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Figure 1. Approach and implications to rating the quality of evidence and strength of recommendations using the Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) methodology (unrestricted use of the figure granted by the US GRADE Network) [4].
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1. Hospitalized allogeneic HSCT recipients should be placed in
a protected environment to reduce mold exposure {x@ g

»eayyyy ¥ da iy ;I(W'—i 7a/iy eVidy ce).

2. These precautions can be reasonably applied to other
highly immunocompromised patients at increased risk for IA,
such as patients receiving induction/reinduction regimens for
acute leukemia (p- @ g ey » da iy ; 0V - l/alg; eVidy ce).

3. In hospitals in which a protected environment is not avail-
able, we recommend admission to a private room, no con-
nection to construction sites, and not allowing plants or
cut flowers to be brought into the patient’s room ¢ 9 g ec-
Sy p da iy 510V = Taliy ¢vidy ce).

4. We recommend reasonable precautions to reduce mold ex-
posure among outpatients at high risk for IA, including
avoidance of gardening, spreading mulch (compost), or
close exposure to construction or renovation (@ ge eayy -

w ¥ daiy 10V 2 Taiy eidy ce).

5. Leukemia and transplant centers should perform
regular surveillance of cases of invasive mold infection. An
increase in incidence over baseline or the occurrence of inva-
sive mold infections in patients who are not at high risk for
such infections should prompt evaluation for a hospital
source ¢p-@ geeyy ¥ da iy ;18 - diy Vidy ce).
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Il. How Can a Diagnosis of Invasive Aspergillosis Be Established?
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6. Until molecular tools are more widely used in clinical labo-
ratories, we recommend that tissue and fluid specimens be
submitted in adequate quantities for simultaneous histopath-
ologic/cytologic and culture examination. In the case of iso-
lates with atypical growth or concerns for resistance, species
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identification by molecular methods should be employed
Cr¥ geeadyyy ¥ dg iy ; high- 7a/1y eVidy ce).

W'y e I;}p- GF Ve INucé ¢ Aot stog 7a®
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7. There was debate among the committee members regarding
the clinical utility of blood-based polymerase chain reaction
(PCR) in diagnosing IA, and experts were not in agreement.
One group favored recommendations for PCR testing, based
on publications validating its role when used in conjunction
with other tests such as antigen detection assays to diagnose
IA and/or reduce preemptive antifungal usage. The other
group thought that PCR assays are promising but could not
be recommended for routine use in clinical practice at present
due to the lack of conclusive validation for commercially avail-
able assays, the variety of methodologies in the literature, and
questions about the extent to which results assisted diagnosis.

8. As research in the area continues, we recommend that clinicians
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recommend their routine use as monotherapy for the pri-
mary treatment of IA cx & geeadyyy 9 da iy ;»m 0de g e-
aliy eVidy ce).

Triy ®s
Rec,,g,...e,,. Ty ifes .

20. Triazoles are preferred agents for treatment and prevention
of IA in most patients cp@ g eabyw » dg iy ; highg Z/aliy
eVidy ce).

21. For patients receiving triazole-based therapy for IA, pro-
longed azole prophylaxis, or other therapies for which drug
interactions with azoles are anticipated, the committee rec-
ommends therapeutic drug monitoring (TDM) once the
steady state has been reached. A moderate amount of data
for itraconazole, voriconazole, and posaconazole suspension
suggests this approach may be valuable in enhancing thera-
peutic efficacy, in evaluating therapeutic failures attributable
to suboptimal drug exposures, and to minimize toxicities po-
tentially attributable to the azoles ¢p @ go el » daiw ;

modege- Va/ iy ¢’idyp ce). Further studies are needed to ad-
dress whether TDM is helpful or necessary with the extended-
release or intravenous formulations of posaconazole or for
isavuconazole.

22. Clinicians should obtain serum trough drug levels for azole
antifungal agents (itraconazole, voriconazole, posaconazole,
and possibly isavuconazole) and for potentially interacting
drugs such as cyclosporine, tacrolimus, and sirolimus (and
other CYP3A4 substrates such as tyrosine kinase inhibitors)
to optimize therapeutic efficacy and to avoid potential toxi-
cities of both groups of agents cx & geeadym # dg iy ;

w odege- diy eVidy ce).
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35. Recombinant interferon-y is recommended as rophylax1s
in CGD patients (& gseadyyy ¥ da iy ; high- allp/ eVi-
dp ce). Its benefit as adjunctive therapy for IA is unknown.

36. Surgery for aspergillosis should be considered for localized
disease that is easily accessible to debridement (eg, invasive
fungal sinusitis or localized cutaneous disease) §p @ g» ec-
Yy ¥ daiy ;10 - I/alzy eVidy ce). The benefit for IA in
other settings such as in the treatment of endocarditis, oste-
omyelitis, or focal central nervous system (CNS) disease ap-
pears rational. Other indications are less clear and require
consideration of the patient’s immune status, comorbidities,
confirmation of a single focus, and the risks of surgery.
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37. IA is not an absolute contraindication to additional che-
motherapy or HSCT ¢p % gocomw 9 da iy ;v 0ds g e-

diy €’idy ce).

38. Decisions about when to proceed with additional chemo-
therapy or HSCT following the diagnosis of aspergillosis
should involve both infectious diseases specialists and hema-
tologists/oncologists. These decisions must consider the risk of
progressive aspergillosis during periods of subsequent anti-
neoplastic treatment vs the risk of death from the underlying
malignancy if this treatment is delayed ¢x o g eadywy » da-
Jiy 510V 2 Taiy eVidy ce).
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39. We recommend an individualized approach that takes into
consideration the rapidity, severity, and extent of infection, pa-
tient comorbidities, and to exclude the emergence of a new
pathogen s gsecdm » daiw ;10" - "aiy e’idp ce).
The general strategies for salvage therapy typically include
(i) changing the class of antifungal, (ii) tapering or reversal
of underlying immunosuppression when feasible, and (iii)
surgical resection of necrotic lesions in selected cases.

40. In the context of salvage therapy, an additional antifungal
agent may be added to current therapy, or combination
antifungal drugs from different classes other than those in
the initia] regimen may be used V eaks echywy 9 dg iw ;
modeage’ "aiy idy ce).

41. In patients currently receiving an antifungal and exhibiting
an adverse event attributable to this agent, we recommend
changing to an alternative class of antifungal, or the use of
an alternative agent with a nonoverlapping side-effect profile
Crd ey p dg iy ;0¥ diy evidp ce).

42. For salvage therapy, agents include lipid formulations of
AmB, micafungin, caspofungin, posaconazole, or itracona-
zole. The use of a triazole as salvage therapy should take

into account prior antifungal therapy, host factors, pharma-
cokinetic considerations, and possible antifungal resistance

Cpo geamm p daiy syodege "aiy evidy ce).
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43. Serial monitoring of serum GM can be used in the appro-
priate patient subpopulations (hematologic malignancy,
HSCT) who have an elevated GM at baseline to monitor dis-
ease progression and therapeutic response, and predict out-
come (p@ goeakyyy ¥ dq iy m 0dege "aiy eVidy ce).

44. (1 - 3)-p-D-glucan has not been extensively studied in IA
to predict outcome ¥ eaks echywy 9 da iy ; 10V '—1 I/ajzy
eVz'dy ce).
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45. Treatment of aspergillosis in children uses the same recom-
mended therapies as in adult patients; however, the dosing is
different and for some antifungals is unknown g g eapy -
y, 1 dqiy ; high” "aljy eVidg ce).
% ff Tﬂ nl-ler-t “,r‘-’-s {1? sﬁg ;e "]ne o ys 7
TH-S'r-t a Nﬂ-tn-s hat € iaGrags | ha H#’ fs d G
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46. Saprophytic forms of tracheobronchial aspergillosis (TBA)
do not require antifungal treatment except for symptomatic
or immunosuppressed patients. Treatment includes broncho-
scopic removal of mucoid impaction. Mold-active triazole
agents are recommended for immunocompromised patients
in whom the possibility of invasive disease cannot be eliminat-
ed 6o geeaym ¥ da iy ;m ad;qeti 7al'g/ eVidy ce).

47. Bronchocentric granulomatosis is treated in the same fash-
ion as allergic bronchopulmonary aspergillosis (ABPA)
Cpd geeamm » daiy 510V 2 Taiy € idy ce).


http://cid.oxfordjournals.org/
http://guide.medlive.cn/
http://guide.medlive.cn/

A(B A X RAPY
AsPFl SS

% t ﬂh-e Tﬂ n-.-er_-t. s ; e q t,r‘-'-s /‘i‘l’q.-n' ‘Ne 1 Vs
e s‘g, Tas?
e Bonetra 'pifl.

50. We recommend voriconazole as primary therapy for CNS
aspergillosis ¢p0 gueadym # da iy ;modege” "aliy
eVidy ce). Lipid formulations of AmB are reserved for

4 AR

those intolerant or refractory to voriconazole ¢p-@ g ealy -
oy dgiy py adga;e‘—i diy €’idy ce).
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51. We recommend that AP P gi[/zf; endophthalmitis be treat-
ed with systemic oral or intravenous voriconazole plus intra-
vitreal voriconazole or intravitreal AmB deoxycholate s ¢ g

weayyy ¥ da iy W eak‘—i l/aliy eVidy ce).
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52. We recommend that both surgery and either systemic vor-
iconazole or a lipid formulation of AmB be used in invasive
A;’ & gil’s fungal sinusitis but that surgical removal alone
can be used to treat Ay 8- gill's fungal ball of the paranasal
sinus. Enlargement of the sinus ostomy may be needed to
improve drainage and prevent recurrence cs @ g ey ¥ -
da iy ;modeage’ "aiy & idy ce).
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53.In A;’ s gi//l/g endocarditis, we recommend early surgical
intervention combined with antifungal therapy in attempts
to prevent embolic complications and valvular decompensa-
tion ¢x & gocalyy ¥ da iy ;m od;qe‘—i aiy evidy ce).
Voriconazole or a lipid formulation of AmB is recommended
as initial therapy p @ gsecam # da iy ;10" - "aliy evi-
dy ce). Following surgical replacement of an infected valve,
lifelong antifungal therapy should be considered ¢p@ g ec-
dym ¥ daiy 10V = Tajy &idy ce).
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54. Surgical intervention is recommended, where feasible, for
management of Ayb giJI]/g osteomyelitis and arthritis, com-
bined with voriconazole ¢x gecadywy # da i¥ sy 0de g e-

Zfa/iy eVidy ce).
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55. As cutaneous lesions may reflect disseminated infection,
we recommend treatment with voriconazole in addition to
evaluation for a grimary focus of infection o @ g ey -

¥ daiy 10V - Taiy eVidy ce).

56. In cases of aspergillosis in burns or massive soft tissue
wounds, surgical debridement is recommended, in addition
to antifungal therapy ¢p & goecyw » dg ity ;4 0de g e-

diy eVidy ce).

% ¥ ffhle Tﬂ lﬁ-leruvt e 11 %pgnsaCrua tn‘-’-s f"'As‘g i“vs
T2 TTia
€1 Bgratra .\,”ﬂ‘ .
57. We recommend prompt peritoneal dialysis catheter re-
moval accompanied by systemic antifulzigal therapy with vor-
iconazole ¢p@ g ety # dq iy ; 10V a/iy eVidy ce).

WA

41

£ Mt Tf m-lewt e 1 yarmsaCroa l:ﬂ's fq E&ge >


http://cid.oxfordjournals.org/
http://guide.medlive.cn/
http://guide.medlive.cn/

A
% s ﬂrue Te n-.-eut R 1rShgssaCya t,-f-'-s 7Y sk s
Her'sps?

€1 QgreCra “lt,'fr’- .

63. We recommend that clinicians treat A;’ 8 gi//lfg keratitis
with topical natamycin 5% ophthalmic suspension or topical
voriconazole ¢p& guecadym # da iy ;ymodege’ "aiy
eVidy ce).

HQ g 9! A ‘g, s n‘!& 15 £ ﬁjg;-@ “}.. Tﬂ‘;'p
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64. We suggest the diagnosis of Ay b gil/yg bronchitis in non-
transplant patients be confirmed by detection of Ayk gillyg
spp in respiratory secretions, usually sputum, with both PCR
and GM on respiratory samples being much more sensitive
than culture ¥V eals ecdyyy » da iy ; 10V - Z/allly evidy ce).

65. We suggest treatment with oral itraconazole or voriconazole
with TDM ¥ eals eadyywy # daq iy ; 10V - T/QIIiy Vidy ce).

PRP AXs HA~As~ AsP F8 sSs

V. What Are the Recommended Prophylactic Regimens, Who Should
Receive Them, and How Shguld Breakthrough Infection Be Managed?
[ '\ ey
XIW“ B pigrarshg ¥ Cnariing | g hgy" 5g Tpast
St i @,s eUg ?
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66. We recommend proghylaxis with posaconazole cp @ g ec-
dywm ¥ dq iy ; high
scappy ¥ da iy sy odeqe "aiy eidp ce), and/or mica-
fungin ¥ ealks eatywy » da iy ; 10V -
prolonged neutropenia for those who are at high risk for IA
6r0 g camn ¥ daiv ; hight
with caspofurl;gin is also probably effective ¥ eale eatpywy ¥ -
da iy ;10v =
is effective, but therapy may be limited by absorption and tol-
erability 6o goecomm 9 dagiw ;modeage’ "aiy ei-
dy ce). Triazoles should not be coadministered with other
agents known to have potentially toxic levels with concurrent

diy e’idp ce), voriconazole cp @ g
iy e’idy ce) during
diy €’idy ce). Prophylaxis

diy €’idp ce). Prophylaxis with itraconazole

triazole coadministration (eg, vinca alkaloids, and others)

Cry greaym ¥ daiy smodeqge’ "aiy evidy ce).
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67. We recommend prophylaxis with posaconazole for allo-
geneic HSCT recipients with GVHD who are at high risk
for TA 6% gscomm # da i ; high” "aliy eVide ce).
Prophylaxis with other mold-active azoles is also effective.
Voriconazole is commonly used for prophylaxis against IA
in high-risk patients but did not show improved survival in
clinical trials Gp & gscohywy # da iy ;4 0de g eg Ifaliy
eVidg ce). Prophylaxis with itraconazole is limited by

tolerability and absorption e geecbywy # da i ; high-
diy e’idp ce).

68. We recommend continuation of antifungal prophylaxis

throughout the duration of immunosuppression in patients
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epidemiology. As principles, we recommend an aggressive
and prompt attempt to establish a specific diagnosis with
bronchoscopy and/or CT-guided biopsy for peripheral lung
lesions. Documentation of serum azole levels should be ver-
ified if TDM is available for patients receiving mold-active
triazoles. Antifungal therapy should be empirical?/ changed
to an alternative class of antifungal with Ay 8 gil's
Other considerations include reduction of underlying im-
munosuppression if feasible, and susceptibility testing of
any Agp ¢ gill's isolates rec‘iovered from the patient ¥ eak
w ey ¥ da iy sy 0de g e- Ifa/z;y eVidy ce).

activity.

VI. When Should Patients Be Treated Empirically?

W 't S;“’fgj e Rec""""-‘?" e [Ynpe gyt B e it
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74. Empiric antifungal therapy is recommended for high-risk
patients with prolonged neutropenia who remain persistently
febrile despite broad-spectrum antibiotic therapy. Antifungal
options include a lipid formulation of AmB (e g eabywy ¥ -
da i ; high- l/ally eVidp ce), an echinocandin (caspofungin
or micafungin) §p & gecadyw # da iy ; high "aljy evi-
dg ce), or voriconazole @ geeadyyy ¥ da iy sy 0de g e-

diy evidy ce).

75. Empiric antifungal therapy is not recommended for pa-
tients who are anticipated to have short durations of neutro-
penia (duration of neutropenia <10 days), unless other
findings indicate a suspected invasive fungal infection (IFI)
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artery embolization ¢, @ g ey # da iy iy 0de g e‘-i Zfa/-
iy €’idp ce), or antifungal therapy to prevent recurrence
Crd gcym » da iy ;10V 2 "aliy eVidp ce). Patients fail-
ing these measures may rei?uire surgical resection ¥ eals ec-
W ¥ da iy smodege’ "aiy e idy ce).

86. In those who fail therapy, develop triazole resistance, and/
or have adverse events, intravenous micafungin V eale eayy -
n ¥y daiy ;/(W‘—i I/al' eVidy ce), caspofungin ¥ eale eayy -
mydaiy; 10V~ "ai eVidg ce), or AmB W eak

»eym ¥ da iy ;10V 2 "aiy ¢¥idy ce)yield some responses.
Treatment may need to be prolonged.

87. Surgical resection is an option for some patients with local-
ized disease, unresponsive to medical therapy, including
those with pan-azole-resistant Ay gil's fm iga’s infec-
tion or persistent hemoptysis despite bronchial artery embo-
lization ¢p-0 gocayw # da iy wodeqe’ "aiy idy ce)
The outcomes from surgery are less favorable than those with
single aspergilloma, and a careful risk assessment prior to
surgical intervention is required.

88. In those with progressive disease, long-term, even lifelong
antifungal therapy may be required to control disease ¥ eak

»eyp ¥ da iy ;10" 2 "aiy eVidp ce), with continual mon-
itoring for toxicity and resistance.
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89. Asymptomatic patients with a single aspergilloma and no
progression of the cavity size over 6-24 months should con-
tinue to be observed (x & goechywy 9 da iy ;y 0de g e-

Zfa/ziy eVidy ce).

90. Patients with symptoms, especially significant hemoptysis,
with a single aspergilloma, should have it resected, assuming
that there are no contraindications {s @ geeadywy # dg iv ;

nodeg e‘-i 7a/iy eVidy ce).

91. Peri-/postoperative antifungal therapy is not routinely re-
quired, but if the risk of surgical spillage of the aspergilloma
is moderate (related to location and morphology of the
cavity), antifungal therapy with voriconazole (or another
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Table 1. Summary of Recommendations for the Treatment of Aspergillosis
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In the recommendation section that follows, the panel an-
swered a series of broad questions for managing syndromes of
aspergillosis, and the background and evidence for the recom-
mendations are presented:

I. How can the most susceptible patients be protected from as-
pergillosis, and which patients are most susceptible?

II. How can a diagnosis of IA be established?

III. What antifungal agents are available for the treatment and
prophylaxis of IA, including pharmacologic considerations,
and what is the role for susceptibility testing?

IV. What are the recommended treatment regimens and ad-
junctive treatment measures for the various clinical presenta-
tions of 1A?

V. What are the recommended prophylactic regimens, who
should receive them, and how should breakthrough infection
be managed?

VI. When should patients be treated empirically?

VIIL. How should chronic aspergillosis, allergic syndromes, or
noninvasive syndromes be managed?

v D @

Panel Composition

The most recent version of the IDSA guidelines on the manage-
ment of patients with aspergillosis was published in 2008 [1].
For this update, the IDSA Standards and Practice Guideline
Committee (SPGC) convened a multidisciplinary panel of 17
experts in the management of patients with aspergillosis. The
panel consisted of 17 members of the IDSA, and included 16
adult infectious diseases physicians and 1 pediatric infectious
diseases physician. All panel members were selected on the
basis of their expertise in clinical and/or laboratory mycology
with a focus on aspergillosis.

Evidence Review: The GRADE Method

GRADE is a systematic approach to guideline development that
has been described in detail elsewhere [2, 3]. The IDSA/HIV
Medicine Association adopted GRADE in 2008. In the
GRADE system, the guideline panel assigns each recommenda-
tion with separate ratings for the underlying quality of evidence
supporting the recommendation and for the strength with
which the recommendation is made (Figure 1) [4]. Data from
randomized controlled trials begin as “high” quality, and data
from observational studies begin as “low” quality. However,
the panel may judge that specific features of the data warrant
decreasing or increasing the quality of evidence rating, and
GRADE provides guidance on how such factors should be
weighed [3]. The strength assigned to a recommendation re-
flects the panel’s confidence that the benefits of following the
recommendation are likely to outweigh potential harms.
While the quality of evidence is an important factor in choosing
recommendation strength, it is not prescriptive.

Process Overview

Panel members were each assigned to review the recent literature
for at least one topic, evaluate the evidence, determine the strength
of recommendations, and develop written evidence in support of
these recommendations. The panel met face-to-face once and con-
ducted a series of conference calls over a 10-month period. The
panel reviewed and discussed all recommendations, their strength,
and the quality of evidence. Discrepancies were discussed and re-
solved, and all final recommendations represent a consensus opin-
ion of the entire panel. For the final version of these guidelines, the
panel as a group reviewed all individual sections.

Panel subgroups generated a list of keywords that were used
by librarians at the Health Sciences Library, University of
Pittsburg (with grateful acknowledgement to Michele Klein-
Fedyshin and Charles B. Wessel), to develop PICO (population,
intervention, comparison, outcomes) search strings for use in
PubMed, and results were returned to each primary author
and the chairs for review. Searches were restricted to English-
language publications and covered the period of January 2008
(when the last guideline was published) through December
2014. Abstracts presented at international conferences within
the past 2 years were also reviewed for inclusion. Systematic re-
views of relevant topics were identified using PubMed and the
Cochrane library. Each primary topic author was responsible
for reviewing the literature relevant to their section and for
drafting recommendations and evidence summaries for review

and discussion by the full panel.

Conflicts of Interests

The expert panel complied with the IDSA policy on conflicts of
interest, which requires disclosure of any financial or other in-
terest that may be construed as constituting an actual, potential,
or apparent conflict. Panel members were provided IDSA’s con-
flicts of interest disclosure statement and were asked to identify
ties to companies developing products that may be affected by
promulgation of the guideline. Information was requested re-
garding employment, consultancies, stock ownership, honorar-
ia, research funding, expert testimony, and membership on
company advisory committees. Decisions were made on a
case-by-case basis as to whether an individual’s role should be
limited as a result of a conflict. Potential conflicts of interest are
listed in the Notes section.

Review and Approval Process

The panel obtained feedback from 2 external peer reviewers.
The guidelines were reviewed and endorsed by the PIDS.
The guideline was reviewed and approved by the IDSA Stan-
dards and Practice Guidelines Committee and the IDSA Board
of Directors prior to dissemination.

Future Guideline Revisions

At annual intervals, the panel chairs will be asked for their input
on the need to update the guideline based on an examination of
the current literature. The SPGC of the IDSA will consider this
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input and determine the necessity and timing of an update. If war-
ranted, the entire panel or a subset thereof will be convened to
discuss potential changes.

PD
4 C A

€ AIDRs AC Rs R

I. How Can the Most Susceptible Patients Be Protected From

Aspergillosis, and Which Patients Are Most Susceptible?

[ 0- oA 1 [ H “'_7

t P S'bfes,fmg"ﬂf s‘g’,-vs,w [ ﬂ 1
PO ‘ﬁ’:t’wf ? slr",-rﬂ-.-e,.-{” g1t ;e U;f'//"

€1 BgnaCsa “1“’(_,-5 .

1. Hospitalized allogeneic HSCT recipients should be placed in
a protected environment to reduce mold exposure {x@ g

»eayyy ¥ da iy ;/(W‘-i diy €¢'idy ce).

2. These precautions can be reasonably applied to other highly
immunocompromised patients at increased risk for IA, such
as patients receiving induction/reinduction regimens for
acute leukemia - g eadywy » da iy ;10V - l/alz;y eVidy ce).

3. In hospitals in which a protected environment is not avail-
able, we recommend admission to a private room, no con-
nection to construction sites, and not allowing plants or
cut flowers to be brought into the patient’s room ¢ ¢ g ec-
Sy ¥ da iy ;10 = Taiy eidy ce).

4. We recommend reasonable precautions to reduce mold ex-
posure among outpatients at high risk for IA, including
avoidance of gardening, spreading mulch (compost), or
close exposure to construction or renovation ¢ g eady -

ny daiy ;IrW‘—i diy evidg ce).

5. Leukemia and transplant centers should perform regular
surveillance of cases of invasive mold infection. An increase
in incidence over baseline or the occurrence of invasive mold
infections in patients who are not at high risk for such infec-
tions should prompt evaluation for a hospital source §p 9 g

seaym ¥ daiy 510V - Taijy eidp ce).

EV’ epde y.m..“' . Aj,ﬁgﬂ/l/s species and other filamen-
tous fungi are ubiquitous in the environment. The risks of expo-
sure vary both temporally and geographically and are dependent
on precipitation patterns, humidity, temperature, and wind condi-
tions [5]. Inhalation of fungal spores is the most common portal of
entry, with sinopulmonary disease the most frequent clinical man-
ifestation. Mold exposure also may occur following the consump-
tion or inhalation of products contaminated with fungal spores [6,
7]. Primary cutaneous aspergillosis has been reported in patients
with a breach in the normal protective barrier of the skin, such
as in burn victims and near vascular sites in neonates [8-11]. Con-
tamination of water systems has also been considered a source of
nosocomial aspergillosis and other mold infections [12-17].

Because there are numerous sources of mold in the environment,
reasonable efforts should be made to decrease exposure to fungal
spores in highly immunocompromised patients. Detailed guide-
lines have been published regarding hospital room design and

ventilation to reduce mold exposure among allogeneic HSCT recip-
ients [18]. A “protected environment” is recommended, which in-
cludes high-efficiency particulate air (HEPA) filtration (and/or
laminar airflow), maintenance of positive pressure rooms, and a
minimum number of air exchanges per hour. Other at-risk groups
such as SOT recipients and burn patients are often also placed in
HEPA-filtered rooms. Additional guidelines are provided to mini-
mize mold exposure during hospital construction, renovation, and
building [19]. These guidelines can reasonably be applied to other
highly immunocompromised patients, such as those receiving in-
duction/reinduction chemotherapy for acute leukemia. We are in
agreement with these guidelines, but note that they are consensus
criteria based rather than evidence based.

We recognize that highly immunocompromised patients may
be admitted to hospitals that lack the engineering standards
providing for a “protected environment.” In these settings, rea-
sonable standards include admission to a private room without
connection to construction sites, and not allowing plants/cut
flowers to be brought into the patient’s room.

Patients at risk for mold infections are commonly managed as
outpatients where engineering standards are not comparable to
the “protected” environment of inpatients. We advise reasonable
precautions to reduce mold exposure, including the avoidance of
gardening, spreading mulch, or close exposure to construction or
renovation. The effectiveness of masks (surgical or N95) to protect
against mold infections associated with these exposures is unknown.

The majority of cases of invasive mold infections are sporadic,
although outbreaks are well recognized [20-23]. Cases of invasive
mold disease with onset of symptoms
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a documented or suspected nosocomial outbreak, a number of
measures should be undertaken, including evaluation of the
ventilation system to ensure adequate filtration, air flow, main-
tenance of positive pressure, and consideration of environmen-
tal sampling (eg, air vents and water system).

Iz){.“‘,AZ"u i# Gdeerg ¢ paH Spadnatra gy oF £ e hae

¥ o gy 457

Patients at risk for IA include those with prolonged neutropenia, al-
logeneic HSCT recipients, SOT recipients, patients receiving corti-
costeroids, those with advanced AIDS, and those with CGD. In
patients with hematologic malignancies, myelodysplastic syndrome
(MDS), and other diseases associated with marrow failure (eg, aplas-
tic anemia), the intensity and duration of neutropenia predict the
risk of TA [28, 29]. Patients with refractory or relapsed acute leuke-
mia treated with reinduction regimens are at particularly high risk
for IA and other mold infections.

Allogeneic HSCT recipients have a significantly higher risk of
IA and other opportunistic infections compared with autologous
HSCT recipients [30]. In allogeneic HSCT recipients, 3 periods of
risk for invasive mold disease occur: (1) neutropenia following
the conditioning regimen; (2) exogenous immunosuppression
for treatment of acute GVHD; and (3) exogenous immunosup-
pression for treatment of chronic GVHD (after day 100 of trans-
plant). The level of allogeneic donor and recipient human
leukocyte antigen disparity is the major determinant for
GVHD severity and intensity of immunosuppression to control
GVHD, which, in turn, is the major predisposing factor for op-
portunistic fungal infections [30-32]. T cell-depleted or CD34-
selected stem cell products can also increase the risk of IA [32,
33]. Among allogeneic HSCT recipients, polymorphisms in spe-
cific host defense genes of the donor or recipient can also influ-
ence the risk of aspergillosis [34-37].

In SOT recipients, the intensity of immunosuppression to pre-
vent or treat allograft rejection, colonization, and coinfection with
CMV drive the risk of IA. As in allogeneic HSCT recipients, poly-
morphisms in specific host defense genes in SOT recipients can
also influence the risk of aspergillosis [38, 39]. Lung transplant
recipients have the highest risk of IA [40-42]. In a multicenter
surveillance study, approximately one-half of cases of IA in
lung transplant recipients were late-onset, occurring 1 year or
more after transplantation [41]. CMV infection is a risk factor
for aspergillosis, notably in heart and lung transplant recipients
[43]. Pretransplant Ay e gil's airway colonization is frequent
among cystic fibrosis (CF) patients, and increases the risk of
post-lung transplant IA [44]. IA in patients with autoimmune
diseases is uncommon. Prolonged use of corticosteroids and
other immunosuppressive agents and possibly preexisting lung
disease are risk factors [45]. In the era of highly active antiretro-
viral therapy, IA is a rare complication of human immunodefi-
ciency virus (HIV) infection. AIDS-associated aspergillosis is
most frequently associated with advanced AIDS and additional

risk factors, such as neutropenia, corticosteroid use, and concur-
rent opportunistic infections [46,47]. CGD, an inherited disorder
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submitted in adequate quantities for simultaneous histopath-
ologic/cytologic and culture examination. In the case of iso-
lates with atypical growth or concerns for resistance, species
identification by molecular methods should be employed
Er¥ geadyyy ¥ dg iy ; high- ifa/z;y eVidy ce).

EV' epae ynm.a“' . The EORTC/MSG revised criteria for
defining IFIs, including IA, require a microbiologic and/or his-
topathologic diagnosis to define proven infection [64]. However,
specimen acquisition is challenging in many patients. Histo-
pathologic evidence of fungi is crucial to determine the signifi-
cance of AP & gil's growing in culture, yet diagnostic accuracy
of histopathology is suboptimal [65-67]. Moreover, these meth-
ods are time-consuming and insensitive. The most common
specimens obtained are lung tissue by transthoracic percutane-
ous needle aspiration or video-assisted thoracoscopic biopsy,
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differentiate colonization from disease or to distinguish different
Ayk gi/ITf; spp. The high negative predictive value of BAL PCR
(usually >95%) suggests a role in ruling out IPA. To date, data
suggest that the diagnostic performance of blood or BAL PCR
is comparable to that of serum and BAL GM index (GMI; ratio
of the optical density [OD] of the patient samples to the mean
OD of control samples) of >0.5, respectively, and that sensitivity
for both tests is affected by antifungal use. Using both PCR and
GM in serum resulted in improved sensitivity with no sacrifice of
specificity [78].

Clinical trials incorporating biomarkers into the manage-
ment of adults with hematologic malignancies or allogeneic
HSCT have shown that combined GM and PCR reduced use
of antifungal treatment [80], and was associated with an earlier
diagnosis and lower incidence of IA [81].

There have been fewer PCR studies using nonblood and non-
BAL samples. In several studies, PCR is superior to culture in de-
tecting ASP & gil's spp in sputum specimens from patients with
CF and allergic or chronic pulmonary aspergillosis [82-86]. Small
studies of Ay gil's PCR on nonblood and extrapulmonary
body fluids (pleural fluid, cerebrospinal fluid, etc) and paraffin-
preserved and fresh tissues (lung, skin, sinus, lymph node) dem-
onstrate sensitivity of 86% and specificity of 100% [87-89].

Despite these promising results, 4y # gil's PCR cannot yet
be recommended for routine use in clinical practice because
few assays have been standardized and validated, and the role
of PCR testing in patient management is not established. Initia-
tives such as the European A p# gil/lfg PCR Initiative have made
significant progress in develol})ing a consensus standard proto-
col for blood-based AP & gil's
cially available outside the United States (MycAssay Aspergillus
[Microgen Bioproducts Ltd], Septifast [Roche], MycoReal As-
pergillus [Ingenetix GmbH], Affigene Aspergillus tracer [Ce-
pheid], Ay 8 gill é spp Q-PCR Alert [Nanogen], RenDx
multiplex &P & gil's spp and Ce¢ dida spp [whole blood, plas-
ma, and serum], AsperGenius [Pathonostics], Mycogenie

PCR. PCR assays are commer-

[Ademtech], and others) as is centralization of PCR testing at
a reference laboratory in the United States (ViraCor-IBT Labo-
ratories). These provide standardization of the assays, but none
have been cleared by the FDA for clinical use in the United
States. These efforts now permit multicenter validation of
assay performance and studies of clinical utility. Until such
studies are completed, however, no specific recommendation
about the role of A p# gil's PCRin clinical practice in the Unit-
ed States can be made.

H’ﬂ M ‘I;T '<L; YLAC"Lw;“\;;‘IL;‘ (1—>3)-ﬂ- D‘ 71,1:“;‘ E U? {q
& ) 1 .
Ko pets T ki
eligrecra g ifls .
9. Serum and BAL GM is recommended as an accurate marker
for the diagnosis of IA in adult and pediatric patients when

used in certain patient subpopulations (hematologic malignan-
cy, HSCT) ¢ gecadywm » dq iy ; high” "diy evidy ce).

10. GM is not recommended for routine blood screening in pa-
tients receiving mold-active antifungal therapy or prophylaxis,
but can be applied to bronchoscopy specimens from those pa-
tients (p o geecdywy # dq iy ; high? "aiy eVidy ce).

11. GM is not recommended for screening in SOT recigients
or patients with CGD ¢p-o gseadym # dq iy ; high? "diy
eVidy ce).

12. Serum assays for (1 — 3)-B-D-glucan are recommended
for diagnosing IA in high-risk patients (hematologic malilg—
nancy, allogeneic HSCT), but are not specific for AP & gil's
Crd greamm » daiy ;modege’ "aiy ¢idy ce).

Evi epde mm, . The Platelia GM enzyme immunoas-
say is a relatively A;‘, # gill s -specific, noninvasive diagnostic
assay, and several studies have demonstrated good sensitivity
(approximately 70%) in serum of patients with hematological
malignancy or allogeneic HSCT [90-95]. A GM-based diagnos-
tic strategy can also result in less empiric antifungal therapy
usage [80, 96]. However, the specific patient population tested
is critical to optimizing GM usefulness. GM sensitivity in non-
neutropenic patients appears to be lower than in other sub-
groups [97], and decreases to approximately 20% in SOT
recipients [98-100]. The GM assay has been repeatedly negative
in patients with CGD and IA [101, 102], potentially due to a lack
of angioinvasion or immune complex formation with high lev-
els of A;P é gi//l/g antibodies. Similarly, serum GM has also been
reported to be higher in patients with angioinvasive IA vs non-
invasive airway IA [103]. While earlier reports suggested that
GM was not reliable in pediatric patients due to a high false-
positive rate, several subsequent studies have shown its useful-
ness in children and similar operating characteristics to adult
patients [104-111]. Serum GM was not sensitive (38%) in pa-
tients with aspergilloma, but improved in those with hemopty-
sis [112], and was also not sensitive (23%) in patients with
chronic pulmonary aspergillosis (CPA) [113] or COPD [114].
GM in patients with CF colonized with A;P g gill’s species
was consistently negative [115].

Several variables, including concurrent mold-active antifun-
gal therapy or prophylaxis, significantly reduce levels of circu-
lating GM [91, 94]. The GMI may be increased in the setting of
neutropenia and decreases in response to antifungal agents. In
one study, the GMI in patients with absolute neutrophil count
(ANC) <100 cells/uL and not receiving antifungal therapy was
statistically higher than those patients with an ANC >100 cells/
uL; however, the GMI in patients with an ANC <100 cells/uL
and receiving antifungal therapy was not statistically different
than those patients with an ANC >100 cells/pL. Laboratory
data and clinical observations indicate that this effect may be
due to a higher fungal burden in neutropenic patients, or a
more robust inflammatory process in nonneutropenic patients
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with a corresponding decrease in the burden of disease, rate of
dissemination, and GM release [116, 117].

False-positive results have been reported in several contexts,
including in patients who have received certain antibiotics (his-
torically most notably piperacillin-tazobactam, which appears
now to no longer be cross-reactive [118], and amoxicillin-
clavulanate), neonatal colonization with Bifido bag g iy ,
when Plasmalyte is used in BAL fluids, and in patients with
other invasive mycoses (including penicilliosis, fusariosis, histo-
plasmosis, and blastomycosis) [119-122]. Despite these limita-
tions, this assay is a useful adjunctive test to establish an early
diagnosis, particularly when used in serial screening of patients
at high risk of infection who are not receiving antimold prophy-
laxis. The optimal rationale for diagnosis in neutropenic pa-
tients may be a combined approach guided by clinical,
radiographic, and biweekly screening of GM in serum [123],
possibly combined with other biomarkers. In patients receiving
mold-active antifungal prophylaxis, the use of serum GM as a
screening tool results in a very poor predictive value, with most
positive tests being false positive in this setting [124]. The detec-
tion of GM in BAL fluid has been shown to have a sensitivity
that exceeds 70% in most studies and provides additional sensi-
tivity compared with culture even in the setting of mold-active
antifungal therapy as discussed below [125-128].

Other potential circulating markers for detection of aspergil-
losis include (1 — 3)-B-D-glucan detected by the Tachypleus or
Limulus assay [129, 130]. The Tachypleus or Limulus assay used
to detect the presence of (1 — 3)-B-D-glucan is a variation of
the limulus assay used to detect endotoxin. The presence of

(1-3)-8
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halo sign is more frequently associated with pulmonary mucor-
mycosis than with IPA [148, 149]. Similar to the halo sign, the
reverse halo sign can also present in various other pulmonary
conditions including tuberculosis and noninfectious diseases
[150, 151].

The presence of nodules and a halo sign are characteristic of
angioinvasion, and this form of aspergillosis typically occurs in
severely neutropenic patients. IPA can also affect the airways
with bronchiolar wall destruction, presence of centrilobular mi-
cronodules, and tree-in-bud opacities [152]. Airway disease and
angioinvasive lesions can be present in the same patient.

Magnetic resonance imaging (MRI) has no additional value
compared to CT scanning for early diagnosis of IPA [153], but
is the preferred imaging modality to identify and characterize
osseous, paranasal sinus lesions, or CNS disease [154-158].

In neutropenic patients, pulmonary lesions usually increase
in size during the first week following initiation of therapy
and while the patient recovers from neutropenia [159]. The
size of lesions can increase up to 4-fold during the first week
and then remain stable for another week. Repetition of a CT
scan before 2 weeks after the start of treatment is not usually
recommended unless the patient experiences clinical deteriora-
tion. An exception is the presence of a nodule close to a large
vessel because of the risk for massive hemoptysis if lesions con-
tinue to increase in size.

Ra's e (& 0 e & e i 85 Gl Vs
" &‘.'tyAgbg Py P
€1 QqsaCra “lt,'r‘n'-s .

16. We recommend performing a bronchoscopy with BAL in
patients with a suspicion of IPA (. & gseadyyy ¥ da iv ;
wmodeqge’ "aiy eidp ce). Significant comorbidities such
as severe hypoxemia, bleeding, and platelet transfusion-
refractory thrombocytopenia may preclude BAL. The yield
of BAL is low for peripheral nodular lesions, so percutaneous
or endobronchial lung biopsy should be considered. We rec-
ommend the use of a standardized BAL procedure and send-
ing the BAL sample for routine culture and cytology as well
as non-culture-based methods (eg, GM) (@ geeclyw # -
da iy ;w0de qge- 7alzy eVidy ce).

(s

E",- epaec  guwra '1v . Flexible bronchoscopy with BAL
remains the cornerstone for microbiological identification in
diffuse interstitial or alveolar lung infiltrates, infiltrates in im-
munosuppressed patients, nosocomial pneumonia, or pneumo-
nia with treatment failure [160-163]. As radiographic signs and
symptoms of IPA are nonspecific, BAL increases the likelihood
of a diagnosis by direct or indirect identification of mold.

BAL fluid analysis is based on gross observation (hemor-
rhage, alveolar proteinosis), cell count, and differential count
(macrophages, neutrophils, eosinophils, lymphocytes and sub-

population, erythrocytes, malignant cells), and on

microbiologic tests (stains and immunohistochemistry, cul-
tures, antigen or nucleic acid detection). Importantly, BAL al-
lows in the same procedure a search for bacterial, parasitic,
viral, and fungal pathogens as well as noninfectious causes of
the pulmonary lesions.

There is no uniform agreement on the best timing for bron-
choscopy. In a survey of infectious diseases specialists, pulmo-
nologists, and hematologists/oncologists, there was consensus
that HSCT recipients who are nonneutropenic and do not
have cavitary infiltrates on chest CT scan should receive
bronchoscopy only after a failure of empiric antimicrobial ther-
apy. However, there was no agreement between the groups on
when neutropenic patients or those with cavitary lesions should
undergo bronchoscopy [164].

BAL is an invasive procedure that requires instruction and
consent from the patient, sufficient respiratory capacity of the
patient, and no major bleeding diathesis. The British Thoracic
Society has established guidelines on diagnostic flexible bron-
choscopy [165], and specific recommendations for the lavage
procedure are also available [166, 167].

Sampsonas et al evaluated a standardized procedure for BAL
in 284 consecutive cancer patients with new pulmonary infiltrates
[160]. The majority of patients had a hematological malignancy.
Thrombocytopenia was not considered a contraindication to
bronchoscopy or BAL, but platelet transfusions were adminis-
tered in patients who had platelet counts <20 000 platelets/pL.
Only 10 BAL-related complications were observed, and only
one was serious but not fatal. In large series, major broncho-
scopy-related complications rates range between 0.08% and
0.5%, with mortality rates of 0%-0.04%.

Lavage is usually performed in the segmental or subsegmental
bronchus of the most affected area of the lung based on a recent
CT scan [160]. Saline is the most often used fluid. False-positive
Ay e gil's GM detection tests were reported when Plasmalyte
was used as fluid for BAL [168]. There is considerable variation
between practitioners in the volume instilled and the methods of
lavage fluid collection, and no consensus has been reached. The
instilled volume in nonpediatric patients should be at least 100
mL (most commonly 100-150 mL in aliquots of 20-50 mL, with
the initial aliquot likely representing airway sampling) [169]. BAL
samples should be sent for cytologic assessment, Gram staining,
fungal staining (eg, Calcofluor white or GMS stain), culture,
and GM. GM testing from BAL samples provides additional sen-
sitivity compared to culture and exceeds 70% in most studies
[125-128]. The optimal threshold for GM positivity has not
been determined; an OD of 1.0 has been cleared by the FDA
for clinical testing, although some experts consider positivity at
OD > 0.5. A higher threshold OD index results in a lower sensi-
tivity but a higher specificity [128].

The diagnostic yield of BAL also varies by the type of radio-
graphic lesion [170]. In this study there was no difference in
the diagnostic yield between focal and diffuse infiltrates
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(54% vs 52%). In consolidations and tree-in-bud-type abnor-
malities, the yield is close to 70%, whereas in ground-glass,
reticular, or nodular lesions the diagnostic yield falls to ap-
proximately 50%.

Transbronchial biopsies are not generally recommended due
to their low yield and frequent patient comorbidities (eg,
thrombocytopenia) that preclude this diagnostic approach.
A percutaneous needle biopsy may be more sensitive than
BAL for small peripheral pulmonary lesions.

Ill. What Antifungal Agents Are Available for the Treatment and
Prophylaxis of Invasive Aspergillosis, Including Pharmacologic
Considerations, and What Is the Role for Susceptibility Testing?

ﬁ"'h L4 1',‘";;1,73
ey figrecra g ifls .

17. AmB deoxycholate and its lipid derivatives are appropriate
options for initial and salvage therapy of A,'P & gill’s infec-
tions when voriconazole cannot be administered. However,
AmB deoxycholate should be reserved for use in resource-
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echinocandins act by noncompetitive inhibition of the synthesis
of (1 — 3)-B-D-glucan, a polysaccharide in the cell wall of many
pathogenic fungi. Together with chitin, these rope-like glucan
fibrils are responsible for the cell wall’s strength and shape.
They are important in maintaining the osmotic integrity of
the fungal cell and play a key role in cell division and cell
growth.

Each echinocandin has a half-life of >10 hours, which allows
for once-daily dosing. They exhibit dose-proportional plasma
pharmacokinetics. Echinocandins are highly (>95%) protein
bound and distribute well into all major organ sites except for
the eye, uninfected spinal fluid where concentrations are lower
than other body tissues, and in urine where concentrations are
also low. They are available for parenteral administration only.
Anidulafungin undergoes spontaneous chemical degradation,
with fragment elimination in bile. Caspofungin is metabolized
by the liver with some additional spontaneous chemical degra-
dation, with a recommendation for a dose reduction in cases of
markedly reduced hepatic function. Micafungin is metabolized
by the catechol-O-methyltransferase pathway.

Echinocandins are generally well tolerated, with few side ef-
fects and few drug interactions. Caspofungin administration in
children and adolescents provides exposure that is comparable
to that obtained in adults [186]. There is an inverse relationship
between micafungin clearance and age [187], as well as between
clearance and weight [188], so micafungin dosing is individual-
ized in patients aged <8 years, and in extremely obese patients
[187, 188]. Both caspofungin and micafungin maintain linear
pharmacokinetics when dose-escalated in adult patients with
IA [189, 190]. Among the 3 compounds, caspofungin has
more extensive hepatic metabolism, leading to some interac-
tions with other medications. For example, caspofungin can re-
duce the area under the curve of tacrolimus by approximately
20%, but has no effect on cyclosporine levels. In contrast, cyclo-
sporine increases the area under the curve of caspofungin by ap-
proximately 35%. Inducers of drug clearance and/or mixed
inducer/inhibitors, namely efavirenz, nelfinavir, nevirapine,
phenytoin, rifampin, dexamethasone, and carbamazepine,
may reduce caspofungin concentrations.

All 3 agents have activity against A,'P & gil's species. Data are
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HPCD itraconazole solution. Peripheral neuropathy associated
with itraconazole has been reported, in particular with pro-
longed therapy and excessive serum concentrations [204]. Neg-
ative inotropic effects have been observed uncommonly but
may be important in patients with ventricular dysfunction. Itra-
conazole is a substrate of CYP3A4 but also interacts with the
heme moiety of CYP3A4, resulting in noncompetitive inhibi-
tion of oxidative metabolism of many CYP3A4 substrates. Seri-
ous interactions with some chemotherapeutic agents (eg,
cyclophosphamide and vincristine) may require additional
monitoring to avoid toxicity [205] as well as other agents that
prolong the QTc interval. Because of these limitations, itracona-
zole is rarely recommended in patients with acute IPA, with its
use reserved for patients with less severe or less invasive disease
presentations.

Voriconazole

Voriconazole is formulated as tablets, an oral suspension, and a
sulfobutyl-ether cyclodextrin solution for intravenous administra-
tion. Sulfobutyl-ether cyclodextrin and voriconazole dissociate in
plasma and the cyclodextrin molecule is renally cleared. Accumu-
lation of the vehicle occurs with renal insufficiency. Renal toxicity
of hydroxypropyl B-cyclodextrin after parenteral administration
has been demonstrated in animal models, although no deleterious
effects on renal function have been observed in humans [206,
207]; for this reason, the consequences of cyclodextrin plasma ac-
cumulation are unclear. The relative benefits and uncertain risks
of intravenous administration of voriconazole in the context of IA
and renal failure should be determined on an individual patient
basis. This concern does not apply to orally administered vorico-
nazole. The oral formulation has good bioavailability in the fed or
fasted state.

Voriconazole is hepatically metabolized, with only 5% of the
drug appearing unchanged in the urine. This agent exhibits nonlin-
ear pharmacokinetics in adults, with the maximum concentration
in plasma and area under the curve increasing disproportionally
with increasing dose. Voriconazole is both a substrate and an inhib-
itor of CYP2C19 primarily, as well as of CYP3A4 [208-210]. Allelic
polymorphisms in CYP2C19 may result phenotypically in rapid or
slow metabolism of voriconazole, possibly resulting in significant
variation in plasma concentrations [211]. Single-nucleotide poly-
morphisms contributing to slow metabolism are represented in
higher frequencies among non-Indian Asian populations than
among other populations.

Factors affecting voriconazole pharmacokinetics include pa-
tient age, liver function, CYP2C19- and CYP3A-interacting med-
ications, diet and antacids, proton pump inhibitors, and patient
weight, as well as the drug dose and formulation [212]. Reduced
voriconazole levels may be observed with oral administration of
the drug (vs intravenous), and coadministration with rifampin or
phenytoin [213, 214]. Measurement of serum levels is useful in
the majority of patients, both to evaluate for potential toxicity

or to document adequate drug exposure, especially in progressive
infection [213-226]. Toxicity is more common with higher drug
levels but is not predictable based solely on this criterion [216,
220, 227]. The profile of adverse reactions to voriconazole in-
cludes transient visual disturbances (characterized principally
by photopsia); hepatotoxicity, which may be dose limiting (man-
ifested by elevated serum bilirubin, alkaline phosphatase, and he-
patic aminotransferase enzyme levels); skin rash, erythroderma,
photosensitivity, and perioral excoriations; nausea, vomiting,
and diarrhea; visual or auditory hallucinations; and cardiovascu-
lar events including tachyarrhythmias and QT interval prolonga-
tions on electrocardiography [209,211,213,228]. There have also
been rare cases of arrhythmia (including ventricular arrhythmias
such as torsade de pointes and bradycardia), cardiac arrest, and
sudden death in patients taking voriconazole. These cases usually
involve patients with multiple confounding risk factors, such as
history of cardiotoxic chemotherapy, cardiomyopathy, hypokale-
mia, and concomitant medications (eg, quinolones) that may be
contributory. Visual side effects or photopsia are self-limited, re-
versible, and not clearly associated with absolute drug levels [227,
229]. Mild hepatotoxicity is common as for all azoles and related
to drug concentration [227,230, 231]. Severe hepatotoxicity is un-
common. Reversible central and peripheral neurologic symptoms
and hallucinations may be observed in association with higher
drug concentrations but with significant variability; these may
be confused with other etiologies of CNS dysfunction including
posterior reversible leukoencephalopathy syndrome or calcineur-
in inhibitor toxicity [217, 224, 227, 232, 233]. Voriconazole con-
centrations may be a predictor of CNS neurotoxicity, which is
reversible [214]. The use of prolonged voriconazole therapy (as
for osteomyelitis or meningitis) or prophylaxis has revealed
newer toxicities including periostitis with severe pain in bones
or joints in association with elevated serum fluoride levels
[234-240]. The risk for squamous cell skin cancer or melanoma
in sun-exposed areas is enhanced by concomitant immunosup-
pression and chronic voriconazole use, especially in fair-skinned
persons [241-243].

Posaconazole

Posaconazole, which is structurally similar to itraconazole, is
available as an oral suspension, delayed-release tablet, and intra-
venous formulation but has been studied for the treatment and
prophylaxis of IA only in the oral suspension in efficacy studies.
Posaconazole exhibits not only linear kinetics but also saturable
absorption of the suspension; thus, oral loading doses are not
possible. Steady-state levels may not be achieved for up to a
week with posaconazole therapy, which impacts use in primary
therapy. The newer delayed-release tablet formulation has im-
proved bioavailability and is given once daily [244-246], as is
the intravenous formulation in B-cyclodextrin. Bioavailability
of the new tablet is not affected by food or gastric acid,
but the oral suspension requires a fed state to maximize
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bioavailability. Posaconazole undergoes hepatic metabolism via
glucuronidation and also has the capacity for drug-drug inter-
actions through inhibition of CYP3A4 isoenzymes [247]. Posa-
conazole pharmacokinetics are variable between patients and
TDM seems useful, although the posaconazole exposure in plas-
ma from the oral solution appears to underestimate the clinical
response to therapy [248-252]. Toxicities are generally mild, in-
cluding diarrhea and nausea, and do not appear to be related to
drug concentrations [253] but may be increased with the higher
serum levels attained with the delayed-release tablets. Other tox-
icities including prolonged QTc interval have been reported with
the increased drug levels associated with the extended-release
tablets. TDM is recommended based on both preclinical and
clinical trials with the oral solution, which documented variable
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glucocorticoids, digoxin, vinca alkaloids (eg, vincristine) and
cyclophosphamide, and antiretroviral agents [260, 265-280].
All of the azoles have important interactions via the CYP en-
zymes, notably CYP3A4, which can interact with a large num-
ber of concomitant medications including tyrosine kinase
inhibitors, macrolides, and antiarrhythmics, among others. Active
transporters including the p-gp and the breast cancer resistance
protein regulate access of the azoles to the drug-metabolizing en-
zymes of enterocytes and the liver; the clinical importance of the
transporters remains to be further defined [260, 281, 282].

Currently, 3 triazoles (itraconazole, voriconazole, and posa-
conazole) are considered to meet these criteria and have estab-
lished indications for TDM in IA [283, 284]. There is general
agreement that documentation of adequate (and in the case of
voriconazole, nontoxic) serum levels in the first 4-7 days after
starting therapy (when a patient is at a pharmacokinetic steady
state) is preferable for any patient with suspected or document-
ed aspergillosis. Less agreement exists whether TDM is neces-
sary during primary triazole prophylaxis, but low plasma
levels of itraconazole and posaconazole suspension have been
associated with higher probability of breakthrough infection,
and limited data suggest that high levels of posaconazole may
be associated with toxicity [285].

The need for continued or repeat monitoring is a patient-
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relationship of itraconazole plasma concentrations and treatment
efficacy for aspergillosis. Based primarily on prophylaxis data, most
experts recommend dosing itraconazole to achieve trough concen-
trations >0.5-1 pg/mL (combined itraconazole/hydroxyitracona-
zole troughs >1.5 pg/mL). There are limited data suggesting that
higher trough concentrations of itraconazole (>3 pg/mL) may be
associated with increased toxicity [287].

Voriconazole
Various target concentrations associated with voriconazole effi-
cacy have been reported, mostly from single-institution retro-
spective studies [214, 283]. Most experts would aim for dosing
to achieve a voriconazole trough of >1-1.5 ug/mL for efficacy
but <5-6 ug/mL to minimize toxicity, primarily CNS toxicity. Vi-
sual changes can be related to elevated voriconazole concentra-
tion but generally resolve spontaneously and without long-term
sequelae. Although voriconazole trough concentrations can be el-
evated in patients with hepatic dysfunction, available data do not
support the concept of a threshold level that could adequately
discriminate who will be at higher risk for hepatotoxicity [229].
In a prospective, randomized blinded single-center trial of
TDM during voriconazole therapy in 100 patients, the propor-
tion of voriconazole discontinuation due to adverse events was
significantly lower in the TDM group than in the non-TDM
group (4% vs 17%; P =0.02) [288]. More importantly, higher
rates of complete or partial response were observed in patients
managed with TDM (81% vs those without TDM 57%;
P =0.04). This study and several others suggest that antifungal
TDM may reduce drug discontinuation due to adverse events
and improve the likelihood of a therapeutic response. There
are no widely validated algorithms on how to dose voriconazole.
Weight-based dosing is recommended to rapidly achieve thera-
peutic range, with incremental increases and monitoring
(ie, 50% increase in daily dose) for the patient who has trough
levels <1 pg/mL. Voriconazole concentrations often increase

disproportionately to administered doses due to saturable me-
tabolism in adults. For patients with very low voriconazole lev-
els, coadministering omeprazole (a CYP2C19 inhibitor) has
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293, 294]. Further studies are needed to address whether higher
posaconazole levels are associated with toxicity and whether
TDM is helpful or necessary with the extended-release or intra-
venous formulations. The value of TDM to guide therapy and
to avoid toxicity for isavuconazole, a once-daily extended-
spectrum triazole with anti-A;P p gi[/]fg activity with good ab-
sorption kinetics, similarly remains to be assessed [258].
fc 1*' fv.; p'.;‘ L' , ‘5";’1 QyAse sstat "'Fnﬂu b”‘u,”ﬂ.Amt 1',?"2“”
Ree ' g
23. Combinations of polyenes or azoles with echinocandins
suggest additive or synergistic effects in some preclinical
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[340, 341]. While azole resistance in the United States and the
Americas appears to be low (<3%), there are multiple reports
of resistant strains in some European countries and across the
world attributed to prior antifungal exposure and to environmen-
tal use of antifungal-containing pesticides [85, 324, 342-345].
These reports notwithstanding, there are few studies determining
the impact of resistance detected by AFST on clinical outcomes
(346, 347].

At this time, AFST is not routinely performed in most clin-
ical laboratories in the United States. Molecular methods to
identify azole and echinocandin resistance in filamentous
fungi are under investigation but not yet standardized or val-
idated and require further study [341]. However, in the case of
isolates with atypical growth or concerns for resistance when
molecular methods are not available, AFST should be em-
ployed. In conclusion, AFST advances in the past decade are
significant; however, worldwide Ag’ # gill's resistance remains
low, and routine AFST for clinical management is not recom-
mended at this time.

A~NAg ~ s ADR ;s ASPERGILLUS

IV. What Are the Recommended Treatment Regimens and Adjunctive
Treatment Measures for the Various Clinical Presentations of Invasive
Aspergillosis?

Hepg o' f cT¢'e
€1y QgseCra “lt,' s .

25. We recommend primary treatment with voriconazole
Cr¥ greaypy p doiy ; high‘-i diy evidy ce).

26. Early initiation of antifungal therapy in patients with strongly
suspected IPA is warranted while a diagnostic evaluation is con-
ducted (g9 g eadywy ¥ da iy ; high- Tfalgy eVidy ce).

27. Alternative therapies include liposomal AmB §g @ gs ec-
Yy ¥ da i Odaa;e'—i diy eidy ce), isavuconazole
Crpr¥ greomm 9 da iy ;yodeae "aiy eidg ce), or
other lipid formulations of AmB V eals eadyywy # dag i ;
10V 2 Taiy eidy ce).

28. Combination antifungal therapy with voriconazole and an
echinocandin may be considered in select patients with docu-
mented IPAY ealgedywy ¥ dq iy w 0de g e- l/algy eVidy ce).

29. Primary therapy with an echinocandin is not recommend-
ed ¥ gucohyyy 9 da i sy 0de g e- l/ally eVidg ce).
Echinocandins (micafungin or caspofungin) can be used in
settings in which azole and polyene antifung??als are contrain-
dicated V eals ecdyywy # da iy sy 0de ge "aliy eidy ce).

30. We recommend that treatment of IPA be continued for a
minimum of 6-12 weeks, largely dependent on the degree
and duration of immunosuppression, site of disease, and ev-
idence of disease improvement { s g eadyyy ¥ da iy ;/0V -

g Zfalzp/ eVidy ce).

31. For patients with successfully treated IPA who require sub-
sequent immunosuppression, secondary prophylaxis should

be initiated to prevent recurrence §p@ go ey # da i ;

wodeage "aiy &idy ce).

pli e P
in patients with strongly suspected IPA is warranted while a di-

Early initiation of antifungal therapy

agnostic evaluation is conducted, both because early therapy has
been shown to limit progression of disease and because the per-
formance of diagnostic testing remains limited [145, 175]. Avail-
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not beneficial. These results suggest that liposomal AmB be con-
sidered as alternative primary therapy in some patients, especially
in situations in which hepatic toxicities or drug interactions war-
rant nonazole alternatives, and when voriconazole-resistant molds
(eg, mucormycosis) remain of concern.

Another lipid AmB alternative is ABLC (5 mg/kg/day),
which has not been studied in randomized trials for IA, but
has been reported to be effective in observational studies, par-
ticularly in the setting of salvage therapy, and is generally well
tolerated compared with AmB deoxycholate [350-353].

Finally, ABCD was compared to AmB deoxycholate in a ran-
domized trial of 174 patients. Although therapeutic responses
were similar (52% vs 51%), infusion-related reactions were more
common in ABCD. Renal toxicity occurred less frequently with
ABCD [174], but due to an increase in serious drug reactions, prin-
cipally fever, chills, and hypoxia, use of ABCD is not recommended.

Combination therapy in the treatment of IPA has been sup-
ported by generally favorable in vitro and in vivo preclinical
data in support of combinations of polyenes or mold-active
azoles with echinocandins. Nonrandomized clinical trial data
suggest the benefit of some forms of combination therapy against
IA, usually an azole (most commonly voriconazole) with an echi-
nocandin in aspergillosis [197, 198,296,299, 304, 354-360]. There
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33. Colony-stimulating factors may be considered in neutrope-
nic patients with diagnosed or suspected IA ¥ eals eaty -

my dqgiy ; 0V~ "aliy evidg ce). There is insufficient
evidence regarding the value of granulocyte colony-stimulat-
ing factor (G-CSF) vs GM-CSF in this setting.

34. Granulocyte transfusions can be considered for neutrope-
nic patients with IA that is refractory or unlikely to respond
to standard therapy, and for an anticipated duration of more
than one week ¥ eale eakyyy » dq iy ;10 - Valiy evidy ce).

35. Recombinant interferon-y is recommended as prophylaxis
in CGD patients ¢p@ ge ey # da iw ; high- Va/iy evi-
dp ce). Its benefit as adjunctive therapy for IA is unknown.

36. Surgery for aspergillosis should be considered for localized
disease that is easily accessible to debridement (eg, invasive
fungal sinusitis or localized cutaneous disease) ¢ p@ g» ec-
dyw ¥ da iy ;/M‘-i Vall"y eVidy ce). The benefit for IA in
other settings such as in the treatment of endocarditis, oste-
omyelitis, or focal CNS disease appears rational. Other indi-
cations are less clear and require consideration of the
patient’s immune status, comorbidities, confirmation of a
single focus, and the risks of surgery.

b", epde ynm-“l ¥ . Because immune reconstitution is an
important factor in survival from IA, immunosuppressive
agents should be tapered or removed, when possible. However,
it is frequently not feasible to do so, for example, in patients
with severe GVHD or in SOT recipients with allograft rejection.
Clinical judgment is required in these cases.

Qlyy s;# "1a¥ g fagas: Colony-stimulating factors ad-
ministered prophylactically (prior to the onset of neutropenia)
are commonly used to shorten the duration of neutropenia
in patients receiving cytotoxic regimens. G-CSF influences
survival, proliferation, and differentiation of all cells in the
neutrophil lineage and augments the function of mature
neutrophils. G-CSF also stimulates neutrophil recovery and
various neutrophil effector functions and is a potent activator
of monocytes and macrophages. Pegfilgrastim, a pegylated
formulation of G-CSF with a long half-life, is used to reduce
the duration of neutropenia in patients with nonmyeloid
cancers.

A meta-analysis of prophylactic G-CSF showed a reduction
in the incidence of neutropenic fever and early deaths, including
infection-related mortality [369]. Another meta-analysis
showed a survival benefit of prophylactic G-CSF in patients
with MDS and acute myelogenous leukemia (AML) [370]. Au-
thoritative guidelines have been published regarding the appro-
priate use of colony-stimulating factors in patients with cancer,
with the main goal of reducing neutropenic fever [371,372]. The
value of adjunctive (as opposed to prophylactic) colony-stimu-
lating factors for the treatment of major infections is unclear.
Studies in vitro and in murine aspergillosis suggest that
G-CSF and GM-CSF can enhance antifungal host defense

[373-376]. If not initiated in the prophylactic setting, use of
colony-stimulating factors should be considered in neutropenic
patients with diagnosed or suspected IA. Although colony-
stimulating factors can augment phagocyte function in addition
to cell numbers, there are insufficient data to recommend their
use in patients who are not neutropenic.

Gog 7/05/ epd gfl/g igy s : The rationale for granulocyte
transfusions is to increase the number of circulating neutrophils
until neutrophil recovery occurs and is usually recommended as
an adjunctive measure if granulocyte recovery is anticipated.
Granulocyte transfusions have been used for decades as adjunc-
tive treatment for severe infections in patients with neutropenia.
The impetus to reevaluate granulocyte transfusions stems large-
ly from improvements made in donor mobilization methods
using therapy with G-CSF and corticosteroids [377]. In addi-
tion, the use of unrelated community donors for granulocyto-
pheresis was shown to be feasible, thus increasing the pool of
potential donors [378, 379]. A randomized trial evaluating the
safety and effectiveness of granulocyte transfusions in patients
with neutropenia and severe bacterial and fungal infections
has recently been published (NCT00627393). Those who re-
ceived an average dose per transfusion of >0.6 x 10° granulo-
cytes/kg tended to have better outcomes than those receiving
a lower dose [380].

The overall benefit vs risk of granulocyte transfusions is cur-
rently unknown. Granulocyte transfusions were of benefit in ex-
perimental pulmonary aspergillosis in neutropenic mice [381].
Granulocyte transfusions can be considered for neutropenic pa-
tients with severe infections, including IA and other mold infec-
tions, which have failed or are unlikely to respond to standard
therapy. Acute lung injury is the major risk of granulocyte
transfusions. AmB may increase lung injury associated with
granulocyte transfusions [382]; therefore, separating AmB and
granulocyte infusions by several hours is advised. Alloimmuni-
zation leading to graft failure after allogeneic HSCT is another
potential risk of granulocyte transfusions. In allogeneic
transplants in which the donor and recipient are seronegative
for CMV, use of CMV-seronegative granulocyte donors is
recommended.

Reayy 5 9 ;¥ ;2 fe® gaywm a (IFN-y): IFN-y augments the
antifungal activity of macrophages and neutrophils ex vivo
against a variety of fungal pathogens, including Aps gi//lfg spe-
cies. A high proportion of patients with CPA are poor produc-
ers of IFN-y [383]. In addition, a high ratio of ex vivo T-cell
production of IFN-y/interleukin 10 is associated with improved
responses to antifungal therapy in patients with IA [384].

Recombinant IFN-y (rIFN-v) is licensed as a prophylactic
agent for patients with CGD on the basis of a randomized
trial in which rIFN-y reduced the number and severity of infec-
tions (mostly bacterial) in patients with CGD by approximately
70% [385]. Its use as adjunctive therapy for patients with IA is
limited to case reports and small series. One concern related to
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rIEN-y use in allogeneic HSCT recipients is the potential to
worsen GVHD. A single-center retrospective analysis suggested
that rTFN-y was safe in allogeneic HSCT recipients [386]. Cur-
rently, the data supporting the efficacy of adjunctive rIFN-y for
aspergillosis are weak; it can be considered in patients with se-
vere or refractory aspergillosis.

S gy : In general, surgical treatment of aspergillosis should
be considered for localized disease that is accessible to debride-
ment. Emergent debridement of sinus aspergillosis can be life-
saving and limit extension to the orbit and brain. Localized cuta-
neous aspergillosis should also be debrided. CNS aspergillosis is a
devastating complication; neurosurgical removal combined with
antifungal therapy may be life-saving, although the expected
postsurgical neurologic outcome should also be considered dur-
ing the decision 17process. Surgical resection of pulmonary lesions
due to A; 8 gil's
can potentlally completely eradicate a localized infection.

species can provide a definitive diagnosis and

Surgical therapy may be useful in patients with lesions
that are contiguous with the great vessels or the pericardium,
uncontrolled bleeding, or invasion of the pleural space
and chest wall. Intervention should also be considered for
localized pulmonary aspergillosis refractory to antifungal ther-
apy [387].

Another consideration for surgery is the resection of a single
pulmonary lesion prior to intensive chemotherapy or HSCT.
However, the favorable experience of HSCT in patients with
prior IA suggests that antifungal therapy alone may be effective
[367, 388-391]. An acceptable approach in patients with pre-
transplant aspergillosis is close CT monitoring without surgical
resection in the absence of additional complications, such as
uncontrolled bleeding or chest wall extension. Decisions con-
cerning surgical therapy should be individualized to account
for a number of variables, including the degree of resection
(eg, wedge resection vs pneumonectomy), potential impact of
delays in chemotherapy, comorbidities, performance status,
the goal of antineoplastic therapy (eg, curative vs palliative),
and unilateral vs bilateral lesions.

%?“dtls/?t i"ee Wbl’hﬁuﬂ-et‘QTtms'mt pifl

rtﬁ-twbn W Vs "Asﬁy P Pl
Berara 'y ;fs .

37. IA is not an absolute contraindication to additional che-
motherapy or HSCT ¢p & goeotywm 9 da iy ;v 0de g e-

diy €'idy ce).

38. Decisions about when to proceed with additional chemo-
therapy or HSCT following the diagnosis of aspergillosis
should involve both infectious diseases specialists and hema-
tologists/oncologists. These decisions must consider the risk of
progressive aspergillosis during periods of subsequent anti-
neoplastic treatment vs the risk of death from the underlying
malignamcy if this treatment is delayed ¢p- o g eadywy » da-
jiy 10V 2 Taiy evidy ce).

EV" epde m“‘ w . Patients with malignancy and IA fre-
quently require additional antineoplastic therapy and/or HSCT.
The major concern is that aspergillosis will progress during sub-
sequent periods of immunosuppression. Several studies have
shown that IA is not a contraindication for additional treatment,
including HSCT [367, 388-391]. It is important to administer
mold-active antifungal treatment during subsequent periods of
immunosuppression (referred to as secondary prophylaxis) to
avoid recurrence or progression. In a multicenter retrospective
survey of patients with pretransplant aspergillosis, 27 of 129 pa-
tients developed progressive fungal disease following allogeneic
HSCT. The variables that increased the 2-year cumulative inci-
dence of aspergillosis progression were longer duration of neutro-
penia after transplantation, refractory malignancy, and <6 weeks
from start of antifungal therapy and HSCT [389]. In a prospec-
tive, multicenter trial of voriconazole as secondary prophylaxis in
patients with pretransplant IFIs (the majority were aspergillosis),
the one-year cumulative incidence of invasive fungal disease was
7% following allogeneic HSCT [367].

Decisions about when to proceed with additional chemothera-
py or HSCT following the diagnosis of aspergillosis must consider
the risks of progressive aspergillosis and the risks of delaying treat-
ment of the underlying malignancy. These decisions require ex-
pertise from infectious diseases specialists and oncologists. From
the infectious disease standpoint, a period of several weeks of an-
tifungal treatment and clear evidence of response to therapy is
ideal before administering additional chemotherapy or HSCT.
However, there are situations when this approach is not feasible,
for example, in patients with refractory or relapsed acute leukemia
who require urgent reinduction therapy.

%L, “}i.es ¢ Nee e % ep'ft‘Sy 9. ifﬁss ¥
sbg, es (S/ eﬂnet ‘f
€1y QgneCroa tn?-S

39. We recommend an individualized approach that takes into
consideration the rapidity, severity, and extent of infection, pa-
tient comorbidities, and to exclude the emergence of a new
pathogen s gwclyw # da iy ; 10" - "aliy e’idp ce).
The general strategies for salvage therapy typically include
(i) changing the class of antifungal, (ii) tapering or reversal
of underlying immunosuppression when feasible, and (iii)
surgical resection of necrotic lesions in selected cases.

40. In the context of salvage therapy, an additional antifungal
agent may be added to current therapy, or combination an-
tifungal drugs from different classes other than those in the
initial regimen may be used W eale eadywy # da i s 0de -

diy evidy ce).

41. In patients currently receiving an antifungal and exhibiting
an adverse event attributable to this agent, we recommend
changing to an alternative class of antifungal, or the use of
an alternative agent with a nonoverlapping side-effect profile
Cp¥ geeaym » daiy ;10V 2 Taiy € idy ce).
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42. For salvage therapy, agents include lipid formulations of
AmB, micafungin, caspofungin, posaconazole or itracona-
zole. The use of a triazole as salvage therapy should take
into account prior antifungal therapy, host factors, pharma-
cokinetic considerations, and possible antifungal resistance
Cr¥ Greadypy ¥ da iy ;pmode g e- I/aliy eVidy ce).

EV’ ende  Gugra 1y . Many issues confound the interpreta-
tion of current published evidence for salvage therapy for IA in-
cluding publication bias, inadequate statistical power, and
heterogeneity of studies. In salvage therapy studies, differentiating
Ap # gill's -attributable mortality vs the impact of underlying dis-
ease or coinfections is not possible [392, 393]. It is also unclear
whether different therapeutic approaches are needed when break-
through infection is detected by GM alone vs culture, the latter
likely representing a more advanced stage of disease.

Studies in the area of salvage therapy for aspergillosis also
lack uniform criteria of what constitutes a “response.” For ex-
ample, the volume of lesions on chest CT increase during the
first 7-10 days on therapy, and neutrophil recovery may lead
to immune reconstitution inflammatory syndrome (IRIS) that
presents as transitory clinical worsening [159]. Salvage therapy
trials that enroll patients after only 7 days of antifungal therapy
may not adequately account for this phenomenon. Antifungal
therapy initiated at the time of neutrophil recovery is also biased
by the salutatory effects of immune recovery.

In addition, there is confusion in some studies between se-
quential vs true salvage therapy as the action of the failing
drug may interact with the action of the salvage drug. The
first drug may inflict damage to Ay 8- gill's that enhances the
action of the second drug, or there may be neutral or possibly
even antagonistic effect. Another issue relates to antifungal
agents with prolonged half-lives such as AmB formulations
[394]. Thus, in patients receiving AmB-based initial therapy,
the combined action of both AmB and the “salvage” antifungal
agent will be present for several days to a week after cessation of
AmB therapy. Finally, most salvage studies do not provide a ro-
bust explanation for the lack of response (eg, failure due to drug
resistance or coinfection, disadvantageous pharmacokinetics/
pharmacodynamics, intolerance to a study drug, or lack of re-
covery from immunosuppression).

The principal antifungal agents considered for salvage thera-
py include lipid formulations of AmB, posaconazole, itracona-
zole, and the echinocandins, caspofungin and micafungin,
which have both been evaluated in salvage settings [255, 356,
395-398]. Voriconazole can also be considered as a salvage
agent if not used in primary therapy, as could presumably isa-
vuconazole, although isavuconazole has limited evaluation in
the salvage setting. In patients who fail initial triazole therapy,
a change in class to an AmB formulation (usually liposomal
AmB), with or without an echinocandin, should be considered.
Azole-specific pharmacokinetic problems must also be

considered, including TDM. Most of the prospective studies
of second-line therapy have been conducted by replacing the
compound to which the patient is intolerant or against which
the infection is progressing. Whether both drugs should be ad-
ministered simultaneously has seldom been prospectively stud-
ied [194]. The addition of a second antifungal agent to a first
agent that is failing is usually practiced out of understandable
lack of therapeutic options.

Other drug combinations have not been extensively studied
[297]. Additional questions of optimal drug combinations, op-
timal drug dosing, pharmacokinetic interactions, potential toxic
interactions, and cost-benefit ratios of primary combination
antifungal therapy require further investigation.

The need for surgical resection should be evaluated in cases
of pulmonary lesions contiguous with the heart or great vessels,
invasion of the chest wall, massive hemoptysis, and other spe-
cial circumstances. Restoration of or improvement in impaired
host defenses is critical for improved outcome of IA. Correction
of comorbidities using various adjunctive strategies (eg, correc-
tion of hyperglycemia, recovery from neutropenia, or reduction
of immunosuppressive medication dosages) is expected to im-
prove outcomes in progressive IA but may also be associated
with IRIS.

1::.;.';;: B,,L‘*fe s g Ue 4 Psess ;tg;.-tRes".’-e : 0
R Bonsera Ty i
h t ti
43. Serial monitoring of serum GM can be used in the appro-
priate patient subpopulations (hematologic malignancy,
HSCT) who have an elevated GM at baseline to monitor dis-
ease progression and therapeutic response, and predict out-
come 6 gy ¥ da iy ;m 0deqe- "aiy eVidy ce).
44. (1 - 3)-B-D-glucan has not been extensively studied in IA
to predict outcome V eaks ecdywy # da iy ; 10V = "aliy
eVidy ce).

E"; ende ”mu‘v 7 . Multiple studies have evaluated serial
serum GM for both therapeutic monitoring as well as predicting
prognosis and found excellent correlations between GMI and
outcomes. A review of 27 published studies, including both
adult and pediatric allogeneic or autologous HSCT recipients,
found an excellent correlation between GMI and survival,
including autopsy findings [399]. A prospective study of 70
patients with prolonged neutropenia found good GMI concor-
dance with clinical outcome at 6 weeks and excellent correlation
at 12 weeks, including perfect concordance with autopsy find-
ings and significantly better survival in patients who became
GM negative by 12 weeks [400]. Another retrospective study
found similar results, including significantly better survival in
patients whose GMI normalized compared to patients with per-
sistently positive GM, regardless of resolution of neutropenia
[401]. In one study, an adjusted hazard ratio (HR) for
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respiratory or all-cause mortality increased from 2.25 with a
serum GMI > 0.5 to a HR of 4.9 with a serum GMI > 2.0
[402]. GMI-based assessment can also predict outcome sooner
[403].

Several studies have compared the initial GMI and subsequent
rate of daily decay of GM, defined as the change from the initial
GMI divided by the number of days since that initial value. Both
initial GMI and rate of decrease of GM in response to therapy at
one week after initiation of therapy have been predictive of mor-
tality [404]. The adjusted HR for initial GM for time to mortality
was 1.25 per unit increase in GMI, as well as an HR of 0.78 per
unit decrease for survival [405]. GMI is also predictive of out-
come in nonneutropenic patients [406-408].

A retrospective evaluation of the global aspergillosis clinical
trial comparing voriconazole to AmB deoxycholate followed by
other licensed therapy [348
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disease cannot be eliminated (x@ geeaywy ¥ dq ¥ ;v 0de -
qe‘—i I/algy eVidp ce).

47. Bronchocentric granulomatosis is treated in the same fash-
ion as ABPA (s geeatymy # dg iv ;W‘—i l/a/iy eVidy ce).

48. Invasive forms of TBA are treated with a mold-active tria-
zole or intravenous lipid formulations of AmB §e¢ g eayy -
mydgiy modege’ I/alg/ eVidp ce). We also recommend
minimization or reversal of underlying immunosuppression
when feasible, and bronchoscopic debridement of airway le-
sions in selected cases ¢p-@ g eadyyy ¥ dg iy ;10V - l/alliy
eVidy ce).

49. In lung transplant recipients, we recommend treatment
with a systemic antimold antifungal for TBA, including sap-
rophytic forms. We also recommend adjunctive inhaled
AmB in the setting of TBA associated with anastomotic en-
dobronchial ischemia or ischemic reperfusion injury due to
airway ischemia associated with lung transplant ¢ g ec-
S # A4 iy iy 0ds g e
fungal therapy is at least 3 months or until TBA is completely

diy €’idy ce). Duration of anti-

resolved, whichever is longer.

[
EV,' endC Gugra 1 .
ilar to pulmonary aspergillosis in that it can occur in sapro-

Airway aspergillosis (or TBA) is sim-

phytic, allergic (ABPA), or invasive forms. There is also an
emerging entity of Ay 8- gill's bronchitis among patients with
CF, and others with bronchiectasis. The diagnosis of TBA is
suggested by bronchoscopic findings and confirmed by culture
and histopathology. Due to the limited number of studies, op-
timal evidence-based therapy is not clear, and recommenda-
tions are extrapolated from experience in treating invasive
lung parenchymal aspergillosis and TBA case series.

Scrop ly ;ic fam s of TBA include obstructing bronchial as-
pergillosis, endobronchial aspergillosis, and mucoid impaction.

Obstructing bronchial aspergillosis is characterized by thick
mucous plugs with minimal or no airway inflammation [417,
418]. Patients commonly present with the subacute onset of
cough, dyspnea, chest pain, hemoptysis, and expectoration of
fungal casts. Management typically consists of bronchoscopic
clearance usually followed by oral antifungal therapy.

Endobronchial aspergillosis is generally found among patients
with lesions such as broncholiths, cancer, or granulation tissue or
suture material at the anastomotic site after lung resection. It is
manifested as endobronchial lesions or mucous plugs in or
around the bronchial stumps or sutures. In general, these sapro-
phytic forms do not require systemic antifungal therapy unless pa-
tients are immunocompromised and locally invasive disease
cannot be ruled out [418]. In symptomatic patients, local debride-
ment or suture removal can be performed. There is no consistent
evidence that systemic, inhaled, or local injection with an antifun-
gal agent is effective in treating these forms of disease.

Mucoid impaction is a clinical-radiographic syndrome charac-
terized by inspissated mucus filling of the bronchi [417,418]. Fin-
ger-in-glove sign, referring to branching tubular opacities that

extend peripherally, is the classic chest radiograph finding.
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into pulmonary vessels, and should be performed by experienced
interventional bronchoscopists.

TBA is most commonly described in lung transplant recipi-
ents, affecting 4%-6% of patients [423, 424%. Potential underly-
ing factors include the high rate of Agp # gill's colonization both
pre- and post-lung transplant, the direct exposure of the allo-
graft lung to the environment, reduced mucociliary clearance,
pulmonary denervation, and higher degree of immunosuppres-
sion than other organ transplant [425]. TBA typically occurs
within 3-6 months of lung transplant, presumably as a result
of airway ischemia due to disruption of bronchial vasculature
during the transplant procedure. Furthermore, ischemic reper-
fusion injury might lead to airway stricture and other abnormal-
ities that predispose to A;P & gil’s colonization and disease.
Most lesions are asymptomatic and diagnosed by surveillance
bronchoscopy; they manifest as pseudomembranes, ulceration,
black eschar, or plaques. Rare cases of obstructing bronchial as-
pergillosis and TBA with bronchopleural fistulae have also been
described. These lesions can develop despite systemic antifungal
prophylaxis. Although TBA can progress to involve the lungs
and disseminate, the overall outcome is better than that of IPA.
Improved outcomes might result from early diagnosis based on
surveillance bronchoscopy that is routinely performed in lung
transplant. We recommend a mold-active triazole or intravenous
lipid formulation of AmB based on case series. If the lesion devel-
ops while the patient is on antifungal prophylaxis, optimization of
antifungal dosing with TDM is indicated. We also recommend
adjunctive aerosolized AmB because the anastomotic site is devas-
cularized, making it difficult for parenteral therapies to achieve
therapeutic concentrations. Pseudomembranous TBA might be
adjunctively treated with bronchoscopic debridement. Airway
stenosis resulting from TBA might require balloon dilation,
laser treatment, or stent placement. Endobronchial TBA with
anastomotic dehiscence might need stent placement or surgical
repair [426]. Duration of therapy for TBA is not well studied,
but we recommend at least 3 months of systemic antifungal ther-
apy with or without aerosolized AmB or until TBA is completely
resolved, whichever is longer.

AR 4
AsP rB SSs
W5 o Mae T 2 Sty ® fs e 1y ifes £49erapr’ Ne Vs
shaa sig‘;\’ﬂ @,s’
e Banetra 'pif.
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50. We recommend voriconazole as primary therapy for CNS
aspergillosis €p gueadyw # da iy ;modege” "aliy
eVidy ce). Lipid formulations of AmB are reserved for
those intolerant or refractory to voriconazole ¢g @ g eady -

m oy dgiy modeqge "aiy evidp ce)

EV" erac guura 'y . CNS aspergillosis is a devastating

complication with a poor prognosis in the vast majority of

affected patients [427]. Tenets of management include attempts
to establish an early diagnosis, administration of an appropriate
antifungal agent, assessment of the need for surgical interven-
tion, and attempts to mitigate immunologic impairment(s) that
led to CNS aspergillosis [428].

Diagnosis is suggested by the presence of focal neurologic
deficits or seizures in the immunocompromised host, while
meningeal signs are uncommon. CT and MRI are essential
for the detection of infection and monitoring response to ther-
apy. The radiographic pattern is dependent on the source of in-
fection with direct extension from the sinuses, eye, or middle
ear often causing only a single abscess within the frontal or
temporal lobe, and those developing from hematogenous dis-
semination causing solitary or multiple small abscesses most
frequently at the gray-white junction. Vascular invasion may
occur and rupture with the development of a hemorrhagic or
ischemic stroke, subarachnoid hemorrhage, or empyema forma-
tion. Definitive diagnosis is dependent on recovery of the organ-
ism, or examination of biopsy findings. Biopsy of lesions within
the CNS is not always practical and infection of the CNS is com-
monly inferred by recovery of A p b giIII/g spp from a pulmonary
or sinus source coincident with a characteristic brain lesion. The
value of screening patients with IPA for asymptomatic CNS dis-
ease has not been determined.

Detection of GM [429] or (1 — 3)-B-D-glucan from the cere-
brospinal fluid [430] is helpful in the diagnosis of CNS aspergil-
losis; however, other fungal pathogens also have positive results

s @iy spp) [431]. PCR assays have
been examined for CNS aspergillosis, but these have not been

with these assays (eg, F

standardized for widespread use [87].

Surgical intervention is frequently discussed during the care
of patients with CNS aspergillosis as resection of infected tissue
or abscesses eliminates areas containing viable fungi. A mortal-
ity benefit of surgery for the management of cerebral lesions, in
combination with antifungal therapy with voriconazole, has
been shown in a retrospective study of 81 patients [432]. Al-
though this study was subject to selection bias for those patients
who were ultimately able to undergo surgical intervention, a
benefit of voriconazole followed by surgical intervention was
suggested (HR, 2.1; 95% CI, 1.1-3.9; P =.2). Surgical interven-
tion is also a useful adjunct in the management of CNS asper-
gillosis with contiguous infections of the paranasal sinuses or
vertebral bodies and should be pursued in these circumstances
when feasible.

The reversal or reduction of immunosuppression is essential
in attempts to improve outcomes and should be managed in the
same fashion as discussed elsewhere in this document.

Recommendations for the treatment of CNS aspergillosis
with voriconazole are based primarily on open-label studies.
In a direct comparative trial between AmB deoxycholate and
voriconazole, a trend toward improvement of CNS aspergillosis
in patients was noted in those who were treated with
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voriconazole [348]. The open-label studies of voriconazole in
adult and pediatric patients also demonstrate activity of vorico-
nazole in the treatment of CNS aspergillosis [216, 432]. It
should be noted that voriconazole interacts with some antisei-
zure medications ( phenytoin, phenobarbital) that may be coad-
ministered in patients with CNS mass lesions, likely resulting in
subtherapeutic concentrations.

Lipid formulations of AmB have demonstrated favorable re-
sponses in animal models and patients with CNS aspergillosis.
Among lipid formulations of AmB formulations, favorable re-
sponses have been achieved in case reports with liposomal
AmB, ABLC, and ABCD [433-435]. Itraconazole and posaco-
nazole have also been successfully used in treatment of CNS as-
pergillosis [255,436,437], and case reports describe the efficacy
of caspofungin and micafungin in the treatment of CNS asper-
gillosis [398, 438]. Combination therapy for CNS disease is ini-
tiated by some practitioners out of understandable lack of
therapeutic options given the mortality associated with this
form of dissemination, and a favorable response has been ob-
served in animal models and some patients [197], yet there
are no data suggesting better outcomes with this approach.

Progressive neurologic deficits have led to the use of cortico-
steroid therapy in patients with evolving CNS disease; however,
this practice is deleterious and should be avoided. Intrathecal or
intralesional antifungal therapy is also not recommended for
the treatment of CNS aspergillosis due to a failure of AmB de-
livered intrathecally to penetrate beyond the pia mater. Delivery
via this method also has the potential for AmB-induced chem-
ical meningitis, arachnoiditis, seizures, headache, or altered
mental status [439].

Epidural aspergillosis is an unusual manifestation of CNS as-
pergillosis that most often arises from extension into the epidu-
ral space from vertebral abscess [440]. Systemic antifungal
therapy and surgical drainage are considered to be standards
of practice for management of epidural aspergillosis; however,
most of the experience in managing epidural aspergillosis is
based on individual case reports and brief case series.

HZ2 slAsﬁg ,-"Vs ¥ vl‘;’rl-! 25T ﬂll';e °
R" :
€1 QgraCra t,'fr" .

51. We recommend that Ag, 8 gi/ll/; endophthalmitis be treat-
ed with systemic oral or intravenous voriconazole plus intra-
vitreal voriconazole or intravitreal AmB deoxycholate g o g

»eayy ¥ da iy W eak‘—i I/ally eVidy ce).

EV" eriC Gugra 1Y . Hematogenous endophthalmitis pre-
sents in immunocompromised and noncompromised patients
as sudden loss of vision, usually in one eye, beginning with sub-
retinal lesions that cause retinal necrosis and rapidly extend into
the vitreous humor [441]. A dense vitritis forms over a few days.
A vitreal ajs";irate or vitrectomy specimen yields Ay b gi/ll/g ,

usually A. fiyy iga ’s, on culture and smear [442]. Visual loss

is usually permanent and enucleation often required for pain re-
lief. Intravitreal voriconazole 100 pg or intravitreal AmB deox-
ycholate 5-10 pg appear to be essential in treatment, combined
with systemic voriconazole [443]. Local concentration of drug is
lower if intravitreal drug is injected at the end of a pars plana
vitrectomy, lessening concern about retinal toxicity of AmB
deoxycholate when that drug is used. Although intracameral in-
jection (injection into the anterior chamber) has no role in as-
pergillosis of the posterior chamber, it has been reported that
intracameral injection of voriconazole 100 ug was useful for ex-
tension of fg, & gill’s keratitis into the anterior chamber [444].

W'l shae Rgq "'f ggey ﬁ-‘AS‘g s ‘?ﬂe ;"‘}r“vs“ﬂ
ves? )
e Benera g if .

52. We recommend that both surgery and either systemic vor-
iconazole or a lipid formulation of AmB formulation be used
in invasive A;‘, # gill’s fungal sinusitis but that surgical re-
moval alone can be used to treat Ay gil's fungal ball of
the paranasal sinus. Enlargement of the sinus ostomy may
be needed to improve drainage and prevent recurrence
Cro geammp dgiy smodeqe "diy eidy ce).

EV,- epae m"\' » . Inan uncomplicated A;P & gi//l/g fun-
gal ball of the sinus, >90% being in the maxillary sinus, clini-
cians should remove the fungal ball, preferably using
endoscopic techniques as this is usually curative. A wide maxil-
lary antrostomy is done to improve sinus drainage, and a biopsy
of the sinus wall is sometimes done to rule out mucosal invasion
[445-447]. Local or systemic antifungals have no role in the
treatment of a maxillary sinus fungal ball. Ay s gi//lig fungal
balls of the sphenoid sinus differ in that invasion into the cav-
ernous sinus can occur from fungal invasion or excessive surgi-
cal debridement [448]. Systemic antifungal therapy may be
advisable if there is a question of mucosal involvement, mucosal
breach of the sphenoid sinus, or spread into the cavernous
sinus. Local irrigation of the paranasal sinuses with AmB is
not considered useful because topical AmB does not penetrate
into tissues.

In granulomatous or chronic invasive and granulomatous as-
pergillosis of the paranasal sinus in immunocompetent patients,
often diagnosed because of proptosis or extension to the brain
or orbit, and in acute invasive paranasal sinusitis of severely im-
munocompromised patients, surgical debridement and system-
ic antifungal therapy is recommended. Sometimes multiple
surgical procedures are required, and extensive debridement is
best done once thrombocytopenia has resolved, to reduce the
risk of postoperative hemorrhage. Voriconazole is the preferred
therapy, or a lipid formulation of AmB; morbidity and mortality
is high [158, 449, 450]. Allergic fungal rhinosinusitis (AFRS) is
discussed elsewhere.
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53. In A;’ s gi//l/g endocarditis, we recommend early surgical
intervention combined with antifungal therapy in attempts
to prevent embolic complications and valvular decompensa-
tion ¢p & gocalyy » da iy ;m od;qe‘—i 7611191 eVidy ce).
Voriconazole or a lipid formulation of AmB is recommended
as initial therapy ¢p o goeadywy # dq in ;/(W‘-i l/alz}y evi-
dp ce). Following surgical replacement of an infected valve,
lifelong antifungal therapy should be considered {s @ g ec-
dym ¥ da iy 10V = Tajy eidy ce).

EV' epde gupa 'y . The diagnosis of Ay b gillyg endocar-
ditis is often difficult and almost always delayed with the diag-
nosis made postmortem in up to one-third of cases [451]. Fever,
the presence of a new murmur, and stigmata of peripheral em-
boli such as new neurologic deficits, heart failure, or dyspnea are
the most commonly encountered clinical features and no differ-
ent from those observed in bacterial endocarditis. Blood cul-
tures are almost always negative, and examination of resected
valvular tissue or emboli is the most common means of con-
firming the diagnosis. The converse is not true; positive blood
cultures are more likely to be contaminants than indicating en-
docarditis. Noninvasive markers such as GM may be positive,
but are not specific for the site of disease [452].

The aortic and mitral valves are those most frequently infect-
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combination with antifungal therapy is recommended [462].
The type and extent of surgery should be individualized.

Voriconazole has been successfully used as salvage and pri-
mary therapy, either alone or in combination with surgical de-
bridement [463, 464], and has been shown to be superior to
AmB in cases of disseminated aspergillosis [348]. Historical ex-
perience has shown the efficacy of AmB formulations. Itracona-
zole has been used subsequent to a course of AmB. There is little
reported experience in the use of posaconazole or echinocan-
dins in the treatment of A;P ' gi//yg osteomyelitis [465]. Therapy
should be continued for a minimum of 8 weeks, with longer
courses (>6 months) frequently necessary [460, 461].

A;P ¢ gil's arthritis may develop from hematogenous dis-
semination in immunocompromised patients, via injection, or
by direct traumatic inoculation in immunocompetent hosts
[466]. In many cases, Ag, & gill’s arthritis arises as an extension
from a contiguous focus of 4, & gil’s osteomyelitis [466]. Most
of the successfully treated cases of A # gill’s arthritis have re-
sponded to combined medical therapy and drainage of the joint
and/or synovectomy [467]. Historically, AmB formulations
have demonstrated efficacy in cases of arthritis [466], although
more recent data have shown an improvement in response rates
when voriconazole is administered, which is the recommended
antifungal agent in this setting [468].

‘[;Kl 7 Aﬁ ;ge T £ tpstra Re‘n"’m-ﬂu ‘\lt,'f-'-s fq‘. v e Bs
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55. As cutaneous lesions may reflect disseminated infection,
we recommend treatment with voriconazole in addition to
evaluation for a };rimary focus of infection (@ g ety -

¥ daiy 10V - Taiy eVidy ce).

56. In cases of aspergillosis in burns or massive soft tissue
wounds, surgical debridement is recommended, in addition
to antifungal therapy s & gseabyw » da iy ;m 0ds g e-

diy eVidy ce).

EV' erd‘e ynm.-“’ . Cutaneous aspergillosis may develop
in the context of hematogenous dissemination in the immuno-
compromised host or can occur in the context of traumatic or
nosocomial device-related infection or in burn victims, and rep-
resents a heterogeneous disease [11,469,470
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localized lesions that are refractory to medical therapy, surgi-
cal intervention should be considered ¥ eals ey » da-
L iy ;Id"g diy e’idp ce).

Evi ende  Guens 1Y . Aspergillosis of the esophagus and
gastrointestinal tract is relatively common in advanced cases
of disseminated IA [483]. In fact, in autopsy studies, esophageal
and gastrointestinal tract involvement is the third most common
site of infection [483]. Disease may occur through hematogenous
dissemination or ingestion, and some authors have suggested the
gastrointestinal tract as a potential portal of entry for A p 4 8il's
spp [484], although this has not been definitively demonstrated.
The few well-documented cases have been associated with high
morbidity and mortality and the diagnosis is infrequently made
antemortem [485]. Because of the paucity of data for esophageal
and gastrointestinal aspergillosis, there is no clear indication of
optimal therapy, and a rational approach is to combine both
medical and surgical therapy [486].

Hepatic aspergillosis may occur as single or multiple hepatic le-
sions. Dissemination to the liver is thought to occur via the portal
venous system from the gastrointestinal tract, or as a component of
general and widespread systemic dissemination [487]. Cholangitis
secondary to Ap & gil's spp is exceedingly uncommon, but has
been described following biliary surgery [488]. Reports of therapeu-
tic interventions are limited. Medical therapy for hepatic abscesses
may be effective and preclude the need for surgical resection.

;K: “lt A Ehae T ﬂ‘;t-erut Refn&--em “]t,'f-'-s f"'Rer-; R
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60. We suggest a combined approach of medical and urologic
management for renal aspergillosis. Obstruction of one or
both ureters should be managed with decompression if possi-
ble and local instillation of AmB deoxycholate. Parenchymal
disease is best treated with voriconazole ¥ ealw eabywy ¥ da-
Ly ;l(W’—i l/allp/ eVidy ce).

Evi epae Guers 1y . Renal aspergillosis may develop as
single or multiple parenchymal abscesses, usually as a result
of hematogenous dissemination, or may present as a fungal
ball in the pelvis of the kidney [489, 490]. This form of asper-
gillosis may cause hematuria, ureteropelvic obstruction from a
fungal ball, perinephric abscess with extension into surround-
ing tissues, or passing of fungal elements into the urine.

Reports of management are limited to individual cases. Med-

ical management alone may be successful if abscesses are relative-
ly small. Management of larger abscesses may require surgical
drainage. Microwave ablation has been successfully used as an
adjunct to antifungal therapy in a single patient deemed a poor
surgical candidate [491]. Nephrectomy should be performed only
as a last option. Voriconazole, posaconazole, itraconazole, AmB
formulations, and the echinocandins all exhibit poor urinary
concentrations [492]. Irrigation via a nephrostomy tube with

AmB deoxycholate allows high local concentrations and when
given by this route is not absorbed and is not nephrotoxic. It
thus may be useful in aspergillosis of the renal pelvis, but has
no role in the treatment of parenchymal disease [493].

e ‘L't A Ehae T f‘;’i--ewt Regnr-ews fq‘Asﬁg ;s El r r-lf‘tif-'-s’
€1 QgseCra Imlt,’r?-"i .

61. Noninvasive 4 p 4 gi//l/g otitis externa, also called otomyco-
sis, is treated by thorough mechanical cleansing of the exter-
nal auditory canal followed by topical antifungals or boric
acid (p o geeadym # daiy ;modeqge- "aiy evidp ce).

62. We recommend that clinicians treat IA of the ear with a
prolonged course of systemic voriconazole, usually combined
with surgery (s @ goeaym » da iy ; 10V 2 "aiy e idy ce).

EV,- epde m'}] # . It is important to distinguish otomy-
cosis, a common entity in healthy persons, from IA of the ear,
which is rare and occurs in immunosuppressed persons and di-
abetic I/individuals. In otomycosis, A, & gil's species, often A -
»* gil'sy ige


http://cid.oxfordjournals.org/
http://guide.medlive.cn/
http://guide.medlive.cn/

Ophthalmologists should consider penetrating keratoplasty for
patients who do not respond to topical therapy, though patients
with lesions extending to the corneal limbus, with corneal perfo-
ration or hypopyon, are at high risk of recurrence [506].
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64. We suggest the diagnosis of aspergillus bronchitis in non-
transplant patients be confirmed by detection of AP F3 gi/ll/;
spp in respiratory secretions, usually sputum, with both PCR
and GM on respiratory samples being much more sensitive
than culture ¥V eals eakywy # da iy ;10" * "aliy ¢vidy ce).

65. We suggest treatment with oral itraconazole or voriconazole
with TDM ¥ eale ey # dq iy ;/(W‘i diy €’idp ce).

EV,' epae smtu“’ . A;P ﬂ»gi/llfg is a cause of acute or
chronic bronchitis usually seen as a complication of CF or bron-
chiectasis [83, 507, 508].Its clinical features are not distinctive in
CF, but include a more rapid decline in FEV, than those with-
out ABPA or A, 4 gi//l/g sensitization. It affects up to approxi-
mately 30% of adults with CF [509]. Patients present with
recurrent, frequently relapsing acute bronchitis with thick spu-
tum plugging and shortness of breath. Occasional patients de-
velop mucoid impaction, or so-called “plastic bronchitis,”
requiring urgent bronchial toilet. Identification of Ays gi//Vg
in airway secretions with culture, PCR, or GM is essential for
the diagnosis, and elevated AP & gil/lfs IgG serology is suppor-
tive of the diagnosis [507, 508]. Several ASP & gill's species may
be implicated.

It is likely that antifungal therapy is helpful in both CF and
bronchiectasis by reducing the burden of organisms and thus
reducing the inflammatory immune response [508, 510], but
this has not been systematically studied. Itraconazole or vorico-
nazole are first-line agents. Patients who fail one azole agent
may respond to a different azole. Relapse after improvement
during antifungal therapy is common; long-term suppressive
therapy may be necessary for symptom control. Triazole anti-
fungal resistance has been documented, and so susceptibility
testing is valuable. The role of inhaled antifungal therapy is
uncertain.
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66. We recommend pro[;hylaxis with posaconazole g @ g ec-
Sy ¥ da iy ; high-
ey ¥ da iy sy odeqe” "aiy e'idp ce), and/or mica-
fungin ¥ eaks eadyuy # da iy ;10V - "aliy eVidp ce) during

diy e’idp ce), voriconazole (g9 g

» ﬁ-gi//l/g and non-/‘s’ & gil's

prolonged neutropenia for those who are at high risk for IA
Cro gcamm ¥ da iy ; high-
with caspofun I;gm is also probably effective ¥ eale ectpywy » -
da iy ; /(W diy evidp ce). Prophylaxis with itraconazole
is effective, but therapy may be limited by absorption and tol-
erability p @ geeadym # da iy ;modege” "aiy evi-
dy ce). Triazoles should not be coadm