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SUMMARY

Invasive aspergillosis (1A) is a common complication in allogeneic hematopoietic cell transplant (HCT)
recipients, associated with high mortality and morbidity rates. Significant improvement in overall
survival in patients with IA has been demonstrated in the post-voriconazole era. However,
voriconazole may be discontinued in up to 40-45% of allogeneic HCT recipients, who receive this
agent as primary antifungal prophylaxis. This is due to a number of limitations, associated with
voriconazole, including hepatotoxicity, neurotoxicity, co-administration with cyclodextrin for the
intravenously administered voriconazole formulation, and important drug-drug interactions.
Additional options exist, with isavuconazole and posaconazole representing effective and safe
treatments for IA. Isavuconazole was found non-inferior and better tolerated than voriconazole, in a
prospective, randomized, non-inferiority international clinical trial. Similarly, posaconazole was
recently shown to be non-inferior to voriconazole for the treatment of IA, also with a more favorable
side effect profile. However, posaconazole use may be hindered by the large variability of blood
concentrations observed and the important drug-drug interactions, as a result of its complex
metabolism. Considering the above, it is evident that none of the available treatments for IA has an
optimal toxicity and drug-drug interaction profile. Moreover, existing data suggest that all-cause 6-
and 12-week mortality in patients with IA have remained in the range of 20% and 35%, respectively,
since the early 2000s. Hence, despite the progress attained in the fields of infectious diseases and
hematology / HCT, clinical outcomes in patients with IA have stagnated during the last two decades
due to a variety of reasons. Whether the existing gap of 20-30% in all-cause mortality may be further
decreased remains to be discussed. No new antifungal agent classes have been introduced in clinical
practices since echinocandins in the early 2000s. However, for the first time after many decades, new
classes of antifungals are under consideration and clinical investigation. Some of those new agents /
classes appear to have excellent activity against most Aspergillus species and favorable
pharmacokinetic and toxicity profiles. In addition to the available treatment options, genetic factors
may eventually prove to be important players in the fight against IA. A number of genetic
polymorphisms have been associated with susceptibility to different infections, including IA. The
effect of genetic factors as such on clinical outcomes has not been, as yet, further studied. However,
the realization that underlying genetic factors may impact clinical outcomes may open new
opportunities in the field of invasive fungal infections. To conclude, significant progress has been
attained in the management of IA in allogeneic HCT recipients, with the new generation azoles
having dominated the field during the last two decades, offering viable, effective and safe treatment
options. Having achieved a plateau in overall survival since the early 2000s, it is time to explore

additional options, including new antifungal treatments and personalized medicine approaches, in



order to further improve clinical outcomes and survival in allogeneic HCT recipients with a severe

infection due to Aspergillus spp. and other molds.



INTRODUCTION
Invasive fungal infections in high-risk hematology patients

Patients with hematologic malignancies and allogeneic hematopoietic cell transplant (HCT) recipients
are at risk for opportunistic infections, including invasive fungal infections (IFl), as a result of their
underlying pathologies and administered treatments (1-3). Prolonged and profound neutropenia due
to an underlying leukemia or intensive chemotherapy administration is a known risk factor for IFl. In
addition, administration of T-cell depleting treatments, including high-dose steroids for the
management of acute or chronic graft-versus-host disease (GvHD), thymoglobulin, or alemtuzumab,
increase the risk for invasive mold infections (IMI), including infections due to Aspergillus spp.,
Mucorales, and other filamentous fungi (1, 4). Furthermore, chemotherapy-related mucositis is a

well-known risk factor for translocation of gastro-intestinal flora, including Candida spp. (3).

In fact, invasive candidiasis was the first IFl to be identified as a significant infectious disease
complication in high-risk hematology patients, including autologous and allogeneic HCT recipients
already in the 1980s (4-7). As a result, antifungal prophylaxis clinical trials, reported in the early
1990s, supported and established the administration of fluconazole as routine primary antifungal
prophylaxis during the first 75-100 days after an HCT (8, 9) . More than twenty years later,
fluconazole remains the backbone of antifungal prophylaxis in the setting, as illustrated in
international guidelines (3, 10, 11). However, soon after fluconazole was introduced as routine
antifungal prophylaxis and the incidence of invasive candidiasis plummeted, two additional problems
emerged.
(1) The epidemiology of Candida infections started changing, with non-albicans Candida spp.
becoming the predominant cause of candida infections in high-risk hematology patients (4, 6,
7, 12-15).
(2) In addition, the incidence of IMI, particularly those caused by Aspergillus spp., significantly
increased through the years, with incidence rates reported in the range of 10 to 15% in the

late 1990s (1, 2, 16-23).

Incidence of invasive aspergillosis in high-risk hematology patients
A diagnosis of an IMI in the 1990s was associated with a mortality as high as 90% at 1-year post-HCT
and significant associated morbidity (24, 25). The higher incidence of IMI reported in the 1990s and

2000s may be, in part, associated with a number of different reasons, including, but not limited to:



(1) The ongoing changes in chemotherapy regimens in patients with acute myelogenous
leukemia (AML) and HCT-associated practices (e.g. conditioning regimens, HCT source and
donor selection, graft manipulation and others).

(2) Accepting higher risk and older patients for an allogeneic HCT.

(3) Improved patient care, allowing high-risk patients to live longer and therefore remain at risk
for an IMI for longer periods of time.

(4) An additional reason that could have contributed to the higher rates of IMI documented in
high-risk patients has been the fact that our ability to establish the diagnosis of an IMI has
significantly improved with time, due to our better understanding of the pathophysiology,
timing and associated risk factors for those infections, but also the significant progress

attained in the field of diagnostics.

The above have allowed us to be more vigilant and adjust our diagnostic and therapeutic

interventions in a timely fashion on a case-by-case basis.

Clinical outcomes of invasive aspergillosis

Since the 1990s and mortality rates in the range of 70-90%, we have managed to decrease the
mortality of this infection in the range of 15-30% in today’s world (25-27). This has been made
possible due to a large variety of reasons, which can be summarized under the following three major
pillars:

(1) diagnostics,

(2) treatment, and

(3) prophylaxis.

In the following pages of this Introduction, a brief review and discussion of these major three pillars,
which have shaped the clinical practice of hematology patients and the management of 1A will be

presented.

Diagnosis of invasive aspergillosis

The progress attained in the field of diagnosis of IA through the years has been spectacular. This has
included three major axes:

(1) better understanding of the pathophysiology and identification of risk factors for IA,

(2) optimized use of imaging tests, and

(3) development of fungal biomarkers and molecular tests.



Pathophysiology and risk factors of invasive aspergillosis

It is important to emphasize that through the years we were able to better understand the
pathophysiology of this infection and identify significant predictors. For instance, early on we were
able to define time periods at risk for IA, including pre-engraftment due to prolonged and profound
neutropenia and post-engraftment due to moderate to severe GvHD requiring treatment with high-
dose corticosteroids and other immunosuppressive treatemnts. Administration of T-cell depleted
grafts or T-cell depleting agents, concomitant infection with cytomegalovirus (CMV) or respiratory
viruses have been well-established risk factors for IA after an allogeneic HCT (1, 2, 16, 25, 26, 28, 29).
This knowledge has enabled clinicians to appreciate which patients are more at risk to develop IA and
at which point and hence providing them with the ability to develop an early clinical suspicion for this
infection and initiate a more aggressive and detailed diagnostic work-up and promptly initiate an
empirical or pre-emptive antifungal treatment. Although today this seems almost intuitive, it took
decades of dedicated research efforts to detect and identify strong and valid associations to guide
clinical practice. Similarly, the identification of “at risk” periods, such as pre- and post-engraftment
helped better describe the timing of such infections, again allowing clinicians to better tailor their
diagnostic and therapeutic interventions. More recently, genetic polymorphisms have been proposed
as additional risk factors, predisposing patients to higher rates of IMI, including IA (30-37). Although
data on genetic risk factors have been increasingly reported since the early 2000s, as yet, they have

not been incorporated in clinical practice.

Imaging and invasive aspergillosis

The introduction of computed tomography (CT) of sinuses and chest and the identification of specific
CT findings, such as the “halo”, “reverse halo” and “crescent” signs, has significantly improved our
ability to identify patients with lesions suspicious for an IMI and initiate a prompt and appropriate
diagnostic work-up and introduction of preemptive treatment (38, 39). Notably, the identification of
a “halo sign” has been associated with improved clinical outcomes, most likely as a result of prompt
initiation of appropriate preemptive antifungal treatment (39, 40). The importance of CT in the
diagnosis of IA is further illustrated by the inclusion of a chest and/or sinus CT scan in the context of
unexplained persistent neutropenic fever in consensus guidelines (11, 41, 42). Suspicious CT findings

may prompt further diagnostic work-up, such as a bronchoscopy or sinus examination and

debridement, but also initiation of appropriate antifungal treatment.

In addition to the classic “halo” and “crescent” signs, we have been able to appreciate that an IMI

may actually present with even less typical radiographic images, including consolidations, pleural



effusions, and also ground-glass opacities, particularly in patients with GvHD and other patient
categories, such as solid organ transplant recipients (43). This is quite pertinent, as the vast majority
of patients will not have the typical appearance of a chest CT with a nodular lesion and a “halo sign”
but may present with a large variety of radiographic findings. Although those atypical radiographic
presentations are not, as yet, part of the consensus definitions of IFls, they have significantly

increased our ability for early detection and treatment of IMI, including IA.

Fungal biomarkers and molecular tests

Establishing the diagnosis of IFI due to filamentous fungi has suffered due to the relatively
problematic performance of traditional diagnostics, such as the fungal stain and culture (44-47).
Since the early 2000s, the galactomannan enzyme immunoassay (GM EIA) has become one of the
most important diagnostic biomarkers in clinical practice (48-57). Despite the fact that a lot of
controversy existed in the beginning, particularly in terms of the optimal optical density index (ODI)
cutoff and the frequency of screening, the GM EIA is now routinely used as a screening and
diagnostic test in most transplant and hematology centers around the globe. Its performance may
depend on a number of variables, including the presence or not of neutropenia and GvHD, the age of
the patient, the co-administration of antifungal prophylaxis or certain antibacterial agents, and
others (49, 51, 54, 58-63). It may not necessarily be specific to Aspergillus species, as other
Ascomycetes may produce a positive GM EIA result (49). Nevertheless, this test has become one of
the most frequently used tests in clinical practice of high-risk hematology patients and its use has
revolutionized the care of our patients and allowed us to establish a potential diagnosis, without the
absolute need to perform an invasive diagnostic procedure. In addition, GM EIA may provide us with
a diagnosis at a much earlier stage of the infection, thereby allowing the prompt introduction of

appropriate antifungal treatment (54, 64).

Routine screening of high-risk patients once or twice weekly with GM EIA has been shown to increase
the diagnostic yield of IFl in the setting and allow prompt treatment initiation (63-66). Considering its
water-soluble nature, the GM nay be measured in non-blood samples as well, including the
bronchoalveolar lavage (BAL), pleural fluid, or cerebrospinal fluid (CSF) (64). In addition to GM EIA,
another fungal biomarker, the beta-D-glucan (B-DG) has also significantly improved our ability to
establish the diagnosis of an IFl (67-69). In contrast to GM, the B-DG is less specific to IA, as most

fungal pathogens may produce a positive B-DG result (64, 70, 71).



Once a clinical suspicion for a possible IFl is documented on a sinus or chest CT, a diagnostic
procedure, such as a bronchoscopy or sinus investigation, is then required. Although an
interventional diagnostic procedure, data from a single center retrospective cohort study have
clearly shown that a bronchoscopy is a well-tolerated and safe procedure even in high-risk patients
with profound thrombocytopenia (72). A more invasive procedure, such as a transbronchial or even a
lung tissue biopsy is occasionally required to establish a definitive diagnosis (and at times as a
therapeutic intervention as well). Once a diagnostic sample is obtained, an long array of diagnostic
microbiology tests can be added, including, fungal stains and cultures, but also a GM EIA and —more
recently- a molecular test, such as a polymerase chain reaction (PCR), for Aspergillus, Mucorales or a
panfungal PCR assay may be performed. While the performance and reproducibility of results from
different molecular assays used at different laboratories remain to be validated, current data suggest
that the addition of a fungal PCR on appropriate specimens may significantly help obtain a
microbiological diagnosis in a number of cases, where a negative culture would prevent a

microbiologically confirmed diagnosis of an IMI (73).

Using all the above-mentioned diagnostic tools, currently we are able to accurately and promptly
make the diagnosis of IA or another IMI in most high-risk hematology patients with those infections.
The earlier the diagnosis is made, the faster appropriate treatment is initiated, and the better are the
outcomes. However, if treatment options were limited to amphotericin-B products, which suffer
from associated toxicities, namely nephrotoxicity and infusion related reactions, treatment initiation
upon clinical suspicion would not be as prompt, due to the limitations associated with those very side
effects (74, 75). Hence, a low threshold for empirical or preemptive antifungal treatment initiation
requires a high clinical suspicion, positive surrogate diagnostic tests, but also safe and well-tolerated

treatments, treatments that would do “more good than harm”.

Treatment of invasive aspergillosis

Voriconazole efficacy

Voriconazole is a broad-spectrum azole with activity against most Aspergillus spp. and other
filamentous fungi, but not against the Mucorales, and has been validated as first-line treatment for
the treatment of IA, based on significantly improved survival when compared to conventional
amphotericin-B (75). In the pivotal registration clinical trial, 12-week survival was significantly higher
in the voriconazole versus the amphotericin-B arm. The favorable outcomes associated with
voriconazole are not only due to the efficacy of this agent, but also a result of its favorable side-effect

profile vis-a-vis amphotericin-B deoxycholate. The high rates of nephrotoxicity associated with the
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use of amphotericin-B products, including the lipid-formulations of this agent, have significantly

hindered the use of those agents for the treatment of IFI, including IA.

Since then, additional studies have demonstrated the beneficial effect of treatment of IA with
voriconazole when compared to amphotericin-B products (76). In contrast to amphotericin-B,
voriconazole is not an inherently nephrotoxic agent, allowing the prompt introduction of treatment
with this agent, the side effects of which, were considered -until recently- less important to those of
amphotericin-B products. In fact, 12-week overall survival after a diagnosis of IA in high-risk
allogeneic HCT recipients significantly increased in the range of 65-70% during the voriconazole era
(28, 75, 77, 78). As this may be, in part, the result of a combination of variables, the role of
voriconazole in the successful management of this infection is undeniable. Based on the above data,
voriconazole has been considered as standard of care for the treatment of IA in international

guidelines for the treatment of 1A (79, 80)

Voriconazole toxicities

Despite its well-established efficacy, a large number of issues associated with voriconazole
administration have been identified in clinical practice through the years (81-87). Voriconazole has
non-linear pharmacokinetics, therefore voriconazole blood concentrations and dose adjustments are
not easily predictable (88-94). It is metabolized predominately through the CYP2C19 but also through
the CYP2C9 and CYP3A4 enzymes, while it is a strong inhibitor of CYP3A4, resulting in multiple and
important drug-drug interactions with other agents (91). A black box warning for voriconazole in
patients treated with sirolimus has been announced (95). In addition, genetic polymorphisms, well
described for CYP2C19, may significantly affect its metabolism and therefore attained blood

concentrations (96-99).

In addition to the above-mentioned pharmacological properties, one of its most frequently observed
side effects includes a potential neurotoxic effect, which appears to be dose-related with blood
concentrations >5.5mg/mL (100). Neurotoxicity may present as visual or auditory hallucinations, but
also with visual changes (84, 85). In addition, voriconazole, as all other azoles, may cause liver
function abnormalities in up to one fourth of patients treated (75, 77, 78, 87, 101). In addition, a
number of other, less frequent adverse events, have been reported to be associated with
administration of voriconazole, such as photosensitivity skin reactions occasionally leading to skin

cancer, cheilitis, QT prolongation, and periostitis (83, 96).
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Due to the fact that voriconazole is not a water-soluble molecule, intravenously (IV) administered
voriconazole requires the co-administration with a vehicle molecule, the sulphobutylether-B-
cyclodextrin (SBECD). Cyclodextrin is thought to accumulate in renal tubules and has been associated
with renal toxicity in animal models (102). Although this effect has not —as yet- been demonstrated in
humans, based on current recommendations by the Food and Drug Administration (FDA), IV
voriconazole should be avoided in patients whose glomerular filtration rate (GFR) is <50 mL/min/m?

(103).

The potential toxicities of this agent along with the significant drug-drug interactions have made
measurement of voriconazole blood concentrations the standard of care. Prospective clinical data
have suggested that therapeutic drug monitoring (TDM) of voriconazole may significantly decrease
voriconazole-associated toxicities, namely neurotoxicity, but also have an effect on clinical efficacy

(92). Current guidelines recommend routine TDM in patients treated with voriconazole (79, 80).

The above suggest that although voriconazole has significantly contributed to improving clinical
outcomes, important hurdles may limit our ability to use it in a number of settings. For instance, as
already mentioned, administration of IV voriconazole may not be allowed in patients with already
impaired renal function (103). However, high-risk hematology patients with IA may already have an
impaired renal function, as a result of their already compromised status and other treatments they
receive. Liver function impairment is a frequent problem in patients after an allogeneic HCT,
occasionally leading to discontinuation of other potentially hepatotoxic agents, including
voriconazole (82, 104). The potential drug-drug interactions between this agent and other commonly
administered agents, including immunosuppressive agents, pose a number of additional challenges in
the management of HCT recipients. Finally, voriconazole may not be well tolerated by a number of
patients who develop significant neurotoxicities, such as visual hallucinations, visual discoloration, or
confusion. Hence, clinicians frequently face the problem of treating patients with IA, without being

able to use voriconazole due to one —or more- of the above mentioned issues.

Isavuconazole efficacy & toxicities

Therefore, an important clinical need became evident soon after voriconazole became the standard
treatment for IA: a need for an agent as effective but safer and better tolerated than voriconazole.
Isavuconazole is a broad-spectrum azole with activity against Aspergillus spp. and other filamentous
fungi, including certain Mucorales spp. (77, 105, 106). Isavuconazole has an excellent bioavailability

and thanks to its water-soluble prodrug isavuconazonium, there is no need for combining this agent
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with the potentially nephrotoxic SBECD (106). In contrast to voriconazole, isavuconazole has
predictable linear pharmacokinetics and predictable therapeutic blood concentrations can be
attained (106). Hence, isavuconazole TDM is not considered necessary, based on preliminary data,
but also data coming from real-life experiences showing consistent trough levels of isavuconazole at
>1 mg/mL (77, 107-110). Another potential benefit of this agent is its effect on the QTc interval, with
patients showing a shortening of their QTc interval when treated with isavuconazole (111). This is
quite pertinent as allogeneic HCT recipients and patients with leukemias receive multiple different
agents, which could potentially have a prolonging effect on their QTc, including, but not limited to,
macrolides and fluoroquinolones. As a result, administering an antifungal treatment, most of the
times destined to be continued for prolonged periods of time, without having to regularly monitor
someone’s heart rate and QTc interval may become useful and facilitate patient care, particularly in

the outpatient setting.

A prospective, randomized, non-inferiority clinical trial compared isavuconazole to voriconazole for
the treatment of IA in patients with hematologic malignancies and allogeneic HCT recipients (77).
This clinical trial demonstrated that isavuconazole was non-inferior to voriconazole, but also better
tolerated, with significantly lower rates of hepatotoxicity, neurological and eye-related adverse
events and skin reactions. Since then, isavuconazole has been included as first-line treatment for IA
in the European Guidelines for the management of IA (79). Multiple real-life cohort studies have
demonstrated the efficacy and safety profile of isavuconazole (112-117). When compared to
voriconazole, patients on isavuconazole may be at lower risk to develop liver function abnormalities
and therefore treatment discontinuation (113). Being able to continue and complete a treatment
course for the treatment of a serious and life-threatening infection as IA is of major importance, and
it appears to be the case with isavuconazole more so than voriconazole. In addition, other, less
frequently encountered side effects associated with voriconazole, such as skin reactions, visual and

auditory hallucinations have not- to our knowledge and until today- been linked to isavuconazole.

Posaconazole efficacy & toxicities

Posaconazole is a broad-spectrum azole with activity against Aspergillus spp. and other filamentous
fungi, including Mucorales spp. (118, 119). Similar to voriconazole, IV posaconazole requires co-
administration with SBECD (118, 119). Its oral formulation as a suspension suffered from poor
absorption and required co-administration with high-fat food, occasionally not well-tolerated by
high-risk cancer patients (119-123). However, it is currently available as a delayed release tablet

(DRT), which is better absorbed and well-tolerated (124). Posaconazole has been approved as
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antifungal prophylaxis in high-risk patients and as salvage treatment for patients with IMI (125-127).
Until recently, no data were available for the efficacy and safety of posaconazole as primary
treatment for IA. Similar to voriconazole, it may be associated with liver function abnormalities and
QTc prolongation (118). Furthermore, it has been associated with hypokalemia and pseudo-

hyperaldosteronism (128-131).

In a recently published prospective, randomized, double-blind, double-dummy non-inferiority clinical
trial posaconazole was compared to voriconazole as primary treatment of IA (78). This clinical trial
demonstrated that posaconazole was non-inferior to voriconazole, with all-cause mortality by 42
days post treatment initiation at 15% and 21% in the posaconazole and voriconazole groups,
respectively. Posaconazole was also better tolerated, with significantly lower rates of hepatotoxicity,
neurological and eye-related adverse events and skin reactions. As the results of this study were
made available prior to the publication of the most recent IA treatment guidelines, posaconazole is

not included in the preferred treatments for this infection for the time being (79, 80).

Antifungal prophylaxis

Fluconazole

The 1990s were marked by the introduction of fluconazole as effective and safe primary antifungal
prophylaxis in allogeneic and autologous HCT recipients (8, 9, 132). This was based on the results of
two prospective randomized placebo-controlled clinical trials that clearly demonstrated a significant
benefit of fluconazole prophylaxis in terms of decreasing the incidence of invasive candidiasis and —in
one study- overall mortality as well (8, 9). This approach had as a result a significant drop in the rates
of invasive candidiasis due to gastrointestinal translocation of Candida spp. in patients with
chemotherapy-associated mucositis (12). Since then, primary antifungal prophylaxis with fluconazole
is recommended based on international consensus guidelines for the first 75 to 100 days after an
allogeneic HCT, but also until neutropenia resolution in autologous HCT recipients and patients with

acute myeloid leukemia treated with intensive chemotherapy (3, 10, 11, 41, 42, 133).

Although the introduction of this approach has significantly improved clinical outcomes and overall
survival rates, there were two major issues that came out as a result: (i) a shift in the epidemiology of
Candida spp., with non-albicans Candida spp. becoming the predominant culprit in patients with
invasive candidiasis and (ii) more non-Candida IFl, mainly IMI due to Aspergillus spp. and more rarely
due to Mucorales, Fusarium spp. or Scedosporium spp. emerging as significant pathogens (1, 2, 12,

25, 26, 28). The emergence of IMI as a significant problem in allogeneic HCT recipients has been
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nicely described in the literature with rates as high as 11-15% recorded in different series and

discussed in the first part of this Introduction (1, 2, 12, 25, 26, 28).

Posaconazole

The medical community responded to this unmet need with the introduction of a new broad-
spectrum azole, posaconazole (118, 119, 122, 134). As previously discussed, posaconazole has
activity against most Candida, but also against molds, including Aspergillus and Mucorales spp. and
therefore was a desirable agent in the setting of high-risk patients for an IMI (118, 119).
Posaconazole has been validated as primary antifungal prophylaxis in patients with acute
myelogenous leukemia with anticipated neutropenia for 214 days and in allogeneic HCT recipients
with GvHD requiring treatment with high-dose steroids (125, 127). Two clinical trials comparing
posaconazole to fluconazole in these two different patient populations demonstrated a significant
drop on the incidence of IMI in those patients treated with posaconazole when compared to
fluconazole, while a survival benefit was also demonstrated in one of the two studies (125, 127). As a
result, posaconazole has become the standard of care as primary antifungal prophylaxis in these

patient populations since then (3, 11, 41, 42, 133).

Considerations on antifungal prophylaxis

Although the introduction of posaconazole has significantly impacted the incidence of IA in high-risk
patient populations, breakthrough IMI have been increasingly observed (112, 135-142).
Posaconazole-breakthrough IMI are frequently due to molds that are harder to treat than Aspergillus
fumigatus infections, such A. ustus, Mucorales, Scedosporium spp., and other less frequently
encountered molds. In addition, a number of other issues have been made evident since the routine
use of posaconazole as primary antifungal prophylaxis, which further complicate the utilization of
this agent in the setting. For instance, posaconazole being a moderate-to-strong CYP3A4 inhibitor has
significant interactions with a number of agents, commonly used in the care of hematology patients.
More recently, posaconazole has been identified to have significant interactions with new
chemotherapy molecules increasingly used in the care of leukemia patients, such as midostaurin and
venetoclax (143, 144). In addition, like most other azoles, posaconazole has been associated with

hepatotoxicity, a common problem in allogeneic HCT recipients (118, 119, 134).

All that, when concerns that the number of patients needed to treat with posaconazole to prevent
one IFI may be too high have been expressed (145). Hence, identifying patients who would benefit

the most from the administration of primary prophylaxis with a broad-spectrum antifungal agent,
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such as posaconazole, could help preserve this agent for those patients who absolutely need it and
hence limit the rates of breakthrough IMI, associated side effects and drug-drug interactions and
decrease associated costs. This becomes even more pertinent, when considering the important
variability of posaconazole blood concentrations requiring frequent dose adjustments and close TDM

(146).

Objectives

Considering the -as above- described attained progress in the management of IA in hematological
patients, the primary objective of this work is to discuss the current landscape and limitations of the
available antifungal treatment and prophylaxis options. More specifically, the improved overall
survival in allogeneic HCT recipients infected with IA in the post-voriconazole era along with the
nephrotoxicity and hepatotoxicity associated with this agent, and the additional options of

isavuconazole and posaconazole will be discussed.
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RESULTS
Improved survival in invasive aspergillosis (Appendix 1)

Introduction

A diagnosis of IA in high-risk hematology patients was associated with high rates of mortality, up to
80-90% (25). But until the early 2000s most relevant data were coming from single-center
retrospective cohort studies (1, 2, 25, 26). The Prospective Antifungal Therapy (PATH) Alliance
registry was an industry-sponsored, prospectively maintained, multicenter, observational registry of
patients with IFl reported by 25 major tertiary-care institutions in North America (23 in the United
States of America and 2 in Canada) (147). Between 2004 and 2008, 6’845 eligible patients with IFls
were enrolled in this database (14, 28, 148-152). Using the PATH Alliance database, we performed a
retrospective interim analysis to describe the epidemiology and outcomes of IFls in autologous and
allogeneic HCT recipients with IFls (28). All adult HCT recipients with a proven or probable IFl enrolled
in the PATH Alliance registry between 2004 and 2007 were included in this study. The objectives of

this study were to describe the epidemiology and outcomes of IFl in HCT recipients.

Results

A total of 234 adult HCT recipients (73 and 161 autologous and allogeneic, respectively) with 250
proven or probable IFls reported by 16 different institutions were included. Invasive aspergillosis was
the most frequent IFI (148, 59.2%), followed by invasive candidiasis (62, 24.8%) and mucormycosis
(18, 7.2%). More than 50% of IA diagnosis was made based on a non-culture test, mainly a GM EIA.
More than 75% of cases of invasive candidiasis were due to non-albicans Candida spp. Infections due
to other-than-Aspergillus molds occurred later (median: 173 days) post-HCT when compared to IA
(median: 83 days). Overall, 6-week and 12-week mortality post-IFl diagnosis was significantly lower in
patients with IA (21.5% and 35.5%, respectively) when compared to other types of IFI (P-value<0.001;
Figure 1).

Discussion

The major finding of this study was that IA was the most commonly identified IFl in HCT recipients in
the early 2000s and that associated mortality could be as low as 21.5% at 6-weeks after diagnosis. In
fact, this study was the first to show that —outside of the context of a clinical trial, survival outcomes
in high-risk patients with IA have significantly improved. In fact, the reported mortality of 21% at 6-
weeks and 35% at 12-weeks post IA-diagnosis were consistent with the results of the pivotal clinical
trial which validated voriconazole as the standard of care for the treatment of IA (75). In addition,
this study showed that clinical outcomes remain dismal for patients with invasive candidiasis or with

IFls due to non-Aspergillus molds, including the Mucorales.
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Figure 1. 12-week survival for HCT recipients with invasive aspergillosis, invasive candidiasis and an
invasive fungal infection due to Mucorales and other molds. The P-value was calculated by the log-
rank test.

IA: invasive aspergillosis, IC: invasive candidiasis, IFl: invasive fungal infection.
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Voriconazole and nephrotoxicity (Appendix 2)

Introduction

Patients with IA requiring treatment with voriconazole are —in their vast majority- severely
immunocompromised and frequently require IV administration of their treatment, either because of
the severity of their infection or because of their inability to take and adequately absorb PO
medications. As already discussed, the IV formulation of voriconazole requires co-administration with
SBECD. The latter has been associated with renal toxicity, mainly when administered in much higher
than human doses in animal models (102, 153-155). Nevertheless, and despite the lack of relevant
human data, administration of IV voriconazole is contraindicated in patients with a creatinine
clearance <50mL/min. As allogeneic HCT recipients may already have a degree of renal impairment
due to a myriad of other reasons, this may pose significant problems, when treatment with IV

voriconazole is required.

Hence, there is a need to better study the potential nephrotoxic effect of IV voriconazole. We
hypothesized that administration of IV voriconazole is well-tolerated in patients with an already
existing underlying renal impairment. We then performed a 2-center, observational, retrospective
study initiated at the Johns Hopkins University Hospital with the primary objective to describe the

frequency of renal function deterioration in patients treated with IV voriconazole (103). We included
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three different patient categories: patients with abnormal (creatinine clearance <50mL/min) baseline
renal function treated with IV voriconazole (Group 1), patients with abnormal (creatinine clearance
<50mL/min) baseline renal function treated with PO voriconazole (Group 2) and patients with normal
(creatinine clearance >50mL/min) baseline renal function treated with IV voriconazole (Group 3).
Using the RIFLE criteria, renal impairment was defined as any increase in serum creatinine by >1.5
times the baseline and/or any decrease in creatinine clearance by 225% (156).

Results

After screening 1096 patients at the Johns Hopkins University Hospital and the University Hospital of
Pittsburgh, we included 166 patients, with 42, 47 and 77 patients attributed to Groups 1, 2, and 3,
respectively. There was no significant change in mean creatinine values in none of the three groups
between baseline, day 3 and by end of treatment (Figure 2). Using the RIFLE criteria, 19 (11.4%), 14
(8.4%) and 28 (16.9%) patients developed renal function impairment on days 3, 7, and by the end of
treatment of voriconazole, respectively. Logistic regression demonstrated co-administration of
penicillin-drugs as a significant predictor of renal dysfunction by the end of treatment with an odds
ratio (OR) of 2.39 (95% confidence intervals, Cl, 1.01, 5.66; P-value: 0.04) (Table 1). By day 7 of
voriconazole treatment administration, only baseline liver impairment was identified as a significant
predictor of renal dysfunction (OR: 5.30, 95%CI. 1.69. 16.52; P-value: 0.004). Finally, by day 3 of
voriconazole administration, a history of hematologic malignancy (OR: 5.09, 95%Cl, 1.38, 18.73, P-
value: 0.01), fluconazole administration within 30 days prior to voriconazole (OR: 6.21, 95%Cl, 1.24,
30.05, P-value: 0.03) and immunosuppressive agent co-administration (OR: 7.00, 95%Cl, 2.02, 24.28,
P-value: 0.002) were identified as predictors of renal dysfunction. Classification tree analysis
demonstrated similar findings. Baseline renal function and mode of voriconazole administration were
not found to be significant predictors of renal dysfunction.

Discussion

This study confirmed our hypothesis that administration of IV voriconazole in patients with already
existing renal impairment does further worsen their renal function. In contrast, other variables,
including prior administration of fluconazole or concomitant administration of penicillin and
immunosuppressive drugs were the most important predictors of renal function deterioration.
Although not definitive, and with the major limitation of a retrospective observational study, our
results were the first to address the question of renal safety of IV voriconazole in patients with
creatinine clearance <50mL/min. Based on these findings, and with additional data required, IV
voriconazole may potentially be administered in those patients who cannot take or absorb PO

voriconazole.
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Figure 2. Creatinine values for the three different groups of patients based on their baseline renal
function and mode of voriconazole administration.
Only the significant P-values are depicted.

IV, intravenous. VOR, voriconazole. CrCl, creatinine clearance. PO, oral. EOT, end of treatment.
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Table 1. Risk factors for renal dysfunction by days 3, 7, and end of treatment of voriconazole

administration among 166 patients treated with voriconazole with available data.

Day 3 Day 7 End of Treatment
Predictor Odds Ratio PValue  Odds Ratio PValue  Odds Ratio PValue
Ethnicity, white vs non-white NS NS NS NS 0.36 0.04
Hematologic malignancy 5.09 0.01 NS NS NS NS
Fluconazole (within 30 days prior to VOR) 6.21 0.008 NS NS NS NS
Baseline liver impairment” NS NS 530 0.004 NS NS
Duration of VOR administration, > vs =7 days 0.19 0.01 NS NS NS NS
Penicllins 6.12 0.03 NS NS 239 0.04
Immunosuppressive agents 7.00 0.002 NS NS NS NS
Vasopressive agents 013 0.02 NS NS NS NS
Abbreviations: NS, not significant; VOR, voriconazole.
# Only variables with a P < 20 in univariate analyses were introduced in the multivariate analysis models.
¥ Defined as any of the following: aspartats aminotransferase or alanine aminotransferase 3 times the upper nomal limit anclfor alkaling phosphatase =2 times
the upper normal limit.

Adapted from (103)

Voriconazole hepatotoxicity & early discontinuation (Appendix 3)

Introduction

Although commonly used for the treatment and prophylaxis of IFls, voriconazole has been associated
with a large number of drug-drug interactions and adverse events. As a result, many are the times
that clinicians are forced to discontinue this agent, due to one or more potentially associated
toxicities (82). To better describe the rate and reasons of voriconazole discontinuation in allogeneic
HCT recipients, we performed an observational, retrospective, single-center cohort study including
adult patients who received voriconazole as primary antifungal prophylaxis for an allogeneic HCT
between 2014 and 2016 at the Memorial Sloan Kettering Cancer Center (104).

Results

Among 327 allogeneic HCT recipients who received primary antifungal prophylaxis with voriconazole,
prophylaxis was started at a median of 7 days and continued for a median of 69 days. Overall, 180
(55%) patients continued voriconazole prophylaxis as per institutional protocol, while 147 (45%)
patients had their prophylaxis prematurely discontinued for a number of reasons (Figure 3). In more
detail, voriconazole was prematurely discontinued due to a potential adverse event in 101 (68.7%)
patients, followed by drug-drug interactions in 27 (18.4%) patients, and other reasons in 6 (4.1%)
patients. Amongst 101 patients with adverse events, voriconazole was stopped due to
hepatotoxicity, visual hallucinations and neurological symptoms, skin rash, renal dysfunction, and

other reasons in 73 (72.3%), 16 (15.8%), 6 (5.9%), 3 (3%), and 3 (3%) patients, respectively. Notably,
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and despite the relatively high frequency of discontinuation due to liver function test abnormalities,
transaminases were only moderately elevated, with only 39 (12.1%) patients having an alanine

aminotransferase 2100 IU/mL and 27 (8.4%) patients an aspartate aminotransferase =100 IU/mL.

There was a trend for higher incidence of proven and probable IFl in the patient group with
premature voriconazole discontinuation (5.4% vs 2.8%, P-value: 0.13; Figure 4a). Notably, more
patients in the early-discontinuation group (23, 15.6%) died by 180 days post-HCT when compared to
patients who continued voriconazole prophylaxis as per standard of care (14, 7.8%, log-rank: 0.03;

Figure 4b).

Figure 3. Voriconazole discontinuation in a cohort of allogeneic hematopoietic cell transplant
recipients overall (A) and based on alanine aminotransferase levels on day 14 of voriconazole

administration (B). Presentation of reasons for premature voriconazole discontinuation (C).
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Figure 4. (A) Incidence of invasive fungal infections in allogeneic hematopoietic cell transplant
recipients who remained on voriconazole (“standard of care group”) versus those who had
voriconazole prophylaxis prematurely discontinued (“early discontinuation group”).

(B) All-cause 180-post-HCT-day mortality between allogeneic hematopoietic cell transplant recipients
who remained on voriconazole (“standard of care group”) versus those who had voriconazole

prophylaxis prematurely discontinued (“early discontinuation group”).
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Discussion

This study demonstrates a major problem associated with voriconazole administration, which is the
premature discontinuation of this agent. Despite its established efficacy, voriconazole has been
associated with a large number of toxicities and other potential problems, identified and better
described through years of clinical experience. We have now appreciated that this agent is not
feasible to be continued in a significant number of patients, due to either associated adverse events,
drug-drug interactions, or other reasons. Our study was one of the few to demonstrate the
significance and frequency of this problem. Despite the fact that a high-degree hepatotoxicity was
not demonstrated in this study, our data suggest that clinicians are willing to discontinue
voriconazole, even without a strong conviction that liver function impairment is due to this agent and

much sooner before a significant hepatotoxicity is documented.

The trend for more IFl and higher mortality rates in the premature discontinuation group are hard to

interpret, particularly since this study was not powered, neither designed to shed more light on
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those very questions. Nevertheless, it points out to the clinical significance and importance of

toxicities and medication changes in high-risk patients.

Isavuconazole: effective and safe treatment for invasive aspergillosis (Appendix 4)

Introduction

Considering the relatively high incidence of IMI with high associated morbidity and mortality and the
limitations of the available treatment options, effective and safe treatments are still required.
Considering its broad antifungal spectrum and favorable side-effect profile, isavuconazole was
compared head-to-head to voriconazole in a phase 3, randomized, double-blind, international,
multicenter, non-inferiority clinical trial as primary treatment of 1A and IFls due to non-Aspergillus
molds, excluding Mucorales (77, 105, 106). Patients were randomized to either isavuconazole or
voriconazole 1:1 and stratified by three additional factors: geographical region, allogeneic HCT, and
malignancy stage at study entry. The primary endpoint was all-cause mortality by day 42 from study
drug initiation in the intention to treat (ITT) population. The following secondary endpoints were also
addressed: all-cause mortality by day 84, overall, clinical, mycological and radiological response by
days 42 and 84 in the ITT and modified ITT (mITT) patient populations, and safety and tolerability
(77).

Results

A total of 527 patients were randomized, with 258 patients finally assigned to the ITT for each group.
The mITT population, defined as patients with a proven or probable IMI, included 143 and 129
patients for the isavuconazole and voriconazole group, respectively. The mycological ITT (myITT)
population included 123 and 108 patients with proven or probable IA in the isavuconazole and
voriconazole groups, respectively. All-cause mortality at day 42 in the ITT population was 19% and
20% for isavuconazole and voriconazole, respectively (adjusted treatment difference, 95%Cl: -1.0%, -
7.8, 5.7) (Figure 5). Hence, the study met the primary objective to demonstrate non-inferiority of
isavuconazole when compared to voriconazole for primary treatment of IMI. Day 84 all-cause
mortality in the ITT population was 29% and 31% for isavuconazole and voriconazole, respectively
(adjusted treatment difference, 95%Cl: -1.4%, -9.2, 6.3). Similar findings were observed for the mITT
and mylITT patient populations. For the mITT population, 42-day all-cause mortality was 20% and 23%
for isavuconazole and voriconazole, respectively (adjusted treatment difference, 95%Cl: -2.6%, -12.2,
6.9). Similarly, 84-day all-cause mortality was 30% and 37% for isavuconazole and voriconazole,
respectively (adjusted treatment difference, 95%Cl: -5.5%, -16.1, 5.1). For the myITT population, 42-
day all-cause mortality was 17% and 18% for isavuconazole and voriconazole, respectively (adjusted

treatment difference, 95%Cl: -2.7%, -12.9, 7.5). Similarly, 84-day all-cause mortality was 28% and
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36% for isavuconazole and voriconazole, respectively (adjusted treatment difference, 95%Cl: -5.7, -

17.1, 5.6).

In terms of safety, isavuconazole was associated with significantly lower rates of hepatotoxicity
compared to voriconazole (9% versus 16%, P-value: 0.016), skin and subcutaneous tissue disorders

(33% versus 42%, P-value: 0.037) and eye disorders (15% versus 27%, P-value: 0.002).

Figure 5. 84-day overall survival of patients with an invasive mold infection treated with

isavuconazole and voriconazole. Day O represents the first day of drug administration.
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Discussion

In this randomized double-blind multi-center study, we demonstrated that isavuconazole was non-
inferior to voriconazole for the primary treatment of IMI, including IA, albeit with a toxicity profile
more favorable than that of voriconazole. Based on this registration clinical trial, isavuconazole is
currently considered as first-line treatment for IA based on consensus European guidelines (79).
Notably, all-cause mortality by day-42 and day-84 in this trial were comparable to those observed in
prior clinical trials, comparing voriconazole to amphotericin-B deoxycholate and voriconazole versus

voriconazole with anidulafungin combination therapy (75).

Posaconazole level variability and toxicities (Appendix 5)
Introduction
Posaconazole has been validated and established as the standard of care for primary antifungal

prophylaxis in patients with acute myelogenous leukemia with anticipated neutropenia for 214 days
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and allogeneic HCT recipients with GvHD requiring treatment with corticosteroids at >1mg/kg/day
(125-127). However, administration of posaconazole is hindered due to a variety of reasons,
including, but not limited to, significant drug-drug interactions, hepatotoxicity, associated costs, and

erratic blood concentrations.

Posaconazole blood level targets have been proposed by relevant expert guidelines at >0.7 mg/L and
>1.0 mg/L for prophylaxis and treatment, respectively (79, 157). To better understand the
distribution and variability of posaconazole blood concentrations, we performed a retrospective,
cohort study within the context of the Swiss Transplant Cohort Study (STCS) (146). All adult
allogeneic HCT recipients included in the STCS cohort between 2016 and 2018 who received
posaconazole as prophylaxis and/or treatment were included. Patients were identified through the
STCS and hospital/pharmacy databases at the three major university hospitals performing allogeneic
HCT in Switzerland. The primary objective of this study was to describe the posaconazole
concentrations. Secondary objectives included the identification of predictors of therapeutic
posaconazole levels, possible associations between posaconazole dosing, blood concentrations and
hepatotoxicity, and the description of breakthrough IMI in patients receiving posaconazole.

Results

In a total of 288 allogeneic HCT recipients, 194 (67.4%) and 94 (32.6%) patients received
posaconazole as prophylaxis and treatment, respectively. Only 160 (55.6%) patients received a
loading posaconazole dose. Overall, there were 1’944 posaconazole level measurements during the
study period, with a median of 5 tests per patient. The median posaconazole level in the study was
1.3 mg/L (interquartile range, IQR: 0.8, 1.96) with large intra- (57.0%) and inter-individual (65.0%)
variability (Figure 6). Notably, posaconazole level was <0.7 mg/L and <1.0 mg/L in 19.7% and 33.7%
of samples tested, respectively. Among patients who received posaconazole as prophylaxis, 19.7%
samples were <0.7 mg/L, while 31.4% tests in patients treated with posaconazole had a level <1.0
mg/L. While the vast majority of patients (268, 93.1%) received 300mg once daily as initial
maintenance dose at baseline, by the end of treatment there was a large variability in the
posaconazole doses administered, from 100mg to 1000mg once daily (Figure 7). Overall, 176 (61.1%)
patients required at least one dose or formulation change during their treatment course. Nine (3.1%)
breakthrough IFI were diagnosed during the study period. There was no difference in the mean
posaconazole level between patients with (1.32 mg/L) and without (1.4 mg/L, P-value: 0.55)
breakthrough IFl, with a median posaconazole level amongst the 9 patients with a breakthrough

infection at 1.31 mg/L (range: 0.4, 1.68). Except for one patient with a posaconazole level at 0.4 mg/L
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measured at 9 days prior to their breakthrough infection, all other patients had a posaconazole level

>0.95 mg/L before their breakthrough infection was diagnosed.

Figure 6. Distribution of posaconazole blood concentrations in patients who received this agent as

prophylaxis and treatment presented as histograms (A) and blox-plots (B).
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Figure 7. (A) Distribution of posaconazole daily dose at treatment initiation and by end-of-treatment
for all patients. (B) Posaconazole daily dose distribution in 155 patients with at least one dose change

during their treatment (only data for the first 3 changes are presented).
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Discussion

Despite its retrospective nature and other limitations, this study clearly demonstrated the large
variability of posaconazole blood concentrations in a large contemporary cohort of allogeneic HCT
recipients. One in 3 to 4 patients had posaconazole concentrations below the proposed target.
Nevertheless, the rate of breakthrough infections remained very low and did not seem to be

associated with the observed blood concentrations of posaconazole.
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Based on our observations, it is unclear whether posaconazole TDM is necessary and whether it
should be routinely and universally performed. In addition, the limitations of posaconazole,
particularly when it comes to the large variability of blood concentrations amongst patients treated

with this agent, may additionally hinder the optimal utilization of this agent.
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CONCLUSIONS

Significant improvement in overall survival in patients with IA has been demonstrated in the post-
voriconazole era. Although our and other data suggest that voriconazole may be an effective agent,
its use may be limited due to associated toxicities and drug-drug interactions in a -much
underappreciated in the past- large number of patients. The available alternatives, including
isavuconazole and posaconazole, have been shown to be non-inferior to voriconazole albeit with

more favorable toxicity-profiles.

The problems associated with voriconazole administration have been well known and described in
the literature during the last two decades. However, their real impact on clinical practice has been
poorly described. Based on our observations, voriconazole may be discontinued in up to 40-45% of
allogeneic HCT recipients, who receive this agent as primary antifungal prophylaxis. This is an
extraordinarily high rate of discontinuation, suggesting that an alternative option may be required in
up to 1 in 2 patients on voriconazole antifungal prophylaxis. Notably, our data did not include
patients who receive voriconazole as primary treatment for IA. In this latter group of patients, the
threshold to stop the administered treatment may be much higher. However, our data clearly show
that we may not always be able to continue and administer voriconazole in a significant number of

patients that need this treatment.

Additional options exist, with isavuconazole and posaconazole representing effective and safe
treatments for |A. Isavuconazole was found non-inferior and better tolerated than voriconazole. It
has the advantage to not require co-administration with cyclodextrin. Furthermore, its effect on the
QTc interval may facilitate antifungal treatment in patients with prolonged QTc interval and co-
administration with other QTc-prolonging agents. Moreover, isavuconazole is only a moderate
CYP3A4 inhibitor, therefore with fewer drug-drug interactions than voriconazole or even
posaconazole, both strong inhibitors of this CYP. All in all, isavuconazole represents an excellent

treatment alternative, particularly in those patients who may not be able to tolerate voriconazole.

Similarly, posaconazole was recently shown to be non-inferior to voriconazole for the treatment of
IA, also with a more favorable side effect profile. Fewer hepatotoxicity, eye, skin and neurological
events were observed in patients treated with posaconazole versus voriconazole. However,
posaconazole use may be hindered by the large variability of blood concentrations observed and the
important drug-drug interactions, as a result of its complex metabolism. Our data showing significant

variability in posaconazole blood concentrations and requirement for dose changes in more than half
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of patients receiving this agent suggest that close patient monitoring may be required. As most
treatment with posaconazole is administered on an outpatient basis, this is an important

consideration for clinicians and the follow-up of those patients.

Considering the above, it is evident that none of the available treatments for IA has an optimal
toxicity and drug-drug interaction profile. Moreover, the existing data suggest that all-cause 6- and
12-week mortality in patients with IA have remained in the range of 20% and 35%, respectively, since
the early 2000s, when the results of the pivotal clinical trial of voriconazole compared to
conventional amphotericin-B were reported (75). Notably, upon review of the mortality rates
reported in the major clinical trials for the treatment of 1A since 2002, excluding patients treated with
amphotericin-B deoxycholate in the voriconazole registration trial, we can appreciate that they have
remained in the same range during the last two decades (Table 2). More specifically, 6- and 12-week
all-cause post antifungal treatment initiation for IA has ranged between 19-30% (median: 19.75 %)
and 28-41% (median: 32.5%), respectively. In other words, 1 in 5 and 1 in 3 patients with IA are still

likely to die by 42 and 84 days after appropriate targeted antifungal treatment initiation.

The fact that 12-week survival in patients with IA has remained in the range of 25 and 35% for the
last two decades, despite the progress attained in the fields of diagnostics and therapeutics, remains
to be further studied and analyzed. It is true that since the 1990s, the approaches in the field of
Hematology and Bone Marrow Transplantation have significantly changed. Conditioning regimens
have been adjusted to include reduced intensity and non-myeloablative regimens. Stem cells may
come from bone marrow, peripheral blood stem cells or cord blood and be T-cell depleted or not.
Haplo-identical or mis-matched unrelated donors are more commonly used. Similarly, older and
higher-risk patients are more frequently accepted for an allogeneic HCT as well. Additional
immunosuppressive and chemotherapeutic strategies to prevent GvHD and/or post-HCT relapse are
applied more and more in clinical practice. The above suggest that allogeneic HCT recipients today
may not necessarily resemble the patient population transplanted in the 1980 and 1990s. Higher-risk
patients and higher-risk HCT techniques might have impacted on the overall immune status of
allogeneic HCT recipients in the 2020s, and also their susceptibility to IFls, including IA, with

eventually more severe clinical presentations and dismal clinical outcomes.
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Table 2. Clinical efficacy data among patients with invasive aspergillosis between 2000 and 2020.

Ref! 6-week mortality 12-week mortality 12-week clinical response
(75)? VCZ: 20% AMB-d: 35% VCZ: 29.2% AMB-d: 42.1% VCZ: 52.8% AMB-d: 31.6%
(28)3 20% 35.5% 63.5%
(74)* LAMB-3mg: LAMB-10mg: LAMB-3mg: LAMB-10mg: LAMB-3mg: LAMB-10mg:
19% 30% 28% 41% 50% 46%
(101)5 VCZ:27.8% VCZ+ANI: VCZ: 39.4% VCZ+ANI: VCZ: 43% VCZ+ANI:
19.5% 29.3% 32.6%
(77)8 VCZ: 22% ICZ: 19% VCZ: 36% ICZ: 28% VCZ: 36% ICZ: 35%
(78)7 VCZ: 19% PCZ: 19% VCZ:31% PCZ: 34% VCZ: 46% PCZ: 42%
Mean/Median (Range; 21.45 / 19.75 (19, 30; 3.9) 33.14/32.5 (28, 41; 4.7) 44.69 / 44.5 (32.6, 63.5; 9.3)
SD)?®

Ref: Reference, VCZ: Voriconazole, AMB-d: Amphotericin-B deoxycholate, LAMB-3mg: Liposomal Amphotericin-B
3mg/kg/day, LAMB-10mg: Liposomal Amphotericin-B 10mg/kg/day, ANI: Anidulafungin, ICZ: lIsavuconazole, PCZ:

Posaconazole, SD: Standard Deviation.

Ln chronological order of publication. 12-week clinical response outcomes include complete and partial response.
2Mortality and complete and partial response were reported on the modified intention-to-treat population.

3 Results are presented for the overall hematopoietic cell transplant recipients with a diagnosis of proven and probable
invasive aspergillosis.

4This study compared liposomal amphotericin-B at a standard dose of 3mg/kg/day to a high-dose 10mg/kg/day. Results are
presented for the modified intention-to-treat population, defined as patients with a confirmed diagnosis of an invasive
mold infection by the Data and Safety Review Committee. Results were similar for 103 and 92 patients with a diagnosis of
invasive aspergillosis in the standard and high-dose groups, respectively.

5 Results are presented for the modified intention-to-treat population, defined as patients with proven or probable invasive
aspergillosis. Complete and partial response rates are presented at 6 weeks post study enrollment.

6 Results are presented for the mycological intention-to-treat patient population, defined as patients with proven or
probable invasive aspergillosis. Complete and partial response were reported at the end-of-treatment.

7 Results are presented for the full analysis set population, defined as patients with proven and probable invasive
aspergillosis.

8 Mean and median calculated for all studies and agents used, excluding the values for the group treated with AMB-d.
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In parallel to the above, significant progress has been achieved in the field of infectious diseases, as
discussed in detail in the Introduction of this work. Better diagnostic tests and better understanding
of the pathophysiology of HCT and IFl, including the identification of important and reliable risk
factors, have enabled clinicians to accurately and promptly make the diagnosis of IA and start
antifungal treatment. In addition, routine antifungal prophylaxis is applied in most centers, further

impacting the incidence of IA and other IMls.

Hence, it is likely that despite the progress attained in the fields of infectious diseases and
hematology / HCT, clinical outcomes in patients with IA might have stagnated during the last two
decades due to the fact that patients are significantly sicker and with more comorbidities than
before. Whether the existing gap of 20-30% in all-cause mortality may be further decreased remains
to be discussed. While the “host-effect” may not always be measured or accounted for, it is
important to reflect on whether newer and better diagnostic and/or therapeutic interventions may
further impact clinical outcomes. Notably, with broad-spectrum azoles appear to have reached a
plateau in terms of clinical outcomes and no additional therapeutic benefit may be expected from

this class of agents, despite their differences in terms of toxicities and drug-drug interactions.

No new antifungal agent classes have been introduced in clinical practices since echinocandins in the
early 2000s. Isavuconazole was the last new antifungal agent to be introduced in clinical practice in
the last decade. This may change in the near future, with newer antifungal options already in phase
2-3 clinical trials showing promising results (Table 3) (158, 159). For instance, a new formulation of
orally administered itraconazole, SUBA-itraconazole, is under investigation. Itraconazole is
administered within a pH-dependent polymer matrix, which significantly improves its absorption
with an estimated oral bioavailability of 173%. The first orally administered formulation of
amphotericin-B is under investigation, with the compound delivered in a multi-layered spiral
cochleate structure, thus allowing oral absorption and delivery to infected tissues. A new generation
echinocandin, rezafungin, is in phase 3 clinical trials for the treatment of invasive candidiasis and as
primary antifungal prophylaxis in allogeneic HCT recipients. While not significantly different from
anidulafungin, this agent has a long half-life, allowing once weekly administration and better

concentrations in the tissues, including the lungs.

While promising and exiting, all the above-mentioned new antifungal agents belong to the already
existing classes of triazoles, polyenes, and echinocandins, respectively. However, for the first time
after many decades, new classes of antifungals are under consideration (Table 3). Some of those new

agents / classes appear to have excellent activity against most Aspergillus species and favorable
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pharmacokinetic and toxicity profiles. Their efficacy has not, as yet, been compared to the standard

of care (voriconazole or isavuconazole).

Ibrexafungerp is a glucan synthase inhibitor, targeting the synthesis of fungal cell wall, with a broad
spectrum of activity including Candida spp. (including C. auris) and Aspergillus spp., Pneumocystis
spp., Paecilomyces variotii and Lomentospora prolificans (160, 161). Despite its highly-protein bound
properties, it can penetrate and distribute very well in most tissues, excluding the brain (162). In fact,
concentrations as high as 100 times serum concentration have been described in infected necrotic
liver tissue (162). Ibrexafungerp is available in both IV and PO formulations and does not appear to
significantly interact with CYP 3A4, 2C19, or 2C9; it is a mild inhibitor of CYP2C8 (160, 163, 164).
Olorofim is a first in class (orotomides) new antifungal agent with an intracellular target (165, 166).
This compound inhibits the synthesis of pyrimidine, by inhibiting an enzyme important for this
process, the dihydroorotate dehydrogenase (DHODH) (165, 166). Its spectrum of activity includes
most molds, including Aspergillus spp., Fusarium spp., Lomentospora prolificans and dimorphic fungi
(167-169). It has no activity against Candida spp., Cryptococcus spp., and Mucorales. It has minimal
toxicities, considering its specific fungal target, is a weak CYP3A4 inhibitor and may be administered
PO (165, 166). Fosmanogepix targets the enzyme Gwtl, necessary for the synthesis of
glycosylphosphatidylinositol (GPI), a protein necessary for the stability of the fungal cell wall (170,
171). It is available as IV and PO formulation with excellent bioavailability and a very broad spectrum
of activity, including yeasts (excluding C. krusei), molds, and dimorphic fungi. Similat to olorofim, due
to its fungal specific target, it has minimal associated toxicities. Finally, VL-2397, a cyclic exapeptide,
appears to have excellent activity against Aspergillus and some yeasts (Candida, Cryptococcus and
Trichosporon) has been removed from clinical trials, despite its excellent profile and promising

efficacy data (172-174).

The above underline that new agents and new classes of antifungal agents are under investigation
and development. While we do not know whether those new treatments options will be better and
safer than the already existing ones, the fact that for the first time after two decades new classes of
antifungal treatments may come to be added to our antifungal armamentarium holds promise in the

field of IFI.
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Table 3. New antifungal agents under consideration and clinical research (158, 159).

Agent Class Spectrum Administration Pharmacology Status Indications sought
SUBA-Itraconazole Azoles Candida, Aspergillus, PO Increased bioavailability Phase 3 Endemic mycoses
Coccidioides, Histoplasmsa Antifungal prophylaxis (HCT)
Endocochleated Polyenes Candida, Cryptococcus, PO Rapid drug uptake by fungi Phase 2 Mucocutaneous candidiasis,
Amphotericin B Aspergillus, Mucorales, Extensive tissue distribution Cryptococcal meningitis
(MAT2203) Coccidioides, Histoplasma High liver concentrations Antifungal prophylaxis
Rezafungin Echinocandin Candida, Aspergillus, IV, SC Concentration dependent activity Phase 3 Invasive candidiasis
Pneumocystis Long T1/2 (133-150hours) Antifungal prophylaxis (HCT)
Once weekly administration
Excellent tissue distribution
VT-1129 (VT-1161, Tetrazoles Candida, Cryptococcus, PO VT-1129: long T1/2 (6 days) Phase 2 Tinea pedis, onychomycosis
VT-1598) Aspergillus, Mucorales, Vulvovaginal candidiasis
Coccidioides, Histoplasma,
Blastomyces
Ibrexafungerp Triterpenoid Candida, Aspergillus, PO, IV Excellent tissue penetration (no CNS) Phase 3 Refractory IFI
Paecilomyces variotii, Excellent bioavailability Vulvovaginal candidiasis
Lomentospora porlificans, Increased absorption with food Candida auris infections
Pneumocystis Modest CYP2C8 inhibitor
Fosmanogepix GPI inhibitor Candida, Cryptococcus, PO, IV Excellent bioavailability Phase 2 Invasive candidiasis
(APX001) Aspergillus, Fusarium, Invasive aspergillosis
Scedosporium, Lomentospora Coccidiomycosis
porlificans, Mucorales, Rare mold infections
Coccidioides
Olorofim Orotomides Aspergillus, Fusarium, PO Excellent bioavailability Phase 2 Difficult to treat IFI
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VL-2397 Cyclic Aspergillus, Candida, v e  Rapid and potent fungicidal activity None e No on-going clinical trials

hexapeptides Cryptococcus, Trichosporon against Aspergillus

SUBA: Super-Bioavailability, PO: Oral, IV: Intravenous, SC: Subcutaneous, IFl: Invasive Fungal Infection, HCT: Hematopoietic Cell Transplant, GPI: Glycophosphatidylinositol.
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In addition to the underlying host-immune status and available treatment options, genetic factors may
eventually prove to be important players in the fight against IFl. A number of genetic polymorphisms
have been associated with susceptibility to different infections, including IA and other IMIs (31, 33-35,
37, 175-179). For instance, pentraxin-3 (PTX3) has been shown to be a significant risk factor for IA in
patients with acute myeloid leukemia, solid organ transplant and allogeneic HCT recipients (30, 32-34).
The effect of genetic factors as such on clinical outcomes has not been, as yet, further studied. However,
the realization that underlying genetic factors may impact clinical outcomes may open new opportunities
in the field of IFls. Identifying and stratifying patients for antifungal prophylaxis or early initiation of
preemptive antifungal treatment based on genetic polymorphisms should be further studied and -if of
proven efficacy- incorporated in clinical practice. For instance, an ongoing clinical trial enrolls patients
with acute myelogenous leukemia who are not neutropenic upon diagnosis for antifungal prophylaxis
and stratifies them based on their underlying PTX3 genetic polymorphisms to receive either
posaconazole or fluconazole as primary antifungal prophylaxis (ClincalTrials.gov NCT03828773). This
approach of personalized medicine may eventually gain more ground in the years to come and

represents an important part of the currently ongoing translational and clinical research.

To conclude, significant progress has been attained in the management of IA in allogeneic HCT
recipients, with the new generation azoles having dominated the field during the last two decades,
offering viable, effective and safe treatment options. Having achieved a plateau in overall survival since
the early 2000s, it is time to explore additional options, including new antifungal treatments and
personalized medicine approaches, in order to further improve clinical outcomes and survival in

allogeneic HCT recipients with a severe infection due to Aspergillus spp. and other molds.
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Epidemiology and Outcome of Invasive Fungal
Infection in Adult Hematopoietic Stem Cell
Transplant Recipients: Analysis of Multicenter

Prospective Antifungal Therapy (PATH) Alliance
Registry
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Background. With use of data from the Prospective Antifungal Therapy (PATH) Alliance registry, we performed
this multicenter, prospective, observational study to assess the epidemiologic characters and outcomes of invasive
fungal infection (IFI) in hematopoietic stem cell transplant (HSCT) recipients.

Methods. Sixteen medical centers from North America reported data on adult HSCT recipients with proven
or probable IFI during the period July 2004 through September 2007. The distribution of IFIs and rates of survival
at 6 and 12 weeks after diagnosis were studied. We used logistic regression models to determine risk factors
associated with 6-week mortality for allogeneic HSCT recipients with invasive aspergillosis (IA).

Results. Two hundred thirty-four adult HSCT recipients with a total of 250 IFIs were included in this study.
IA (59.2%) was the most frequent IFI, followed by invasive candidiasis (24.8%), zygomycosis (7.2%), and IFI due
to other molds (6.8%). Voriconazole was the most frequently administered agent (68.4%); amphotericin B deox-
ycholate was administered to a few patients (2.1%). Ninety-three (46.7%) of 199 HSCT recipients with known
outcome had died by week 12. The 6-week survival rate was significantly greater for patients with IA than for
those with invasive candidiasis and for those with IFI due to the Zygomycetes or other molds (P<.001). The 6-
week mortality rate for HSCT recipients with IA was 21.5%. At 6 weeks, there was a trend toward a worse outcome
among allogeneic HSCT recipients with IA who received myeloablative conditioning (P = .07); absence of me-
chanical ventilation or/and hemodialysis (P = .01) were associated with improved survival.

Conclusions. IA remains the most commonly identified IFI among HSCT recipients, but rates of survival in
persons with IA appear to have improved, compared with previously reported data. Invasive candidiasis and IFI
due to molds other than Aspergillus species remain a significant problem in HSCT recipients.

Hematopoietic stem cell transplant (HSCT) recipients
have a high risk of acquiring invasive fungal infection
(IFI) by virtue of cytopenias and receipt of therapies
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to prevent and treat graft-versus-host disease. During
the past 2 decades, the epidemiology of IFI has changed:
fluconazole prophylaxis has been successfully used to
prevent Candida albicans infection [1, 2], and mold
infections have become more common [3, 4]. Changes
in transplantation practices, including the sources used
for stem cells, conditioning regimens, and strategies to
diagnose and treat IFI, have likely impacted the epi-
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demiology and outcomes of IFI. However, most recent data are
limited to single-center studies [3—6].

The Prospective Antifungal Therapy (PATH) Alliance is a
prospective, multicenter, observational registry that collects
data and monitors trends in the epidemiologic characteristics,
diagnosis, treatment, and outcomes of IFI in North America.
We performed this multicenter, prospective, observational
study to assess the epidemiology and outcomes of IFI in HSCT

recipients.

METHODS

Case identification and data collection. The PATH Alliance
consists of 23 medical centers in the United States and Canada.
Data are entered prospectively into electronic case report forms
with use of methods that have been described elsewhere [7].
This study was performed by review of data registered by 16
medical centers that reported at least 1 adult (age, =19 years)
HSCT recipient with a proven or probable IFI during the period
July 2004 through September 2007.

Variables collected included the subject’s demographic char-
acteristics, underlying disease, transplant characteristics, type
of IFI, and outcome. Underlying disease and transplant char-
acteristics included data on the type and state of hematologic
malignancy or other underlying disease, gastrointestinal tract
mucositis, conditioning regimen, stem cell manipulation, his-
tory of prior HSCT, stem cell source, and presence and severity
of graft-versus-host disease (defined as acute [grade II-IV] or
chronic). In addition, information on the following immu-
nologic risk factors was collected: absolute neutrophil count,
receipt of total body irradiation, donor lymphocyte infusion,
use of corticosteroids (within 30 days before the diagnosis),
and use of other immunosuppressive agents. The following host
data were collected: demographic characteristics, receipt of
prior antifungal therapy (within 30 days before the diagnosis
of IFI), organ function, organ support requirements, and con-
comitant viral or bacterial infection (within 30 and 7 days
before the diagnosis of IFI, respectively). Detailed information
pertaining to the IFI was collected, including the time after
HSCT, fungal genus and species (when isolated), diagnostic
modalities, site of infection, antifungal therapy history, and
therapeutic procedures.

Definitions. 1FIs were defined in accordance with pub-
lished guidelines [8]. The day of diagnosis was defined as the
day that the first positive culture or pathologic test result was
provided to the treating physician. The outcome of IFI therapy
was recorded at final assessment (i.e., 12 weeks after diagnosis
of IFI) as complete or partial response, stable condition, wors-
ening condition, or unknown, as assessed by investigators and
as described elsewhere [7].

Analyses. The distribution of IFIs across the different types
of HSCTs and crude mortality rates at weeks 6 and 12 are

described. Survival analyses were performed on the basis of the
type of the HSCT (allogeneic transplant from an unrelated or
unmatched, related donor; or autologous transplant), the dif-
ferent IFIs (invasive candidiasis [IC], invasive aspergillosis [IA],
or IFI due to the Zygomycetes or other molds), and type of
conditioning regimen (myeloablative vs. nonmyeloablative; for
allogeneic HSCT recipients only).

We used logistic regression analysis to determine the major
risk factors associated with 6-week mortality for allogeneic
HSCT recipients with IA, excluding patients who received cord
blood transplants. Risk factors evaluated for IA-associated mor-
tality included the following variables: age, HSCT type (allo-
geneic transplant from an unrelated or unmatched, related do-
nor), stem cell source (peripheral blood vs. bone marrow),
conditioning regimen (myeloablative vs. nonmyeloablative),
organ support (dialysis dependence or/and mechanical venti-
lation), cytomegalovirus infection, and disease risk (“high risk”
was defined as acute or chronic lymphocytic leukemia, lym-
phoma, multiple myeloma, or acute myelogenic leukemia not
in first remission; “low risk” was defined as all the rest of the
hematologic malignancies). Different models were constructed
on the basis of the interval between transplantation and di-
agnosis: one for early diagnosis of infection (<40 days after
transplantation) and the other for late diagnosis of infection
(>40 days after transplantation). Because of the small number
of patients, risk factor analysis for mortality was not performed
for patients with IC or with IFI due to molds other than As-
pergillus species.

Comparisons between categorical variables were performed
by Fisher’s exact test or the x° test; for continuous variables,
Student’s t test or analysis of variance was used. Survival dis-
tribution function was estimated using the Kaplan-Meier prod-
uct-limit method. Bivariate analyses and cluster analysis were
used to screen for potential mortality risk factors from a list
of clinically significant variables; the final mortality risk factors
were then determined through stepwise logistic regression with
a .1 significant level.

RESULTS

Baseline patient characteristics. Two hundred thirty-four
adult HSCT recipients with a total of 250 proven or probable
IFIs were included in this study. A total of 161 patients (68.8%)
had received an allogeneic HSCT, and 73 (31.2%) had received
an autologous HSCT. Among the allogeneic HSCT recipients,
63 (39.1%) patients had received an HLA-matched HSCT from
a related donor, 59 (36.6%) had received an HLA-matched
HSCT from an unrelated donor, 31 (19.3%) had received an
HLA-mismatched HSCT, and 8 (5.0%) had received a haplo-
identical HSCT. Sixteen medical centers contributed a median
of 5.5 patients each (range, 2-93 patients). Of note, 147 HSCT
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recipients (62.8%) with IFI were reported by 2 centers (93 and
54 patients) (figure 1).

Detailed descriptions of the patients’ baseline characteristics,
underlying disease, comorbidity, and HSCT specifics are pre-
sented in table 1. A significant number of autologous HSCT
recipients were treated with corticosteroids (55 patients
[75.3%]) and 2 patients (2.7%) in this group received other
immunosuppressive agents. More than one-third (58 patients
[36.0%]) of allogeneic HSCT recipients had acute (grade II-
IV) or chronic graft-versus-host disease. Among the 161 al-
logeneic HSCT recipients, calcineurin inhibitors were the most
commonly administered immunosuppressive agents (118 pa-
tients [73.3%]), followed by mycophenolate mofetil (53 pa-
tients [32.9%]), and sirolimus (9 patients [5.6%]).

IFI. The distribution of IFIs is outlined in table 2. TA was
the most commonly observed IFI (148 [59.2%] of 250 cases),
followed by IC (62 cases [24.8%]), zygomycosis (18 cases
[7.2%]), and IFI due to other molds (17 cases [6.8%]). There
were no notable differences in the distribution of IFIs across
the different HSCT categories. The frequency of IF], as reported
by the participating centers of the PATH Alliance during 2004—
2007, appeared to have changed over time. In contrast to cases
of TIA that remained relatively stable during 2005-2006, the
frequency of IC has decreased, whereas that of IFI due to Zy-
gomycetes and other molds appears to have increased (data
not shown). Aspergillus fumigatus was the most frequently iso-
lated Aspergillus species (55 [37.2%] of 148 cases), whereas the
species were not identified in 78 cases (52.7%) of IA. The
diagnosis of IA was proven in 17 cases (11.5%) and was con-
sidered probable in 131 cases (88.5%). The galactomannan as-
say (in the serum and/or bronchoalveolar lavage fluid speci-
mens) was used for diagnosis of 108 cases (73.0%) of IA. The
majority of cases of IC were due to non-albicans species of
Candida (47 [75.8%] of 62 cases); Candida glabrata was the
most frequently isolated species (27 [43.5%] of 62 cases), and
7 cases (11.3%) were due to Candida krusei.

The interval between HSCT and diagnosis of IFI was studied
for patients with a single IFI (figure 2). The median time after
HSCT was 77 days (range, 0-2219 days) for IC and 82 days
(range, 3—6542 days) for IA. There was a trend for IC to occur
earlier after transplantation in autologous HSCT recipients
(median interval, 28 days; range, 6-1559 days) than in allo-
geneic HSCT recipients (median interval, 108 days; range, 0—
2219 days; P = .11). In contrast, the interval between HSCT
and IA diagnosis for autologous HSCT recipients (median, 51
days; range, 3-2065 days) and allogeneic HSCT recipients (me-
dian, 83 days; range, 3-6542 days) did not appear to differ
significantly (P = .63). IFI due to Zygomycetes and other
molds occurred late after HSCT (median interval, 173 days;
range, 7-2254 days); it tended to occur later in autologous
HSCT recipients (median interval, 412 days; range, 190-2254
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Figure 1. Number of patients contributed by the Prospective Antifungal
Therapy (PATH) Alliance participating centers, presented on the basis of
hematopoietic stem cell transplant (HSCT) category (allogeneic vs. au-
tologous) across 16 transplantation centers.

days) than in allogeneic HSCT recipients (median interval, 162
days; range, 7-932 days; P = .21). When the interval between
HSCT and IFI diagnosis was studied separately for the different
allogeneic HSCT categories (matched, related donor vs. other),
no major differences were observed (data not shown). Allo-
geneic HSCT recipients who received a myeloablative condi-
tioning regimen were more likely to receive a diagnosis of IC
early after HSCT (median interval, 65 days; range, 0-1594
days), compared with those who received a nonmyeloablative
conditioning regimen (median interval, 590 days; range, 120—
2219 days; P = .26). In contrast, no major differences in the
interval between HSCT and diagnosis of IFI due to molds were
observed between allogeneic HSCT recipients on the basis of
their conditioning regimens (data not shown).

Antifungal therapy. Overall, voriconazole was the most
frequently administered agent (160 patients [68.4%]), followed
by caspofungin (115 patients [49.1%]) and the lipid formu-
lations of amphotericin B (99 patients [42.3%]). Of note, am-
photericin B deoxycholate was administered to few patients (5
patients [2.1%]). For IC, caspofungin was the most frequently
administered agent (30 [52.6%] of 57 patients), followed by
the lipid formulations of amphotericin B (20 patients [35.1%])
and fluconazole (18 patients [31.6%]). The vast majority of
patients with TA (122 [84.7%] of 144 patients) and with IFI
due to other molds (13 [76.5%] of 17 patients) received therapy
with voriconazole. The lipid formulations of amphotericin B
were more frequently administered in cases of zygomycosis (15
[83.3%] of 18 cases) (figure 3). Combination therapy, defined
as concomitant administration of =2 antifungal agents, was
most commonly used in cases of IA (68 [47.2%] of 144 pa-
tients), IFI due to other molds (9 patients [52.9%]), and zyg-
omycosis (6 patients [33.3%]). Treatment with voriconazole
plus the echinocandins was the most frequently used combi-
nation regimen for patients with IA (56 [82.4%] of 68 patients
who received voriconazole combination therapy); voriconazole
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Table 1. Baseline patient characteristics for 234 hematopoietic stem cell transplant (HSCT)

recipients.
HSCT category
Allogeneic transplant
Unrelated
or unmatched,
Matched, related Autologous
related donor donor® transplant
Variable (n = 63) (n = 98) (n=173)

Demographic characteristic
Age, years
Mean + SE
Range
Male sex
White ethnicity
Underlying disease®
Acute leukemia
Chronic leukemia
Lymphoma
Multiple myeloma
Myelodysplastic syndrome
Other®
Transplant characteristic
Stem cell source
Bone marrow
Peripheral blood
Stem cell manipulation: T cell depletion
CD34 selected
Receipt of myeloablative conditioning
Prior HSCT
Organ function® and transplantation complications
Dialysis dependence
Diabetes mellitus
Requirement of total parenteral nutrition
Mechanical ventilation
GVHD
Acute (grade II-IV)
Chronic
Mucositis (grade |-1V)
Cytomegalovirus infection
Bacterial infection
Immunologic risk factors®
Absolute neutrophil count, <600 cells/mm?
Total body irradiation
Donor lymphocyte infusion
Receipt of corticosteroid therapy
Receipt of immunosuppressive therapy

48.7 = 1.73 50.62 = 1.41 57.8 £ 1.3

19.5-74.3 19.1-74.4 23.8-76.9
38 (60.3) 59 (60.2) 41 (56.2)
54 (85.7) 62 (63.3) 62 (84.9)
36 (57.1) 47 (48.0) 1(1.4)
7 (11.1) 14 (14.3) 1(1.4)
10 (15.9) 21 (21.4) 19 (26.0)
4 (6.3) 5 (5.1) 50 (68.5)
8 (12.7) 16 (16.3) 1(1.4)
3 (4.8) 3(3.1) 4 (5.5)
10 (15.9) 18 (18.4) 2 (2.7)
53 (84.1) 70 (71.4)° 70 (95.9)
5 (7.9) 6 (6.1) 1(1.4)
6 (9.5) 6 (6.1) 3(4.1)
42 (66.7) 62 (63.3) 73 (100.0)
7 (11.1) 25 (25.5) 41 (56.2)
2 (3.2) 7(7.0) 10 (13.7)
26 (41.3) 48 (49.0) 16 (21.9)
26 (41.3) 44 (44.9) 11 (15.1)
8 (12.7) 8(8.2) 14 (19.2)
20 (31.7) 38 (38.8) 1(1.4)
15 (23.8) 18 (18.4) 0 (0)

11 (17.5) 21 (21.4) 23 (31.5)
5 (7.9) 15 (16.3) 8 (11.0)
25 (39.7) 38 (38.8) 28 (38.4)
28 (44.4) 57 (568.2) 51 (69.9)
8(12.7) 26 (26.5) 4 (5.5)
2(3.2) 4 (4.1) 3(4.1)
49 (77.8) 69 (70.4) 55 (75.3)
45 (71.4) 87 (88.8) 2 (2.7)

NOTE. Data are no. (%) of patients, unless otherwise indicated. GVHD, graft-versus-host disease.

? Includes 59 recipients of HSCTs from HLA-matched, unrelated donors; 8 recipients of transplants from hap-

loidentical donors; and 31 recipients of transplants from HLA-mismatched donors.
b Underlying disease, organ function, and immunologic risk factors were not mutually exclusive (i.e., patients

could have >1 factor).

¢ One recipient of an HSCT from a matched, related donor and 2 recipients of autologous HSCTs had a solid
tumor, and 2 recipients of allogeneic HSCTs from unrelated donors had a surgical condition. The remaining patients

had another hematologic condition.

9 The stem cell source for 10 recipients of allogeneic HSCTs from unrelated donors was cord blood.
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Table 2. Distribution of infecting fungal pathogens and species observed
in 234 hematopoietic stem cell transplant (HSCT) recipients with a total of
250 invasive fungal infections (IFls).

HSCT category

Allogeneic transplant

Unrelated
or unmatched,
Matched, related Autologous
related donor donor® transplant

IFI (n=171) (n = 102) (n=77)
Candida species

Al 20 (28.2) 23 (22.5)° 19 (24.7)

Candida albicans 5 (25.0) 4 (17.4) 6 (31.6)

Candida glabrata 7 (35.0) 13 (56.5) 7 (36.8)

Candida krusei 2 (10.0) 2 (8.7) 3(15.8)

Candida parapsilosis 3 (30.0) 2 (8.7) 2 (10.5)

Candiida tropicalis 3 (30.0) 1(4.3) 1(5.3)
Aspergillus species

All 38 (63.5) 61 (59.8) 49 (63.6)

Aspergillus flavus 2 (5.3) 1(1.6) 2 (4.1)

Aspergillus fumigatus 16 (42.1) 27 (44.3) 12 (24.5)

Aspergillus niger 2 (6.3) 2 (3.3) 1(2.0)

Aspergillus terreus 1(2.6) 0 (0) 0 (0)

Other 1(2.6) 2 (3.3) 1(2.0)

Unknown 16 (42.1) 29 (47.5) 33 (67.3)
Zygomycetes

All 6 (8.5) 6 (5.9) 6 (7.8)

Absidia species 1(16.7) 1(16.7) 0 (0)

Mucor/Rhizomucor species 1(16.7) 1(16.7) 1(16.7)

Rhizopus species 3 (50.0) 3 (50.0) 4 (66.6)

Other 1(16.7) 1(16.7) 1(16.7)
Endemic fungi® 1(1.4) 0 (0) 0 (0)
Other yeast* 0 (0) 4 (3.9 0 (0)
Other molds

All 6 (8.5) 8 (7.8) 3 (3.9)

Fusarium species 2 (33.3) 2 (25.0) 0 (0)

NOTE. |[Fls were not mutually exclusive; patients could have >1 IFl. Two hundred nine-
teen patients had only 1 IFl. Fourteen patients had 2 concomitant IFls: 3 had IFls due to
2 different Candida species, 4 had IFls due to Candida and Aspergillus species, 4 had IFls
due to 2 different Aspergillus species, and 3 had IFls due to Rhizopus species plus C.
glabrata, A. fumigatus, or an unknown Aspergillus species. One HSCT recipient had 3
concomitant IFls due to 2 different Candida species and an unknown yeast.

? Included 59 recipients of HSCTs from HLA-matched, unrelated donors; 8 recipients of
HSCTs from haploidentical donors; and 31 recipients of HSCTs from HLA-mismatched
donors.

® One case of IFl due to Candida guilliermondii was observed.

¢ Endemic fungi included 1 case involving Histoplasma species.

9 Other yeasts included Saccharomyces species (2 cases) and Malassezia and Tricho-

sporon species (1 case each).

plus caspofungin was the most frequently used type of this
particular combination regimen (47 patients [69.1%]).
Outcomes. A total of 35 of 234 HSCT recipients with IFI
were lost to follow-up during the 12-week observation period.
Of the remaining 199 patients, 93 (46.7%) died. Survival did
not differ when patients were analyzed on the basis of HSCT

type (allogeneic transplant from a matched, related donor vs.
allogeneic transplant from other donor vs. autologous trans-
plant; P = .85). For patients with only 1 IFI, after exclusion
of patients who were lost to follow-up, IFI due to other molds
was associated with the highest 12-week mortality rate (80.0%
[12 of 15 patients]), followed by zygomycosis (64.3% [9 of 14
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Figure 2. Interval between diagnosis of invasive fungal infection (IFl) after hematopoietic stem cell transplantation (HSCT; patients with only 1
infection were included) for allogeneic versus autologous HSCT recipients. P value is for a comparison of allogeneic and autologous HSCT groups.

patients]) and IC (48.9% [22 of 45 patients]). Patients with 1A
had the lowest 12-week mortality rate in this study (35.5% [38
of 107 patients]). The 6-week survival rate was significantly
better for HSCT recipients with IA, followed by those with IC
and those with IFI due to Zygomycetes or other molds, who
had the highest mortality rate (P<.001) (figure 4A). Response
to treatment was assessed by investigators at 12 weeks after the
diagnosis of IFI (figure 4B). The majority of HSCT recipients
with IC (42 [67.7%] of 62 patients) and with TA (94 [63.5%]
of 148 patients) were reported to have responded (completely
or partially) to the administered therapy. In contrast, 10
(55.6%) of 18 patients with zygomycosis and 6 (35.3%) of 17
with IFI due to other molds demonstrated a worsening of their
clinical status at follow-up.

In 6-week survival analyses performed for HSCT recipients
with IA only, there were no significant differences observed in
the survival rate based on the certainty of diagnosis (proven
vs. probable), the HSCT type (allogenic vs. autologous), or the
interval between HSCT and diagnosis (<40 days vs. >40 days;
data not shown). However, there appeared to be a trend toward
worse outcome at 6 weeks among allogeneic HSCT recipients
with TA who received myeloablative conditioning (P = .07).

We performed bivariate analyses to assess risk factors for
death at 6 weeks after the diagnosis of IA in allogeneic HSCT
recipients; the variables examined are detailed in Methods.
Nonmyeloablative conditioning (P = .01) and absence of me-
chanical ventilation or/and hemodialysis (P = .01) were asso-
ciated with improved survival rates. Because the variables ex-
amined were associated with the interval between HSCT and
diagnosis, we performed separate analyses based on the timing
of the diagnosis of IA. For the early time period (i.e., <40 days
after transplantation), data on 30 patients with IA were included
in bivariate and multivariate analyses. The bivariate 6-week
exploratory analyses revealed trends toward improved survival
associated with a lack of severe organ failure (as evidenced by

dialysis and mechanical ventilation; P = .08) and receipt of a
nonmyeloablative conditioning regimen (P = .07). When these
variables were introduced in a multivariate model, only severe
organ dysfunction (OR, 1.60; P = .10) continued to demon-
strate a trend toward higher mortality risk. Similarly, in bivar-
iate analyses for late diagnoses (i.e., >40 days after transplan-
tation), survival rates seemed to be better for patients who had
received a nonmyeloablative condition regimen (P = .12) and
who did not require dialysis or/and mechanical ventilation
(P =.02).

DISCUSSION

We performed this multicenter, prospective, observational
study to evaluate the contemporary epidemiologic character-
istics, clinical presentations, and outcomes of IFI in 234 adult
HSCT recipients during the period 2004—2007. Important find-
ings include persistently high rates of IA, with possible im-
provements in IA-associated mortality, and poor outcomes as-
sociated with other fungal infection after HSCT.

Mortality rates for HSCT recipients with IA have historically
been as high as 80%, although most studies were performed
before the extensive use of voriconazole for the treatment of
IA [3, 9, 10]. However, recent data suggest that outcomes ap-
pear to be improving [11]. We report 6- and 12-week mortality
rates of 21.5% and 35.5%, respectively, among HSCT recipients
with IA, which is markedly improved over rates from prior
reports of outcomes during the 1990s. The observed 12-week
survival rate is consistent with that reported by Herbrecht et
al. [12] in the original validation trial of voriconazole for the
treatment of IA, although only a minority of patients in that
study had undergone HSCT. An analysis of that study suggested
that assessment of clinical outcome and mortality at 6 weeks
after diagnosis may be more reflective of IA-associated mor-
tality [13]; the 21.5% estimated mortality rate in our data set
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Figure 3. Distribution of antifungal agents based on the most commonly observed invasive fungal infections (IFls). Four patients with invasive
aspergillosis received therapy with fluconazole (FLU), all in combination with other agents. Four patients with zygomycosis were treated with voriconazole
(VOR); 3 of them received combination therapy with other agents, and 1 was treated with VOR alone; all patients died. One patient with an IFl due
to other molds received treatment with FLU combined with VOR. AMB-d, amphotericin B deoxycholate; AMB-LF, lipid formulations of amphotericin B;

CAS, caspofungin; MIC, micafungin; POS, posaconazole.

approximates the rates in prior studies reporting relatively re-
cent outcomes and is likely to be a better estimate of attributable
mortality. Improved contemporary outcomes likely reflect im-
proved diagnostic and therapeutic modalities, compared with
older patient series. In addition, it is likely that the potent and
well-tolerated antifungal agents that are newly available have
improved outcomes.

A number of host variables have been associated with both
improved survival rates (e.g., nonmyeloablative conditioning
regimens and use of peripheral blood as a stem cell source)
and higher mortality (e.g., receipt of transplants from HLA-
mismatched donors, neutropenia, abnormal renal function, el-
evated bilirubin level, and use of corticosteroids) in allogeneic
HSCT recipients with IA [11, 14]. In our study, receipt of a
nonmyeloablative conditioning regimen and absence of severe
organ failure appeared to be protective in bivariate analyses of
6-week mortality risk factors for allogeneic HSCT recipients
with IA. Of note, only the absence of severe organ dysfunction
>40 days after transplantation was significantly associated with
improved outcome (P = .02), perhaps because of the small
number of patients included in these analyses.

More than one-half of the patients we describe were enrolled
by only 2 institutions; this may have skewed the presented
outcomes and created further biases. For instance, almost one-
half of the allogeneic HSCT recipients described in this study
came from a single institution. When secondary survival anal-
yses were performed that excluded the 93 patients who pre-
sented to that center, survival outcomes were similar to those
observed in the overall patient population (data not shown).
The majority of autologous HSCT recipients with an IFI (50
[68.5%] of 73 patients) were reported by a single center. Au-
tologous HSCT recipients in this study had received a diagnosis
of multiple myeloma (68.5%), had experienced a relapse of
their underlying disease (60.3%), had a history of prior HSCT

(56.2%), and had received corticosteroids (75.3%). This, in
part, may have had an impact on the high number of cases of
IA and the associated high mortality rate observed among au-
tologous HSCT recipients in our study [15, 16]. Although dif-
ferences in patient risks may, in part, explain this finding, there
are obviously differences in clinical approaches and diagnostic
aggressiveness between transplantation centers; these factors
should be addressed in the design and conduct of future reg-
istries and clinical trials.

Although the frequency of IA remained relatively stable dur-
ing 20052006, there seemed to be a trend toward higher num-
bers of IFIs due to Zygomycetes and other molds. This trend,
first described in patients who received transplants after 1995,
probably reflects the higher-risk transplantations performed
(leading to a more immunosuppressed patient population) and
the extensive use of prophylactic treatment with agents that
have activity against Aspergillus species (e.g., voriconazole) [4,
9]. Availability of voriconazole as a therapeutic agent may also
lead to diagnostic “bias,” with innately resistant infections (zyg-
omycosis) being diagnosed today; these infections may have
been treated empirically with amphotericin B products in the
1990s. Of note, conventional amphotericin B was minimally
used in this study. Because this reflects the practice observed
in 16 different medical centers, it appears that conventional
amphotericin B has largely been replaced by the lipid formu-
lations of amphotericin B and the new third-generation azoles.

A shift toward late diagnosis of IA (i.e., >40 days after HSCT)
among allogeneic HSCT recipients has been reported by mul-
tiple centers [3, 17, 18]. Almost two-thirds of IA cases among
allogeneic HSCT recipients in this study were observed >40
days after transplantation. However, a number of IA cases
among recipients of allogeneic (37.1%) and autologous (48.9%)
HSCTs were observed <40 days after transplantation. This sug-
gests that TA remains a significant problem soon after trans-
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Figure 4. A Twelve-week survival outcome for invasive fungal infection (IFl) in patients with 1 IFl; P value is calculated by log-rank test. B,
Investigator-judged response to therapy for IFl in hematopoietic stem cell transplant recipients 12 weeks after transplantation. IA, invasive aspergillosis;

IC, invasive candidiasis.

plantation, despite the routine administration of prophylactic
therapy and the aggressive monitoring of these patients. In
accordance with already published data [9], we found that IFI
due to Zygomycetes or other molds remains a later compli-
cation for both allogeneic and autologous HSCT recipients.

Although the majority of patients with IC responded to the
administered treatment, IC was associated with a 12-week mor-
tality rate of 48.9%. We believe that this most likely reflects the
underlying compromised immune status and organ function
of patients who develop Candida infection; the true attributable
mortality rate is unclear in this registry. Because of the small
number of patients with IC in our study, we were not able to
obtain data on potential risk factors associated with mortality
in HSCT recipients with IC. IFIs due to Zygomycetes or other
molds were associated with the highest mortality rates in our
study (64.3% and 80.0%, respectively). This may be the result
of the cumbersome, occasionally late diagnosis and suboptimal
therapeutic modalities available for the management of these
infections. Clearly, more studies need to be performed that
address the diagnostic approaches to and treatment of IFI due
to molds other than Aspergillus species.

This study has a number of limitations. Because of the design
of this registry, the total number of transplants performed at

each center is not recorded; thus, the incidences of the different
IFIs cannot be calculated. Although this is a prospective data
collection registry, the database is observational in nature and
subject to a number of potential biases. Although data on an-
tifungal therapy administered <30 days before diagnosis of the
IFI were collected, it is not possible to clearly distinguish be-
tween prophylactic, preemptive, and empirical therapy. Infor-
mation on supportive care of HSCT recipients at different cen-
ters was not available. In addition, information on the
cytomegalovirus serostatus of donors and recipients was not
reported. Finally, the results are limited to patients enrolled
from selected centers in North America, and as such, they may
not reflect practices from other parts of North America or
around the globe.

Overall, we report that IA remains the most commonly iden-
tified IFI among HSCT recipients, although survival at 12 weeks
has significantly improved. IFIs due to Candida species, Zy-
gomycetes, and other molds were also observed and were as-
sociated with high mortality rates. As practices in the HSCT
setting change, and as new diagnostic and therapeutic modal-
ities are added to the armamentarium of clinicians, this field
will continue to set challenges and require answers through
future prospective, multiple-center studies.
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Background. The intravenous use of voriconazole requires coadministration with sulphobutylether-B-cyclodextrin,
which may accumulate in patients with impaired renal function.

Methods. All adult patients treated with the same formulation of voriconazole for a minimum of 3 consecutive
days were included. Renal function was assessed based on the creatinine level and the calculated creatinine clearance
(CrCl). Change in renal function was calculated on days 3, 7, and end of treatment (EOT) and was defined based on
the RIFLE criteria.

Results. Among 166 patients in whom baseline renal function was assessed, 42 (25.3%) had a CrCl <50 mL/min
and received intravenous voriconazole, 77 (46.4%) had a CrCl =50 mL/min and received intravenous
voriconazole, and 47 (28.3%) had a CrCl <50 mL/min and were treated with oral voriconazole. Renal function
changed on days 3, 7, and EOT in 19 (11.4%), 14 (8.4%), and 28 (16.9%) patients, respectively. Multivariate
analyses identified significant predictors of renal dysfunction: (1) day 3, hematologic malignancy (odds ratio
[OR], 5.09, P = .01), fluconazole use within 30 days prior to voriconazole (OR, 6.21; P = .008), coadministration
of penicillins (OR, 6.12; P = .03), and immunosuppressants (OR, 7.00; P = .002); (2) day 7, baseline liver
impairment (OR, 5.30; P value = .004); (3) EOT, administration of penicillins (OR, 2.39; P = .04).

Conclusions. Voriconazole route of administration and baseline renal function were not predictors of worsening
renal dysfunction on days 3, 7, and EOT. Underlying disease, baseline liver impairment, and concomitant
administration of other drugs (eg, penicillins, fluoroquinolones, immunosuppressants) were the strongest predictors
of renal dysfunction.

Voriconazole is a triazole used for prophylaxis and
treatment of invasive fungal infections. The intra-
venous use of voriconazole requires coadministration
with sulphobutylether-B-cyclodextrin (SBECD), which
may accumulate in patients with impaired renal func-
tion. The voriconazole prescribing information defines
patients with impaired renal function as having
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a creatinine level >2.5 mg/dL or creatinine clearance
(CrCl) <50 mL/min [1, 2]. SBECD, which was de-
veloped as a solubilizing agent, is cleared at the glo-
merular filtration rate. Repeated dose models of SBECD
administration to mice and rats yielded dose-related
changes in kidney tissue pathology [3]. More specifically,
administration of SBECD has been associated with
kidney toxicity as a result of renal tubule vacuolation
and obstruction in rat models [1, 3]. This appeared to
be associated with SBECD administration at higher
doses (mild toxicity in rat kidneys was observed with
3000 mg/kg, which is approximately 50-fold greater
than the SBECD dose typically administered in hu-
mans, whereas doses up to 1500 mg/kg were not as-
sociated with any histopathological changes in dog
kidneys) and for a longer duration (1-6 months) [1, 4].
Current guidelines suggest that voriconazole should
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not be administered intravenously to patients with renal im-
pairment, including patients with CrCl <50 mL/min, or patients
who require hemodialysis (HD) or continuous venovenous
hemodiafiltration (CVVHD) [1, 2]. Instead, administration of
voriconazole via the oral route is recommended in these
cases. However, oral voriconazole has been associated with
lower therapeutic drug levels, treatment failures, and the oral
route may not be feasible in some situations [5, 6]. Henceforth,
in cases of life-threatening invasive fungal infections, in-
travenous voriconazole administration may be warranted to
ascertain adequate drug levels and optimize the clinical out-
come, irrespective of renal dysfunction.

Limited data exist on the safety of intravenous voriconazole
in patients with impaired renal function (CrCl <50 mL/min
[7, 8] or requiring HD [4] or CVVHD [9-12]). Furthermore,
Mohr et al reported that cyclodextrin can be eliminated by
HD in patients treated with intravenous itraconazole [11]. In
contrast, von Mach et al reported significant accumulation of
cyclodextrin in 3 of 4 patients treated with intravenous vor-
iconazole on HD, albeit without any differences observed in
the voriconazole-associated adverse reactions [4]. Despite re-
ports of accumulation, it is not clear that cyclodextrin itself
actually harms the kidneys in humans [1, 3, 4, 8].

We hypothesized that intravenous voriconazole may be well
tolerated in patients with impaired renal function and can be
safely administered. This issue is critically important to resolve,
given the known renal toxicities of compounds used as alter-
natives (eg, amphotericin products). We conducted a retro-
spective study at 2 academic medical centers in which we
sought to assess changes in renal function of patients treated
with intravenous or oral voriconazole for 3 days or more.

METHODS

The study was approved by the institutional review boards at
The Johns Hopkins Hospital (JHH) and the University of
Pittsburgh Medical Center (UPMC). This was a retrospective,
observational study of adult (>18 years) patients who were
treated with voriconazole using the same route of administra-
tion for a minimum of 3 consecutive days. The manufacturer
and formulation of voriconazole remained consistent through-
out the study period for both institutions and for both routes
of administration (intravenous and oral). Patients were iden-
tified from the institutions’ pharmacy databases. Exclusion
criteria included prior administration of voriconazole within
30 days and requirements for HD or CVVHD. In an effort to
include only high-risk patients for renal impairment, those
with baseline CrCl >50 mL/min treated with oral vor-
iconazole were also excluded. Renal function was assessed
based on creatinine and calculated CrCl, using the Cockcroft-
Gault formula. Change in renal function from baseline (day 1)

was calculated on days 3 and 7 and at end of treatment (EOT)
and was defined based on the RIFLE criteria (risk, injury,
failure, loss, and end-stage kidney disease) proposed by the
Acute Dialysis Quality Initiative Group [14]. More specifically,
an increase in the serum creatinine >1.5 times baseline or/and
a decrease in CrCl by >25% was considered a significant
change in renal function [14]. Creatinine was measured with
an enzymatic method (Roche Hitachi Modular Analyzer)
at JHH and an alkaline picrate reaction at UPMC. Base-
line liver impairment was defined as aspartate aminotrans-
ferase or alanine aminotransferase >3 times the upper
normal limit or/and alkaline phosphatase >2 times the upper
normal limit.

Data Collection

The following data were collected: demographics, weight, co-
morbidities (underlying malignancy, solid tumor or hemato-
logic malignancy, diabetes mellitus, and cardiovascular disease),
receipt of a solid organ or hematopoietic stem cell transplant
(HSCT), HSCT-related variables (type of transplant, graft vs host
disease, and associated treatments), requirement for mechan-
ical ventilation, and administration of antifungal agents within
30 days prior to voriconazole initiation. The creatinine level
and CrCl on days 1, 2, 3, and 7 and at EOT were collected.
Liver function tests on day 1 (£3 days) were recorded. Con-
comitant administration of the following medications was
collected: vasopressors, corticosteroids or other immunosup-
pressive agents, and antimicrobial agents (aminoglycosides,
carbapenems, cephalosporins, colistin, fluoroquinolones,
foscarnet, ganciclovir, penicillins, and vancomycin). For
vancomycin, duration of administration and vancomycin
level (random or trough) during the first 7 days of treatment
were recorded when available. For voriconazole, the fol-
lowing variables were collected if available: indication
(prophylaxis vs treatment), loading and maintenance dose,
route and frequency of administration, start and stop day, and
plasma levels.

Statistical Analysis

The primary objective of this study was to assess the rate of
renal dysfunction among patients treated with voriconazole for
a minimum of 3 and 7 consecutive days of administration of
the same formulation of voriconazole. Using logistic regression
models, we sought to identify risk factors for renal dysfunction
among patients treated with voriconazole based on indicators
of change in renal dysfunction between day 1 and day 3, day 7,
and EOT. To specifically address the impact of intravenous
voriconazole administration in patients with impaired renal
dysfunction (CrCl <50 mL/min) on outcomes, the following
variables were added to the univariate analysis: route of vor-

iconazole administration (intravenous vs oral) and baseline renal
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1096 patients

Excluded due to:
Hemodialysis: 89 patients
|-Prior administration of VOR within 30 days: 368 patients
PO VOR with baseline CrCl 250 ml/min : 473 patients

IV VOR, CrCl <50 ml/min
42 patients

PO VOR, CrCl <50 ml/min
47 patients

IV VOR, CrCl 250 ml/min
77 patients

Group 1

Group 2

Group 3

Figure 1. Distribution of patient population. Abbreviations: CrCl, creatinine clearance; IV, intravenous; PO, oral; VOR, voriconazole.

function (CrCl =50 mL/min vs CrCl <50 mL/min). In addition,
patients were divided into group 1 (intravenous voriconazole
with baseline CrCl <50 mL/min), group 2 (oral voriconazole and
baseline CrCl <50 mL/min), and group 3 (intravenous vor-
iconazole with baseline CrCl =50 mL/min), and pairwise group
comparisons were made. Variables that had a P value =.20 in
the univariate analyses were introduced into stepwise multi-
variate logistic regression models to assess risk factors for
renal impairment progression adjusted for the other risk
factors in the models.

A classification tree analysis was performed for each outcome
to identify characteristics of patients with a greater likelihood
of renal impairment progression based on the variables included
in the multivariate analyses. These subsets were then compared
with all other patients using logistic regression analyses to assess
the impact of the characteristic combinations on renal impair-
ment progression. Odds ratios (ORs) and 95% confidence in-
tervals (Cls) are presented for all logistic regression analysis
results. Statistical analyses were performed using Stata software
v 11.1 (StataCorp, College Station, Texas, 2010) and R v 2.11.1
(http://www.r-project.org/).

RESULTS

Baseline Patient Characteristics

A total of 1096 patients were identified who received the same
formulation of voriconazole for more than 3 consecutive days.
After excluding 930 patients, a total of 166 patients were in-
cluded in the study population (Figure 1). The baseline patient
characteristics are detailed in Table 1. Among 166 patients,
42 (25.3%) had a CrCl <50 mL/min and received intravenous

voriconazole (group 1), 47 (28.3%) had a CrCl <50 mL/min
and were treated with oral voriconazole (group 2), and 77
(46.4%) had a CrCl =50 mL/min and received intravenous
voriconazole (group 3). A total of 109 (65.7%) patients re-
ceived loading doses of voriconazole at 6 mg/kg twice daily for
1 day. Information on maintenance dose of voriconazole was
available for all patients: 47 (28.3%) received a standard dose of
200 mg twice daily, 35 (21.1%) received 2-3 mg/kg twice daily,
72 (43.4%) received 4 mg/kg twice daily, and 12 (7.2%) re-
ceived 5-6 mg/kg twice daily. Median duration of treatment
with voriconazole was 10 days (range, 3-25), 10 days (range,
3-59), and 9 days (range, 2-86) for groups 1, 2, and 3, re-
spectively. Plasma voriconazole levels were available for 27
(16.3%) patients (n = 10, 5, and 12 for groups 1, 2, and 3,
respectively). Eight (29.6%) patients had a level =5 pg/mL:
2 (20%), 1 (20%), and 5 (41.7%) patients in groups 1, 2, and 3,
respectively. Patients in group 2 were less likely to have received
a loading dose of voriconazole (15 of 47, 31.9%; P < .0001)
and more likely to have received voriconazole as prophylaxis
(28, 59.9%; P = .002), a solid organ transplant (23, 48.9%;
P = .007), and immunosuppressive agents (25, 53.2%; P = .02)
compared with the other 2 groups.

The mean (95% CI) creatinine for group 1 on days 1, 3, 7,
and EOT was 1.93 (1.75-2.11), 1.93 (1.68-2.18; P = .98), 1.55
(1.27-1.83; P = .02), and 1.84 (1.57-2.11; P = .52), respectively,
where P values are for the comparison of day 1 to the other
3 time points (Figure 2). The mean (95% CI) creatinine for
group 2 on days 1, 3, 7, and EOT was 2.14 (1.93-2.36), 2.19
(1.90-2.47; P = .65), 2.07 (1.67-2.48; P = .62), and 2.02
(1.63-2.42; P = .36), respectively. The mean (95% CI) creati-
nine for group 3 on days 1, 7, and EOT was 0.87 (.79-.94), 0.93
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Table 1. Baseline Patient Characteristics for the Overall Study Population and by Group Patient Category

All Study Patients Group 1 (n =42), Group 2 (n=47), Group3(n=77),

Variables (n = 166), No. (%) No. (%) No. (%) No. (%) P Value
Demographics
Age, mean, years (range) 52.8 (19-90) 57.3 (20-90) 56.5 (32-81) 48 (19-84) <.05

Sex, female 78 (47) 23 (54.8) 24 (51.1) 31 (40.3) .25
Ethnicity, white 143 (86.1) 35 (83.3) 44 (93.6) 64 (83.1) 21
Voriconazole-related variables
Loading dose 109 (65.7) 32 (76.2) 15 (31.9) 62 (80.5) <.0001
Maintenance dose, =4 mg/kg twice daily® 154 (92.8) 36 (85.7) 46 (97.9) 72 (93.5) .08
Days, =7 days 73 (44.0) 20 (47.6) 17 (36.2) 36 (46.7) 44
Indication, prophylaxis 63 (37.9) 12 (28.6) 28 (59.5) 23 (29.9) .002
Host-related variables
Baseline liver impairment® 32 (19.3) 9 (21.9) 10 (21.7) 13 (17.3) .97
Diabetes mellitus 48 (28.9) 16 (38.1) 15 (31.9) 17 (22.1) .16
Cardiovascular disorder 70 (42.2) 19 (45.2) 24 (51.1) 27 (35.1) 19
Solid tumor 26 (15.7) 6(14.3) 5(10.6) 15 (19.5) .40
Hematologic malignancy 63 (37.9) 14 (33.3) 19 (40.2) 30 (38.9) .76
Hematopoietic stem cell transplant 20 (12.0) 5(11.9) 4 (8.5) 11 (14.3) .63
Solid organ transplant 56 (33.7) 16 (38.1) 23 (48.9) 17 (22.1) .007
Prior antifungal agents® 74 (44.6) 24 (53.1) 17 (36.2) 33 (42.9) 13
Fluconazole 40 (54.1) 17 (40.5) 6 (12.8) 17 (22.1) .008
Amphotericin B 34 (45.9) 8(19.0) 11 (23.4) 15 (19.5) .84
Antibacterial agents® 155 (93.4) 36 (85.7) 46 (97.9) 73 (94.8) .06
Penicillins 73 (47.1) 16 (38.1) 24 (51.1) 33 (42.9) .45
Cephalosporins 33(21.3) 5(11.9) 9 (19.1) 19 (24.7) .25
Carbapenems 30 (19.4) 8(19.0) 6(12.7) 16 (20.8) .52
Fluoroguinolones 55 (35.5) 8(19.0) 18 (38.3) 29 (37.7) .08
Vancomycin 97 (62.6) 25 (69.5) 27 (57.4) 45 (58.4) .90
Duration of vancomycin therapy (=7 days) 47 (48.4) 7 (28.0) 12 (44.4) 28 (62.2) .02
Vancomycin level =20 mcg/mL® 33 (40.2) 12 (54.5) 10 (45.4) 11 (28.9) 13
Aminoglycosides 11 (7.1) 2 (4.8) 3(6.4) 6 (7.8) 77
Vasopressive agents® 40 (24.1) 12 (28.6) 8(17.0) 20 (26.0) .39
Immunosuppressive agents® 63 (37.9) 16 (38.1) 25 (563.2) 22 (28.6) .02
Corticosteroids® 89 (53.6) 25 (59.5) 26 (55.3) 38 (49.3) .65
Mechanical ventilation 63 (37.9) 14 (33.3) 15 (31.9) 34 (44.1) .31

Group categories: group 1 (intravenous voriconazole [VOR] with baseline creatinine clearance [CrCI] <50 mL/min), group 2 (oral voriconazole and baseline
CrCl <50 mL/min), and group 3 (intravenous voriconazole with baseline CrCl =50 mL/min).

@ Maintenance dose =4 mg/kg twice a day included: n = 47 (group 1, n = 10; group 2, n = 25; group 3, n = 12) with 200 mg twice a day, n = 35 (group 1, n = 7;
group 2, n = 15; group 3, n = 13) with 2-3 mg/kg twice a day, and n = 72 (group 1, n = 19; group 2, n = 6; group 3, n = 47) with 4 mg/kg twice a day. A total of n = 12
(group 1, n = 6; group 2, n = 1; group 3, n = 5) received >4 mg/kg twice a day.

® Defined as any of the following: aspartate aminotransferase or alanine aminotransferase >3 times the upper normal limit and/or alkaline phosphatase >2 times
the upper normal limit, obtained +3 days of VOR initiation. Data were available for 162 patients (group 1, n = 41; group 2, n = 46; group 3, n = 75).

¢ Any antifungal agents administered within 30 days prior to VOR initiation.

4 Administered concomitantly with VOR.

¢ Vancomycin trough or random level =20 mcg/mL at least once during the first 7 days of vancomycin administration. Vancomycin level was available for 82 patients
(group 1, n = 22; group 2, n = 22; group 3, n = 38).

(.84-1.02; P = .01), 0.92 (.76-1.07; P = .21), and 1.02 (.84-1.20;
P = .06), respectively.

Risk Factor Analysis for Renal Dysfunction
Using the RIFLE criteria based on glomerular filtration rate or
creatinine level [14], a change in renal function on days 3, 7, and

EOT was observed in 19 (11.4%), 14 (8.4%), and 28 (16.9%)
patients, respectively. Univariate analyses to identify risk
factors for renal dysfunction on days 3, 7, and EOT were
performed using the variables presented in Table 2. Variables
with a P value = .20 on days 3, 7, and EOT were introduced
in 3 respective stepwise multivariate logistic regression models
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Figure 2. Comparison of creatinine levels versus time for patients with
intravenous (V) voriconazole (VOR) and creatinine clearance (CrCl)
<50 mL/min, oral (PO) VOR and CrCl <50 mL/min, and IV VOR and
CrCl =50 mL/min. P values are presented only for those changes with
P <.05. Abbreviations: Cl, confidence interval; EOT, end of treatment.

(Table 3). For day 3, a history of hematologic malignancy
(OR, 5.09 [95% CI, 1.38-18.73]; P = .01), fluconazole use
within 30 days prior to voriconazole (OR, 6.21 [95% CI,
1.62-23.77]; P = .008), and coadministration of penicillins
(OR, 6.12 [95% CI, 1.24-30.05]; P = .03) and immuno-
suppressants (OR, 7.00 [95% CI: 2.02-24.28]; P = .002) were
the most significant predictors of renal dysfunction. In con-
trast, administration of voriconazole for >7 days (OR, 0.19
[95% CI, .05-.69]; P = .01) and coadministration of vaso-
pressors (OR, 0.13 [95% CI, .02-.77]; P = .02) were found to
be protective of renal dysfunction. Baseline liver impairment
was the only significant predictor of renal dysfunction on day 7
(OR, 5.30 [95% CI, 1.69-16.52]; P = .004). For EOT, ad-
ministration of penicillins was a significant predictor of renal
dysfunction at EOT (OR, 2.39 [95% CI, 1.01-5.66]; P = .04),
while white ethnicity appeared to be protective (OR, 0.36
[95% CI, 0.13-0.99]; P = .04).

Classification Tree Analysis (Figure 3)

For day 3, renal dysfunction was more likely to happen in
the following groups: (1) patients who received voriconazole
for =7 days, penicillins, and fluoroquinolones (OR, 30.7 [95%
CI, 6.04-156.11]; P < .0001); (2) patients treated with immu-
nosuppressive agents who received voriconazole for =7 days
but not penicillins or vasopressors (OR, 7.90 [95% CI, 1.66—
37.45]; P = .009), and (3) patients treated with voriconazole
for >7 days who received fluconazole within 30 days prior to
voriconazole administration and had a hematologic malignancy
(OR, 7.80 [95% CI, 2.47—44.86]; P = .001). For day 7, baseline
liver impairment was the primary determinant of renal dysfunc-
tion with the following groups being at higher risk: (1) patients
with baseline liver impairment and normal renal function
(CrCl >50 mL/min) who received penicillins (OR, 47 [95% CI,
8.66-255.13]; P < .0001), (2) patients with baseline liver and renal
(CrCl =50 mL/min) impairment and concomitant administra-
tion of penicillins and voriconazole for =7 days (OR, 14.1 [95%
CI, 2.06-96.49]; P = .007), and (3) patients without liver im-
pairment who received voriconazole for >7 days and were
treated with vasopressors but not vancomycin (OR, 18.8 [95%
CI, 2.53-139.65]; P = .004). For EOT, administration of pen-
icillins and ethnicity were the primary determinants, with the
following 2 groups at higher risk for renal dysfunction: (1) non-
Caucasian patients treated with penicillins (OR, 8.6 [95% CI,
2.20-35.23]; P = .003) and (2) Caucasian patients with base-
line liver impairment treated with penicillins (OR, 3.4 [95%
CL 1.05-11.27]; P = .04).

DISCUSSION

This is a retrospective observational study that reviewed the
renal function of patients treated with voriconazole for a mini-
mum of 3 consecutive days with the same mode of adminis-
tration. Using predefined criteria to assess significant changes
in renal function, the observed rates of change in renal function
on days 3, 7, and EOT were 19 (11.4%), 14 (8.4%), and
28 (16.9%) patients, respectively. Based on our findings, base-
line renal dysfunction, route of voriconazole administration,
or a combination of the above did not impact renal impair-
ment after 3 or 7 consecutive days of administration or at the
EOT. In contrast, underlying disease, baseline liver impairment,
and concomitant administration of other drugs (eg, penicillins,
fluoroquinolones, immunosuppressants) were the strongest
predictors of renal dysfunction.

Administration of fluconazole within 30 days prior to
initiation of voriconazole and concomitant administration
of penicillins were identified as major risk factors for renal
dysfunction by day 3. As fluconazole and penicillin derivatives
are not considered particularly nephrotoxic, we believe that
they likely represent an indirect marker of disease severity
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Table 2. Univariate Analyses of Risk Factors for Renal Dysfunction on Days 3 and 7 and at End of Treatment of Voriconazole®

Day 3 Day 7 End of Treatment
Predictor Odds Ratio P Value Odds Ratio P Value Odds Ratio P Value
Host-related variables
Baseline renal function, CrCl > vs =50 mL/min 0.95 .93 0.45 17 0.59 21
Groups 2 and 3 vs group 1 1.31 .65 1.26 .73 1.02 .97
Age, =50 vs <50 years 1.33 .58 1.08 .89 1.32 .53
Sex, female vs male 2.1 14 0.60 .38 0.69 37
Ethnicity, white vs other 0.56 .34 0.56 40 0.39 .07
Baseline liver dysfunction®, yes vs no 1.59 A1 5.08 .005 1.90 .18
Mechanical ventilation, yes vs no 1.55 37 2.35 13 1.28 b6
Diabetes mellitus, yes vs no 0.86 .79 1.96 .24 1.20 .68
Cardiovascular disease, yes vs no 1.27 .63 1.03 .96 1.23 .62
Solid tumor, yes vs no 2.14 18 0.89 .88 1.21 73
Hematologic malignancy, yes vs no 1.97 A7 1.25 .69 1.28 .56
HSCT, yes vs no 2.18 21 1.25 .69 1.28 .56
SOT, yes vs no 1.17 .76 1.53 .45 1.1 11
Voriconazole-associated variables
Route of administration, intravenous vs oral 0.84 74 2.52 24 2.01 19
Loading dose VOR, yes vs no 1.15 .79 0.94 91 1.38 48
Maintenance dose VOR, > vs =4 mg/kg twice/d 0.69 73 0.99 .99 0.98 .98
Duration of VOR administration, > vs =7 days 0.40 .07 3.00 10 0.85 .69
VOR indication, prophylaxis vs treatment 1.20 71 0.89 .84 0.94 .89
VOR level®, =5 vs <5 pg/mL NA NA 8.0 2 18 .02
Other medication-associated variables
Prior antifungal agent?, yes vs no 0.89 .82 0.93 .89 0.92 .84
Fluconazole 2.61 .06 0.85 .81 1.06 .90
Amphotericin B 1.04 195 1.63 44 1.07 .89
Concomitant antibacterial agents®, yes vs no 1.31 .80 0.91 .94 0.91 .90
Penicillins 2.41 .08 2.48 12 2.26 .05
Cephalosporins 0.73 .64 1.70 40 0.63 42
Carbapenems 0.83 .78 1.26 .73 0.98 .97
Fluoroquinolones 1.98 A7 0.52 .34 1.66 .23
Aminoglycosides NA NA 1.09 .94 1.95 .35
Vancomycin 1.25 .66 0.36 .08 1.12 .79
Vancomycin with any of the above 1.43 A7 0.53 .27 1.68 22
Vancomycin, > vs =3 concomitant days 0.24 .03 NA NA 0.44 A3
Vancomycin level, <20 mcg/mL" 0.72 .66 1.52 .69 0.54 .34
Vasopressive agents®, yes vs no 0.34 .16 2.60 .10 0.64 40
Immunosuppressive agents®, yes vs no 1.97 A7 1.25 .69 1.53 .31

Abbreviations: CrCl, creatinine clearance; HSCT, hematopoietic stem cell transplantation; NA, not applicable; SOT, solid organ transplantation; VOR, voriconazole.

@ Variables with P values = .20 were introduced in multivariate regression models.

® Defined as any of the following: aspartate aminotransferase or alanine aminotransferase >3 times the upper normal limit and/or alkaline phosphatase >2 times

the upper normal limit.
¢ Voriconazole level was available for 27 patients.

4 Antifungal agents administered within 30 days prior to voriconazole initiation.

¢ Agents administered concomitantly with voriconazole.

f Vancomycin trough or random level =20 mcg/mL at least once during the first 7 days of vancomycin administration.

rather than a direct kidney toxic agent and may have been

more routinely administered to higher-risk patients. Patients

with an underlying hematologic malignancy were at higher

risk of developing renal dysfunction, perhaps as a result of their
underlying immunocompromized status and administration
of other nephrotoxic compounds including chemotherapeutic
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Table 3. Multivariate Analysis Results on Risk Factors for Renal Dysfunction on Days 3 and 7 and at End of Treatment of Voriconazole
Among 166 Patients Treated With Voriconazole and Available Data®

Day 3 Day 7 End of Treatment
Predictor Odds Ratio P Value Odds Ratio P Value Odds Ratio P Value
Ethnicity, white vs non-white NS NS NS NS 0.36 0.04
Hematologic malignancy 5.09 0.01 NS NS NS NS
Fluconazole (within 30 days prior to VOR) 6.21 0.008 NS NS NS NS
Baseline liver impairment® NS NS 5.30 0.004 NS NS
Duration of VOR administration, > vs <7 days 0.19 0.01 NS NS NS NS
Penicillins 6.12 0.03 NS NS 2.39 0.04
Immunosuppressive agents 7.00 0.002 NS NS NS NS
Vasopressive agents 0.13 0.02 NS NS NS NS

Abbreviations: NS, not significant; VOR, voriconazole.

@ Only variables with a P < .20 in univariate analyses were introduced in the multivariate analysis models.

® Defined as any of the following: aspartate aminotransferase or alanine aminotransferase >3 times the upper normal limit and/or alkaline phosphatase >2 times

the upper normal limit.

agents. The effect of immunosuppressive agents on renal func-
tion has been clearly demonstrated, particularly in transplant
recipients [15, 16]. In this study, it was not possible to discern
whether immunosuppressants led to higher rates of renal dys-
function due to their direct nephrotoxic effect or were just
a marker of disease severity.

Baseline liver impairment was the strongest predictor of renal
impairment in patients treated with voriconazole for at least
7 consecutive days. Baseline liver dysfunction is likely to be
an indirect marker of disease severity, suggesting that sicker
patients (also requiring treatment with penicillin derivatives)
may be at higher risk for developing renal dysfunction. In ad-
dition, liver dysfunction may lead to impaired metabolism of
other concomitantly administered drugs with potential neph-
rotoxicity or/and affect renal function via other physiologic
pathways. For instance, it has been hypothesized that the renin-
angiotensin system stimulation due to liver disease may be the
mechanism for development of nephrotoxicity in patients treated
with aminoglycosides [17]. The impact of liver impairment on
renal function was further confirmed with tree classification
analyses that demonstrated liver impairment (and adminis-
tration of penicillins) to be the strongest predictors of renal
dysfunction regardless of baseline renal function.

Multivariate analysis at EOT demonstrated that administra-
tion of penicillins was the most significant predictor of renal
dysfunction, while Caucasian ethnicity was protective. These
results were further confirmed by tree classification analyses
showing that non-whites treated with penicillins were more
likely to develop renal dysfunction. Although penicillin derivatives
have been associated with acute interstitial nephritis, we believe
that this association may, in part, imply that patients requiring
courses of penicillin drugs might have been sicker (as an

indirect marker of disease severity) and hence more likely
to develop renal impairment. In fact, white patients with
baseline liver impairment treated with penicillins appeared to
be at high risk for renal function deterioration. Consistent
with prior reports, we observed that non-whites were more
susceptible to such changes, perhaps associated with higher
rates of hypertension and diabetes mellitus or genetic factors
[18-21].

In univariate analyses, voriconazole blood level =5.0 mcg/mL
was found to be significantly associated with worsening renal
function at EOT. Voriconazole levels were available for only
27 patients, limiting our ability to make definitive conclusions.
As voriconazole is extensively metabolized in the liver, hepatic
impairment may lead to higher concentrations of voriconazole
and associated toxicities. An elevated voriconazole level has
been associated with increases in total bilirubin, aspartate
aminotransferase, and alkaline phosphatase [22-26]. To our
knowledge, creatinine and voriconazole level have been cor-
related in 1 study, although creatinine did not retain statistical
significance in multivariate analyses [27].

Administration of vancomycin for =7 days and vancomycin
levels =15 mcg/mL have been strongly associated with renal
dysfunction [28-31]. Renal dysfunction was not associated with
vancomycin use, duration of vancomycin administration, and
high vancomycin levels (=20 mcg/mL) in this study. Although
more than half of the patients received vancomycin con-
comitantly with voriconazole, the effect of vancomycin on
renal function might have been diluted due to the overall
small number of patients included and stronger associations
with other variables. In addition, vancomycin levels were
available for a minority of patients only, which prevented

preventing us from making further conclusions.
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Figure 3. Classification tree prediction models for day 3 (A), day 7 (B),
and end of treatment (C). Subsets of patients with higher likelihoods of

A major limitation of this study was the small number of pa-
tients included. Patients were not comparable in terms of several
characteristics across the 3 groups to allow for more in-depth
analyses. Hence, the observed results may be skewed due to the
small number of patients included and may underrepresent all
3 groups. A limited number of patients continued voriconazole
for =7 days, preventing us from making any significant
conclusions for that time endpoint. It is likely that longer
voriconazole courses may lead to cyclodextrin accumulation;
albeit, we were not able to assess this effect in our study.
Finally, different assays were used for creatinine measurement
in the institutions involved in this study. As the alkaline picrate
reaction has a variance structure, this assay may have more
interference and lead to less accurate results.

In conclusion, we report that a small subset of patients
treated with voriconazole develop renal dysfunction. We did
not observe an impact of administration of intravenous
voriconazole in patients with baseline CrCl <50 mL/min on
deterioration of renal function after 3 or 7 consecutive days
of administration. Although clinicians should be cautious
when treating patients with renal dysfunction with in-
travenous voriconazole, weighing the risks and benefits of
such an intervention is usually made at the bedside while
considering a multitude of variables including the severity
of infection being treated and general state and prognosis
of the patient. Prospective studies will be required to de-
finitively address the impact of intravenous voriconazole on
the kidneys in patients with impaired renal function.

Figure 3 continued. renal dysfunction were compared with all other
patients to identify the strength of the combined characteristics.
A classification tree analysis was performed for each outcome to identify
characteristics of patients with a greater likelihood of renal impairment
progression based on the variables included in the multivariate analyses.
These subsets were then compared with all other patients using logistic
regression analyses to assess the impact of the characteristic
combinations on renal impairment progression. In the classification tree
analysis diagrams, the terminal nodes are portrayed by rectangles. Only the
statistically significant terminal nodes are presented in this figure with the
associated odds ratios and P values for renal dysfunction. A, The
classification tree had a total of 25 nodes (13 were terminal nodes), and
10 major predictors were selected. The first level of the tree was split into
2 initial branches based on the duration of voriconazole administration,
which was the best predictor of renal dysfunction. B, The classification
tree had a total of 19 nodes (10 were terminal nodes), and 8 major
predictors were selected. The first level of the tree was split into 2 initial
branches according to baseline liver impairment, which was the best
predictor of renal dysfunction. C, The classification tree had a total of 15
nodes (8 were terminal nodes), and 7 major predictors were selected. The
first level of the tree was split into 2 initial branches according to
administration of penicillins, which was the best predictor of renal
dysfunction. Abbreviations: CreCl, creatine clearance; IV, intravenous; OR,
odds ratio; PO, oral; VOR, voriconazole.
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Abstract

We sought to describe the clinical experience of voriconazole as primary antifungal prophylaxis (AFP) in
allogeneic hematopoietic cell transplant recipients (allo-HCTr). This was a single-center retrospective study
of adult allo-HCTr (1 January 2014 to 31 December 2016) who received >two doses of voriconazole-AFP.
Voriconazole-AFP was started on day +7 post-HCT and continued at least through day +60 post-HCT, or
longer as clinically indicated. We reviewed the rate, reasons, and risk factors of voriconazole-AFP discontin-
uation until day-100 post-HCT. A total of 327 patients were included. Voriconazole-AFP was continued for a
median of 69 days (mean: 57.9; range 1, 100): for a median of 90 days (mean :84; range 2, 100) in 180/327
(55%) in the standard-of-care (SOC) group and 20 days (mean :25.6 ; range 1, 89; P-value < .001) in 147/327
(45%) patients in the early-discontinuation-group. Early-voriconazole-AFP discontinuation was due to ad-
verse events, drug interactions, insurance coverage, and other reasons in 101/147 (68.7%), 27 (18.4%), 13
(8.8%), and 6 (4.1%) patients, respectively. Early-voriconazole-AFP discontinuation occurred in 73/327 (22.3%)
patients due to hepatotoxicity. Important predictors for early-voriconazole-AFP discontinuation included:
graft-versus-host disease grade >2 (odds ratio [OR]: 1.9, P-value: .02), alanine-aminotransferase >75 IU/ml
on voriconazole-administration day-14 (OR: 5.6, P-value: .02) and total bilirubin >1.3 mg/dl on voriconazole-
administration day-7 (OR: 3.0, P-value: .03). There were 13 proven/probable invasive fungal infections by
day-180 post-HCT (8/147, 5.4%, and 5/180, 2.8% in the early-discontinuation and SOC-groups, respectively;
log-rank:0.13). By day-180 post HCT, 23/147 (15.6%) and 14/180 (7.8%) patients in the early-discontinuation
and SOC-groups had died, respectively (log-rank:0.03). Voriconazole-AFP was discontinued in up to 45% of
allo-HCTr. Hepatotoxicity during the first 2 weeks post-HCT is a significant predictor of early-voriconazole-
AFP discontinuation.

Key words: voriconazole, invasive fungal infections, allogeneic hematopoietic cell transplant.

Introduction

Primary antifungal prophylaxis (AFP) with fluconazole, mica-
fungin, or voriconazole is recommended during the first 75 days
after a hematopoietic cell transplant (HCT), while posacona-
zole is the preferred AFP in cases of severe graft-versus-host
disease (GvHD).!"* However, the use of voriconazole as AFP

in allogeneic HCT recipients may be hindered due to variable
pharmacokinetics, interpersonal variability and drug-drug inter-
actions.’™® In addition, voriconazole-associated adverse events
(AEs), including neurotoxicity, visual abnormalities and, most
importantly, liver function impairment are frequently encoun-
tered in allogeneic HCT recipients.”” '3 Moreover, we have
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that discontinuation

of voriconazole AFP may occur during the early post-

previously demonstrated premature
transplantation period and before the cessation of immunosup-
pression in up to one third of patients due to, predominately,
liver toxicity.'* The aim of this study was to describe the clinical
experience of voriconazole as primary AFP in allogeneic HCT
recipients in a cancer center. More specifically, we sought to de-
scribe the rates and risk factors for discontinuation of voricona-
zole AFP during the first 75 days after an allogeneic HCT.

Methods
Study design

This was a single-center retrospective observational study of all
adult (>18 years) allogeneic HCT recipients between 1 January
2014 and 31 December 2016 at Memorial Sloan Kettering Can-
cer Center (MSKCC), who received a minimum of two doses
of voriconazole as primary AFP post-HCT with available liver
function tests at baseline and during voriconazole administra-
tion. Patients who did not receive voriconazole due to allergy,
previous AEs or other reasons, or had a proven/probable inva-
sive fungal infection (IFI) within 60 days prior to their HCT, were
excluded. The study was approved by the MSKCC Institutional
Review Board.

Antifungal prophylaxis strategy

Per institutional standard of care (SOC), an echinocandin (e.g.,
micafungin) was administered as primary AFP to all allogeneic
HCT recipients starting 2 days (day -2) before until day +7 post-
HCT or steady state levels of calcineurin inhibitors, when AFP
was switched to voriconazole.” Voriconazole was continued un-
til at least day +75 after HCT or cessation of immunosuppres-
sion. Of note, voriconazole therapeutic drug monitoring was not
routinely performed at our institution during the study period.

Data collection

Demographics, underlying hematologic malignancy, type of
transplant (unmodified vs T-cell depleted vs umbilical cord), stem
cell source (bone marrow [BM] vs peripheral blood stem cells
[PBSC] vs cord blood), donor-recipient matching, and condition-
ing regimen were recorded. Incidence of probable or proven IFI
from day 0 until day +180 from HCT and voriconazole admin-
istration details (voriconazole initiation day, duration of AFP,
mode of administration, loading and maintenance dose, AEs,
and reasons of voriconazole discontinuation) were recorded.
Liver function tests were recorded, including alanine transam-
inase (ALT), alkaline phosphatase and total bilirubin, before the
start of voriconazole (baseline), during the period of voricona-
zole AFP, and 2 and 4 weeks after the end of voriconazole admin-
istration were recorded. All-cause mortality was also recorded.

Definitions

IFIs were defined based on the European Organization for
Research and Treatment of Cancer/Mycoses Study Group
(EORTC/MSG) consensus guidelines." Ex vivo T-cell depletion
was accomplished by positive selection of CD34" stem cells by
using a CliniMACS CD34 Reagent system.'® Acute graft-versus-
host disease (GvHD) > grade 2 was defined based on established

guidelines.!”

Statistical analysis

Categorical variables were compared by the chi-square test while
continuous variables were compared by a t-test. Risk factors for
voriconazole discontinuation (i) at any time, (ii) by day +14 and
(iii) by day +28 post-HCT were identified using logistic regres-
sion models. The following independent variables were evalu-
ated in univariable analyses: demographics, underlying disease,
HCT characteristics, GvHD prophylaxis, GvHD grade >2, cy-
tomegalovirus (CMV) serostatus, voriconazole administration
variables, and ALT and total bilirubin at baseline and by days
7, 14, and 28 post-voriconazole administration. Variables with
a P-value <.10 in univariable analyses were subsequently intro-
duced into multivariable logistic regression models in a stepwise
fashion. P-values of <.05 were considered significant. All analy-
ses were performed by Stata 12.

Results

Patient population

A total of 435 patients received an allogeneic HCT during the
study period, of which 108 patients were excluded due to pre-
vious AEs with voriconazole (9/108, 8.3%), baseline liver im-
pairment precluding voriconazole use (41/108, 38%), proven
or probable IFI within 60 days prior to HCT (13, 12%) or
after HCT before the intended date of voriconazole initiation
(4, 3.7%), recommendation to use antifungal agents other than
voriconazole by the infectious disease service (8, 7.4%), fear of
voriconazole toxicity (3, 4.6%), potential drug-drug interaction
(3,2.8%), death before the intended date of voriconazole initia-
tion (3, 2.8%), and other reasons (22, 20.4%).

A total of 327 patients were included in this study (Table 1).
The median age was 55 years, and almost 80% of the patients
were white. The most common underlying disease prior to HCT
was acute myeloid leukemia (112/327, 34.3%), followed by lym-
phoma (66,20.2%) and myelodysplastic syndrome (47, 14.4%).
A total of 143 (43.7%) HCT were from a matched unrelated
donor, while haploidentical HCT accounted for 18 (5.5%) pa-
tients. The majority (176, 53.8%) of patients received a reduced
intensity conditioning regimen, while others received a myeloab-
lative conditioning regimen (135, 41.3%).
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Table 1. Baseline patient characteristics.

Table 2. Voriconazole administration characteristics.

Total number of patients

Total number of patients

Patient characteristic N: 327 (%) Voriconazole characteristics N: 327 (%)
Demographics Time of voriconazole administration

Age, median years (IQR) 55 (42.7-64.5) Initiation, median days 7(8.651,43)

Sex, female 145 (44.3) post-HCT (mean; range)

Ethnicity Total days of voriconazole 69 (57.9;1,100)

White 259 (79.2) administration, median (mean;

Black 27 (8.3) range)

Asian 15 (4.6) Voriconazole dosing

Other/Unknown 26 (7.9) Loading dose given 292 (89.3)
Underlying disease Maintenance dose

Acute myeloid leukemia 112 (34.3) 200 mg twice daily 48 (14.7)

Acute lymphocytic leukemia 39 (11.9) 4 mg/kg twice daily 279 (85.3)

Myelodysplastic syndrome 47 (14.4) Voriconazole mode of administration

Multiple myeloma 30 (9.2) Loading dose, IV 270 (82.6)

Lymphoma 66 (20.2) Voriconazole administration, day 1-3%

Other* 33 (10) IV (only) 237 (73.4)
HCT characteristics PO (only) 51(15.8)
Donor type IV/PO (administration changed 35(10.8)

Matched related 82 (25.1) from IV to PO or vice-versa)

Matched unrelated 143 (43.7) Voriconazole administration, day 1-7#

Mismatched unrelated 84 (25.7) IV (only) 95 (31.8)

Haploidentical 18 (5.5) PO (only) 48 (16.0)
HCT source IV/PO (administration changed 156 (52.2)

Bone marrow 33 (10.1) from IV to PO or vice versa)

Peripheral blood stem cells 242 (74.0) Voriconazole administration, day 1-14”

Cord blood 31 (9.5) IV (only) 37 (13.2)

Cord blood / peripheral blood stem cells 21 (6.4) PO (only) 42 (15)

HCT manipulation IV/PO (administration changed 202 (71.8)

Ex vivo T-cell depletion (CD34 + selected) 110 (33.6)
Conditioning
Myeloablative 135 (41.3)
Reduced intensity 176 (53.8)
Nonablative 16 (4.9)
GvHD prophylaxis
Tacrolimus + methotrexate? 120 (36.7)
Cyclosporine + mycophenolate mofetil 52 (15.9)
Tacrolimus + mycophenolate mofetil” 28 (8.6)
Tacrolimus + sethotrexate + sirolimus 12 (3.7)
Others? 5(1.5)
Ex vivo T-cell depletion (CD34 + selected) 110 (33.6)
CMV serostatus
D+/R+ 105 (32.1)
D+/R— 39 (11.9)
D—/R+ 79 (24.2)
D—/R— 104 (31.8)

D, donor; CMYV, cytomegalovirus; GVHD, graft versus host disease; HCT, hematopoi-
etic cell transplant; IFL, invasive fungal infection; R: recipient.

“QOther underlying disease included: chronic leukemia (N: 16), myeloproliferative syn-
drome (N: 11), aplastic anemia (N: 2) and nonmalignant hematologic disorder (N:
4).

AIn addition to tacrolimus + methotrexate, nine patients also received bortezomib,
six patients also received maraviroc.

7In addition to tacrolimus + mycophenolate mofeti, three patients also received
methotrexate, 22 patients also received cyclophosphamide.

Included  three
mofetil/sirolimus, and one cyclophosphamide/sirolimus.

cyclophosphamide, one cyclophosphamide/mycophenolate

from IV to PO or vice versa)

HCT, hematopoietic cell transplant, IV, intravenous, PO, oral; SD, standard deviation.
“Data were available for 323 patients overall.
#Data were available for 299 patients overall.
¥Data were available for 281 patients overall.

Voriconazole administration data

Voriconazole was started at a median of 7 days (mean: 8.6; range
1, 43) post-HCT and continued for a median of 69 days (mean:
57.9; range 1, 100) (Table 2). A loading dose was administered
in 292 (89.3%) patients (administered intravenously in 270/292
patients, 92.5%) and maintenance dose was weight-based in 279
(85.3%) patients. Mode of administration varied in the cohort,
with most patients treated with intravenous (IV) voriconazole
during the first 3 days of administration, with transition to oral
(PO) after the first week of treatment. A total of 180 (55%)
patients continued voriconazole prophylaxis as per institutional
SOC (SOC group) for a median of 90 days (mean: 84; range
2, 100). In 147 (45%) patients, voriconazole prophylaxis was
discontinued prematurely (early-discontinuation group) at a me-
dian of 20 days (mean: 25.6; range 1, 89; t-test P-value <.001)
(Fig. 1A). Among the 147 patients in the early-discontinuation
group, 137 (93.2%) patients were started on another antifun-
gal agent for primary antifungal prophylaxis: 65/137 (47.4%)
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Figure 1. (A) Rate of voriconazole discontinuation in a cohort of allogeneic hematopoietic cell transplant (HCT) recipients. (B) Presentation of proportions of
patients with discontinuation of voriconazole prophylaxis and the reasons for discontinuation. (C) Rate of voriconazole discontinuation based on the alanine

aminotransferase (ALT) level by post-HCT day 14.

on posaconazole, 54 (39.4%) on micafungin, 14 (10.2%) on
fluconazole, 3 (2.2%) on isavuconazole, and 1 (0.8%) patient
on liposomal amphotericin B. In 10/147 (6.8 %) patients no ad-
ditional antifungal prophylaxis was administered after discon-
tinuation of voriconazole. Voriconazole was resumed in 27/147
(18.4%) of patients. Voriconazole trough blood levels were mea-
sured in only 34 (10.4%) patients once during the first 10 days
of voriconazole administration. Voriconazole trough level was at
a mean of 2.2 mg/l (range: 0.3, 7.8): 2.1 mg/l (range: 0.3, 4.9) in
19 and 2.3 mg/l (range: 0.3, 7.8) in 15 patients in the SOC and
early-discontinuation groups, respectively (P-value: .65).

Voriconazole discontinuation

Among the 147 patients in the early-discontinuation group,
voriconazole was prematurely discontinued in 101 (68.7%) pa-
tients due to AEs, followed by drug-drug interactions in 27
(18.4%) patients and other reasons in six (4.1%) patients: three
patients had suboptimal serum voriconazole levels, two pa-
tients were changed to empirical antifungal agent treatment, and
one patient could not receive voriconazole for other reasons

(Fig. 1B). In 13 (8.8 %) patients, voriconazole was discontinued
due to insurance coverage issues. Among the 101 patients with
premature voriconazole prophylaxis discontinuation due to AEs,
liver function test abnormalities were the most frequent AE ob-
served in 73/101 (72.3%) patients, followed by visual halluci-
nations and central nervous system symptoms (16, 15.8%), skin
rash (6,5.9%), renal dysfunction (3, 3%) and other (3,3 %: 2 pa-
tients for QTc prolongation and one patient with gastrointestinal
symptoms).

Liver function tests

Overall, voriconazole was discontinued in 73 of 327 (22.3%)
patients due to liver function abnormalities. Patients with ab-
normal liver function tests were more likely to have stage >2
liver GvHD (4/73, 5.5%) when compared to the remaining 254
patients in this cohort, amongst whom none developed liver
GvHD (P-value >.002). At the time of voriconazole discontin-
uation, ALT and AST were >100 IU/ml in 39 (12.1%) and 27
(8.4%) of 321 patients with available values, respectively. The
mean ALT at voriconazole initiation was similar between the
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two groups: 36.7 IU/ml (standard deviation [SD]: 122) in the
early-discontinuation and 24.8IU/ml (SD: 16) for the SOC pa-
tient group (P-value = .2; Fig. 2B). However, the mean ALT at
the end of voriconazole administration was significantly higher
in the early-discontinuation (76.9 IU/ml, SD: 167.9) than the
SOC-patient group (38.6 IU/ml, SD: 130; P-value: .02). Simi-
lar observations were made for total bilirubin (Fig. 2B). Within
7 days after voriconazole discontinuation, the mean ALT
was similar between the two groups (early-discontinuation:
44.9 TU/ml vs SOC: 35.6 IU/ml, P-value = .30). However, the
mean total bilirubin remained significantly higher in the early-
discontinuation (1.1 mg/dl, SD: 2.4) compared to the SOC
group (0.46 mg/dl, SD: 0.5; P-value = .002) by 7 days post-

voriconazole discontinuation.

Risk factors for voriconazole discontinuation

Three different analyses were performed to identify predic-
tors of voriconazole discontinuation: (a) at any time, (b) by
day 14 post-HCT, and (c) by day 28 post-HCT (Supplement
Tables 1 and 2; Supplement Fig. 1). Important predictors for
early voriconazole discontinuation at any time in multivariable
analyses included: GvHD >2 grade (odds ratio [OR]: 1.9, P-
value: .02), ALT on day 14 of voriconazole administration >75
IU/ml (OR: 5.6, P-value: .02) and total bilirubin on day 7 of
voriconazole administration >1.3 mg/dl (OR: 3.0, P-value:
.03) (Fig. 1C). Risk factors for discontinuation of voriconazole
by day 14 post-HCT in multivariable analyses included: age
>65 years (OR: 3.2, P-value: .001) and baseline ALT >75 IU/ml
(OR: 5.4, P-value: .04). Elevated ALT by day 14 of voriconazole
administration >75 IU/dl was the only significant risk factor
for discontinuation of voriconazole by day 28 post-HCT in
multivariable analyses (OR: 7.7, P-value: .01).

Clinical outcomes

There were 13 proven and probable IFI observed during the
first 180 days in this cohort: 8/147 (5.4%) and 5/180 (2.8%) in
the early-discontinuation and the SOC-group, respectively (log-
rank: 0.13; Fig. 3A). In the SOC group, there was one break-
through probable invasive mould infection (IMI) during prophy-
laxis with voriconazole, while three additional IMI and one case
of coccidiomycosis occurred after discontinuation of primary
voriconazole prophylaxis. In the early-discontinuation group,
there were four breakthrough IFI during voriconazole admin-
istration (two cases of invasive candidiasis, one infection due to
Saccharomyces spp., and one probable IMI), while four cases of
probable IMI occurred after discontinuation of voriconazole ad-
ministration. By day-180 post-HCT, 23 (15.6%) of 147 patients
in the early-discontinuation and 14 (7.8 %) of 180 patients in the
SOC patient groups had died (log-rank: 0.03; Fig. 3B). In mortal-
ity predictor analysis, only age (OR: 1.03, P-value: .04) and early

voriconazole discontinuation (OR: 2.3, P-value: .02) were sig-
nificant predictors of mortality by day-180 post-allogeneic HCT
(Supplement Table 3).

Discussion

In this retrospective single-center study we report a high dis-
continuation rate of primary AFP with voriconazole in up to
45% of allogeneic HCT recipients within the first 3 months post-
transplant. In almost one in five patients, voriconazole AFP was
discontinued due to hepatotoxicity, with liver test abnormalities
during the first 2 weeks of voriconazole AFP administration pre-
dicting early voriconazole discontinuation. There was a trend for
lower rates of proven and probable IFI and a survival benefit in
patients who continued to receive AFP as per institutional SOC.

Almost half of the patients had to stop voriconazole in
this series. This rate of voriconazole discontinuation is higher
than previously reported, and highlights the difficulties associ-
ated with the administration of this agent in clinical practice.'®
Voriconazole-associated AEs and drug-drug interactions were
the main reasons leading to drug discontinuation. In addition
to liver function test abnormalities, visual hallucinations, other
neurological symptoms, renal dysfunction, and prolonged QTc
were among the most commonly observed AEs. It is likely that
in a proportion of patients, voriconazole-associated AEs could
have been due to elevated voriconazole blood levels. Voricona-
zole therapeutic drug monitoring (TDM) has been associated
with a significant reduction in voriconazole-associated AEs and
discontinuation rates.'® Lack of routine TDM in this series could
have, in part, contributed to more frequent toxic levels and there-
fore higher rates of discontinuation.

Liver function abnormalities are common in allogeneic HCT
recipients due to a large variety of potential causes, including, but
not limited to, viral and other infections, GvHD, veno-occlusive
disease, and concomitant drug administration, including azoles.
Voriconazole-associated liver toxicity has been described in up to
16% of patient in the setting of prospective randomized clinical
trials.”>111%20 Qur observations are consistent with those prior
reports, with only 8-12% of patients in this series having ele-
vated transaminases at >100 IU/ml at the time of voriconazole
discontinuation. In fact, liver function test abnormalities in this
series were rather modest, with the mean ALT value at the end
of voriconazole administration being only twice the ALT upper
limit of normal in the early-discontinuation group. Despite this
moderate degree of hepatotoxicity, voriconazole was discontin-
ued in almost one in five patients due to liver test abnormalities.
This is consistent with prior observations at our institution.'* In
fact, moderate elevations in ALT (>75 IU/ml) and/or total biliru-
bin (>1.3 mg/dl) during the first 2 weeks of voriconazole AFP ad-
ministration were significant predictors of early discontinuation
of voriconazole. The above suggests that, although a causal rela-
tionship between voriconazole and hepatotoxicity cannot always

020Z YoJe|\ /| UO Jasn aAsuas) ap alsiaAiun Aq 6575085/8008AW/AWW/EE0 L "0 /10P/10B1Sqe-0]011iB-80UBAPE/AWIW/WOD dNO"OIWapEE//:SdNY WO} PAPEOjUMO(]



6 Medical Mycology, 2020, Vol. 00, No. 00

(A) —
Baseline T
oy | FEE—
p1g | HEEE—
D28 (-
o | — |
EOT+D7 l_'_-_—' :
EOT+D14 '_-—'_
(I) 5I0 1 (I)O 1 éO 2CI)0

Alanine Aminotransferase (ALT; IU/mL)

| _ Standard of Care Group _ Early Discontinuation Group |

Standard of Care Group Early Discontinuation Group P-value

020Z YoJe|\ /| UO Jash aAsUSas) ap a)IsIaniun Aq 6G7S08S/800BAW/AWW/SE0 0 /I0P/AoBNSgE-3]011e-80uBApPR/AWW/WO02 dNo olwapede//:sdily wolj papeojumoq

ALT baseline

N

4.8 16.4 35 117 0.12

ALT Day 14

N

4.8 19.6 32.6 37.4 0.008

ALT EOT 38.5 130 71.6 161 0.02
CALTEOT4D7 356 9l6 436 408 08
ALT EOT + D14 28.9 20.5 36.5 33 0.008
(B)
Baseline '—__ !
A S |
b2e e e =
EOT : __: .
EoT7 O e — |
EOT+D14 l___|_ 1

1.5 2

-

Total Bilirubin (mg/dL)

_ Standard of Care Group _ Early Discontinuation Group |

Standard of Care Group Early Discontinuation Group P-value

TBil baseline 0.64 0.3 0.69 0.34 0.06

TBil Day 14 0.48 0.31 0.81 1.2 <0.001

TBil EOT 0.44 0.46 0.85 0.95 <0.001

TBil EOT + D14 0.48 0.47 1.12 3.0 0.004

Figure 2. (A) Boxplots of alanine aminotransferase (ALT) between patients who continued to receive voriconazole prophylaxis as per standard of care (“standard
of care group”) and those patients who discontinued voriconazole prophylaxis due to variable reasons (“early discontinuation group”) at different time-points
post-voriconazole prophylaxis initiation. (B) Boxplots of total bilirubin (TBil) between patients who continued to receive voriconazole prophylaxis as per standard
of care (“standard of care group”) and those patients who discontinued voriconazole prophylaxis due to variable reasons (“early discontinuation group”) at
different time-points post-voriconazole prophylaxis initiation. D, day; EOT, end of treatment; ALT, alanine aminotransferase; TBil, total bilirubin.
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Figure 3. (A) Incidence of invasive fungal infections between allogeneic hematopoietic cell transplant recipients whose voriconazole prophylaxis was continued
as per standard of care (“standard of care group”) and those patients who discontinued voriconazole prophylaxis due to variable reasons (“early discontinuation
group”). (B) Overall 180-day mortality between allogeneic hematopoietic cell transplant recipients whose voriconazole prophylaxis was continued as per standard
of care (“standard of care group”) and those patients who discontinued voriconazole prophylaxis due to various reasons (“early discontinuation group”).

be definitively demonstrated, even mild liver test abnormalities
may lead clinicians to stop the administration of this agent in up
to 20-25% of patients due to fear or suspicion that voriconazole
may be contributing to the observed test abnormalities.

The overall effect of voriconazole discontinuation on allo-
geneic HCT recipients is not well described. We observed a trend
toward more IFI in patients who had to discontinue voricona-
zole AFP. This retrospective study was not powered to detect
the effect of voriconazole AFP on the incidence of IFI. How-
ever, the incidence of IFI in the SOC and early discontinuation
groups, respectively, was similar to that reported in a clinical
trial that compared voriconazole to fluconazole as primary AFP
in allogeneic HCT recipients.!? Early voriconazole discontinua-
tion was associated with higher all-cause mortality by day 180
post-transplant. It is not possible to assess the direct effect of
voriconazole discontinuation on mortality, and it is possible that
voriconazole was more likely to be stopped in patients with more
comorbidities and worse overall prognosis. However, these data
taken together suggest that patients in whom clinicians are more
likely to discontinue voriconazole AFP may be at higher risk
for complications. These patients could potentially benefit from
more intensive management and closer follow-up to optimize
clinical outcomes.

This study has several limitations, including its retrospective
nature and lack of data on voriconazole levels and concomitantly
administered drugs. Attribution of hepatotoxicity to voricona-
zole or other potential causes was not feasible but reflects the
real life limitations of clinical practice in allogeneic HCT recipi-
ents early post-transplant.

In conclusion, this study describes the clinical experience
with voriconazole AFP among unselected allogeneic HCT recip-
ients in a single cancer center. Adherence to voriconazole AFP
among HCT recipients is challenging with early discontinuation

observed in a substantial proportion of HCT recipients, mostly
due to anticipated AEs. Moderate abnormalities in liver function
tests during the first 2 weeks of administration may predict early
voriconazole discontinuation. Strategies for monitoring toxici-
ties and managing intolerance of voriconazole are essential for
HCT recipients receiving voriconazole as AFP.

Supplementary material

Supplementary data are available at MMYCOL online.
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Isavuconazole versus voriconazole for primary treatment
of invasive mould disease caused by Aspergillus and
other filamentous fungi (SECURE): a phase 3,
randomised-controlled, non-inferiority trial

Johan A Maertens, Issam | Raad, Kieren A Marr, Thomas F Patterson, Dimitrios P Kontoyiannis, Oliver A Cornely, Eric ] Bow, Galia Rahav,
Dionysios Neofytos, Mickael Aoun, John W Baddley, Michael Giladi, Werner | Heinz, Raoul Herbrecht, William Hope, Meinolf Karthaus,
Dong-Gun Lee, Olivier Lortholary, Vicki A Morrison, Ilana Oren, Dominik Selleslag, Shmuel Shoham, George R Thompson Ill, Misun Lee,
Rochelle M Maher, Anne-Hortense Schmitt-Hoffmann, Bernhardt Zeiher, Andrew J Ullmann

Summary
Background Isavuconazole is a novel triazole with broad-spectrum antifungal activity. The SECURE trial assessed
efficacy and safety of isavuconazole versus voriconazole in patients with invasive mould disease.

Methods This was a phase 3, double-blind, global multicentre, comparative-group study. Patients with suspected
invasive mould disease were randomised in a 1:1 ratio using an interactive voice-web response system, stratified by
geographical region, allogeneic haemopoietic stem cell transplantation, and active malignant disease at baseline, to
receive isavuconazonium sulfate 372 mg (prodrug; equivalent to 200 mg isavuconazole; intravenously three times a
day on days 1 and 2, then either intravenously or orally once daily) or voriconazole (6 mg/kg intravenously twice daily
on day 1, 4 mg/kg intravenously twice daily on day 2, then intravenously 4 mg/kg twice daily or orally 200 mg twice
daily from day 3 onwards). We tested non-inferiority of the primary efficacy endpoint of all-cause mortality from first
dose of study drug to day 42 in patients who received at least one dose of the study drug (intention-to-treat [ITT]
population) using a 10% non-inferiority margin. Safety was assessed in patients who received the first dose of study
drug. This study is registered with ClinicalTrials.gov, number NCT00412893.

Findings 527 adult patients were randomly assigned (258 received study medication per group) between March 7,
2007, and March 28, 2013. All-cause mortality from first dose of study drug to day 42 for the ITT population was 19%
with isavuconazole (48 patients) and 20% with voriconazole (52 patients), with an adjusted treatment difference of
-1-0% (95% CI -7-8 to 5-7). Because the upper bound of the 95% CI (5-7%) did not exceed 10%, non-inferiority was
shown. Most patients (247 [96%] receiving isavuconazole and 255 [98%)] receiving voriconazole) had treatment-
emergent adverse events (p=0-122); the most common were gastrointestinal disorders (174 [68%)] vs 180 [69%]) and
infections and infestations (152 [59%)] vs 158 [61%]). Proportions of patients with treatment-emergent adverse events
by system organ class were similar overall. However, isavuconazole-treated patients had a lower frequency of
hepatobiliary disorders (23 [9%)] vs 42 [16%]; p=0-016), eye disorders (39 [15%)] vs 69 [27%]; p=0-002), and skin or
subcutaneous tissue disorders (86 [33%] vs 110 [42%]; p=0-037). Drug-related adverse events were reported in
109 (42%) patients receiving isavuconazole and 155 (60%) receiving voriconazole (p<0-001).

Interpretation Isavuconazole was non-inferior to voriconazole for the primary treatment of suspected invasive mould
disease. Isavuconazole was well tolerated compared with voriconazole, with fewer study-drug-related adverse events.

Our results support the use of isavuconazole for the primary treatment of patients with invasive mould disease.

Funding Astellas Pharma Global Development, Basilea Pharmaceutica International.

Introduction

Invasive mould disease represents a challenge, especially
in patients with haematological malignant disease and
haemopoietic stem cell transplantation, solid organ
transplant recipients, and patients in intensive-care
units.! Invasive mould disease still accounts for
substantial mortality in these patients."

The available range of antifungal drugs that are active
against mould disease has shortcomings. Polyenes, once
the mainstay of anti-mould therapy, now have a limited
role because of toxicity concerns and the requirement

for intravenous administration.’ Echinocandins have an
excellent safety profile; however, there is relatively little
experience in their use for the primary treatment of
invasive mould disease.”” Posaconazole is licensed for
the salvage treatment of invasive mould disease,® but
data to support its first-line use are lacking. Voriconazole
has been endorsed by international guidelines as
primary treatment for invasive aspergillosis,”’® as well as
some other mould infections.” However, drug
interactions, pharmacokinetic variability, short-term
acute  toxicities  (including  photopsia,  visual
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Research in context

Evidence before this study

We searched PubMed without time or language limitation
with the search criteria (“invasive”[All Fields] AND
(“aspergillosis”"[MeSH Terms] OR “aspergillosis"[All Fields]))
AND ((“mortality”[Subheading] OR “mortality”[All Fields] OR
"mortality”[MeSH Terms])) AND ((“registries”[MeSH Terms]
OR “registries”[All Fields] OR “trial”[All Fields])), up to
October, 2015. 55 references were found, of which 36 were
categorised as clinical trials. By excluding prevention trials
and studies in patients with Candida infections only,

15 clinical trials or cohorts or registries were identified, with
nine studies before 2003. Mortality in all trials was similarly
high. Only one study was well powered, prospective, and
randomised-controlled prior to the beginning of the trial.
Overall 10 studies were non-randomised or uncontrolled in
nature; four studies were identified in patients refractory or
intolerant to therapy; three trials included only patients with
non-haematological disease (mainly solid organ transplant
recipients). The only study published before 2003 was that by
Herbrecht and colleagues (2002), which showed significantly

hallucinations, and abnormalities in liver function),
long-term toxicities (such as skin carcinogenesis and
fluorosis), concerns about B-cyclodextrin administration
in the setting of impaired renal function, and
recommendations for therapeutic drug monitoring have
been problematic for patients.”

The water-soluble prodrug isavuconazonium sulfate was
developed to facilitate intravenous administration without
the need for potentially nephrotoxic excipients such as
B-cyclodextrin. Isavuconazole, the active moiety, displays
excellent bioavailability (roughly 98%)" after oral
administration without any clinically relevant food effects.
Isavuconazole is a broad-spectrum triazole that has
demonstrated potent activity in animal models of invasive
aspergillosis,” mucormycosis,” invasive candidiasis,* and
cryptococcosis.” Isavuconazonium sulfate was approved in
2015 by the US Food and Drug Administration (FDA) for
the treatment of invasive aspergillosis and invasive
mucormycosis,” and by the European Medicines Agency
for the treatment of invasive aspergillosis and of
mucormycosis when amphotericin B is inappropriate.”

We conducted a phase 3, double-blind trial to compare
the efficacy and safety of intravenous and oral
formulations of isavuconazole to voriconazole for the
primary treatment of invasive mould disease caused by
Aspergillus spp or other filamentous fungi (the SECURE
trial).

Methods

Study design and participants

This was a phase 3, randomised, (double-blind,
international, multicentre, non-inferiority study of

isavuconazole versus voriconazole for the primary

improved outcomes, including survival advantage of
voriconazole compared with conventional amphotericin B.

Added value of this study

SECURE is a prospective, double-blind, randomised, global trial
demonstrating that the novel triazole isavuconazole is
non-inferior to voriconazole for the primary treatment of invasive
aspergillosis and disease caused by other moulds. Additionally,
isavuconazole was well tolerated compared with voriconazole,
with significantly fewer study drug-related adverse events and
adverse events of the skin, eye, and hepatobiliary systems.

Implications of all the available evidence

Voriconazole is the current gold standard for treatment of
invasive aspergillosis but is limited by drug-drug interactions
and safety concerns. Moreover, many non-Aspergillus moulds,
such as the agents of mucormycosis, are often resistant to
voriconazole. This trial offers strong evidence that isavuconazole
is an appropriate alternative to voriconazole for the primary
treatment of invasive aspergillosis and other mould disease.

treatment of invasive mould disease, conducted from
2007 to 2013. Enrolment was suspended from January,
2009, to March, 2011, to allow for completion of non-
clinical toxicity studies and licensing activities.

Patients 18 years or older were eligible if they were
considered to have invasive mould disease by meeting the
criteria for proven, probable, or possible invasive mould
disease caused by Aspergillus spp or other filamentous
fungi.® Key exclusion criteria were hepatic dysfunction
(bilirubin =3xupper limit of normal [ULN], alanine
transaminase or aspartate transaminase =5xULN,
cirrhosis or chronic hepatic failure), or moderate to severe
renal dysfunction (calculated creatinine clearance
<50 mlL/min). Mycological criteria for diagnosis of
invasive mould disease included detection by cytology or
direct microscopy of fungal elements indicating a mould,
or by culture. A positive serum galactomannan test (single
optical density index value =0-7 or two consecutive values
=0-5) was regarded as mycological evidence for
aspergillosis, except in patients receiving concomitant
amoxicillin-clavulanate,  piperacillin-tazobactam,  or
gluconate-containing plasma expanders. (Galactomannan
detection in broncho-alveolar lavage fluid was not accepted
as a mycological criterion for probable aspergillosis
because the galactomannan assay in fluid had not yet
been approved by the US FDA. After the protocol was
drafted, but before unblinding of the locked database, the
FDA provided revised galactomannan criteria for probable
disease. Subsequently, a prespecified analysis was
performed using these criteria (appendix).” Full inclusion
and exclusion criteria are detailed in the appendix.

Independent ethics committees or institutional review
boards at participating sites approved the protocol and all
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amendments. The study was conducted in accordance
with the Declaration of Helsinki (2000) and the
International Conference on Harmonisation Guidelines
for Good Clinical Practice. For all sites, approval of the
protocol was obtained from the governmental authorities.
Written informed consent was obtained from patients or
their legally authorised representatives before initiation
of any trial procedures.

Randomisation and masking

Patients were centrally randomised using a third-party
interactive response computer system to assign them to
receive isavuconazole or voriconazole in a 1:1 allocation.
Randomisation was performed using a block size of four
and was stratified by geographical region, allogeneic
haemopoietic stem cell transplantation, and active
malignancy at study entry. All trial site personnel involved
in patient care and non-site personnel were blinded to
treatment assignment, except pharmacy personnel
responsible for medication preparation. Placebo was used
to maintain blinding by matching the frequency of daily
dosing. Blinding codes and randomisation lists were
prepared by the study funder’s designee.

Procedures
Patients  assigned to  isavuconazole  received
isavuconazonium sulfate 372 mg (equivalent to

isavuconazole 200 mg) intravenously three times a day
on days 1 and 2, followed by either intravenous or oral
isavuconazole 200 mg once daily, followed in 12 h by a
corresponding placebo (excipient only) from day 3
onwards. Patients allocated to voriconazole received the
labelled dose: 6 mg/kg intravenously twice daily on day 1,
followed by 4 mg/kg intravenously twice daily on day 2.
Voriconazole was given either intravenously
(4 mg/kg twice daily) or orally (200 mg twice daily) from
day 3 onwards. The protocol did not allow therapeutic
drug monitoring (to maintain study blinding) and
stipulated that the maximum treatment duration was to
be 84 days.

Assessment of clinical symptoms and physical findings
was conducted at screening and at all visits after day 3,
including days 7, 14, 28, 42, 63, 84, end of treatment (if
before day 84), (and 4 weeks after end of treatment
Radiological and mycological assessments were
performed between screening and(day 7, on days 42 and
84, and at end of treatment. Additional radiological and
mycological assessments were performed during
treatment and follow-up if clinically indicated.

An independent data review committee, consisting of
infectious disease experts who were masked to treatment
allocation, was established to independently adjudicate
the diagnosis of invasive mould disease at enrolment
(including data up to day 7 as relevant). They also
assessed clinical, mycological, radiological, and overall
responses, at end of treatment, day 42, and day 84
(appendix). Consensus of three members of the data

review committee per case was required for adjudication.
A central radiologist, masked to treatment allocation,
initially determined radiological responses at prespecified
timepoints. Patients with radiological evidence at
baseline but without post-baseline radiological follow-up
were assumed not to have achieved treatment success.

Outcomes

The intention-to-treat (ITT) population, the primary
efficacy population, included all patients who were
enrolled, randomly assigned, and received at least one
dose of medication. The modified intention-to-treat
(mITT) population consisted of ITT patients with
proven or probable invasive mould disease, as
determined by the data review committee. The
mycological intention-to-treat (myITT) population was
a subset of the mITT population with proven or
probable invasive aspergillosis (as assessed by the data
review committee). The safety population included all
enrolled patients who received their first dose of study
drug, and is analysed by drug received (irrespective of
study group assignment).We also assessed the primary
outcome in a per-protocol population, excluding
patients who met prespecified classification criteria (eg,
met key exclusionary criteria, received at least three
consecutive days of prohibited concomitant
medications, or received less than 7 days of study drug).
Additionally, we assessed the primary endpoint in a
strictly defined intention-to-treat population (including
all patients who were enrolled and randomly assigned,
irrespective of whether they received any study drug) in
a post-hoc analysis.

The primary efficacy endpoint was all-cause mortality
from first dose of study drug to day 42 in the ITT
population./The ITT population was chosen because it is
representative of a population of patients requiring
antifungal therapy in a real-world setting. Patients with
unknown survival status were counted as deaths, defined
by the date of last known follow-up; this approach was
approved by the FDA. The key secondary endpoint was
overall response (as assessed by the data review
committee) at end of treatment in the mITT population
(appendix). Other secondary endpoints included(all-cause
mortality from first dose of study drug to day 84, overall,
clinical, mycological, and radiological responses (as
assessed by the data review committee) on day 42, day 84,
and end of treatment, as well as safety and tolerability.

Investigators evaluated safety and tolerability by
monitoring adverse events and findings from physical
examinations, vital signs, laboratory tests, electro-
cardiogram, and concomitant medication or surgery.
Treatment-emergent adverse events were defined as an
adverse event starting or worsening after first study drug
administration until 28 days after the last dose. Study-
drug-related adverse events included those reported as
remotely, possibly, or probably related to the study drug
by the blinded investigator.
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International, Basel,
Switzerland

(A-H Schmitt-Hofmann PhD);
and Julius-Maximilians-
University, Department of
Internal Medicine I,

Infectious Diseases, Wirzburg,
Germany (Prof A J Ullmann MD)

Correspondence to:

Prof Andrew ) Ullmann,
Julius-Maximilians-University,
Department of Internal Medicine
I, Infectious Diseases,
Oberdirrbacher Str 6,

97080 Wirzburg, Germany
andrew.ullmann@
uni-wuerzburg.de

See Online for appendix


dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight

dneofytos
Highlight


Articles

| 532 enrolled

| 527 randomly assigned

5 excluded
A

v

263 to isavuconazole
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Figure 1: Trial profile

Enrolled refers to patients who provided written informed consent. IMD=invasive mould disease. [TT=intention to

treat; all randomised patients who received study drug. mITT=modified intention to treat; ITT patients with

proven or probable invasive mould disease. mylTT=mycological intention to treat; mITT patients with proven or
probable invasive aspergillosis. *Including one patient assigned to isavuconazole who received voriconazole for
7 days followed by isavuconazole oral study drug; this patient is included in the isavuconazole efficacy analysis and

the voriconazole safety analysis. tIncluding failure to return or loss to follow-up, violation of selection at entry,

other protocol deviation, did not cooperate, refused treatment, withdrew consent, and administrative or other.

tIncluding adverse events or intercurrent illness and administrative or other.

Statistical analyses

Our sample size calculation was based on the primary
efficacy endpoint, all-cause mortality in the ITT population
from first dose of study drug to day 42. Roughly 255 patients
per group were required for an 80% power to demonstrate
that the upper limit of the 95% CI for a treatment difference
was 10% or less (prespecified non-inferiority margin for
this endpoint). This calculation was based on a one-sided,
large-sample, normal-approximation and non-inferiority
test at a 2-5% significance level. A 20% mortality rate was
assumed for both drugs in the primary efficacy population.

To evaluate the efficacy (mortality endpoint) of
amphotericin B over placebo in patients with invasive
fungal disease caused by Aspergillus spp, the funder
conducted a meta-analysis using historical individual
patient data from 90 articles dating from 1952 to 2006. A
10% non-inferiority margin was established for the all-
cause mortality rate from first dose of study drug to
day 42 in untreated patients (ie, placebo) of 84-8%
(95% CI 75-1 to 94-5). This estimation was further
supported by a mortality rate of 100% in untreated patients
reported by Denning.*® The historical all-cause mortality
rate from first dose of study drug to day 42 for voriconazole
was 18-8% (95% CI 12-4 to 25-1), on the basis of a
randomised comparative study assessing voriconazole and
amphotericin B.*' A conservative estimate of effect size for
voriconazole compared with untreated (placebo) patients
with invasive aspergillosis for all-cause mortality from first
dose of study drug to day 42 was 50% (lower bound of
placebo 95% CI minus upper bound of voriconazole 95%
CI). Therefore, a 10% non-inferiority margin would
provide statistical evidence that isavuconazole is superior
to placebo, preserving more than 80% of the estimated
voriconazole treatment effect. In a 2009 workshop on
hospital-acquired and ventilator-associated pneumonia
sponsored by the FDA, the Infectious Diseases Society of
America, the American Thoracic Society, the Society of
Critical Care Medicine, and the American College of Chest
Physicians, it was proposed that a 10% non-inferiority
margin for all-cause mortality in serious infections would
be clinically acceptable.”

Adjusted treatment difference was calculated by a
stratified Cochran-Mantel-Haenszel method with the
randomisation strata of geographical region, allogeneic
haemopoietic stem cell transplantation status, and active
malignancy status. The 95% CI for the adjusted treatment
difference was calculated on the basis of a normal
approximation. Treatment-by-subgroup interaction (age,
sex, race, ethnic origin, baseline neutropenic status,
body-mass index, glomerular filtration rate, and
enrolment period) was evaluated using a logistic
regression according to the prespecified statistical
significance value of p<0-15. For assessment of
treatment-emergent adverse events, we did a prespecified
comparison between the proportions of treatment-
emergent adverse events reported in each system organ
class between treatment groups, based on Fisher’s exact
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Isavuconazole Voriconazole

Isavuconazole Voriconazole
ITT population
Number of patients 258 258
Age, years 511(16-2) 512 (15:9)
Sex
Men 145 (56%) 163 (63%)
Women 113 (44%) 95 (37%)
Geographical region
North America 30 (12%) 28 (11%)
Western Europe, Australia, and 105 (41%) 107 (41%)
New Zealand
Other* 123 (48%) 123 (48%)
Mean body-mass index, kg/m* 242 237
Risk factor
Haematological malignancy 211 (82%) 222 (86%)
Allogeneic BMT/HSCT 54 (21%) 51(20%)
Active malignancy at study entry 173 (67%) 187 (72%)
Absolute neutrophil count <500/mm® 163 (63%) 175 (68%)
Use of T-cell immunosuppressants 111 (43%) 109 (42%)
Use of corticosteroids 48 (19%) 39 (15%)
eGFR-MDRD
<60 mL/min per1.73 m* 20 (8%) 33(13%)
260 mL/min per 1.73 m* 231(92%) 217 (87%)
Missing 7 8
Primary underlying diseaset
Acute myeloid leukaemia 99 (38%) 126 (49%)
Acute lymphoblastic leukaemia 30 (12%) 24 (9%)
Lymphoma 33(13%) 24 (9%)
Myelodysplastic syndrome 23 (9%) 14 (5%)
Chronic lymphocytic leukaemia 10 (4%) 13 (5%)
Aplastic anaemia 9 (3%) 7 (3%)
Chronic myeloid leukaemia 5(2%) 8 (3%)
Multiple myeloma 5(2%) 7 (3%)
Chronic obstructive pulmonary disease 5(2%) 3(1%)
Hodgkin's disease 2 (1%) 3(1%)
Diabetes mellitus 4(2%) 0
Certainty of diagnosist
Proven invasive mould disease 29 (11%) 36 (14%)
Probable invasive mould disease 114 (44%) 93 (36%)
Possible invasive mould disease 88 (34%) 108 (42%)
No invasive mould disease 27 (10%) 21 (8%)
Mycological criteria
No mycological evidence available§ 92 (36%) 113 (44%)
Serum galactomannan positive 91 (35%) 94 (36%)
Non-sterile cytology, direct 59 (23%) 39 (15%)
microscopy, or culture evidence of
invasive mould disease
(Table 1 continues in next column)

test. Continuous data were summarised descriptively.
Categorical data were summarised by number and
percentage of patients within each category. All data
analyses were done with SAS version 9.3.

This trial is registered with ClinicalTrials.gov, number
NCT00412893.

(Continued from previous column)

Sterile-site cytology, histopathology, or 30 (12%) 34 (13%)
culture evidence of invasive mould
disease
Autopsy 1(<1%) 7 (3%)
mITT population
Number of patients 143 129
Pathogen causing disease
Aspergillus spp only 49 (34%) 39 (30%)
A fumigatus 32(22%) 21 (16%)
Aflavus 10 (7%) 12 (9%)
Aniger 6 (4%) 2 (2%)
Aterreus 4 (3%) 2 (2%)
Austi 0 1(1%)
Aspergillus sppql 1(1%) 3(2%)
A sydowi 1(1%) 0
Aspergillus plus other filamentous fungi 3 (2%) 1(1%)
A fumigatus 0 1(1%)
Aflavus 1(1%) 0
Aterreus 1(1%) 0
Aspergillus sppql 1(1%) 0
Lichtheimia corymbifera 1(1%) 0
Lichtheimia sppl 1(1%) 0
Scedosporium sppql 1(1%) 1(1%)
Non-Aspergillus spp only 5(3%) 6 (5%)
Rhizopus sppl 1(1%) 0
Mucor sppl 0 1(1%)
Fusarium solani 2 (1%) 0
Fusarium spp9l 1(1%) 3(2%)
Exserohilum rostratum 0 1(1%)
Talaromyces marnefei 0 1(1%)
Talaromyces spp9l 0 1(1%)
Trichosporon inkin 1(1%) 0
Filamentous fungi (no species 14 (10%) 15 (12%)
identified)
Galactomannan positive only|| 72 (50%) 68 (53%)
Location of disease
LRTD only 116 (81%) 107 (83%)
LRTD plus other organ 12 (8%) 15 (12%)
Non-LRTD only 15 (10%) 7 (5%)

Dataare n, n (%), or mean (SD), unless otherwise indicated. [TT=intention to
treat; all randomised patients who received study drug. BMT=bone marrow
transplantation. HSCT=haemopoietic stem cell transplantation. eGFR-
MDRD=estimated glomerular filtration rate calculated using the Modification of
Diet in Renal Disease formula. mITT=modified intention to treat; ITT patients
with proven or probable invasive mould disease. LRTD=lower respiratory tract
disease. *Other regions consist of Argentina, Brazil, Chile, China, Egypt, Hungary,
India, Israel, Malaysia, Mexico, Poland, Russia, South Korea, Thailand, and Turkey.
tPrimary underlying disease in =1% of patients. +As assessed by the data review
committee. SFungal species were isolated from some patients in this group but
these organisms were considered as colonisers. No mycological evidence does not
include patients with possible invasive mould disease. iNo further information.
|| Two consecutive serum galactomannan values =0-5 or at least one serum
galactomannan value =07, as defined in the trial protocol.

Table 1: Demographics and baseline characteristics
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All-cause mortality
ITT population
Day 42 all-cause mortality
Deaths

Unknown survival statust

Day 84 all-cause mortality
Deaths

Unknown survival statust

mITT population
Day 42 all-cause mortality
Day 84 all-cause mortality
mylITT population
Day 42 all-cause mortality

Day 84 all-cause mortality

Possible invasive mould disease

Day 42 all-cause mortality

Day 84 all-cause mortality

DRC-assessed response (mITT population)

Overall response at EOTS
Success
Complete
Partial
Failureq
Stable
Progression
Clinical response at EOTS
Mycological response at EOTS
Radiological response at EOTS

Isavuconazole Voriconazole Adjusted treatment
difference (95% Cl)*
258 258
48 (19%) 52 (20%) -1.0% (-7-8 t0 57)
45 (17%) 50 (19%)
3 (1%) 2 (1%)
75 (29%) 80 (31%) -1:4% (-9-2t0 6-3)
72 (28%) 75(29%)
3 (1%) 5(2%)
143 129
28 (20%) 30 (23%) -2:6% (-12-210 6:9)
43 (30%) 48 (37%) -5-5% (-16-1t0 5-1)
123 108
23 (19%) 24 (22%) -27% (-129t0 7'5)
35 (28%) 39 (36%) -5.7% (~17-1t0 5-6)
88 108
15 (17%) 19 (18%) ~0-5% (-12:3t0 11-2)f
24 (27%) 27 (25%) 2:3% (-11-2t0 15-8)f
143 129
50 (35%) 47 (36%) 1.6% (-9-3t0 12-6)
17 (12%) 13 (10%)
33(23%) 34 (26%)
93 (65%) 82 (64%)
42 (29%) 33 (26%)
51(36%) 49 (38%)
85/137 (62%) 73/121 (60%) 0-4% (-10-6 t0 11.5)
54/143 (38%) 53/129 (41%) 3-8% (-7-4t015-1)
41/141 (29%) 42/127 (33%) 57% (-4-9t016:3)
Data are n, n (%), or n/N (%).The non-inferiority margin was 10% for adjusted treatment differences between
isavuconazole and voriconazole; an upper 95% Cl less than 10% suggests that isavuconazole is non-inferior to
voriconazole. ITT=intention to treat; all randomised patients who received study drug. mITT=modified intention to
treat; ITT patients with proven or probable invasive mould disease. mylTT=mycological intention to treat; mITT
patients with proven or probable invasive aspergillosis. EOT=end of treatment. *Isavuconazole minus voriconazole for
all-cause mortality; voriconazole-isavuconazole for overall, clinical, mycological, and radiological responses. tPatients
with unknown survival status were counted as deaths. $Crude treatment difference (isavuconazole minus voriconazole)
was calculated for possible invasive mould disease and its 95% Cl was based on a normal approximation. SAssessed in
the ITT population. Favourable mycological response was defined as eradication or presumed eradication. 9iDeath or

patients with missing information assumed not to have achieved treatment success.

Table 2: Efficacy outcomes

Role of funding source

The funders of the study, Astellas Pharma Global
Development and Basilea Pharmaceutica International,
were involved in study design, data collection, data
analysis, data interpretation, and writing of the report.
The corresponding author had full access to all data in
the study and had final responsibility for the decision to
submit for publication.

Results

Between March 7, 2007, and March 28, 2013, we recruited
patients from 102 centres from 26 countries located
across North and South America, Europe, the Middle
East, southeast Asia, east Asia, and Pacific regions.

532 patients gave consent, of whom 527 were randomly
assigned. 11 patients did not receive any study drug
(five did not meet entry criteria, four withdrew consent,
and two died), and were excluded from the ITT
population, which included 516 patients (n=258 for each
treatment group; figure 1). The mITT population
consisted of 143 patients in the isavuconazole and
129 patients in the voriconazole group. The myITT
population included 123 patients in the isavuconazole
group and 108 patients in the voriconazole group.

Baseline demographics and underlying disorders in
the I'TT population are shown in table 1; there were fewer
men in the isavuconazole group and more patients with
acute myeloid leukaemia in the voriconazole group. The
most common underlying disorder was haematological
malignant disease (433 patients; 84%). 105 (20%) patients
were recipients of allogeneic haemopoietic stem cell
transplantation, and 338 (66%) had neutropenia. The
mlITT baseline characteristics were similar to those in
the ITT population (data not shown).

At baseline, as assessed by the data review committee,
65 (13%) patients had proven invasive mould disease and
207 (40%6) had probable invasive mould disease. Possible
invasive mould disease was diagnosed in 196 (38%)
patients; 48 (9%) had no evidence of invasive mould
disease. When Aspergillus was cultured as the only mould
at baseline, A fumigatus (n=53), A flavus (n=22), A niger
(n=8), and A terreus (n=6) were the most commonly
identified species.

Total treatment duration for the safety population was
similar to that of the ITT population. (The median
durations of total dosing for isavuconazole were 45 days
(IQR 13-83; five intravenous, 60 oral) and for voriconazole
were 47 days (IQR 13-83; five intravenous, 53 oral).
400 (78%) patients switched from intravenous to oral
dosing (194 for isavuconazole and 206 for voriconazole).
At day 14, isavuconazole trough plasma concentrations
ranged from 813 -1 ng/mL to 9952-5 ng/mL, with a mean
of 3354 ng/mL (SD 1816 ng/mL) (appendix).

Of 258 patients who received isavuconazole,
118 completed treatment and 140 discontinued
treatment. 170 completed follow-up (28 days after end of
treatment), and 88 discontinued the study. Of
258 patients who received voriconazole, 120 completed
treatment and 138 discontinued treatment. 155 patients
completed follow-up and 103 discontinued the study.

For the primary efficacy endpoint, all-cause mortality
from first dose of study drug to day 42 in the ITT
population was 19% (48 patients) for isavuconazole and
20% (52 patients) for voriconazole (adjusted treatment
difference —1-0%, 95% CI —7-8 to 5-7; table 2). The study
met the primary objective of demonstrating non-
inferiority of isavuconazole versus voriconazole, because
the upper limit of the 95% CI (5-7%) was lower than the
prespecified 10% non-inferiority margin. All-cause
mortality from first dose of study drug to day 42 across
the mITT and myITT subpopulations supported this
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conclusion (table 2). No treatment-by-subgroup factor
interaction was noted according to the prespecified
significance value of p<0-15.

For the per-protocol analysis, all-cause mortality from
first dose of study drug to day 42 was 15% (26 of
172 patients) for isavuconazole and 18% (31 of
175 patients) for voriconazole (adjusted treatment
difference —2-6%, 95% CI -10-3 to 5-1).

For the key secondary efficacy endpoint, overall
response at end of treatment (as assessed by the data
review committee) in the mITT population was similar
for isavuconazole and voriconazole (complete response
in 35% [50/143] patients vs 36% [47/129]; table 2). Clinical,
mycological, and radiological responses at end of
treatment, as assessed by the data review committee,
were similar in the mITT population (table 2). 31 patients
in the isavuconazole group and 29 patients in the
voriconazole group were assumed to have not achieved
treatment success because they had no imaging after
baseline.

Mortality from first dose of study drug to day 84 using
the Kaplan-Meier method was similar between treatment
groups in both the ITT population (treatment difference
-1-1%, 95% CI -8-9 to 6-7; figure 2) and the mITT
population (-5-7%, 95% CI -16-9 to 5-5; appendix). An
analysis of mortality using the revised galactomannan
criteria is provided in the appendix.

Nearly all patients in the safety population had at least
one treatment-emergent adverse event (247 [96%)] receiving
isavuconazole and 255 [98%] receiving voriconazole;
p=0-122). The five most common events that occurred in
at least 5% of patients in either group were nausea,
vomiting, diarrhoea, pyrexia, and hypokalaemia
(appendix).

Proportions of patients with treatment-emergent adverse
events by system organ classes were similar for most
categories (table 3), although isavuconazole-treated
patients had a significantly lower frequency of hepatobiliary
disorders, eye disorders, and skin or subcutaneous tissue
disorders. The proportion of patients with serious
treatment-emergent adverse events was similar between
treatment groups.

Significantly fewer patients reported events considered
drug-related by the investigator for isavuconazole than for
voriconazole (109 [42%] wvs 155 [60%]; p<0-001).
Additionally, fewer isavuconazole-treated patients
experienced drug-related treatment-emergent adverse
events within the following system organ classes:
hepatobiliary disorders, laboratory investigations, eye
disorders, and psychiatric disorders. Permanent drug
discontinuation due to treatment-emergent adverse events
were less common with isavuconazole (37 [14%] vs 59
[23%)]). Permanent drug discontinuation due to drug-
related adverse events was lower for isavuconazole than for
voriconazole (21 [8%] vs 35 [14%)).

Differences between isavuconazole and voriconazole for
the overall analysis of treatment-emergent adverse events

90
80
704
60

50

Survival (%)

40
30
204

104

— lsavuconazole
—— Voriconazole

Treatment difference (95% Cl)
-11(-8-9t0 6:7) p=0-744

0 T T T T T T T T T
0 6 12 18 24 30 36 42 48 54

Number at risk Study day
Isavuconazole 258 252 240 232 224 220 220 211 206 204
Voriconazole 258 253 239 233 225 220 213 206 202 199

T T T T l
60 66 72 78 84

188
182

185
179

199
194

195
192

192
188

Figure 2: Survival from first dose of study drug to day 84

Patients were censored on the day of their last known survival status, represented by the circles. Figure shows data
for ITT population. ITT=intention to treat; all randomised patients who received study drug.

and serious treatment-emergent adverse events were
consistent with those of the subgroup analysis by age, sex,
race, ethnic origin, geographical region, allogeneic
transplantation, active malignancy status, and neutropenia
(data not shown). Analyses of other safety parameters,
including laboratory parameters and ECG, revealed no
clinically relevant trends (data not shown).

In a post-hoc analysis of the strictly defined intention-
to-treat population (all patients randomly assigned,
irrespective of whether they received the study drug), all-
cause mortality from first dose of study drug to day 42
was 20% (53 of 263 patients) for isavuconazole and 22%
(57 of 264 patients) for voriconazole (adjusted treatment
difference —1-1%, 95% CI-7-9 to 5-7).

Discussion
In this double-blind, randomised trial, we compared the
efficacy and safety of intravenous and oral formulations
of two mould-active azoles for the treatment of invasive
aspergillosis and other mould infections. Our study
demonstrates that isavuconazole is mnon-inferior to
voriconazole in patients suspected of having invasive
mould disease, but showed significantly fewer drug-
related adverse events and fewer drug discontinuations.
Our primary analysis, 42-day mortality in the ITT
population, met the prespecified non-inferiority margin
of 10% (adjusted treatment difference —-1-0%, 95% CI
-7-8 to 5-7). The equivalent analysis in the mITT
population, consisting of patients with proven or
probable invasive mould disease, was -2:6% (95% CI
-12-2 to 6-9); because the upper 95% CI was less than
10%, this finding also supports non-inferiority of
isavuconazole versus voriconazole in this population.
However, the study was powered to show a non-inferiority
margin for the primary endpoint only; the denominator
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Isavuconazole Voriconazole p value
(n=257) (n=259)
Overall 247 (96%) 255 (98%) 0-122
Gastrointestinal disorders 174 (68%) 180 (69%) 0-705
Infections and infestations 152 (59%) 158 (61%) 0719
General disorders and administrative site conditions 148 (58%) 144 (56%) 0-658
Respiratory, thoracic, and mediastinal disorders 143 (56%) 147 (57%) 0-859
Metabolism and nutrition disorders 108 (42%) 121 (47%) 0289
Nervous system disorders 95 (37%) 89 (34%) 0-582
Skin and subcutaneous tissue disorders* 86 (33%) 110 (42%) 0-0379
Investigations (abnormal laboratory tests) 85 (33%) 96 (37%) 0-357
Blood and lymphatic system disorders 77 (30%) 82 (32%) 0-703
Psychiatric disorderst 70 (27%) 86 (33%) 0-151
Musculoskeletal and connective tissue disorders 69 (27%) 77 (30%) 0-495
Vascular disorders 67 (26%) 77 (30%) 0-378
Renal and urinary disorders 55 (21%) 58 (22%) 0-832
Cardiac disorders 43 (17%) 57 (22%) 0-148
Eye disorderst 39 (15%) 69 (27%) 0-0029
Injury, poisoning, and procedural complications 33 (13%) 39 (15%) 0-526
Hepatobiliary disorders§ 23 (9%) 42 (16%) 0-0169
Immune system disorders 20 (8%) 25 (10%) 0-533
Neoplasms benign, malignant and unspecified 19 (7%) 31(12%) 0-101
Ear and labyrinth disorders 14 (5%) 13 (5%) 0-846
Reproductive system and breast disorders 8 (3%) 13 (5%) 0373
Endocrine disorders 5(2%) 3 (1%) 0-503
Congenital, familial, and genetic disorders 3(1%) 2 (1%) 0-685
Social circumstances 0 1(<1%) >0-999
Coded in MedDRA 12.1. Adverse events (preferred terms) reported in safety population (all patients who received first
dose of study drug). *Rash, 17/257 (7%) vs 28/259 (11%); erythema, 9/257 (4%) vs 15/259 (6%); skin lesion, 4/257
(2%) vs 8/259 (3%); and drug eruption, 3/257 (1%) vs 11/259 (4%). tHallucinations, 6/257 (2%) vs 11/259 (4%); visual
hallucinations, 3/257 (1%) vs 11/259 (4%); and agitation, 2/257 (1%) vs 7/259 (3%). #Visual impairment, 4/257 (2%) vs
19/259 (7%); photophobia, 2/257 (1%) vs 6/259 (2%); reduced visual acuity, 1/257 (<1%) vs 6/259 (2%); and retinal
haemorrhage 0/257 (0%) vs 5/259 (2%). SHyperbilirubinaemia, 5/257 (2%) vs 10/259 (4%); abnormal hepatic function,
4/257 (2%) vs 9/259 (3%); jaundice, 1/257 (<1%) vs 6/259 (2%); and cholestasis, 1/257 (<1%) vs 6/259 (2%).
q[Statistical significance at p<0-05 (Fisher’s exact test).
Table 3: Treatment-emergent adverse events by system organ class

was substantially smaller in the mITT population (n=272)
than in the ITT population (n=516), which resulted in
widened 95% ClIs. Nevertheless, the upper 95% CI was
also less than 10% for the mITT, myITT, per-protocol,
and (post-hoc) strictly defined intention-to-treat
populations, thereby providing strong support for the
non-inferiority of isavuconazole versus voriconazole.
Voriconazole is currently recommended for the
primary treatment of invasive aspergillosis on the basis
of results from a study in which voriconazole significantly
improved survival compared with amphotericin B
deoxycholate.” In real-life registries, the first-line use of
voriconazole has been consistently associated with
improved response and decreased mortality attributable
to invasive aspergillosis compared with other mould-
active agents.?” Voriconazole is also recommended for
the primary treatment of some rare mould infections,
but is not active against Mucorales.’ It displays highly

variable non-linear pharmacokinetics in adults, which
has triggered recommendations for therapeutic drug
monitoring.”* By contrast, isavuconazole, which has
activity against Mucorales,” demonstrates predictable
and linear pharmacokinetics with low interpatient
variability, making it an attractive alternative.”

Similar to a recent study in invasive aspergillosis, we
used all-cause mortality at 6 weeks as the primary
outcome measure.” This outcome was chosen because it
provides the most objective and reproducible effect of
therapy, and approximates best the attributable mortality,
because deaths due to competing causes occur
increasingly after 6 weeks.”

Overall response, our secondary endpoint, is
traditionally used as the primary endpoint, but is less
rigorous and more subjective. When analysing individual
components of the data review committee-assessed
overall response in our study, an inconsistency was noted
between clinical response and radiological response
rates. Indeed, as described previously,” radiographic
evidence of response, the key driver of overall response,
lagged behind clinical improvement. Mycological and
radiological responses for patients with missing data
were counted as failures, thereby ensuring any bias that
was introduced was conservative.

In a large phase 3 trial of voriconazole, the overall
response at week 12 was 53% (76/144) in the voriconazole
group (median treatment duration for voriconazole
77 days [range 2-84])." The overall response at end of
treatment in our study was 36% (47/129) for voriconazole
(median treatment duration 50 days [range 1-88]). This
difference could be accounted for by different definitions
of neutropenia (at baseline), inclusion of possible cases
in the previous study, and by the more stringent response
criteria of the SECURE trial.” It should be noted that the
all-cause mortality rates in both studies were similar.”

As in previous studies,** patients with possible invasive
mould disease were enrolled to include early diagnoses
and provide early therapy. However, confirmation of
invasive mould disease can take up to a week or may not
be possible at all. With all available diagnostic data from
the first study week, the data review committee confirmed
that 53% of the ITT population had proven or probable
invasive mould disease and could be included in the mITT
analysis. Importantly, as per our protocol but contrary to
current international consensus definitions® and studies
mentioned previously,®* galactomannan positivity of
broncho-alveolar fluid alone was not accepted to upgrade
possible cases to probable disease. Many ITT patients
could not be included in the mITT population, which,
similar to previous trials, might have increased the
probability of meeting the non-inferiority margin.
However, examination of the mITT population suggests
that the non-inferiority margin would have been met in
that population. Nevertheless, enrolment of patients with
possible invasive mould disease at study entry reflects the
real-life strategy of early initiation of antifungal treatment.
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The most important differentiating feature between
isavuconazole and voriconazole in the current study
was the tolerability and safety profile of isavuconazole,
which could allow safer therapy. Voriconazole therapy
is characterised by a narrow therapeutic window and an
established association between elevated concentrations
and neurotoxic,” hepatic, and visual adverse events.”
These adverse events, although usually reversible, often
lead to premature discontinuation of the drug. (Of the
drug-related hepatobiliary adverse events reported in
our study, 26 (10%) were noted in the voriconazole
group compared with five (2%) in the isavuconazole
p- In this study, key adverse events known to be
=ted to voriconazole (including eye, hepatic, and skin
disorders) and discontinuations due to adverse events
were significantly less common among isavuconazole-
treated patients. Given the double-blind nature of the
study, this suggests a true difference in the safety
features of the two azoles. Whether the higher
proportion of adverse events with voriconazole was due
to supratherapeutic drug exposure cannot be excluded
without therapeutic drug monitoring; however, the
effect of therapeutic drug monitoring on the incidence
of these adverse events remains speculative.

The generalisability of our study is limited because of
the exclusion of patients with AIDS, abnormal liver or
renal function, and those receiving antifungal prophylaxis
with a mould-active azole. Additionally, few patients with
rare disorders for invasive mould disease were enrolled
in the study.

During the conduct of this study, therapeutic drug
monitoring for voriconazole—aimed at improving
response by individualising dosage regimens,
preventing drug-related adverse events, and early
discontinuation—became the standard of care in some
institutions. This study used the labelled dose of
voriconazole and did not address the comparative
efficacy of isavuconazole versus voriconazole
administered at higher oral doses or with therapeutic
drug monitoring. However, on the basis of the
predictable and linear pharmacokinetics," no evidence
seems to suggest that therapeutic drug monitoring is
required for isavuconazole.

We conclude that isavuconazole is non-inferior to
voriconazole for the primary treatment of suspected
invasive mould disease, with substantially fewer drug-
related adverse events and discontinuations.
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Abstract

There is a paucity of data on posaconazole (PCZ) dosing and therapeutic-drug-monitoring (TDM) in allo-
geneic hematopoietic cell transplant recipients (allogeneic-HCTr). This was a 3-year retrospective multicenter
study (January 1, 2016 to December 31, 2018) in adult allogeneic-HCTr who received PCZ (intravenously, IV
and/or as delayed-release tablet, DRT) as prophylaxis or treatment for >7 consecutive days (D) with at least
1-PCZ-level available using data of the Swiss Transplant Cohort Study. The primary objective was to describe
the distribution of PCZ-level and identify predictors of therapeutic PCZ-level and associations between PCZ-
dosing and PCZ-level. A total of 288 patients were included: 194 (67.4%) and 94 (32.6%) received PCZ as
prophylaxis and treatment, respectively, for a median of 90 days (interquartile range, IQR: 42-188.5). There
were 1944 PCZ-level measurements performed, with a median PCZ level of 1.3 mg/L (IQR: 0.8-1.96). PCZ-level
was <0.7 mg/L in 383/1944 (19.7%) and <1.0 mg/L in 656/1944 (33.7%) samples. PCZ-level was <0.7 mg/L in
260/1317 (19.7%) and <1.0 mg/L in 197/627 (31.4%) in patients who received PCZ-prophylaxis versus treat-
ment, respectively. There were no significant differences in liver function tests between baseline and end-of-
treatment. There were nine (3.1%) breakthrough invasive fungal infections (blFl), with no difference in PCZ
levels between patients with or without bIFl. Despite a very intensive PCZ-TDM, PCZ-levels remain below
target levels in up to one-third of allogeneic-HCTr. Considering the low incidence of bIFl observed among
patients with PCZ levels in the targeted range, our data challenge the clinical utility of routine universal
PCZ-TDM.

Key words: posaconazole, therapeutic drug monitoring, allogeneic hematopoietic cell transplant recipients, antifungal prophy-
laxis, antifungal treatment.
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Introduction

Posaconazole (PCZ) has been approved for the prophylaxis
of invasive fungal infections (IFI) in allogeneic hematopoietic
cell transplant (HCT) recipients with graft-versus-host disease
(GvHD) requiring treatment with high-dose steroids and can be
used as salvage therapy for patients with invasive mold infec-
tions (IMI).'"* Posaconazole is available as an intravenously (IV)
administered formulation, an oral (PO) suspension, and more re-
cently, as a delayed-release tablet (DRT). Target PCZ target con-
centrations of 0.7 and 1.0 mg/L for prophylaxis and treatment,
respectively, have been proposed and endorsed by international
societies.’>*® Data on therapeutic drug monitoring (TDM) of
PCZ-DRT obtained from a phase-3 prospective prophylaxis clin-
ical trial using a maintenance dose of 300 mg once daily demon-
strated a steady-state Cmin >0.7 mg/L in 90% of subjects.”
Similarly, small retrospective studies have shown that >90% of
patients on the DRT formulation achieve target blood levels.3~!!

However, there is a paucity of data on PCZ dosing, TDM,
and possible associations with efficacy and toxicity from well-
described real-life paradigms. Furthermore, there are no well-
defined guidelines to inform clinicians on dose adjustments re-
quired to achieve therapeutic PCZ concentrations. In clinical
practice, incremental dose adjustments by 100 mg are commonly
used with successful outcomes, most of the times.!? We con-
ducted a retrospective multicenter cohort study in allogeneic
HCT recipients using data of the Swiss Transplant Cohort Study
(STCS) to describe the PCZ dosing and TDM.

Methods

Study design and inclusion/exclusion criteria

The STCS is a multicenter cohort study prospectively en-
rolling >95% of allogeneic HCT recipients in all Swiss HCT-
centers between 2009 and 2018.'3 We performed a 3-year retro-
spective observational cohort study of all patients, who received
PCZ between January 1,2016 and December 31,2018. All adult
(>18 years) allogeneic HCT recipients were included if they re-
ceived PCZ (IV and/or DRT) as prophylaxis or treatment for a
minimum of 7 consecutive days (D) with at least one PCZ level
available post-D3 of PCZ administration. For patients who re-
ceived >1 HCT and/or >1 PCZ courses, data were recorded only
for the first allogeneic HCT and/or PCZ-course. Patients were ex-
cluded if they received PCZ suspension or PCZ-administration
for <7 days and had no PCZ-level available by D3 of PCZ ad-
ministration. All patients had signed an informed consent form
to participate in the STCS. The study was approved by the rele-
vant Ethics Committees.

Data collection

Participants were identified through the STCS and hospital-
pharmacy databases. The following data were directly retrieved

from the STCS-database: demographics and HCT variables:
date of HCT, conditioning, HCT source, donor/recipient (D/R)
matching, D/R cytomegalovirus (CMV) serology, engraftment-
day, and GvHD > grade-2. The following data were retrieved by
chart-review: PCZ administration variables (dose, mode of ad-
ministration, start/stop dates), PCZ-level values, laboratory data
at baseline and by D7, 14, 28, 42, 84, end-of-treatment (EOT),
and EOT + D14, including C-reactive protein (CRP), absolute
neutrophil count (ANC), absolute lymphocyte count (ALC), ala-
nine aminotransferase (ALT), gamma-glutamyl transpeptidase
(y-GT), alkaline phosphatase (ALP), and glomerular filtration
rate (GFR).

Definitions

The indication of PCZ intake was either prophylaxis or treat-
ment and was defined based on the indication suggested by
the treating physician, as noted in patient charts. For patients
with a proven/probable IFI before HCT treated with PCZ, PCZ
was considered (secondary) prophylaxis if IFI was diagnosed
>100 days pre-HCT and as treatment if the diagnosis was made
within 3 months prior to HCT. Proven and probable IFI were di-
agnosed based on revised consensus guidelines.'* Breakthrough
proven/probable IFI (bIFI) was defined as an IFI diagnosed af-
ter >7 days of PCZ administration.'’

Posaconazole TDM

PCZ TDM was performed with high-performance liquid
chromatography-mass spectrometry (HPLC/MS) by Chromsys-
tems Instruments & Chemicals (Grifelfing, Germany) in all cen-
ters. There were no established protocols of PCZ TDM and dose
adjustment at any of the three centers. Posaconazole TDM and
subsequent dose changes were performed as clinically indicated.
All centers used the same cutoffs of 0.7 and 1.0 mg/L as PCZ
targets for prophylaxis and treatment, respectively.

Objectives

The primary objective was to describe the distribution of
PCZ-level in a large contemporary cohort of allogeneic HCT
recipients. Secondary objectives included the identification of (a)
predictors of therapeutic PCZ-levels, (b) associations between
PCZ-dosing and PCZ-level, (c) liver function abnormalities, and
(d) bIFI during PCZ-administration.

Statistical analysis

Categorical variables were presented as absolute counts and per-
centages. Continuous variables were described by median, mean,
range of values, and interquartile range (IQR), as appropri-
ate. Categorical and continuous variables were compared with
the Fisher’s exact and a two-tailed Student’s ¢-test, respectively.
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Intraindividual and interindividual variability of PCZ concen-
tration was assessed by calculating the median of the coefficient
of variation (CV) of all the PCZ-level measured in a single pa-
tient and the CV of the average PCZ-level of each patient, re-
spectively. Backward logistic regression analysis was completed
on different data points to evaluate variables associated with
therapeutic PCZ-concentrations. Variables with a P-value < .1
in univariable analyses were included in the multivariable mod-
els using backwards stepwise logistic regression. A two-sided
P-value < .05 was considered statistically significant for all tests.
Statistical analysis was performed using STATA 16.0 (StataCorp,
College Station, TX).

Results

Patient population and PCZ administration

A total of 288 patients were included in this study: 194
(67.4%) received PCZ as prophylaxis (prophylaxis-group) and
94 (32.6%) as treatment (treatment-group). The baseline patient
characteristics are detailed in Table 1. PCZ administration data
are presented in Table 2. PCZ was started before and after HCT
in46 (16%) and 242 (84 %) patients, respectively. A loading dose
was administered in 160 (55.6%) patients. Initial maintenance
treatment was administered orally (234, 81.3%) at a dose of
300 mg once daily (268, 93.1%) in the vast majority of patients.
Patients received PCZ for a median of 90 days (IQR: 42-188.5):
85 and 140 days, in the prophylaxis and treatment groups, re-
spectively (P-value = .06).

Posaconazole TDM

Overall patient population

There were 1944 PCZ-level measurements performed during
the study period. The median number of tests per patient was
5 (IQR: 3-8), with a median PCZ-level of 1.3 mg/l (IQR:
0.8-1.96; Figure 1A). Intraindividual and interindividual vari-
ability of PCZ concentration was 57.0% and 65.0%, re-
spectively. PCZ-level was <0.7 mg/L in 383/1944 (19.7%)
and <1.0 mg/L in 656/1944 (33.7%) of all samples (Table 3).
PCZ levels significantly increased from a median of 0.73 mg/L
by D5 and 0.91 mg/L by D7 to a median of 1.06 mg/L by D14
(P-value < .001) and 1.40 mg/L by D28 (P-value < .001;
Figure 1B). After D28, the median PCZ level remained stable
between 1.35 and 1.50 mg/L without significant changes.

By indication

There were 1317 (67.7%) and 627 (32.3%) PCZ level tests in
the PCZ prophylaxis group and treatment group, respectively
(Figure 2A). The median number of tests per patient was 5 (IQR:
3-8) and 6 (IQR: 3-9) in the prophylaxis group and treatment
group, respectively (P-value = .87). PCZ level was <0.7 mg/L in
260/1317 (19.7%) and <1.0 mg/L in 197/627 (31.4%, P-value =

.10) in the prophylaxis-group and treatment-group, respectively.
Overall, the median PCZ-level was lower in patients who re-
ceived PCZ-prophylaxis (1.26 mg/L,IQR: 0.8-1.85) versus treat-
ment (1.50 mg/L, IQR: 0.8-2.25; P-value < 0.001; Figure 2B).
There were no significant differences in PCZ levels between the
prophylaxis-group and treatment-group between D7 and D180
of PCZ administration (Table 3).

Predictors of PCZ level >0.7 mg/L

Baseline ALT >100 IU/L (OR: 5.75, P-value = .02) was a signif-
icant predictor of PCZ level >0.7 mg/L by D7 of PCZ admin-
istration, while baseline GFR <100 mL/min/1.73 m? (odds ra-
tio, OR: 0.48, P-value = 0.02) was negatively associated with
PCZ level >0.7 mg/L by D7 (Supplementary Table S1). PCZ
level >0.7 mg/L by D7 was the only and strongest predictor of
PCZ-level >0.7 mg/L by D14 (OR: 4.93, P-value = .001; Sup-
plementary Table S2).

PCZ administration changes

Initial maintenance treatment was administered at 300 mg once
daily in 268 (93.1%) patients, followed by 400 mg (17, 5.9%)
and 200 mg (3, 1%). By EOT, PCZ was administered at 100,
200,300,400, 500, 600, 1000 mg daily in 15 (5.2%),28 (9.7 %),
199 (69.1%), 30 (10.4%), 9 (3.1%), 6 (2.1%),and 1 (0.4%) pa-
tients, respectively, when compared to initial treatment (P-value
= .07; Supplementary Figure S1a). PCZ dose and formulation
remained unchanged in 112/288 (38.9%) patients throughout
their course, whereas 21 (7.3%) and 155 (53.8%) underwent
formulation change only and dose + formulation change, respec-
tively (Supplementary Figure S1b).

PCZ administration changes and PCZ-TDM

Additional analyses were performed in order to describe the re-
lationship between dose and/or formulation changes and PCZ-
level. For those analyses, patients were included if the follow-
ing data were available: (a) PCZ dose and formulation dur-
ing the first 365 days, (b) PCZ-level before (£1 days) and 7
(£1) days after change in PCZ dose and/or formulation. A total
of 139 patients with 240 doses/formulation changes and avail-
able PCZ-level were identified (Supplementary Table S3). There
were 43 (17.9%), 116 (48.3%), and 81 (33.8%) sets of data
for administration formulation-only changes, increasing, and

decreasing doses, respectively.

Administration formulation-only changes

In 43 cases of formulation-only changes, the median PCZ-level
before and after PCZ change was 0.81 mg/L (IQR: 0.51, 1.42)
and 0.96 mg/L (IQR: 0.66, 1.50; P-value = 0.68), respectively.
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Table 1. Baseline patient characteristics

All patients PCZ Prophylaxis PCZ Treatment

N =288 (%) N =194 (%) N =94 (%) P-value!
Demographics
Age, Mean Years (SD; Range) 51.5 (14.2; 18-76) 51.6 (14.2; 18-76) 50.2 (14.2; 18-73) 45
Gender, Female 106 (36.8) 72 (37.1) 34 (36.2) .90
HCT characteristics
HCT Donor .14
Matched related 82 (28.5) 50 (25.8) 32 (34.0)
Matched unrelated 145 (50.3) 106 (54.6) 39 (41.5)
Mismatched unrelated 23 (8.0) 16 (8.3) 7(7.5)
Haploidentical 38 (13.2) 22 (11.3) 16 (17.0)
HCT source .10
Bone marrow 55(19.1) 31 (16.0) 24 (25.5)
Peripheral blood stem cells 232 (80.6) 162 (83.5) 70 (74.5)
Cord blood 1(0.3) 1(0.5) 0
Conditioning regimen, Myeloablative 131 (45.4) 103 (53.1) 91 (46.9) 49
GvHD prophylaxis .03
Cyclosporine, MMF 115 (40.0) 72 (37.1) 43 (45.7)
Cyclosporine, Methotrexate 122 (42.4) 83 (42.8) 39 (41.5)
Tacrolimus, Methotrexate 13 (4.5) 13 (6.7) 0
Tacrolimus, MMEF, Cyclophosphamide 38 (13.1) 26 (13.4) 12 (12.8)
GvHD > grade 2 144 (50.0) 118 (60.8) 26 (27.7) <.001
Gastro-intestinal GVHD > grade 2 78 (27.1) 67 (34.5) 11 (11.7) <.001
CMYV donor/recipient serology status 37
D-R- 89 (30.9) 57 (29.4) 32 (34.0)
D-R+ 65 (22.6) 47 (24.3) 18 (19.2)
D + R+ 106 (36.8) 68 (35.0) 38 (40.4)
D+ R- 28 (9.7) 22 (11.3) 6(6.4)
Proven/Probable IFI prior to HCT 59 (20.5) 19 (9.8) 40 (42.6) <.001
IFI, Median Days before HCT (IQR) 65 (36, 124) 136 (124, 217) 42 (26.5,66) <.001
Laboratory values at PCZ initiation
ANC (mm?/mL), Median (IQR)? 1.95(0.5,4.2) 1.9 (0.6, 4) 2.0 (0.23,4.5) .53
ALC (mm?/mL), Median (IQR)3 0.37 (0.1, 0.9) 0.36 (0.1, 0.8) 0.46 (0.15,1.2) 26
GFR (mL/min/1.73m?2), Median (IQR)* 92 (68, 108) 88 (65, 108) 98 (78,112) 13
AST (IU/l), Median (IQR)® 23 (17, 35) 23 (17,37) 23 (16, 35) .99
ALT (IU/), Median (IQR)® 28.5 (18, 57.5) 30 (19, 61) 26 (18,49) .62
¢-GT (IU/l), Median (IQR)’ 72 (41, 159) 81.5 (40, 155) 62 (41, 162) 64
ALP (IU/l), Median (IQR)8 84 (57, 126) 81.5 (56, 116) 87.5 (61.5,149) .67
Center .002
Center 1 122 (42.4) 86 (44.3) 36 (38.3)
Center 2 96 (33.3) 73 (37.6) 23 (24.5)
Center 3 70 (24.3) 35 (18.1) 35(37.2)

PCZ, Posaconazole; SD, standard deviation; IQR, interquartile range; HCT, hematopoeitic cell transplant; GVHD, graft-versus-host disease; MME, mycophenolate mofetil; CMV,
Cytomegalovirus ; D, donor; R, recipient; IFI, invasive fungal infection; ANC, absolute neutrophil count ; ALC, absolute lymphocyte count; GFR, glomerular filtration rate;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; IU, international unit.

! P-value was calculated by t-test and chi-square test for continuous and categorical variables, respectively.

2Data on ANC were available for 226 patients in total: 152 and 74 in the prophylaxis and treatment groups, respectively.

3Data on ALC were available for 258 patients in total: 173 and 85 in the prophylaxis and treatment groups, respectively.

4Data on GFR were available for 273 patients in total: 181 and 92 in the prophylaxis and treatment groups, respectively.

SData on AST were available for 258 patients in total: 177 and 81 in the prophylaxis and treatment groups, respectively.

®Data on ALT were available for 272 patients in total: 182 and 90 in the prophylaxis and treatment groups, respectively.

7Data on gGT were available for 213 patients in total: 152 and 61 in the prophylaxis and treatment groups, respectively.

$Data on ALP were available for 266 patients in total: 178 and 88 in the prophylaxis and treatment groups, respectively.

120Z Atenuep 0 uo Jasn 8Asuas) ap alsiaAlun Aq Z119509/90 | eeAw/Aww/S601 "0 | /Iop/ajonie-aoueApe/Awiw/wod dno-olwapeoe//:sdiy Wwolj papeojuMo(]



Kraljevic et al.

Table 2. Posaconazole administration data

All patients PCZ Prophylaxis PCZ Treatment
PCZ variables N =288 (%) N =194 (%) N =94 (%) P-value!
PCZ started before HCT 46 (16) 36 (18.6) 10 (10.6)
Median days PCZ initiation before HCT (IQR) 12.5 (4,110) 12 (3,110) 25 (8,63) .86
PCZ started after HCT 242 (84) 158 (81.4) 84 (89.4)
Median days PCZ initiation after HCT (IQR) 31.5 (15, 135) 35.5 (15, 145) 28.5 (15,128) .94
PCZ loading dose 160 (55.6) 103 (53.1) 57 (60.6) 26
Mode of loading dose, IV 42/160 (26.2) 30/103 (29.1) 12/57 (24.1) .35
PCZ maintenance dose
Initial dose, PO 234 (81.3) 152 (78.4) 82 (87.2) .08
Initial dose mg/day .20
Initial dose < 300 mg daily 3(1.0) 3(1.6) 0
Initial dose 300 mg daily 268 (93.1) 183 (94.3) 85 (90.4)
Initial dose 400 mg daily 17 (5.9) 8 (4.1) 9 (9.6)
Number of dose changes during course .30
No dose/no mode changes 112 (38.9) 69 (35.6) 43 (45.7)
No dose/mode changes 21 (7.3) 16 (8.2) 5(5.3)
>1 dose + mode changes 155 (53.8) 109 (56.2) 46 (49.0)
PCZ duration
Median days (IQR) 90 (42, 188.5) 85 (39, 164) 140 (55,230)
>7 days 288 (100) 194 (100) 94 (100) 1.00
>14 days 278 (96.5) 187 (96.4) 91 (96.8) 1.00
>28 days 238 (82.6) 158 (81.4) 80 (85.1) S1
>42 days 217 (75.4) 144 (74.2) 73 (77.7) 56
>84 days 158 (54.9) 99 (51.0) 59 (62.8) .08
>100 days 134 (46.5) 81 (41.7) 53 (56.4) .02
>180 days 83 (28.8) 47 (24.2) 36 (38.3) .02
>365 days 22 (7.6) 13 (6.7) 9 (9.6) 48

PCZ, Posaconazole; HCT, hematopoeitic cell transplant; IV, intravenous; PO, oral; IQR, interquartile range.

! P-value was calculated by t-test and chi-square test for continuous and categorical variables, respectively.

Dose increase

In 116 sets of available data, the median PCZ-level before
and after PCZ dose-increase was 0.53 mg/L (IQR: 0.35, 0.70)
and 0.96 mg/L (IQR: 0.60, 1.50; P-value < .001), respectively
(Figure 3A). PCZ-level decreased (N: 21) or did not change (N: 1)
in22/116 (19%) and increased in 94 (81%) cases. Dose increases
led to higher median post-change PCZ-level between 0.91 and
1.16 mg/L, with the highest median PCZ-level attained with a
dose-increase of 50-67% (Figure 3B).

Dose decrease

In 81 sets of data with dose decrease, the median PCZ-level be-
fore and after PCZ change was 2.33 mg/L (IQR: 1.50, 3.10)
and 1.63 mg/L (IQR: 0.93, 2.29; P-value < .001), respectively
(Figure 3C). PCZ-level increased in 23 of 81 (28.4%) and
decreased in 58 of 81 (71.6%) cases. The baseline median
PCZ level was significantly higher in those patients who had
a dose-decrease by 33% (2.60 mg/L, P-value = 0.001) and
50-67% (2.61 mg/L, P-value = 0.04) as compared to 20-
25% (1.46 mg/L), respectively (Supplementary Table S4). Dose

decreases led to lower median post-change PCZ-level between
1.23 and 1.96 mg/L, with the lowest median PCZ-level achieved
with a dose-decrease of 50-67% (Figure 3D).

Liver function tests

To assess the effect of PCZ on liver function, ALT, ALP, and
y-GT for all patients between baseline, end-of-treatment (EOT),
and 14 days after EOT (EOT + 14) were compared (Supple-
mentary Figure S2a—c). There were no significant differences in
the median (IQR) between baseline, EOT, and EOT + 14 for
(a) ALT (baseline-median: 28 IU/L, IQR: 18, 56 versus EOT-
median: 38 TU/L, IQR: 23, 64; P-value = .12 vs EOT + 14-
median: 35 IU/L,IQR: 22, 61; P-value = .81), (b) ALP (baseline-
median:86 IU/L, IQR: 57, 126 vs EOT-median: 87 IU/L, IQR:
60, 134; P-value: 0.53 versus EOT + 14-median: 92 IU/L,
IQR: 61, 129; P-value: 0.19), and (c) y-GT (baseline-median:
72 TU/L, IQR: 41, 159 vs EOT-median: 781U/, IQR: 38, 176;
P-value = .70 vs EOT + 14-median: 66 IU/L, IQR: 31, 155;
P-value = .10).
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Figure 1. (A) Histogram demonstrating the distribution of posaconazole blood concentrations in the overall cohort. (B) Box-plots of posaconazole blood concen-
trations on predefined time points of posaconazole administration. Boxes represent the median and 25th and 75th percentiles, whiskers represent the range of
maximum and minimum values within the interquartile range. Outliers are not shown. Significant P-values calculated by unpaired t-test for the mean values
between different time-points for all patients are presented below: D5 to D14:.004, D5 to D28: <.001, D5 to D42: <.001, D5 to D84: <.001, D5 to D100: <.001, D5
to D180: .003, D5 to D180-365: <.001, D5 to D>365: <.001, D7 to D28: <.001, D7 to D42: <.001, D7 to D84: <.001, D7 to D100: <.001, D7 to D180-365: <.001, D7 to
D > 365: <.001, D14 to D28: <.001, D14 to D42: <.001, D14 to D84: .002, D14 to D100: .003D14 to D180-365: <.001, D14 to D > 365: <.001.
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Table 3. Posaconazole mean/median values in the overall cohort and based on indication (prophylaxis versus treatment) of administration
at predefined time-points

Overall DS D7 D14 D28 D42 D84 D100 D180 D 180-365 D > 365
All patients!
Mean (SD)? 1.50 (1.0) 0.92(0.8) 1.12(0.8) 1.23(0.8) 1.59(1.0) 1.59(1.0) 1.58(0.9) 1.61(0.9) 1.39(0.7) 1.63 (1.0) 1.83(1.2)
Median 1.30 0.73 0.91 1.06 1.40 1.38 1.50 1.45 1.35 1.39 1.40
IQR 0.80,1.97 0.40,1.30 0.60,1.50 0.59,1.70 0.86,2.00 0.90,2.10 1.00,2.04 0.90,2.08 0.88,1.73 0.93,2.10 0.88,2.40
Range 0.05,8.28 0.10,4.60 0.05,4.10 0.05,3.97 0.10,5.49 0.06,4.51 0.10,4.20 0.10,4.30 0.18,3.15 0.10,5.10 0.10, 5.00
Tests N 1944 86 125 186 155 122 82 62 31 285 83
Prophylaxis'
Mean (SD) 1.44(0.9) 1.01(0.8) 1.11(0.8) 1.21(0.8) 1.54(0.9) 1.60(1.0) 1.53(0.9) 1.51(0.9) 1.32(0.6) 1.46(0.9) 1.66 (1.1)
Median 1.26 0.90 0.90 1.06 1.40 1.38 1.40 1.40 1.35 1.30 1.40
IQR 0.80,1.85 0.51,1.30 0.60,1.40 0.59,1.70 0.90,1.80 0.89,2.11 0.93,2.02 0.85,2.00 0.90,1.70 0.87,1.90 0.73,2.19
Range 0.05.8.28 0.10,4.60 0.05,4.10 0.50,3.97 0.20,4.30 0.06,4.32 0.10,4.20 0.10,4.39 0.18,2.50 0.10,4.90 0.10,4.90
Tests N 1317 57 87 132 101 84 60 40 21 189 51
C<0.7N (%) 260(19.7) 23(40.4) 30(34.5) 41(31.1) 10(9.10) 12 (14.3) 2 (9.10) 6 (15.0) 3(14.3) 31 (16.4) 9(17.7)
Treatment!
Mean (SD) 1.66 (1.1) 0.72(0.7) 1.13(0.7) 1.26(0.9) 1.67(1.2) 1.56(0.8) 1.71(0.9) 1.80(1.0) 1.53(0.9) 1.98(1.2) 2.1(1.4)
Median 1.5 0.72 1.04 1.04 1.46 1.35 1.65 1.80 1.32 1.62 1.68
IQR 0.8,2.25 0.29,1.00 0.54,1.55 0.57,1.70 0.70,2.30 0.97,1.92 1.14,2.10 1.10,2.20 0.72,2.10 1.12,2.86 1.08,3.15
Range 0.05,6.80 0.10,2.66 0.10,2.60 0.05,3.80 0.10,5.49 0.20,4.51 0.29,3.80 0.10,4.30 0.51,3.15 0.10,5.10 0.10, 5.00
Tests N 627 29 38 54 54 38 22 22 10 96 32
C<10N (%) 197(31.4) 21(72.4) 19(50.0) 26(48.2) 20(37.0) 10 (26.3) 3(13.6) 4(18.2) 3(30.0) 18 (18.8) 7(21.9)
P-value? <0.001 0.10 0.88 0.74 0.48 0.85 0.41 0.24 0.43 <0.001 0.11

D: Day, SD: Standard deviation, IQR: Interquartile Range, N: Number, C: Concentration.

D 5,7,14,28,42, 84,100, 180, 180-365, and > 365: Posaconazole concentration by day 5,7 + 2,14 £2,28 £2,42 +2,84 + 2,100 + 5,180 + 5, 180-365, >365 of PCZ
administration, respectively.

!Values represent posaconazole concentration measured in mg/l.

2 P-values were calculated by unpaired t-test for the mean values between different time-points for all patients are presented below: DS to D7: .06, DS to D14:.004, DS to D28:
<.001, DS to D42: <.001, DS to D84: <.001, D5 to D100: <.001, DS to D180: .003, D5 to D180-365: <.001, DS to D > 365: <.001, D7 to D14: .24, D7 to D28: <.001,
D7 to D42: <.001, D7 to D84: <.001, D7 to D100: <.001, D7 to D180: .08, D7 to D180-365: <.001, D7 to D > 365: <.001, D14 to D28: <.001, D14 to D42: <.001, D14
to D84:.002, D14 to D100: .003, D14 to D180: .32, D14 to D180-365: <.001,D14 to D > 365: <.001, D28 to D42: .99, D28 to D84: .96, D28 to D100: .88, D28 to D180:
.29, D28 to D180-365: .63,D28 to D > 365: .11, D42 to D84: .96, D42 to D100: .87, D42 to D180: .27, D42 to D180-365: .65,D42 to D > 365: .12, D84 to D100: .84, D84
to D180: .26, D84 to D180-365: .65, D84 to D > 365: .14, D100 to D180: .24, D100 to D180-365: .86, D100 to D > 365: .25, D180 to D180-365: .19, D180 to D > 365:
.06,D180-365 to D > 365: .16.

3 P-value were calculated by unpaired t-test for the mean values between Prophylaxis- and Treatment-groups at different timepoints.

Breakthrough IFI

There were nine proven/probable bIFIs in the cohort for an

cases at a median of 4 days (range: 0-46) before the bIFI was
diagnosed. The median of the most recent PCZ level before bIFI
diagnosis was 1.1 mg/L (range: 0.4, 1.56). Except for one patient
with a PCZ level at 0.4 mg/L measured 9 days prior to bIFI
diagnosis, all other patients had a PCZ level between 0.97 and
1.56 mg/L.

incidence of 3.1%, all diagnosed after at least 14 days of
posaconazole administration. There were two cases of can-
didemia due to C. glabrata and one case of hepatosplenic
candidiasis. Six cases of IMI were diagnosed: two proven (one
mixed due to Rhizomucor pusilus and Rhizopus spp. and one . )
due to Aspergillus ustus) and four probable (two due to As- Discussion
pergillus spp., one due to Rhizomucor pusillus and one due to In this retrospective study with one of the largest contem-

an unidentified mold). There was no significant difference in the porary collections of PCZ IV and DRT administration and

number of bIFIs between the prophylaxis-group (7/194, 3.6%)
and the treatment-group (2/94, 2.1%; P-value: 0.72). Duration
of PCZ administration was similar between patients with bIFI
(mean: 90.8 days, SD: 22.4, median: 86 days, range: 14-195)
and no bIFI (mean: 147 days, SD: 152.5, median: 91 days, range:
8, 865; P-value: 0.27). There was no difference in the overall
PCZ-level mean values between patients with (1.32 mg/L, SD:
0.48, range: 0.4, 1.9) and without (1.47 mg/L, SD: 0.74, range:
0.1, 4.2) bIFI (P-value = .55). Patients with bIFI had a median
of 3 (range: 1, 13) PCZ-TDM performed prior to bIFI diagno-
sis. The median PCZ-level before bIFI for all nine patients was
1.31 mg/L (range: 0.4, 1.68). PCZ level was available for all nine

associated blood concentrations, we observed PCZ levels below
the target concentrations in 20-30% of cases, as previously re-

»7,8,16-19 More than half of the patients required at least

ported.!
one dose-change, as a response to suboptimal PCZ-levels lead-
ing to dose adjustments. In contrast to baseline, when almost
all patients received a maintenance dose of 300 mg daily, a large
variability of PCZ dose, between 100 and 1000 mg daily, was ob-
served in one-third of patients by EOT. These data suggest that
although a universal maintenance dose of 300 mg daily may still
be applicable in the large majority of allogeneic HCT recipients,
there remains a substantial group of patients requiring dose ad-

justments in real life.
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Figure 2. (A) Histogram demonstrating the distribution of posaconazole blood concentrations by indication: prophylaxis versus treatment. (B) Box-plots of
posaconazole blood concentrations on predefined time points of posaconazole administration by indication: prophylaxis versus treatment. Boxes represent
the median and 25th and 75th percentiles, whiskers represent the range of maximum and minimum values within the interquartile range. Outliers are not

shown.

Dose-changes were associated with variable effects on PCZ-
levels. In up to one-third of cases a dose change was followed by
a counteractive effect, pointing out that dose changes do not al-
ways lead to the expected PCZ-level changes. Most dose changes
observed in this study were in the range of 20-35%: for in-
stance for a patient receiving 300 mg daily, an increase to 400 mg
would be a dose-increase of 33%, while, for a patient receiving

400 mg daily, a decrease to 300 mg would be a dose-decrease of
25%.PCZ-dose increases by 100 mg-increments have been asso-
ciated with satisfactory PCZ-level elevation.'?> While sufficient in
a number of patients, more robust dose changes were frequently
required to attain target PCZ levels in this study. Clearly, more
data are needed to better appreciate the association and effect of
PCZ-dose changes on PCZ levels.
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Figure 3. (A) Distribution of posaconazole blood concentrations in patients with dose increases. (B) Distribution of posaconazole blood concentrations in pa-
tients with dose increases by percentage of dose increase-categories. (C) Distribution of posaconazole blood concentrations in patients with dose decreases.
(D) Distribution of posaconazole blood concentrations in patients with dose decreases by percentage of dose increase-categories. Boxes in Figures 3 a, b, ¢, and
d represent the median and 25" and 75™ percentiles, whiskers represent the range of maximum and minimum values within the interquartile range. Outliers

are not shown.

More liberal dose increases may lead to higher rates of
hepatotoxicity, frequently reported in patients treated with
azoles.2%22 However, liver impairment was reported in only 3%
of patients enrolled in the pivotal PCZ-prophylaxis clinical trials
and no direct associations between PCZ dose and/or PCZ lev-
els and hepatotoxicity have been demonstrated in pooled anal-
yses.!»1%>23 Similarly, our data did not show any significant dif-
ferences in liver function between baseline, EOT, and even by 14
days post-EOT. This may reflect the rather normal baseline liver
function in the vast majority of patients, modest effect of PCZ
on liver function, or represent selection biases: patients with mild
to modest liver function test changes during PCZ-administration
might have been more likely to sustain PCZ dose changes or tran-
sition to another agent, before a significant change was noted.

A small number of bIFI was observed for an overall incidence
of approximately 3%, consistent with prior reported rates.'>!%>*
The low rate of bIFI may be explained by the overall higher PCZ
concentrations observed in this study, with a median PCZ-level
at 1.3 mg/L, higher than 0.49-0.91 mg/L observed in the PCZ-
prophylaxis trials.!»1%:2%:2¢ Notably, all but one, patients with

bIFI had a PCZ level >0.7 mg/L shortly before the diagnosis of
their breakthrough infection.

Target PCZ concentrations of 0.7 and 1.0 mg/L for prophy-
laxis and treatment, respectively, have been proposed based on
post hoc analyses on the exposure-response relationship between
PCZ levels and effective IFI prophylaxis, using a composite end-
point of clinical response, in which most cases represented pa-
tients who discontinued PCZ prophylaxis for empirical antifun-
gal treatment initiation without confirmation of an IFL.> Whether
a certain PCZ blood concentration is associated with lower rates
of IMI remains largely unknown.®>2”28 Similarly, the importance
of plasma target PCZ concentrations to assure a clinical effect
as opposed to adequate PCZ distribution in target tissues is un-
clear?3 This is pertinent information for PCZ, a highly protein-
bound compound, with multiple-fold higher concentrations in
intracellular compartments, including alveolar cells, monocytes
and polymorphonuclear cells, as compared to plasma.>*-33 Fur-
thermore, the optimal pharmacokinetic/pharmacodynamic pa-
rameters to measure antifungal treatment effect have not —as
yet-been well defined.’*3* The above suggests that while plasma
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PCZ-TDM is a useful tool, it may not necessarily be the best
surrogate marker of PCZ clinical efficacy. This study was not
designed neither powered to assess the clinical utility of PCZ-
TDM or the efficacy of PCZ prophylaxis/treatment. However,
considering the time, effort and costs invested on PCZ-TDM
and dose adjustments based on our observations, low incidence
of bIFI, and lack of relevant robust data the question on the
utility and clinical significance of universal blood PCZ-TDM
may need to be revisited with dedicated clinical trials in the fu-
ture.>® Notably, our findings contrast the results of a recently
published modeling study, which suggested a potential bene-
fit of routine PCZ-TDM in patient populations with a higher
prevalence of subtherapeutic PCZ concentrations.>” More data
to better clarify the optimal PCZ-TDM and target levels are
required.

This study has several limitations, including its retrospective
observational nature, lack of data on gastrointestinal symptoms
and concomitant medication administration, and unavailability
of consistent PCZ-TDM, particularly associated with PCZ-dose
changes. There were no standardized protocols in place in none
of the three centers to perform PCZ TDM. Hence selection bias
might have occurred, as patients with more frequent TDM could
have been perceived at higher risk for subtherapeutic levels by the
treating physician. However, the large number of patients and
PCZ-TDM performed in this study have allowed for in-depth
analyses of the PCZ-TDM distribution. In conclusion, our data
suggest that despite appropriate dosing and close PCZ-TDM,
PCZ-levels remain below target for a significant proportion of
patients, requiring multiple dose adjustments with not always
predictable outcomes. Future studies are required to assess the
clinical utility of intensive PCZ-TDM and PCZ dose adjustments
in select patient populations.

Supplementary material

Supplementary data are available at MMYCOL online.
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The members of the Swiss Transplant Cohort Study are: Patrizia
Amico, Andres Axel, John-David Aubert, Vanessa Banz, Beck-
mann Sonja, Guido Beldi, Christian Benden, Christoph Berger,
Isabelle Binet, Pierre-Yves Bochud, Sanda Branca, Heiner Bucher,
Thierry Carrel, Emmanuelle Catana, Yves Chalandon, Sabina de
Geest, Olivier de Rougemont, Michael Dickenmann, Joélle Lynn
Dreifuss, Michel Duchosal, Thomas Fehr, Sylvie Ferrari-Lacraz,
Alexander Leichtle, Christian Garzoni, Paola Gasche Soccal,
Christophe Gaudet, Emiliano Giostra, Déla Golshayan, Karine
Hadaya, Jorg Halter, Dimitri Hauri, Dominik Heim, Christoph
Hess, Sven Hillinger, Hans Hirsch, Patricia Hirt, Glinther Hof-
bauer, Uyen Huynh-Do, Franz Immer, Michael Koller (Head of
the data center), Bettina Laesser, Brian Lang, Roger Lehmann,
Christian Lovis, Oriol Manuel, Hans-Peter Marti, Pierre Yves
Martin, Michele Martinelli, Katell Mellac, Pascal Meylan, Au-
rélia Mercay, Karin Mettler, Nicolas Mueller (Chairman Scien-
tific Committee), Antonia Miiller, Thomas Miiller, Ulrike Miiller-
Arndt, Beat Miillhaupt, Mirjam Naigeli, Manuel Pascual (Ex-
ecutive office), Klara Posfay-Barbe, Juliane Rick, Anne Rosse-
let, Simona Rossi, Silvia Rothlin, Frank Ruschitzka, Urs Schanz,
Stefan Schaub, Aurelia Schnyder, Federico Simonetta, Katharina
Staufer, Jiirg Steiger (Head, Excecutive office), Guido Stirniman,
Christian Toso, Christian Van Delden (Executive office), Jean-
Pierre Venetz, Jean Villard, Madeleine Wick (STCS coordinator),
Markus Wilhlem, Patrick Yerly.
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