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    Abstract


Objectives To describe the use of antifungal medicines in English hospitals in adults with life-limiting illness and to investigate the association between socio-demographic variables and the use of high-cost formulations.




Methods Pseudonymised patient-level information extracted from hospital pharmacy systems in 34 English acute general hospitals was linked to a National Health Service database of diagnoses and procedures. National Information Governance Board for England and Ethics approval was granted. The impact of socio-demographic variables on the use of high-cost formulations was assessed using stepwise logistic regression across 13 disease groups. Hospital guidelines on the use of antifungals were sourced and compared.




Results People with haematological malignancies and unconfirmed infection formed the largest disease group (49.3%). Fungal infection was confirmed in an additional 12.6%. Guidelines focused on antifungal use in neutropenic patients. No guideline cited patient age, deprivation, gender or ethnicity as independent factors influencing treatment. Fluconazole dominated use (75% admissions). Significant associations were found between age, gender, deprivation and ethnicity and the use of high-cost antifungals. However, the direction of that association was not consistent across disease groups.




Conclusions This study found widespread use of fluconazole, echoing results of earlier studies across Europe. It also found associations between patient factors and high-cost antifungal use that are not easily explained by disease, comorbidities, contraindications, guidelines or any systematic bias against particular groups of patients. It is clear that the drivers of antifungal therapy in hospital are complex and that antifungal stewardship poses a significant challenge for pharmacy.
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Introduction

The National Health Service (NHS) Constitution in England states that it will provide ‘a comprehensive service, available to all, irrespective of gender, race, disability, age, sexual orientation, religion or belief’.1 Public bodies must publish information to demonstrate their compliance at least annually.2

Access to the treatment of some life-threatening conditions has, however, been shown to vary by age and deprivation. Older people with cancer, for example, have been shown to be less likely to be given access to a clinical nurse specialist and are said to be less likely to receive standard cancer treatments such as surgery, radiotherapy and chemotherapy.3 A survey suggested that ‘chronological age alone may be used as a proxy for wider biological factors, resulting in some patients [with cancer], being provided with less intense treatment than might be appropriate’.4 More deprived patients are said to be more likely to receive late or no cancer treatment.5 ,6

Observational studies of the effect of socio-demographic factors on the treatment of life-threatening conditions can be confounded by patient choice. Not all cancer patients will wish to undergo the surgery or chemotherapy offered, for example, and will refuse treatment. Observational studies cannot take patient choice into account. Observational studies comparing the types of drug administered, on the other hand, are less likely to suffer from such confounding. This is because the decisions to provide and accept treatment have already been made.

This paper describes the use of antifungal treatments in people with life-limiting illnesses. Fungal and mould infections are a significant cause of morbidity and mortality, particularly in immunocompromised patients. Mortality rates can reach up to 60% for people with acute myelogenous leukaemia (AML) and up to 40% with severe acute pancreatitis. Mortality from fungal and mould infection is reported to be highest in people with haematopoietic stem cell transplants or bone marrow transplants, together with people being treated for solid tumours or cancers of the blood, and people with solid organ transplants.7 Younger people survive better,8–10 and women with AML have been found to survive better than men.10

Treatment strategies vary depending on whether treatment is empirical, pre-emptive or directed.11 Rapid initiation of antifungal treatment is essential and has been shown to reduce mortality.8 ,9 ,12 Antifungal stewardship is now deemed to be as critical as antibacterial stewardship.13

An earlier study of the use of antifungals in 147 hospitals across Europe by the European Surveillance of Antimicrobial Consumption (ESAC) group in 2008–2009 highlighted variation in the use of antifungals by age. Antifungal use increased up to the age group of 60 to 75 years but decreased in patients >75 years, unlike antibacterials. This result was not anticipated by the authors. Older patients, they argued, have a lower level of immunity and are, thus, equally likely to acquire both bacterial and fungal infections. The authors found it surprising that the distribution of both antibacterial and antifungal agents did not follow similar trends across all age groups.14

This paper describes the use of high-cost and low-cost antifungals in people with life-limiting illness in 34 hospitals in England and discusses the implications of the variations seen.



Methods


Data sources: pseudonymised data

Pseudonymised data were extracted from IMS Health's Hospital Treatment Insights. This is a database that combines hospital pharmacy transactions with the NHS Hospital Episode Statistics (HES) database at patient level in 34 English hospitals for the period January 2010 to October 2012. Hospitals were included if local ethical approval had been granted and extraction of the data was able to be automated. The characteristics of these hospitals are summarised in table 1. The hospitals are seen to be similar to other NHS hospitals in England in terms of the age and gender of those admitted, and in terms of the proportions of admissions for neoplasms, haematology and infectious disease. Table 1 also suggests that these hospitals also form a relatively homogenous group along these same dimensions.15
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Table 1 Characteristics of hospitals (n=34)




The HES database contains details of all admissions to NHS hospitals in England and is created from patients’ clinical records. Following a patient's discharge from hospital, the patient's records are examined by highly trained coders based at each acute hospital. These coders convert the diagnoses and procedures described by the treating physicians into internationally recognised classifications, for example, the International Classification of Diseases.16

Drugs dispensed by a hospital pharmacy are either issued directly to the patient or to the ward where the drug will be used (‘ward stock’). Ward stock is not issued together with any patient details and so cannot be linked to the patient's records in the HES database. Discussions with pharmacists indicate that both high-cost and low-cost antifungal drugs are kept as ward stock, particularly on haematology wards. It is not likely, however, that use of ward stock will have varied by any of the socio-demographic variables of interest. It is unlikely, for example, that age makes the use of ward stock more or less likely. Systematic error thus seems unlikely.

Moreover, the extent of ward stock use, and thus the impact on the results of this study, can be estimated by comparing the total volumes dispensed with the total volume that is able to be linked to patients. Analysis across the range of molecules included in this study showed that the median percentage able to be linked to a patient was 88%, with fluconazole being the lowest at 60%. This study thus also reflects the use of the majority of antifungal use.

Deidentification is carried out by the Health and Social Care Information Centre before release of the data to IMS Health. The database is approved by the National Information Governance Board and by the National Research Ethics Service Committee South West—Central Bristol Research and Ethics Committee. Approval for the collection of data on an ongoing basis is also granted by each hospital involved.

Data relate to January 2010 to October 2012. Not all hospitals were able to provide data for all months. Data were available for 89% of months across all hospitals and analysis was restricted to those months where data were available.




Data sources: guidelines

Regulatory constraints prevent the identification of individual hospitals within the database and so guidelines specific to the hospitals included in this study could not be sourced. Some NHS hospitals publish their management guidelines for antifungal prophylaxis and treatment; however, thirteen hospital guidelines were found and analysed, with some hospitals publishing more than one, these relating to different patient populations.17–30 These guidelines were also compared with the guidelines of the European Conference on Infections in Leukaemia published in 2009.31




Participants and unit of analysis

Only records of adults were included in the study. Age is banded into groups prior to receipt of the data by IMS Health in order to help preserve patient confidentiality. This study included only those aged over 22 years of age.

The unit of analysis used in this study was the period during which the patient was in hospital (‘admission’). In England, the period of time under the care of a particular consultant in a hospital is known as an ‘episode’. If care is transferred from one consultant to another within the same hospital, then a new episode starts, and the combination of these episodes is known as a ‘spell’. If the patient is later transferred to another hospital, but the difference between the end of care in one hospital and the beginning of care in another is shown as <2 days in the HES database, then the period of care across the two hospitals is known as a ‘super-spell’. In this study, the ‘admission’ is the same as the ‘super-spell’.

If a patient was found to have been admitted more than once in the study period, then each of those admissions would be entered separately into the study. Drugs were linked to an admission if the date of dispensing of the drug to that patient fell on or between the start and end date of the admission.




Disease: classification and exclusions

Records showing antifungal use were grouped according to one of 14 disease groups (figure 1). Group 14 (‘other’) was excluded from the study, this consisting of a heterogeneous group of different indications, the vast majority of which were not thought to be life-threatening.

[image: Figure 1]
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Figure 1 Classification of diseases.




People were assigned to groups in a sequential fashion. For example, people assigned to the first group (invasive aspergillosis) could not appear in any other group. The number of patients with a record of HIV/AIDS was very small, and all of these were assigned to other groups earlier in the classification sequence.

Records were assigned to the solid organ transplant group if there was a record of a solid organ transplant at any point from April 2005 (the earliest date for which a date of transplant was available). This is because fungal infections associated with transplants are reported up to more than 5 years after the actual transplant date.10 All other records were assigned to a particular disease group only if there was a record of antifungal use and of that disease within that admission.

Diseases were categorised according to the likelihood of the patient receiving antifungal therapy as prophylaxis, treatment or both. Hospital guidelines indicate that antifungal prophylaxis should always be given to those at high risk of fungal infection, notably those undergoing stem cell transplant, those undergoing treatment for acute myeloid leukaemia, aplastic anaemia, myelodysplastic syndrome or acute lymphoblastic leukaemia.17–30 A survey of lung transplant centres across Europe and the USA also revealed that antifungal prophylaxis is invariably given, sometimes in combination.32 In addition, it is almost certain that those with a confirmed diagnosis of fungal infection will have received treatment. Thus in terms of this study, those with confirmed aspergillosis, candidosis or other fungal infections will almost certainly have received treatment (in addition to prophylaxis potentially) and those undergoing stem cell transplants or lung transplants will almost certainly have received prophylaxis (in addition to treatment if fungal infection was suspected). Other disease groups cannot be grouped in this way.




Drugs administered: classifications and exclusions

The definition of high-cost antifungals is provided by the NHS.33 It includes voriconazole, liposomal amphotericin B, anidulafungin, caspofungin and posaconazole. In addition, micafungin was included by the NHS in Band 1 from 2010/2011.

Low-cost antifungals are defined as conventional amphotericin B, fluconazole, itraconazole and flucytosine and micafungin prior to 2010/2011. Fluctyosine was excluded from the study as it is rarely used, and then only in combination with other low-cost antifungals.




Quantitative variables and statistical analysis

The dependent variable was the presence or absence of use of a high-cost antifungal. The effect of each socio-demographic variable (age, gender, ethnicity or deprivation) on the dependent variable was investigated using binomial stepwise logistic regression. Age was grouped into bands, the Index of Multiple Deprivation (IMD) into deciles. IMD is an index of multiple deprivation experienced by people living in an area. It attempts to measure deprivation along several distinct dimensions—income, employment, health, education, housing and services, environment and crime, the index being a composite score derived from these.34 Age and IMD were treated as ordinal variables within the logistic regression, gender and ethnicity as cardinal variables.

The logistic regression was carried out using the statistical package R V.2.14.0 (31 October 2011).





Results

Table 2 shows that, by and large, the available NHS guidelines focus on treatment with antifungals in the neutropenic patient. In most cases, the guidelines recommend high-cost treatments for both prophylaxis and treatment. A guideline also points out that liposomal amphotericin B should be avoided in people with renal impairment, voriconazole in people with liver impairment, that caspofungin requires dosage adjustment in people with liver impairment and levels of itraconazole should be monitored weekly.30 It should be noted that none of the guidelines suggest that treatment should differ according to age, gender or deprivation.
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Table 2 Descriptive analysis of guidelines on the use of antifungals in life-limiting disease (17–30)




Table 3 shows the characteristics of patients entered into the study. Both liver and renal impairment were notably higher in people with acute peritonitis or undergoing solid organ transplants (excluding lung), or major abdominal surgery. The definition of renal impairment is restricted to renal failure, as other degrees of impairment are not defined in the HES database. The recorded rate of renal impairment may therefore underestimate the actual number of people with sufficient renal impairment to affect choice of treatment.

View this table:	View inline
	View popup



Table 3 Baseline characteristics




Table 4 shows that fungal infection was confirmed in 12.6% of the admissions included in this study, the predominant pathogen being Candida. Forty-nine per cent of the admissions related to people with haematological malignancy, with a further 33% relating to people with solid tumours. Fluconazole and itraconazole dominate usage, with high-cost antifungals being more commonly used in confirmed aspergillosis and in people with lung transplant and haematological malignancies (table 2). Prophylactic use could not be distinguished from treatment in the pharmacy record.
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Table 4 Antifungal use as a proportion of admissions (n=30 020)




The results of the logistic regression for the patient factors are shown in table 5. These results are based on a total of 29 973 admissions, 237 having been excluded from the logistic regression due to unknown age and/or deprivation. Certain disease groups also contained too few patients on whom to conduct a logistic regression. The remaining diseases are categorised according to the likelihood of prophylaxis or treatment having been given. Overall increasing age and ethnicity (black) appeared to be negatively associated with use of a high-cost antifungal. Analysis within disease group, however, shows a lack of consistency. In three disease groups, increasing age is negatively associated with use of a high-cost antifungal but in two, confirmed aspergillosis and solid tumours, increasing age is positively associated with use of a high-cost antifungal. At a disease level, the effect of deprivation also appears to be significant, but again the direction of that association is not consistent.
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Table 5 Results of logistic regression for patient factors






Discussion

NHS guidelines for the use of antifungal therapy in the neutropenic patient recommend the use of high-cost antifungals in the majority of cases. This recommendation reflects European guidelines. The ELIC-3 guidelines ‘strongly recommend’ the use of liposomal amphotericin B and caspofungin and ‘generally recommend’ the use of other formulations of amphotericin, micafungin, voriconazole and itraconazole in people with leukaemia. Fluconazole is not recommended in either the NHS or European guidelines. Indeed, in the ELIC-3 guidelines, fluconazole is described only as an option, it being categorised as having either insufficient evidence for efficacy or with efficacy that does not outweigh possible adverse consequences.31

It is surprising, therefore, that in this study fluconazole is found to be the most widely used antifungal, even in those with haematological malignancies, the largest group in the study. Fluconazole was, however, also found to be the most commonly used antifungal across the 147 hospitals in the ESAC study and, in addition, fluconazole constituted 58% of antifungal use within a study carried out in a tertiary centre in Spain.35 In the ESAC study, the authors commented that ‘the use of empiric fluconazole in intensive-care units in adults with risk factors for invasive candidiasis is widely practised despite the fact that it is not clearly proven to improve outcome compared with placebo.’14 In the review of use of antifungals in the tertiary centre in Spain, the authors found that the most common reason for inappropriate use of fluconazole was its prescription for mild oral or vaginal infections that could have been treated with topical antifungal agents. Both the ESAC authors, and indeed the ELIC-3 guidelines, also indicate that widespread use of fluconazole could lead to a rise in the prevalence of resistant fungi.14 ,31 For all these reasons, therefore, the apparent high use of fluconazole in this study is worthy of further investigation.

This study found a negative association between increasing age and the use of a high-cost antifungal overall. None of the NHS guidelines, however, make any reference to age being a factor in treatment choice, and the direction of the association between age and use of an antifungal was not consistent across disease groups. It seems unlikely, therefore, that there is any systematic bias against the elderly in the choice of treatment but, as described below, it is interesting to note that there would appear to be no simple explanation for the results seen in this study.

As noted earlier, the ESAC study found that patients over the age of 75 were prescribed relatively less antifungals in hospital than expected, and that fluconazole is sometimes used without there being strong evidence of efficacy.14 If this pattern of use were repeated in English hospitals, then it could explain the negative association between increasing age and use of a high-cost antifungal found here. Wider use of a fluconazole in younger patients would constrain antifungal choice in the event that empiric treatment was needed. Itraconazole, for example, would not be an option. More high-cost antifungals would therefore be needed to treat younger patients than old. However, fluconazole prophylaxis is highly unlikely in people with haematological malignancy.35 And yet it is precisely in this group that we find a negative association between age and use of a high-cost antifungal. Fluconazole prophylaxis cannot therefore explain all the results seen here.

While empiric or prophylactic use of high-cost antifungal treatments is common, microbiological confirmation of an azole-sensitive fungal infection should drive a switch of therapy to fluconazole or itraconazole, both low-cost drugs.35 As noted above, wider use of such drugs in the elderly would lead to the negative association between age and the use of high-cost drugs seen in this study. Such a pattern of use would, however, require that microbiological confirmation of infection was more likely in the elderly. Moreover, microbiological confirmation of the infection would also have led to such patients being categorised in the confirmed infection groups, and not in any other group. As such, microbiological confirmation cannot be said to explain all of the results seen in this study. Having said that, it should be noted that microbiological confirmation of infections may be under-recorded in the HES database.

As noted earlier, colonisation by Candida species was the most common cause of inappropriate use of fluconazole in the study of antifungal use in Spain.35 Use of fluconazole in leukaemic patients with gastrointestinal colonisation is common, being recorded to be as high as high as 35% or more.31 Potentially rates of suspected Candida colonisation may be higher in the elderly than in the young, or may have been found to be so in this study. However, if this is a driver of the pattern of use seen in this study, then some may argue that such use may still be inappropriate.

Contraindications could also have played a part in the choice of therapy and thus in the nature of the relationship between patient factors and the use of high-cost antifungals. Liposomal amphotericin B and voriconazole, two key high-cost antifungals, are contraindicated in people with renal or liver impairment, respectively. Renal impairment and chronic liver disease are more common in the elderly.36 ,37 The choice of therapies available in the elderly is thus more constrained in the elderly than in the young. Comorbidities may thus lead to a preference for low-cost antifungals in the elderly. A comparison between the patients with confirmed aspergillosis and confirmed candidosis in this study may indicate just such an effect. The rate of recorded renal impairment in those with confirmed aspergillosis is almost half that in those with confirmed candidosis, while the rate of use of high-cost antifungal is relatively higher in the elderly in those with aspergillosis than in those with confirmed candidosis. However, not all high-cost antifungals are contraindicated in people with liver or renal impairment, and liver disease is hardly recorded in the patients with confirmed aspergillosis in this study. Moreover, the highest rates of renal and liver impairment recorded are in those with acute peritonitis or in those who are undergoing solid organ transplants or abdominal surgery. In none of these groups is any significant difference found between the use of high-cost drugs and age.

This study has a number of limitations. To preserve patient confidentiality, the identity of the hospital is concealed prior to the data being released to IMS. Differences in protocols and/or fungal resistance patterns could not thus be taken into account although analysis of available hospital guidelines indicates a degree of consistency. Also, although an attempt was made to categorise disease groups according to the likelihood of use of prophylaxis and/or treatment, this study was unable to distinguish between use of the drug as prophylaxis or treatment.

This study found widespread use of fluconazole, echoing results of earlier studies across Europe. It also found associations between patient factors and high-cost antifungal use that are not easily explained by disease, comorbidities, contraindications, guidelines or any systematic bias against particular groups of patients. It is clear from this that the drivers of antifungal therapy in hospital are complex and that antifungal stewardship poses a significant challenge for pharmacy.

Key messages
	
What is already known on this subject

	
Antifungal stewardship is as critical as antibiotic stewardship. Equity of access to medicines is fundamental to the principles of the National Health Service.

	
Concerns have been raised with regards to the widespread use of fluconazole in neutropenic patients.

	
Antifungals appear to be used relatively less often in people aged over 75 in hospitals.


	
What this study adds

	
Fluconazole continues to dominate antifungal use in people with life-limiting illness in English hospitals.

	
Patterns of antifungal use cannot be simply explained by disease, comorbidities, contraindications, guidelines or systematic bias against particular groups of patients.

	
Antifungal stewardship poses a complex challenge for hospital pharmacy.
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