merely 62%.
Prophylaxis and treatment of IA in non-neutropenic patients

In the ICU, interferon-gamma, or more recently granulocyte macrophage-colony stimulating factor (GM-CSF), has been used to try to boost patients’ immune systems, with some success: a shorter time on ventilation and a reduced ICU and hospital stay, reported Dr Monneret.
Azole therapy can be effective in patients with ABPA, although it is not known whether this is due to the AF or the immunomodulatory activity of these agents, Dr Agarwal said. Dr Denning reported ‘dramatic’ responses in some (although not all) asthma patients receiving AF therapy. Marianne Skov, The Children’s Hospital at Westmead, Denmark, also found that children with ABPA respond to azole therapy. She added that posaconazole has proved effective in those who failed to benefit from itraconazole or voriconazole. 

Prophylaxis in SOT recipients

In high-risk SOT recipients, toxicity and drug interactions limit the efficacy of therapeutic agents. However, a major advance in the last decade has been the use of targeted prophylaxis. In a total of 198 high-risk liver transplantation recipients treated by Dr Saliba’s group, 146 (21.9%) received amphotericin B lipid complex (ABLC) for days 1–7 and 50 received fluconazole for 18 ± 7 days. Although this prophylaxis significantly reduced the incidence of Candida infection, it showed no benefit in the prevention of IA, possibly because of insufficient power. Another recent study, however, demonstrated that 21 days’ prophylaxis with caspofungin was successful in 89% of patients. 

American guidelines now recommend either a lipid formulation of amphotericin B or an echinocandin for at least 3–4 weeks after liver transplantation [1]. For lung transplant patients, the recommendations are inhaled amphotericin B, inhaled lipid formulations of amphotericin B or, in high-risk patients, voriconazole or itraconazole [1]. The management of IA in SOT patients is therefore now comparable to that of those in the non-transplant setting, Dr Saliba concluded. 

Combination therapy

Two presentations addressed the controversial issue of combination therapy for IA in non-neutropenic patients. The emergence of azole-resistant Aspergillus isolates is a cause for concern prompting some centres to move to therapy with an azole plus an echinocandin. In 53 patients with COPD and pulmonary aspergillosis of whom 68% received voriconazole and 23 out of the 49 (32%) given therapy received the combination, Dr Muñoz and colleagues observed a mortality rate of 78%. This was lower than the median mortality of 91% seen in seven other studies in a total of 108 patients of whom none received an echinocandin and only one received voriconazole. Dr Muñoz acknowledged that while the slightly better survival in their study is not necessarily attributable to the use of combination therapy, there are few other data on the newer AF agents in this population.
More data are available for combination therapy in SOT recipients although there is yet no well-designed comparative study. A multicentre observational study of voriconazole/ caspofungin vs. a lipid formulation of amphotericin B as primary therapy for IA showed lower mortality with the combination at 12 weeks: 51% vs. 67.5% (log-rank p=0.13). The study did not have the power for demonstrate a clear benefit at this early timepoint, Dr Muñoz explained. In another study (conducted in both SOT and bone-marrow transplant (BMT) recipients) combination therapy was also superior to single-drug regimens, with mortality rates of 42% and 83%, respectively, among patients with definite and probable diagnoses of invasive pulmonary aspergillosis. Thus, although current guidelines do not recommend combinations as primary therapy for SOT patients, half of all US centres and a quarter of those in Spain do use it. 
Raoul Herbrecht, Hôpitaux Universitaires de Strasbourg, France, reported a similar picture in ICU patients. The two large comparative trials – of voriconazole vs. amphotericin B and of standard vs. high doses of liposomal amphotericin B (the Ambiload trial) – largely excluded ICU patients and so their results are inapplicable to this different patient population. Other clinical studies indicate improved survival with combination therapy but are flawed by limited sample size or the use of historical controls, or have produced conflicting results. 
In the absence of convincing evidence to support combination therapy, Dr Herbrecht suggested optimising monotherapy. For voriconazole and posaconazole, appropriate serum levels are crucial since mean serum levels of both have been shown to be associated with drug response. In a study of posaconazole, in which the patients were divided into four quartiles according to their serum drug concentration, those in the top quartile showed a 71% response rate compared with only 24% for those in the lowest quartile. He recommended earlier use of such agents in at-risk patients, and perhaps prophylaxis in those found to be colonised with Aspergillus.
The need for therapeutic drug monitoring

The dose-response for voriconazole and posaconazole mandates therapeutic drug monitoring (TDM) as several speakers agreed. Dr Muñoz emphasised the need for TDM in SOT patients receiving azoles. This advice was further reinforced by Aniket Vadnerkar and associates from the University of Pittsburgh, USA. In a study of 12 heart/ lung transplant recipients receiving posaconazole for either prophylaxis or treatment of IFI, three-quarters of the 32 serum samples tested showed inadequate posaconazole levels. Co-author Cornelius Clancy stressed that most of the data for posaconazole use comes from the haematological population and may not be relevant to SOT patients. The Pittsburgh group urge clinicians to correct modifiable risk factors that may affect oral absorption and to use TDM to guide posaconazole therapy [2].
Indeed, managed appropriately, posaconazole may well be a favourable option for these patients. Provided adequate serum levels are achieved, then the alveolar cell concentrations of posaconazole in lung transplant recipients remain above the MIC90 for Aspergillus spp. during the entire 12-hour dosing interval and for 4 hours after the last dose, reported John Conte and colleagues, American Health Sciences and the University of California-San Francisco, San Francisco, USA [3]. 

Cost-effectiveness of posaconazole prophylaxis in high-risk neutropenic patients
Physicians may still be feeling their way with posaconazole in SOT and other non-haematological patients. However, there seems little doubt about its cost-effectiveness in the neutropenic setting. In the most recent economic assessment, Carlo Lazzaro , Studio di Economia Sanitaria, Milan, Italy, based his analysis on data from the clinical trial in which posaconazole outperformed fluconazole and itraconazole in high-risk patients with acute myeloid leukaemia or myelodysplastic syndrome [4]. Dr Lazzaro found that posaconazole prophylaxis in these patients represents good value for money [5].
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