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» In case of any delay, management should be initiated following this
guidance document.

» If all diagnostic options are available, one should follow the management
pathway depicted in recommendations.



Imaging

» In patients with haematological malignancy and suspected pulmonary mucormycosis,
pulmonary CT scan is recommended for the detection of the reversed halo signg an area of
ground glass opacity surrounded by a ring of consolidation on thoracic CT, or vessel occlusion

on CT pulmonary angiography. =

>

» If disease of the eye or brain is suspected, MRI should be conducted in lieu of a CT scan due to
substantially greater sensitivity.



>

» Once mucormycosis has been proven In a patient with
underlying malignancy, cranial, thoracic, and abdominal
Imaging studies to determine the extent of disease are
recommended with moderate strength.
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Histopathology in mucormycosis

A

» Mucormycosis Is usually suspected based on results of direct
microscopy of clinical specimens, preferably stained with fluorescent
brighteners calcofluor white (Sigma Aldrich, St Louis, MO, USA) or
blankophor (Tanatax Chemicals, Ede, The Netherlands).

>



>
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» Hyphae can artefactually seem to have septae because tissue
can fold over Itself during processing, which can create
artificial lines that can be confused with septations.




» Similarly, the historically described 90° branching
angle of Mucorales in tissue, versus 45° branching
angle of septate moulds, can be difficult to identify In
tissue due to Interstitial pressures exerted on the
fungl by the tissue and alterations In tissue
architecture during processing.
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» The lesions of mucormycosis are characteristic but

nonspecific. A
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» whereas, In chronic lesions, a pyogranulomatous
Inflammation with presence of giant cells, and sometimes
hyphae covered by the Splendore-Hoeppli phenomenon
which describes deeply eosinophilic material surrounding the
pathogen, are seen .



~although a variation In sensitivity has
been reported, In addition, these tests might not be
widely available.
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Recommendations
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» However, there are no data available to describe the accuracy of

distinguishing Mucorales from other moulds based on these
characteristics.



Culture and microscopy

» Recommendations

—
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» Homogenisation of tissue should be avoided before culturing.

> Incubation at 30°C and 37°C separately is strongly recommended .

» Direct microscopy with fluorescent brighteners from clinical specimens is strongly recommended
mainly focusing on septation, branching angle, and hyphal width.



Susceptibility testing
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» However, we strongly recommend the use of these methods
primarily to establish epidemiological knowledge in the field.

i micomycot ih margng shengih omy.



Molecular-based methods for
direct detection

>

» Fresh material is preferred over paraffin-embedded
tissue because formalin damages DNA.

>

VY
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Genus and species identification

» there is currently sparse evidence that identification of
the causative Mucorales 1o the genus or species level, or
both, could guide the choice of the antifungal

tfreatment.
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» |n particular, the clinical picture can be different depending on the
species.

» Moreover, species identification is valuable for investigation of
health care-associated mucormycosis and outbreaks.
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Recommendations

/1

Guiding freatment by identification to the genus level is supported with rrii:]rginol
strength. >

Because the best technique for molecular identification, internal transcribed spacer (ITS)
sequencing is strongly supported.

Matrix assisted laser desorption ionisafion time of flight (MALDI-TOF) identification is
moderately supported because it relies mainly on in-house databases, and many
laboratories do not have that capacity.



[ Strongly recommended [ Moderately recommended [ Marginally recommended 1 Recommended against

A

Suspected and confirmed mucormycosis are emergencies and require rapid action

-

Plus

Surgical debridement with clean margins
for 3 purposes: (1) disease control, (2) histopathology, (3) microbiological diagnostics

Immediate treatment initiation

i

+

-

Avoid slow
escalation of doses

If brain
involvement

If preexisting renal
compromise

Liposomal
amphotericin B
5-10 mg/kg per
day from

day 1

©

-

Avoid slow
escalation of doses

Avoid slow
escalation of doses

Liposomal
amphotericin B
10 mg/kg per day
fromday 1

Liposomal
amphotericin B
or amphotericin B
lipid complex

10 mg/kg per day
fromday 1

I

—
Isavuconazoayle IV
3 x200mgday 1-2
1x 200 mg per
day fromday 3

Posaconazole IV
Z2x300mgday 1
1x 300 mg per day
from day 2

v [

Isavuconazoayle |
3x200 mgday 1-2
1x200 mg per
day fromday 3

Posaconazole IV
2x300mgday 1
1x300 mg per day
fromday 2

-

v -

Posaconazole oral
suspension
4x 200 mg per day

Liposomal Avoid
amphotericin B

<5 mg/kg per day
Any dose

amphotericin B
deoxycholate

.

Response assesment
(eg weekly imaging)

l

-

Stable disease or partial response

Progressive disease

v

Y SN—

-

-

- -

Continuation of 1st line
treatment or change to oral
treatment

Isavuconazoayle PO @

3x200 mgday 12
1x 200 mg per day fromday 3

or
Posaconazole DR tablets

2x300 mgday 1
1x 300 mg per day from day 2

Isavuconazoayle IV O
3x200 mgday 1-2
1x 200 mg/day 2 fromday 3

or
Posaconazole IV or DR tablets

2x300 mgday 1
1x 300 mg per day from day 2

Liposomal amphotericin B
10 mg /kg per day fromday 1

Amphotericin B lipid complex
or

Liposomal amphotericin B

5 mg /kg perday fromday 1

Isavuconazoayle IV Q
3x200 mgday 1-2
1x 200 mg/day 2 fromday 3

or
Posaconazole IV or DR tablets

2x300 mgday 1
1x 300 mg perday from day 2

otericin B lipid
complex or liposomal
amphotericin B

5 mg /kg per day fromday 1

Posaconazole oral suspension
4x200 mg perday

Combination with pozaconazole

Posaconazole oral suspension
4 %200 mg per day




[1Strongly recommended [] Moderately recommended [] Marginally recommended ] Recommended against

B R
Suspected and confirmed mucormycosis are emergencies and require rapid action

v

Surgical debridement with clean margins

for 3 purposes: (1) disease control, (2) histopathology, (3) microbiclogical diagnostics
Plus

Immediate treatment initiation

v v v v

If pre-existing renal compromise Isavuconazole IV Posaconazole oral suspension Avoid
3x200 mgday 1-2, 4x200 mg per day Amphotericin B deoxycholate
¢ 1x 200 mg per day from day 3 Any dose
Posaconazole IV
Isavuconazole IV 2x300 mgday 1,

3x200 mg day 1-2, 1x 300 mg from day 2
1x200 mq per day from day 3

Posaconazole IV
2x300mgday 1,
1x300 mq from day 2

-

Response assesment
(eg weekly imaging)

B : v

Stable disease or partial response Progressive disease Toxicity

v B v

Continuation of first-line treatment Isavuconazole IV or PO Isavuconazole IV or PO
or change to oral treatment 3x200 mgday 1-2, 3x 200 mg day 1-2,
1x200 mq per day from day 3 1x 200 mg per day from day 3

Isavuconazole PO
3x200 mgday 1-2, or or
1x200 mq per day from day 3
Posaconazole IV or DRtablets Posaconazole IV or DR tablets
or 2x300 mgday 1 2x300 mgday 1

1x300 mg per day fromday 2 1x300 mg per day from day 2

Posaconazole DR tablets
2x300 mgday1, Posaconazole oral suspension Posaconazole oral suspension

1x300 mq per day from day 2 4x200 mg per day 4% 200 mg per day
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[ Strongly recommended ] Moderately recommended [] Marginally recommended [Z]Recommended against

C

Suspected and confirmed mucormycosis are emergencies and require rapid action

v

Plus

Surgical debridement with dean margins
for 3 purposes: (1) disease control, (2) histopathology, (3) microbiological diagnostics

Immediate treatment initiation

v

v

v v

v

Avoid slow escalation of
doses

If brain involvement

Posaconazole oral
suspension

Liposomal amphotericin B
5-10 mg/kg per day from
day 1

v

¢ 4x 200 mg per day

Avoid slow escalation of
doses

Avoid slow escalation of
doses

Liposomal amphotericin B
10 mg/kg per day from

day 1

Liposomal amphotericin B
or amphotericin B lipid
complex

10 mg/kg per day from
day1

Liposomal Amphotericin B
<5 mg/kg per day

Avoid
Amphotericin B
deoxycholate
Any dose

-

Response assesment
{eg weekly imaging)

Progressive disease

v

. v

B

Posaconazole oral
suspension
4x200 mg per day

Posaconazole oral
suspension

Liposomal amphotericin B
10 mg/kg per day from day 1

4x200 mg per day
Amphotericin B lipid
Complex or liposomal
amphotericin B

5 mg /kg per day from day 1

Combinationwith
pozaconazole Oi

Amphotericin B lipid
complex or liposomal
Amphotericin B

5 mg/kq per day from day 1




12/18/2021




Optimal freatment pathways for
mucormycosis in adults

» Depending on the geographical location not all recommended
treatments may have regulatory approval for use in clinical settings.

» (A) When all treatment modalities and antifungal drugs are
available, (B) when amphotericin B lipid formulations are nof
available, and (C) when isavuconazole and posaconazole IV and
delayed release tablets are not available.

» [V=intfravenous. PO=per os (taken orally). SOT=solid organ
transplantation. DR=delayed release.
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Treatment approaches to
muUcCormycosis

>

YY
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» If all freatment options are available one should follow the management.
» If local or regional capabilities differ, less comprehensive pathways need 1o be followed;



Surgical freatment for
MUCOrmMycosIs

>—

>

Lzoz/8l/cl



Drug treatment for mucormycosis l

Lzoz/8l/cl

» Recommendations—

>

» Secondary prophylaxis



>

>

Recommendations—

Fever-driven treatment §

Recommendations—

Diagnosis-driven treatment

Recommendations—

F

Every attempt to attain a diagnosis should be made at the time of initiation of therapy, but
should not delay therapy.




First-line antifungal monotherapy

Evidence—In several case series, the use of liposomal amphotericin B
successfully freated mucormycosis with various organ involvement
paftterns.

Daily doses ranged from 1 mg/kg per day to 10 mg/kg per day.

Recipients of increased doses tended to have increased response
rates.

Doses higher than 10 mg/kg per day did not result in higher blood
concenfrations.

In CNS involvement, animal models and the above observations
support use of liposomal amphotericin B at 10 mg/kg per

day.

—~
~0
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In the absence of CNS involvement, amphotericin B lipid complex 5 mg/kg
per day has been used successfully.

In kidney transplant recipients, amphotericin B lipid complex 10 mg/kg per
day has been given.

Amphotericin B deoxycholate has been the drug of choicefor decades.

It is effective, but its use is limited by its subbstantial toxicity, specifically in the
doses and treatment durations needed for mucormycosis .

Use of amphotericin B deoxycholate should be restricted to seffings in
which there is no other antifungal therapy available

1c0Z/81/T1



Intention

Intervention

Reference

CNS involvement
SOT adults
SOT adults
Any, without CNS

involvement

Haematological
malignancy

Any

Any

Any

Any

Orbital mucormycosis

Toareandto
increase survival rates

Tocureandto
increase survival
rates

To cure

Tocure

To cure

To cure

To cure

To cure

To cure

To cure

Amphotericin B, any formulation,
escalation to full dose over days

Amphotericin B, liposomal,
5-10 mg/kg per day

Amphotericin B, liposomal,

10 ma/kg per day, initial 28 days
Amphotericin B, lipid formulation;
dose not given

Amphotericin B, lipid complex;
10 mg/kg per day

Amphotericin B, lipid complex;
5 mg/kg per day

Amphotericin B, liposomal;
1-<5 mg/kg per day + surgery
Isavuconazole PO or IV;

3 x 200 mg day 1-2,

1x 200 mg/d from day 3
Posaconazole DR tablet or

intravenously 2x 300 mgday 1,
1x 300 mg fromday 2

Posaconazole oral suspension;
4 x 200 mg/day or 2 x 400 mg/day

Amphotericin B, deaxycholate,

any dose (if alternative therapy
available)

Retrobulbar injection of
amphotericin B deoxycholate in
addition to systemic therapy

Chamilos® (N=70, give full daily dose from day 1)

Gleissner*** (N=16, haematology); Pagano™ (N=5);
Cornely™ (N=4); Pagano™: (N=44); Ruping® (N=21);
Shoham® (N=28); Skiada” (N=130); Lanternier™
(N=34, 18 haematology, six diabetic); Kyvernitakis™
(N=41); Stanzani* (N=97, increased renal toxicity with
cyclosporine)

Ibrahim™ (Animal); Lanternier™ (N=9)

Singh™* (N=25); Sun*® (N=14); Lanternier’¥ (N=3)
Forrest™ (N=6, 3 of 6 died)

Larkin™ (N=10); Ibrahim™ (animal); Skiada® (N=7)

Nosari™® (N=13, 8 of 13 treated, 5/8 died); Li***

(N=7, 2 of 7 died)

Marty*® (N=21, 11 haematology, 4 diabetes, overall
mortality comparable to amphotericin B formulations)

Duarte;™* Maertens;”* Cornely;™ Cornely™
(higher trough levels than oral suspension,
intravenous bridging when oral dosing not feasible)

Ruping® (N=8); Skiada" (N=17); Dannaoui** {animal,
emphasises preference of amphotericin B, liposomal)
Walsh¥® (renal taxicity); Pagano™ (N=9); Roden™
{N=532); Ullmann™ (renal toxicity); Chakrabarti*
{N=10); Skiada1” (N=21)

Hirabayashi*® (N=1, post-injection inflammatory
response, risk for acute compartment syndrome)

IV=intravenous. PO=per os (taken orally). SOR=strength of recommendation. QOE=quality of evidence. N=number of individuals. SOT=solid organ transplantation.

DR=delayed release.

Table 2: Recommendations on first-line antifungal monotherapy for mucormycosis by population type




The efficacy of isavuconazole was similar to an external matched contral group
treated with amphotericin B formulations. Y9

This limited size study enrolled 21 patients with isavuconazole first-line treatment,
and compared efficacy results to 33 matched patients from the FungiScope
registry. .

AS a result, isavuconazole has been licenced in the USA for first-line freatment of
MUCOrmMycosis.

By confrast with other mould-active azoles, isavuconazole is less hepatotoxic
although it can result in shortening the QTc interval.

Posaconazole oral suspension has been used successtully in first-line treatment.

Recently, concerns about its oral bioavailability led to the development of a
delayed release tablet with improved exposure and an infravenous infusion
formulation



Recommendations—

First-line treatment with liposomal amphotericin B 5-10 mg/kg per day is g’n’ongly
supported across all patterns of organ involvement.

If substantial renal toxicity develops, the dose can be reduced as necessary, buf
doses below 5 mg/kg per day are recommended with marginal strength anly.

Doses should not be slowly increased over several days; rather, the full dcﬁy dose
should be given from the first treatment day.

Amphotericin B lipid complex 5 mg/kg per day is recommended with moderate
strength for patients without CNS involvement.

Use of amphotericin B deoxycholate is discouraged whenever alternatives are
available.

Isavuconazole is recommended with moderate strength for the first-line
treatment of mucormycosis.

The group marginally supports use of posaconazole oral suspension, and
moderately supportsposaconazole delayed release tablets and infusion for
firstline freatment



First-line antifungal combination
therapy

>

Evidence—In animal models, some antifungal combinations have
shown the potential to improve cure and survival rates with no
antagonism noted.

Results from some patient series are promising.

However, a historical control studyb5 and a propensity score analysis
failed to show benefits of double and triple antifungal combinations in
patients with haematological malignancy.

108 In frauma patients, specifically in blast injury, more than one mould
species can cause mixed infection warranting empirical combination
therapy with liposomal amphotericin B and either posaconazole or
voriconazole.

The downsides of combination therapy are unclear aside from
potential added toxicity, drug interactions, and cost.

A
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Recommendations—

There are no definitive data to guide the use of antifungal
combination therapy.

Limited data support combinations of polyenes and azoles or
polyenes plus echinocandins.

Combination therapy can be rafionally given due to lack of
enhanced ftoxicity with possible but unproven benefit; however,
data are too Ilimited to support this beyond a marginadl
recommendation.
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Antifungal salvage freatment

Evidence—In general, there are two drug-related reasons »
for treatment failures, refractory mucormycosis or toxicity »
of first-line regimens—ie, intolerance to a drug. For »
amphotericin B formulations, particularly renal toxicity »

can be a limiting factor, while for the azole class hepatic »
toxicity has the highest prevalence. Toxicity can be caused »
by previous antifungals, or expected due to pre-existing »
organ damage. Only two drug classes have proven efficacy »
IN MUCOormycosis, »

thus salvage treatment mostly means »

switching to the other class. Isavuconazole salvage »
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treatment was successful in both clinical scenarios, »

refractory disease, and intolerance or toxicity.49,132 In »

Europe, isavuconazole is licenced for salvage treatment of »
mucormycosis only. Posaconazole treatment with oral »
suspension achieved cure in two non-randomised clinical »
trials133,134 and in case series. 17,135 Liposomal amphotericin B »
was effective as salvage treatment, 109 as was amphotericin »

B lipid complex, 113,136 and amphotericin B colloidal »

dispersion »
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» Recommendations—

» Isavuconazole is strongly supported as salvage freatment.
Posaconazole delayed release tablets or infusions are strongly
supported for salvage treatment, and when available should be
preferred over posaconazole oral suspension, which in turn is
marginally supported for salvage treatment.

» In cases of primary freatment failure with isavuconazole or
posaconazole, the guideline group supports recommendations for
all three lipidbased amphotericin B formulatfions with strong to
moderate strength.
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[reatment duration for
MuUCOrmycosis

» Treatment durafion for mucormycosis Evidence—

» The duration of ftherapy necessary to freat mucormycosis is
unknown.

» In general, weeks to months of therapy are given.

» If iImmune defect is resolved—eg diabetes is confrolled, neutropenia
definitively resolved, immunosuppression can be tapered or
stopped, therapy can be confinued until resolution of signs and
symptoms of infection, and substantial radiographical improvement.
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» Median duration of isavuconazole first-line or salvage treatment was
84 days infravenous or oral route or both. Across several
posaconazole oral suspension studies,

» treatment duration ranged from 1 week to almost 3 years, mean
duration was approximately 6 months .

» The wide range reflects the pattern of organs involved, with
competing risks from underlying conditions. Late relapse in long-term
survivors have been documented
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Recommendations—

The guideline group strongly supports treatment until permanent reversal of YA
Immunosuppression

and complete response on imaging, which might be difficult to determine beccuse; of
scarring and postoperative changes.

lcoe/8L/

Treatment duration is a personalised decision.
There is moderate support for intfravenous freatment unftil stable disease is achieved.

When switching to oral treatment, use of isavuconazole or posaconazole delayed release
tablets is strongly supported.

Posaconazole oral suspension can be used, but is marginally supported, especially when
formulations with higher exposure are available.

Therapeutic drug monitoring in mucormycosis ,specific considerations on freatment of
mucormycosis in children, adjunctive treatments for mucormycosis, intensive care and
criically ill patients with mucormycosis ,health economics, and future directions are available
in the appendix where indicated.



Treatment pathways for

A

MUCOrmycaosis

>

>

>

The proposed freatment algorithms for adult and for paediatric patients are based ori% case
series, refrospective studies, and expert opinion.

120T/8

Large, randomised conftrolled ftrials investigating efficacy of treatment regimens are
lacking.

Surgical debridement should be performed whenever feasible in parallel to antifungal
tfreatment.

The drug of choiceis liposomal amphotericin B.
In case of renal failure, posaconazole or isavuconazole were shown to be effective.

If a patient is infolerant to liposomal amphotericin B, its dose can be reduced, but should
stay 25 mg/kg bodyweight.

In case of extensive disease, rapid progression, or poor general condifion, the addition
ofisavuconazole or posaconazole can be considered.

Treatment should be continued unfil resolution of initially indicative findings on imaging and
reconstitution of host immune system.

Isavuconazole or posaconazole may be administered as maintenance therapy.
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