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RATIONALE FOR ANTIFUNGAL PROPHYLAXIS IN
HAEMATOLOGICAL DISORDERS

Patients of haematological malignancies are predisposed to serious invasive infections associated
with increased risk of mortality.

Causes:
Secondary immunodeficiency due to underlying disease:
Neutropenia (risk of serious bacterial infection, and if prolonged- fungal infection)
T-cell dysfunction (risk of fungal and viral infection)
Hypogammaglobulinemia

drug-induced (cytotoxic and biologic) (e.g B-cell depleting therapies)

1
a
b
C
2. Secondary immunodeficiency due to therapy related causes:
a
b. Radiation induced

C

Graft vs host disease
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Known risks of infections:

* Hypogammaglobulinemia is a predictor of shorter overall survival in CLL

* infections are the leading cause of death in patients with CLL, MM and NHL
who develop SID

* Infections related to SID may account for up to 50% of deaths of patients
with CLL

* They contribute to up to 22% and 33% of deaths of patients with MM and
NHL, respectively

Andersen MA, Vojdeman FJ, Andersen MK, et al.Hypogammaglobulinemia in newly diagnosed chroniclymphocytic leukemia is a predictor of early death.Leuk Lymphoma. 2016;57(7):1592-1599
Nucci M, Anaissie E. Infections in patients with mul-tiple myeloma in the era of high-dose therapy andnovel agents. Clin Infect Dis. 2009;49(8):1211-1225

Ostrow S, Diggs CH, Sutherland J, et al. Causes ofdeath in patients with non-Hodgkin’s lymphoma.Cancer. 1981;48(3):779-782

Oscier D, Dearden C, Eren E, British Committee forStandards in Haematology, et al. Guidelines on thediagnosis, investigation and management of chroniclymphocytic leukaemia. Br J Haematol.
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Infection/risk in haematological malignancies

TABLE 3 Percentages of patients with CLL. MM, and NHL who had infections (any grade and grade >3), neutropenia (any grade or grade >3), or
hypogammaglobulinemia.

Malignancies = Any grade neutropenia® | Grade =3 neutropenia®* = Any grade infections* | Grade =3 infections* Hypogamma-

Studies (n) Mean Range Mean Range Mean Range Mean Range Range
CLL 17 36.3 9.4-64.0 298 3.0-60.0 51.3 14.4-69.1 198 6.4-39.0 0.0-15.3
MM 38 364 9.8-85.5 232 2.0-80.0 359 0.0-68.0 163 0.0-50.2 -
NHL 34 354 3.2-875 38.7 0.0-100.0 311 4.0-81.0 113 0.9-38.0 59
Total 89 36.0 32-875 29.6 0.0-100.0 36.7 0.0-81.0 159 0.0-502 0.0-153

*The reporting critenia for time to adverse events differed across studies.

Neutropenia grades: grade 1, less than the lower limit of normal-1,500 per mm3; grade 2, 1,499-1,000 per mm”; grade 3, 999-500 per mm’; grade 4, <500 per mm’; grade 5, death.

Infection grades: grade 1, -; grade 2, localized, local intervention indicated: grade 3, IV antibiotic, antifungal, or antiviral intervention indicated, interventional radiology or operative intervention
indicated; grade 4, life-threatening consequences e.g., septic shock, hypotension, acidosis, or necrosis; grade 5, death.

CLL, chronic lymphocytic leukemia; hypogamma, hypogammaglobulinemia; IV, intravenous; MM, multiple myeloma; NHL, non-Hodgkin lymphoma; -, not reported.

Jolles S, Giralt S, Kerre T, Lazarus HM, Mustafa SS, Ria R, et al. Agents contributing to secondary immunodeficiency development in patients with multiple myeloma, chronic lymphocytic

leukemia and non-Hodgkin lymphoma: A systematic literature review. Frontiers in Oncology [Internet]. 2023 Feb 7 [cited 2024 Mar 17];13.



Table 1. Novel targeted therapies: immune sequelae.

B-Cell T-Cell =
Target Agents Depletion Depletion HGG ! Ne“.,t,“.’l_? e
Rituximab
CD20 Ofatumumab + +4+2
Obinutuzumab
CD52 Alemtuzumab + 43
CD38 Daratumumab = +
SLAMF7 Elotuzumab - - - -
CD19/CD3 Blinatumomab - + 4 ++
Ibrutinib
BTK Acalabrutinib 4t - + +
Zanubrutinib
Idelalisib
PI3K Copanlisib 4+ + = +
Duvelisib
JAK Ruxolitinib - + 2 a
BCL-2 Venetoclax - - - 4

Plus signs indicate relative effect (e.g., mild, moderate, significant). ! Hypogammaglobulinemia. 2 Late neutrope-
nia may occur (median time 175 days, Dunleavy et al.). © Neutropenia typically resolves in 2-4 weeks.

Little JM, Weiss Z, Hammond SP. Invasive Fungal Infections and Targeted Therapies in Hematological Malignancies.
Journal of Fungi. 2021 Dec 10;7(12):1058-8.



Grade =3
infactions®

Grade =3
neutropenia®

Any grade
neutropenia®

Any grade
infections®

Malignancies Studies (n)

Hypogamma®

Mean Range Mean Range Mean Range Mean Range Range

Rituximab (as doublets, triplets etc.)

CLL 7 20.9-64.0 382 3.0-60.0 64.0 59.0-69.0 238 64-39.0 -
NHL 17 17.4-875 519 11.1-925 330 10.0-53.3 85 0.9-23.0 -
Total 24 17.4-875 46.7 3.0-925 387 10.0-69.0 158 0.9-39.0 -
Rituximab (as monotherapy)

CLL 2 209 7.0 7.0 = - 15.0 11.0-19.0 -
NHL 7 3.4-220 8.5 2.4-149 23.0 7.0-36.1 16 20-4.4 59
Total 9 3.4-220 8.2 2.4-149 23.0 7.0-36.1 8.1 20-19 59
Bortezomib (as doublets,

MM 14 362 18.1-73.4 248 92-427 259 96-48.4 8.5 38-135 =
NHL 1 17.4 17.4 1.1 111 533 53.3 10.8 10.8 =
Total 15 33.1 17.4-73.4 237 92-427 314 9.6-53.3 8.8 38-135 =
Bortezomib (as monotherapy)

MM 7 425 425 10.6 2.0-25.0 88 88 169 3.7-30.01 -
NHL 2 250 250 5.9 59 = = - = -
Total 9 338 250-425 9.6 2.0-25.0 8.8 8.4 169 3.7-30.0 -




Malignancies @ Studies (n) Any grade Grade =3 Any grade Grade =3
neutropenia® neutropenia* infections* infections* Hypogamma®
Mean Range Mean Range Mean Range @ Mean Range Range

ibrutinib (as doublets, triplets etc)

CLL 2 394 355433 278 186-370 — — - - 153

NHL 1 429 429 330 330 429 429 380 380 —

Total =l 406 355—433 295 186370 429 429 3850 380 153

Ibrutinib {as monotherapy)

CLL 2 15.1 9.4-207 5.1 4.1-12.1 49.7 49.7 - - o0

NHL 1 160 160 130 130 - - — - -

Total 3 154 9.4-207 9.7 4.1-130 49.7 49.7 - - a0

MM 10 325 150-61.3 230 sS80-54.1 525 46.7-59.4 195 5.0-41.0 -

NHL 1 361 22 1-500 - - - — - - —

Total 11 334 150-613 23.0 S80-54.1 525 Z29.0-59.4 195 6.0-—410 —

Lenalidomide {as monotherapy)

MM 3 710 710 297 130430 - — 257 5.0-50.2 -

NHL 2 15.7 15.7 201 207 290 z9.0 1038 10.8 o

Total 5 454 157-71.0 273 15304230 290 29.0 220 5.0-502 -

Dexamethasone {(as doublets, triplets etc.)

MM 21 342 9.8-734a 225 59-54.1 46.8 96680 184 6.0-410 —

NHE = 108 32221 348 00-100.07% s5i.6 36.0-81.0 127 113143 —

Total 24 305 32-734 233 00-1000 48.6 9.6-810 177 60-41.0 —
Dexamethasone {as monotherapy) |
MM 1 20.1 20.1 is i6 527 527 327 327 -~ I

*The reporting criteria for time to adverse events differed across stodies.

T Not all studies reported values for both any grade and grade =3 events; this has led 1o the sstmtion where in some categones, individiml studies reported higher levels of grade 23 events than other
studies dicd for any grade events, leading to the average of grade =3 events being higher than the average for any grade events.

Neutropenia grades: grade 1. less than the lower lmit of normal-1.500 per mm™: grade 2, 1.499- 1,000 per mum ; grade 3. 999-500 per mm”; grade 4. <500 per mm’; grade 5. death.

Infection grades grade 1, — grade 2 localized, local intervention indicated: grade 3. I'V antibiotic, antifungal, or antiviral intervention indicated, interventional radiology or operative intervention
indicated; grade 4, life-threatening conseguences e.g. septic shock, hypotensian, acsdosis, or necrosis; grade 5, death,

Cil chronic lymphocytic leukemia; hypogamma hypog aglobuls iaz IV, intravenoas; MM, multiple myeloma: NHL, non-Hodgkin lymphooss; -, not seposted.




Fungal diseases in haematological diseases

* Invasive fungal infections (IFls) are a major cause of morbidity and
mortality, particularly in patients with hematological malignancies

* The most common fungi causing invasive infections in this setting are
Aspergillus spp. and Candida albicans

* but non-C. albicans and a growing number of other organisms (e.g.
Zygomycetes, Trichosporon, Fusarium spp.) are found increasingly

Ruhnke A, Bohme A, Diagnosis of invasive fungal infections in hematology and oncology—quidelines from the
Infectious Diseases Working Party in Haematology and Oncology of the German Society for Haematology
and Oncology (AGIHO)
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* The highest incidences have been reported in allogeneic
hematopoietic cell transplant (HCT) recipients and in patients
with acute myeloid leukemia (AML) receiving induction
remission chemotherapy

* Recent studies have shown a high incidence of IFD in patients
with acute lymphoid leukemia (ALL)

 Emergence of a new group at risk: patients with chronic
lymphoproliferative diseases receiving ibrutinib

Pagano, L.; Busca, A.; Candoni, A.; Cattaneo, C.; Cesaro, S.; Fanci, R.; Nadali, G.; Potenza, L.; Russo, D.; Tumbarello, M.; et al. Risk stratification for invasive
fungal infections in patients with hematological malignancies: SEIFEM recommendations. Blood Rev. 2017, 31, 17-29.

Cornely, O.A.; Leguay, T.; Maertens, J.; Vehreschild, M.J.G.T.; Anagnostopoulos, A.; Castagnola, C.; Verga, L.; Rieger, C.; Kondakci, M.; Harter, G.; et al.
Randomized comparison of liposomal amphotericin B versus placebo to prevent invasive mycoses in acute lymphoblastic leukaemia. J. Antimicrob.
Chemother. 2017, 72, 2359-2367.

Nucci, M. Epidemiology of invasive fungal disease in haematologic patients. Mycoses 2021, 64, 252—-256

Early-onset invasive aspergillosis and other fungal infections in patients treated with ibrutinib. Blood 2018, 131, 1955-1959.



Table 2. Novel targeted therapies: risk of invasive fungal in

Target Agents Risk for IFI

NI

.....

CD19/CD3  Blinatumomab
Rituximab
CD20 Ofatumumab Moderate/Low
Obinutuzumab
JAK Ruxolitinib Moderate/ Low
SLAMF7 Elotuzumab Low
CD38 Daratumumab Low
FLT3 Midostaurin T
Gilterinil

Little JM, Weiss Z, Hammond SP. Invasive Fungal Infections and Targeted Therapies in Hematological Malignancies.
Journal of Fungi. 2021 Dec 10;7(12):1058-8.



Invasive fungal disease incidence: studies in novel therapy recipients

~ s

Target Indication Reference Ref No. Manifestations of IFI
BTK PCNSL Lionakis et al. [63] o mc1den§§\?01f\<:i,n7gc(a:sl\e;§;olf })?PI s

CLL Varuohicssetsl [64] IFl incidence 4.2%; 8 cases of [A; 3 PJP, 1 concurrent IA
NHL 8 3 + PJP, 1 cryptococcosis; 1 Candida albicans fungemia
CLL Chiss éval [65] 33 cases of IFI amongst 16 centers over 4 years; 27 cases
NHL ) ) IA with 11 involving CNS; 4 cryptococcosis; 1 PJP
CLL IFI incidence 3%; 12 cases of IA included 1 involving
NHL Rogers et al. [66] CNS; 2 mucormycosis; 1 cryptococcosis;

1 blastomycosis; 1 histoplasmosis
IFI incidence 2.5%; 13 cases of 1A; 2 cases invasive

CLL Frei et al. [67] candidiasis; 5 cryptococcosis; 1 histoplasmosis;
1 PJP; 1 Fusarium infection
PI3K CLL i ar et il [68] 1 patient died from pulmonary mycosis;
4 cases of PJP
NHL Dreyling et al. [69] IFI incidence 2%; 1 case of 1A; 2 PJP
» & s IFI incidence 10% in blinatumomab group;
CD19/CD3 ALL Kantarjian et al. [57 & cages OETA: Y mucormycpsis: | PIE
BCL-2 AML Aldois e al. [70] 13 mcndence.12.6 Yo; 7 case§ of IA; 5 cases of
mucormycosis; 2 Scedosporium; 1 Penicillium
CLL Binidscbal. [71] IFI incidence 2%:; 2 cases of 1A; 3 cases

oral /esophageal candidiasis; 2 PJP

Little JM, Weiss Z, Hammond SP. Invasive Fungal Infections and Targeted Therapies in Hematological Malignancies. Journal of
Fungi. 2021 Dec 10;7(12):1058-8.



Risk stratification-2014 guidelines

- Risk stratification is a key to identifying patients that should be considered for antifungal
prophylaxis

- Clinical risk assessment profiles identify the following two groups of patients as those at
highest risk of devel-oping an IFD

1. Patients receiving intensive chemotherapy for acute myeloid leukaemia (AML) or
myelodysplastic syndromes

2. Patients with corticosteroid-requiring graft-versus-host disease (GVHD) following
allogeneic HSCT

With regard to GVHD, the risk of IFD appears particularly prominent in patients with
(i) either high-grade(grade 3 or 4) or steroid-refractory/dependent acuteGVHD and

(ii) chronic GVHD, particularly if it developedas a late complication of acute GVHD



Additional risk groups:

* Patients receiving stem cell transplantation with cord blood trans-plants

e patients with either mismatched-related ormatched-unrelated donors, with
additional risk factors(defined as cytomegalovirus (CMV) disease or recurrent
CMV infection or iron overload)

 patients receiving allogeneic stem cell transplantation for acute leukaemia
with active disease at the time of transplant

 Patients undergoing ‘intensive’ therapy regimens forother haematological
conditions may also be at a higher risk of IFD



Recommended use of prophylaxis in adults based on risk classification 2014

* Patients at high risk of invasive mould infections should receive mould-active prophylaxis
(level Il evidence, grade A recommendation).

* Prophylaxis directed at Candida species is appropriate inpatients where neutropenia is
less protracted (e.g. less than 14 days in duration) but where mucosal integrity may be
compromised (level lll evidence, grade C recommendation)

* Where neutropenia is transient, mucosal integrity is preserved, and when
immunosuppression is not extensive (such as standard intensity chemotherapy for lym-
phoma), antifungal prophylaxis is not routinely required(level Il evidence, grade C
recommendation)



Risk stratification: 2014

Table 1 Invasive fungal disease risk groups (adapted from multiple sourcess''.13 1)

High risk: >10% incidence IFD

Intermediate risk: - 10% incidence of IFD

Low risk: --2% incidence of IFD

Neutrophils <0.1 x 10%L for =3 weeks'® or <0.5 x 107L for =5 weeks

Unrelated, mismatched or cord blood donor HSCT

GVHD

Corticosteroids =1 mg/kg prednisolone equivalent and neutrophils <1 x 1071 for =1 week
Corticosteroids =2 mg/kg prednisolone equivalent =2 weekst

High-dose cytarabinet

Fludarabine use in highly treatment-refractory patients with CLL or low-grade lymphoma§g
Alemtuzumab use, especially in highly treatment-refractory patients with CLL or lymphomag'’
AlLL

AML

Neutropenia 0.1-0.5 x 1071 for 3-5 weeks
Neutropenia 0.1-0.5 x 1071 for <3 weeks with lymphopenia (lymphocytes <0.5 x 10°/1)

PBSC autologous HSCT
Lymphoma

{Other authors have described prednisolone equivalent of =1 mg/kg/day for 2 weeks or 0.25—-1 mg/kg/day for 4 weeks in allogeneic HSCT?. $Some authors
question whether the high rates of IFDs seen with high-dose cytarabine may be contributed to by concurrent fludarabine. §Represent additions to 2008
table. ALL, acute lymphobilastic leukemia; AML, acute myeloid leukaemia; CLL, chronic lymphocytic leukemia; GVHD, graft versus host disease; HSCT,
haemopoietic stem cell transplant; IFD, invasive fungal disease; PBSC, peripheral blood stem cell; TBI, total body irradiation.



Individual risk factors: 2014

Table 2 Individual risk factors for invasive mould infection

Antibiotics"

Older age"

Central venous catheter!

Iron overload'®

Recent CMV reactivation'

Ganciclovir use?®

Lower respiratory tract viral infection?!
Environmental exposure to mould'*™®

CMV, cytomegalovirus.



Timing of starting prophylaxis

* Most studies commence prophylaxis during administration of chemotherapy

(to avoid drug interactions, particularly with itraconazole and cyclophosphamide,
itraconazole may be commenced on day of stem cell infusion)

» Cessation is generally recommended following resolution of risk, which in acute
leukaemia corresponds with neutrophil reconstitution (>0.5 or 1.0x109/L)

* Allogeneic transplant recipients should continue anti-fungal prophylaxis until at least day
75 (in the absence of GVHD)

* For patients with GVHD, prophylaxis should be continued for 16 weeks or
untilcorticosteroid dose is less than 10 mg daily prednisolone equivalent



Agents for different risk classes: broad groups

Table 3 Classification of risk and recommended prophylaxis for adults

Risk classification Clinical examples (level of evidence, grade of recommendation) Recommended prophylaxis

High risk Acute leukaemia or myelodysplasia, with remission induction and re-induction chemotherapy (ll, A) Mould-active prophylaxis
Severe GVHD: steroid dependent or refractory or grade 3 or 4 (I, A)
Extensive chronic GVHD (I, A)
Allogeneic HSCT with expected neutropenia >14 days (lll, C)
Low risk Selected autologous HSCT (I, C) Anti-Candida prophylaxis
Allogeneic HSCT with expected neutropenia <14 days (Il, A)
Patients receiving intensive/dose-escalated therapy for lymphoma (I, D)
Very low risk Standard chemotherapy for lymphoma (lll, C) No prophylaxis
Chronic myeloid leukaemia (lIC)
Other myeloproliferative neoplasms (lll, C)

t'Selected’ refers to autologous HSCT with higher risk of mucositis and thus Candida infection (e.g. those with recent aggressive salvage chemotherapy
or receiving multi-agent regimens). GVHD, graft-versus-host disease; HSCT, haemopoietic stem cell transplant.



Specific agents for different risk groups: 2014

Table 4 Recommendations for the use and dosing of specific antifungal agents for prophylaxis (grade of evidence)

Risk group Agent Alternative agents

High risk Posaconazole (A) Voriconazole (B)
Itraconazole (B)
Liposomal amphotericin B (C)
Micafungint (B)
Caspofungin (C)

Low risk Fluconazole (B) Itraconazole (B)
Echinocandins (B)

Agent Recommended dose for adult patients Recommended dose for paediatric patients
Posaconazole 200 mg orally, 8-hourly =13 years: 200 mg orally, 8-hourly plus TDM
Voriconazole 200 mg orally or IV, 12-hourly 2 years to <12 years or 12—-14 years and weighing <50 kg:

8 mg/kg (day 1, 9 mg/kg) IV, 12-hourly or @ mgrkg orally,
12-hourly plus TDM

=15 years or aged 12-14 years and weighing =50 kg:
4 mg/kg (day 1, 6 mg/kg) IV, 12-hourly or 200 mg orally,
12-hourly plus TDM

Fluconazole 200400 mg orally or IV, daily 6—12 mg/kg (max 400 mg) orally or IV, daily
Itraconazole 200 mg orally, 12-hourly 2.5 mg/kg orally, 12-hourly plus TDM
Liposomal amphotericin B See text (adult section) for dosing recommendations See text (paediatric section) for dosing recommendations

Echinocandins See text (adult section) for dosing recommendations See text (paediatric section) for dosing recommendations




Evidence in favour of agents: 2014 data

 Posaconazole:

- preferred agent for use in high-risk patients due to its broad anti-mould
activity and low-breakthrough IFD rates

- only mould-active agent to demonstrate a survivaladvantage in a
randomised trial in AML patients

- rate of disturbance of liver function tests for patients with GVHD was 15%
and for patients with AML, 7%

- Once daily dosing (after loading) and IV preparations are also available

e \Voriconazole:

- alternative to posaconazole as it exhibits mould activity and is also available
in an IV formulation



Evidence in favour of agents: 2014 data

* ltraconazole:

- [traconazole (n=255) was compared with voriconazole (n=234) in an open-
labelled, randomisedstudy in allogeneic HSCT recipients with a composite
endpoint of efficacy and tolerability.

- no difference between the two agents in terms of the study’s efficacy
endpoints(overall 180-day survival and incidence of proven or probable IFDs

- greater number of itraconazolepatients received other systemic antifungals
(42% vs30%)

- Intolerance was reported in up to one-third of thosetaking itraconazole
irrespective of formulation (can be alleviated by using other newly available
forms- Lozanoc/Sporanox



Evidence in favour of agents: 2014 data

* Liposomal amphotericin B

- used in the setting of azole intolerance or chemotherapy drug
interactions (such as those observed with vincristine in ALL)

- scarce data in favour of its tolerability

- Twice-weekly aerosolised liposomal amphotericin B was examined in one
randomised, placebo-controlledstudy in 271 haematology patients who
wereneutropenic after chemotherapy.

- Invasive aspergillosiswas significantly reduced in the treatment group



Evidence in favour of agents: 2014 data

* Echinocandins
- favourable safety profile in high-risk patients
- lack broad spectrum anti-mould activity

- a recent study found that micafungin 150 mg daily was as effective as
fluconazole 400 mg daily prophylaxis at 4 weeks for patients under-going
allogeneic HSCT

- Similar results have been observed with caspofungin 50 mg daily

- These studies generally examined short-term prophylaxis whenyeast infections
predominate over Aspergillus infections

- A cohort analysis of 152 AML patients receiving remission induction
chemotherapy (2009-2011) found echinocandin-based prophylaxis was
associated with higher breakthrough IFD rates than voriconazole/posaconazole
prophylaxis



Recent update in guidelines
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ASCO/IDSA clinical practice guideline (2018)

* The risk of infection increases with the depth and duration of neutropenia

e with the greatest risk occurring in patients who experience profound,
prolonged neutropenia after chemotherapy, which is most likely to occur in
the period before engraftment during HSCT and after induction
chemotherapy for acute leukemia

* severely or profoundly neutropenic patients may present with suspected
infection in an afebrile state or even hypothermic



Risk stratification in neutropenic patients- IDSA/ASCO

Table 2. Facrors to Consider in Assessing Risk of a Febnle Neutropenic Epesode in Patnents Undgergoing Cyroioxic Chemotherapy for Malignancy

Factors Related To

Factor

Effect on RHisk

Patent charactenstics

Unageriying malignancy

Trearment of malignancy

Advanced age
Performance statwus
Nutrnitional status
Prior FN episods

- it

Cancer diagnosis

Cancer stage
Remission status
Cancer treatment response

Cytoloxic regimen

Dgose ntensity

Degre= and duraton of Gl andior oral mucositis

Degree and duration of cytopania

Risk increases if age = 65 years'’

Aisk increases if ECOG performance scorse = 27

Risk increases if albumin < 35 g '% '@

Aisk in cycles 286 is four-foid greater if FN episode occurs In aycle 17°°

FN odds increase by 27%, 67 %. and 125% for one, two, or three or more
comorbidities, respectively’”~!*

Disgnos:s Reparted FN rates (%)

Acute leukemia/MDS 85.0-95 Q==

Highgrade lymphomsa 25.0-71 0™

Saft tissue sarcoma 27.0 {95% CI. 19.0 1o 34 5y~°2"*73=
NHL/myeloma 26.0 {95% CL. 22.0 to 29 0y02" 7.2
Germ-call carcainama 23.0 {95% Cl. 16.6 to 29 Q)27 =
Hodgkin lymphoma 15.0 {95% Cl. 6.6 to 24 0221 +7.2%
Owarian carcinoma 312.0 {95% Cl. 6.6 to 17 7y *72e
Lung cancers 10.0 {95% Ci. 9.8 to 1077221728
Colorectal cancers 5.5 (95% CI. 5.1 to §8)~**27.24
Head and neck carcinoma 4.6 (95% Ci, 1.0 1o 827512724
Breast cancer 4.4 (95% CI. 4.1 to 4 7)?021.27.28
Prostale cancer 1.0 {95% CI, 0.9 10 1_1)y?o*27.=2a

Risk increases for advanced siage (‘ 2"

Risk increases if not in remission”

Aisk is lowes: if patient has a CH

If patient has a P'FI FN risk is greater for acute leukenmnua than for solid tissue
malignancies™®

FN risk i3 higher if persistent, refracicry, or progressive disease despiie
treatment "

Hisk is higher with regsmens that mﬁnlmster

Anthracyclines at doses = 90

Cispiatin at deses = 100 mg/m”

ifosfamide at doses = 9 gfm”

Cyclophosphamide at doses = 1 gfme

Etoposide at doses = 500 mgfm™

Cytarabine at doses = 1 g/m~

High doss density

Anthwacycline + texane, and cyclophaosphamidge or gemcitatene, for breast
canoer

increased risk if > 85% of schedulad doses are admeresiern s

Risk 13 greatast if NCl mucositis grade is = 3 {GI) or if peak score on
OMAS is = 23%353.34

Profound, protracted neutropenia ANC < 100/pl for = 7 days™ '

Lymphopenia ALC < 700/ul {ANC surrcgatey”” =%

Monocytopenia AMC < 150/l (ANC surrogstel™




Definitions for this guideline

e Fever

- Fever in neutropenic patients is defined as a single oral temperature of 38.3°C
(101°F) or a temperature of 38.0°C (100.4°F) sustained over a 1-hour period

* Neutropenia

- Neutropenia is defined as an absolute neutrophil count <1,000/mL

- severe neutropenia as absolute neutrophil count <500/mL

- profound neutropenia <100/mL

- The period of neutropenia is considered protracted if it lasts for >7 days.



Recommendations for antifungal prophylaxis (IDSA-ASCO):

* Antifungal prophylaxis with an oral triazole or parenteral echinocandin is
recommended for patients who are at risk for profound, protracted
neutropenia, such as most patients with AML/MDS or undergoing HSCT
(strength- moderate)

* Antifungal prophylaxis is recommended during the expected period of
neutropenia in those patients who are anticipated to have profound,
protracted neutropenia and grade Ill or IV mucositis where the risk for
invasive candidiasis is high

* Patients with high risk of invasive candidiasis will require Fluconazole

 Patients with high risk of invasive mold infection will require mold-active
agents- echinocandins and other azoles (posaconazole, voriconazole,
isavuconazole)



* A mold-active triazole is recommended where the risk of invasive
aspergillosis is . 6%, such as in patients with AML/ MDS during the
neutropenic period associated with chemotherapy

* Invasive mold infection risk is now observed to be greater in late-
stage post-allogeneic SCT, and a mold-active antifungal should be
considered in this context (eg, posaconazole) and/ or in the context of
GVHD.

* Prophylaxis is recommended, eg, TMPSMX—for patients receiving
chemotherapy regimens associated with . 3.5% risk for pneumonia
from Pneumocystis jirovecii (eg, those with > 20 mg prednisone
equivalents daily for >1 month or those on the basis of purine analogs



Evidence from literature:

* An updated Cochrane review, which included 29 trials of antifungal
prophylaxis and three trials of empirically administered antifungals in patients
with cancer with neutropenia found no significant difference between
antifungals and placebo or no treatment of all cause mortality at
approximately 3 months (RR, 0.94; 95% Cl, 0.81 to 1.09)

* however, there was a significant effect for death related to fungal infection
(RR, 0.52; 95% Cl, 0.38 to 0.71) and invasive infections (RR, 0.50; 95% Cl, 0.39
to 0.64)

 Baseline rates of fungal infections in the control groups were 7.6% (all patients
receiving HSCT and chemotherapy) and 20% (patients receiving HSCT only)

Gogtzsche PC, Johansen HK: Routine versus selective antifungal administration for control of fungal infections in patients with
cancer. Cochrane Database Syst Rev 2014:CD000026, 2014



* A retrospective review of the medical records of 740 patients with
melanoma who received immune checkpoint blockers found that
serious infection occurred in 54 patients (7.3%). The main risk factors
for infection were the receipt of corticosteroids and/or infliximab

e Evidence is emerging about the risk of infection with newer cancer
therapy options.

Del Castillo M, Romero FA, Arguello E, et al: The ~ spectrum of serious infections among patients receiving immune
checkpoint blockade for the treatment of melanoma. Clin Infect Dis 63:1490-1493, 2016



Antifungal prophylaxis in cancer patients after chemotherapy or hematopoietic
stem-cell transplantation: systematic review and meta-analysis

E Robenshtok, A Gafter-Gvili, E Goldberg, M Weinberger, M Yeshurun, L Leibovici, and M Paul.

Review published: 2007,



* 64 RCTs were included (n=13015, 6157 receiving treatment and 6498
control)

* Allocation generation and concealment were adequately reported in
16 studies

e 26 studies were double blind



* All cause mortality
- Reported in 31 studies

- Mortality at end of follow up/30 day mortality significantly reduced in patients
treated with systemic antifungals (in comparison to no prophylaxis) (RR 0.84,
95% Cl, 0.74-0.95,p=0.007 for end of follow up and RR 0.79, 95% Cl, 0.68-0.92,

p="? For 30 day mortality)

- Meta regression however showed only one significant association, and that was
]IE)eI’Icween patients of acute leukaemia and RR for mortality at the end of the
ollow up

- 33 studies reported significant differences in fungus-related mortality (RR 0.55,
95% Cl, 0.41-0.74, p<0.0001) between patients on prophylactic systemic
antifungals and those who are not on any prophylaxis



 Comparison of two systemic antifungals agents

- 7 studies compared fluconazole with Itraconazole

- Significant increase in adverse effects with itraconazole (study discontinued)
- 3 studies compared fluconazole and AMB

- Significant reduction in IFl with fluconazole compared to AMB (RR 0.47, 95% Cl)
with AMB showing more adverse effects

- 2 studies compared posaconazole with fluconazole
- Borderline reduction in all cause mortality (RR 0.77, Cl 95%)

- Significant reduction in fungus-related mortality (RR 0.25), documented IFl (RR
0.47) and invasive aspergillus infection (RR 0.22)



 Concerns about results

- Majority of studies had wide confidence intervals, ration>1,
guestionable reliability

- Should be considered when interpreting the results



* Conclusions drawn from the study-

-antifungals prophylaxis should be offered to patients receiving
allogenic HSCT

- Should be offered to patients with acute leukaemia during induction
chemotherapy and other groups with high risk to develop IFl

- Recommendations could not be made in cases of autogenic HSCT
recipients



IDSA/ASCO recommendations chart

Table 1. Summary of Recommendations for Antimicrobal Prophylaxis

Type of Prophylaxis Population Recommendation Timing of Prophylaxis
Antibactenal Patients at high risk of febrile Fluoroguinolone prophylaxis During period of expected neutropenia
neutropenia (Table 2) or profound, Is recommendad
protracted neutropenia
Antifungal Patients at high nsk of febrile Oral triazole or parenteral During period of expected neutropenia
neutropenia (Table 2) or profound, echinocandin prophylaxis s
protracted neutropenia recommended, a mold-active
Patients with GVHD' triazole 1s recommended when
the nsk of invasive aspergillosis
is > 6%, such as in patients
with AML/MDS or during
treatment of GVHD'!

Patients receiving chemotherapy Prophylaxis, eg, trimethoprim-sulfamethoxazole Postmyeloid reconstitution or engraftment
regimens associated with > 3.5% (TMP-SMX), Is recommended after stem-cell transplantation, particularly
risk for pneumonia from Prisumocystis in the setting of postengraftment augmented
jiroveci (eg, those with = 20 mag immunosuppression (for the treatment of
prednisone equivalents daily for = 1 GVHD)

manth or those on the basis of
punne analogs)



European guideline: ECIL (2018)

* Major changes from 2011 guidelines-

1. The implementation of a novel IDSA grading system that condensed
the strength of recommendation from five to three levels

2. Extending the recommendations to other haematological diseases
besides AML and recipients of an allogeneic HSCT



* Due to new therapeutic approaches including biotherapies, IFD has
recently been reported more frequently in many haematological
diseases, including lymphoproliferative disorders

Lortholary O, Gangneux JP, Sitbon K et al. Epidemiological trends in invasive aspergillosis in France: the SAIF network 2005-2007. Clin Microbiol Infect 2011; 17: 1882-9.



ECIL guideline for AML

 Patients with AML or myelodysplastic syndrome (MDS) who undergo
successive cycles of myelosuppressive chemotherapy (e.g. cytarabine plus an
anthracycline) have multiple risk factors

* Risk factors

advanced age

prolonged and profound neutropenia and monocytopenia
use of purine analogues (e.g. fludarabine)

the presence of indwelling catheters, alimentary mucositis and individual
genetic susceptibilities

> w N e

Lupianez CB, Canet LM, Carvalho A ~ et al. Polymorphisms in host immunity-modulating genes and risk of invasive
aspergillosis: results from the AspBIOmics Consortium.Infect Immun 2015; 84: 643-57.



* A clear epidemiological shift towards mould infections has also been
observed worldwide following the introduction of fluconazole
prophylaxis in the early 1990s.

* Aspergillus has become the dominant species in Europe with the
incidence of invasive aspergillosis in AML ranging from 5% to 24%,
while rates of candidaemia are <2%

Donnelly JP, Cordonnier C, Cuenca-Estrella M et al. A European prospective invasive mould disease audit. In: Twenty-
fourth European Congress of Clinical Microbiology and Infectious Diseases, 10—13 May 2014, Barcelona, Spain. Abstract
P0028a



* Epidemiological surveys have reported much lower incidences (0%—
5%) of IFD during consolidation chemotherapy, especially among
patients achieving morphological remission, than has been reported
during the remission-induction phase, although the intensity of
consolidation may impact on this risk

* Does not recommend primary antifungal prophylaxis beyond
remission-induction chemotherapy, unless patients are to undergo re-
induction chemotherapy or intensified consolidation therapy

Wang L, Hu J, Sun Y et al. Does high-dose cytarabine cause more fungal infection in patients with acute myeloid leukemia undergoing consolidation
therapy. Medicine (Baltimore) 2016; 95: e2560.



Table 2. Azole prophylaxis in patients with AML

Percentage of IFD _ Percentoge of deoths '
Design of the study Absolute risk Absolute risk
First author, citation (number of patients included in  control experimental reduction control experimental reduction
and year Setting each arm) group group of IFD group group of death
Winston et al.*® AML Placebo (n = 132). 8 4 0.04 3 1 0.02
1953 Fluconazole oral 400 mg q24h or
iv200mg ql2h (n = 123).
Menichettietal.’  AML Placebo (n = 204). 4 2 0.02 S 7 0.02
1959 Autologous [traconozole oral solution 2.5
HSCT ma/kg q12h (n = 201).
Rotstein et al.** AML/MDS Placebo (n = 151). 21 6 0.15 10 10 0.00
1999 Autologous Fluconazole oral 400 mg q24h
HSCT {n=153).
Harousseau etal.’’  AML/MDS Placebo plus amphotericin B 29 5 3 0.02 8 6 0.02
2000 q24&h {n = 276).
Autologous Itraconazole oral solution 2.5
HSCT ma/kg q12h plus placebo
{n=281).
Glasmacher et al.*®  AML Fluconazole oral 400 mg q24h 2 2 0.0 3 2 0.01
2006 (n= 246).

Autoiogous HSCT Itraconazole oral solution 2.5
ma/kg ql2h (n = 248).

Cornely et al.™” AML/MDS Fluconazole oral 400 mg g24h or 8 2 0.06 22 16 0.06
2007 itraconazole oral solution 200
mgql2h(n = 298).

Posaconazole oral suspension
200 mg q8h {n = 304).




Insufficient data

Recommended regimen for AML (ECIL 2018)

Table 3. ECIL recommendations on primary antifungol prophytaxis in adult patients with AML and MDS undergoing intensive remission-induction

chemotherapy®

Antifungal agent Grading

Comments

Posaconazole oral solution 200 mg g8h or tablet 300 mqg A-l
q24h following a loading dose of 300 mgglZhonday 1

Fluconazoie 400 mag gq24h B-I

Itraconazole aorat solution 2.5 ma/kg ql2h B-1

Veoriconazole 200 mggl2h B-I1
All echinocandins C-1II
Liposomal amphotericin B C-1I
Lipid-associated amphotericin B C-11
Aerosolized liposomal amphotericin B {10 mg twice B-I

weekly)
Amphotericin B deoxycholate A-11 against
Aerosolized amphotericin B decxycholate A-1 against

Recommended if baseline incidence of mould infections is high.

Given the increased absorption of the tablet, it is likely that the need for
therapeutic drug monitoring will become restricted to specific popula-
tions {e.g. severe mucositis}.

Only recommmended if the incidence of mould infections is low.
Fluconazole may be part of an integrated care strateqgy together with a
mould-directed diagnostic approach.

Recommended if baseline incidence of mould infections is high.
May be iimited by drug-druqg interactions or patient tolerability.
It is recommended to monitor serum drug concentrations.

Poor tolerability

Recommended if baseline incidence of mould infections is high
It is recommended to monitor serum drug concentrations.

No large study

Insufficient data on efficacy and tolerability.

Insufficient data on dose, frequency and duration, as well as on efficacy
and tolerabitity.

Insufficient dota on dose, frequency and duration, as weill as on efficacy
and tolerabitity.

Only when combined with fluconazole 400 mg g24h.

“Primary antifungal prophytaxis might be considered during intensified consolidation therapy (see text).



ECIL guideline for MIDS

* most patients receive only supportive care treatment (transfusions,
erythropoiesis stimulating agents), lenalidomide (e.g. chromosome 5q
deletion) or hypomethylating agents (azacitidine or decitabine).

 usually present with multiple spontaneous or acquired risk factors of
infection, including long-lasting neutropenia and functional
neutrophil defects, impairment of B cells, T cells and NK cells with
decreased antibody production, (transfusion-related) iron overload
and older age-associated comorbidities.

Toma A, Fenaux P, Dreyfus F et al. Infections in myelodysplastic syndromes. Haematologica 2012; 97: 1459-70.



* Recently, a retrospective single-centre analysis of 948 courses of
azacitidine in 121 consecutive AML/MDS patients reported a low
incidence of proven/probable IFD of only 0.21% per azacitidine
treatment cycle and 1.6% per patient treated for the whole series,
with slightly higher incidences (0.73% and 4.1%, respectively) among
patients with severe neutropenia

 , ECIL does not recommend primary antifungal prophylaxis in patients
with low-to-intermediate risk MDS (excluding those patients
undergoing intensive AML-like induction and/or allogeneic HSCT) as
they have a low risk (,2%) of IFD

Pomares H, Arnan M, Sa’'nchez-Ortega | et al. Invasive fungal infections in AML/MDS patients treated with azacitidine: a
risk worth considering antifungal prophylaxis? Mycoses 2016; 59: 516-9.



ECIL guideline for ALL

* An IFD rate of 6.5% has been reported in the retrospective SEIFEM2004
analysis of 1173 adults undergoing treatment for ALL with invasive
aspergillosis and candidiasis being most frequent.

* there is currently no approved standard of care for patients with ALL

* the European Working Group for Adult ALL (EWALL) recommends against
the use of mould-active azoles because of potentially hazardous neurotoxic
interactions with Vinca alkaloids, a key component of the antineoplastic
polychemotherapy

* cautious use of fluconazole prophylaxis to prevent yeast infections may be
considered (C-lll)



ECIL guideline for ALL

* Based upon a few recent epidemiological studies, there appears to be no
increased risk of IFD in patients with CML treated with tyrosine kinase
inhibitors (TKIs) or in other conventionally treated MPN patients

* Primary antifungal prophylaxis is therefore not recommended

* MPN patients who are undergoing intensive AML-like chemotherapy for
accelerated/blast phases or who are receiving an allogeneic HSCT should be
managed according to the respective guidelines

* drug interactions with azole antifungals need to be considered in patients
who develop an IFD while receiving TKIs

Steinbach WJ, Marr KA, Anaissie EJ et al. Clinical epidemiology of 960 patients with invasive aspergillosis from the PATH Alliance registry. J Infect 2012; 65: 453-64



ECIL guideline for multiple myeloma

* Patients with myeloma tend to have several risk factors for developing IFD,
including the frequent use of high doses of corticosteroids (and resulting
hyperglycaemia), myeloma-related innate immunodeficiency involving
various arms of the immune system, disease-related comorbidities (e.g. renal
insufficiency) and poor marrow function when heavily pre-treated

* several large epidemiological studies and prospective registries uniformly
reported very low incidences (1%) of yeast and mould infections among
those receiving conventional combination chemotherapy



* Newer treatment options: immunomodulatory drugs, proteasome inhibitors,
monoclonal antibodies and autologous HSCT becoming the new standard of
care

* Use of these new lines of drugs have transformed multiple myeloma in a
chronic disease from an acute one leading to more prolonged exposure to
infective agents and risk of infection

* But recent retrospective study of a cohort of 372 Australian patients recorded
an overall low rate of 2.4% with an invasive mould infection rate of 0.8%

* primary antifungal prophylaxis is not recommended for patients being
treated for myeloma.

Teh BW, Teng JC, Urbancic K et al. Invasive fungal infections in patients with multiple myeloma: a multi-center study in the era of novel myeloma
therapies. Haematologica 2015; 100: e28-31



ECIL guideline for CLL

 Patients with CLL are prone to infections because of-

1. the disease-associated humoral immunodeficiency (related to stage
and duration of disease)

2. additional immunosuppression resulting from therapy with

corticosteroids, cytotoxic drugs (alkylating agents and purine
analogues)

3. monoclonal antibodies (rituximab, alemtuzumab, ofatumumab and
obinutuzumab)

4. lenalidomide
5. kinase inhibitors (ibrutinib and idelalisib).



* Most patients develop bacterial or viral infections rather than IFD

* A retrospective multicentre Italian study (SEIFEM-2004) reported an
IFD incidence rate of 0.5%

e primary antifungal prophylaxis is not recommended

* It might be considered for patients with prolonged neutropenia (>6
months), elderly patients and those with advanced and unresponsive
CLL disease

Pagano L, Caira M, Candoni A et al. The epidemiology of fungal infections in patients with hematologic malignancies: the SEIFEM-2004 study.
Haematologica 2006; 91: 1068-75



ECIL guideline for Lymphoma

* In SEIFEM-2004 study, including 844 patients with Hodgkin’s disease
and 3475 patients with non-Hodgkin’s disease, incidence of IFD was
0.7% and 1.6%, respectively

* Antifungal prophylaxis was thus not recommended



HSCT recipients (autologous)

 Patients undergoing autologous HSCT are at low risk of IFD.

* Primary antifungal prophylaxis is not recommended, although
fluconazole (400 mg g24h) should be considered to prevent mucosal
Candida infection during the neutropenic phase (B-IlI)



HSCT recipients (allogenic)

* Phase-specific recommendations

* Active leukaemia, cord blood transplantation and prior fungal infection are major risk
factors during the pre-engraftment period

* alternative donor HSCT recipients with at least one of the following factors are at high
risk of IFD during engraftment

iron overload

early or recurrent cytomegalovirus infection

acute graft-versus-host disease (GvHD)

delayed engraftment (more than 3 weeks neutropenia)

A

high dose corticosteroids (2 mg/kg or more) for more than 1 week

centres offering allogeneic HSCT should know their own incidence and epidemiology of
IFD and be aware that construction works may alter environmental exposure



* In post-engraftment phases, acute and chronic GvHD historically represent
major risk factors for IFD

* GvHD in itself is not an indication for mould-active prophylaxis
* High risk factors-

1. grade IlI-IV acute GvHD

2. grade Il acute GvHD of alternative donor transplants

3. GvHD unresponsive to standard corticosteroid therapy

4. acute GvHD followed by chronic GvHD

e Low risk factors

1. grade Il GvHD responsive to steroid therapy after an HLA-compatible sibling
donor transplant

2. chronic GvHD not preceded by acute GvHD



e Other risk factors-

1. Prolonged neutropenia

2. Recurrent cytomegalovirus infection
3. Age >40 years
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* Phase 3, randomised, multicentre, double-blind and double-dummy, parallel-
group, multinational trial

 Compared efficacy of posaconazole and fluconazole for prophylaxis against IFl
in high risk GVHD patients after allogenic hematopoietic stem cell
transplantation

* Independent data review committee- eight physicians with expertise in
opportunistic infections in transplant recipients



* Subjects: males and females of 13 years and older, weight>34 Kg who
had undergone allogenic HSCT if they develop acute GVHD, grade II-IV,
or chronic extensive GVHD, or treated with intensive immunosuppressive
therapy (high dose steroids >1 mg/Kg/day for acute GVHD, >0.8
mg/Kg/day every other day for chronic GVHD), ATG, or a combination of

two or more immunosuppressive agents/therapies

» Excluded if they had a h/o proven/probable mould infection or suspected
IFI at baseline, hepatic dysfunction (elevated ALT/AST or both)

* Excluded if there was drug to drug interaction with azoles



e Stratified according to GVHD status

* Randomly assigned to receive posaconazole oral suspension 200 mg
TDS plus placebo capsule OD or fluconazole capsules 400 mg OD plus
placebo oral suspension TDS for 112 days or protocol specified
duration (until bIFl, adverse event requiring discontinuation, death)

* Exposure period- first dose to 7 days post-last dose

* Medication could be interrupted for up to 5 consecutive days without
exclusion from the study



* Primary efficacy end point- incidence of proven/probable IFl as
determined by the blinded data review committe (in the treatment
period, among ITT population)

* Failure of prophylaxis- development of IFl within fixed treatment
period of 112 days

* Other end points- proven/probable aspergillosis during fixed
treatment period, bIFl during exposure period, overall mortality in ITT
population, fungus-attributed mortality in ITT



* Laboratory evaluation for susceptibility to fungal isolates and testing
for colonization- every 2 weeks

* Immunoassays for aspergillus galactomannan ag in serum

* Fungal colonisation at baseline and at the end of the treatment
period

* Clinically significant change in susceptibility- increase of MIC by 4
times

* Plasma levels of posaconazole — liquid chromatography-tandem mass
spectroscopy



» Safety assessment-

- Paired electrocardiographic and laboratory evaluation
- Monitored for 16 weeks+ additional 8 weeks

- Adverse effects noted

- Reasons for discontinuation noted (national cancer institute’s
common toxicity criteria)



* RESULTS:

- Efficacy

- 62 cases (10%) of proven/probable IFI

- 43 in treatment period, 19 occurred after day 112

- Incidence of IFl in treatment period- 5.3% in posaconazole group and
9% in fluconazole group (OR for IFl in posaconazole group 0.56, CI

95%)

- Superiority was not demonstrated, but non-inferiority was
established



e Majority if IFIs were invasive aspergillosis

* Posaconazole was superior to fluconazole in reducing invasive
aspergillosis incidence (OR 0.31, Cl 95%, p=0.006)

* Posaconazole was superior to fluconazole in reducing incidence of
breakthrough proven or probable IFI (OR 0.30, Cl 95%, p=0.004)

* Mean concentration of posaconazole- 1470 ng/mL in chronic GVHD
and 958 ng/ml in acute GVHD

* There was a delay in onset of IFl in posaconazole group than
fluconazole group (p=0.048)



* Fewer deaths in posaconazole group (p=0.048) and fungus-attributed
death was even fewer (p=0.046)

* Colonisation- principal organism- C. Albicans and C. Glabrata

* Development of resistance more common in fluconazole group (17%)
than in posaconazole group (5%)

* The safety issues: similar adverse effects related to therapy in both
groups (36% in posaconazole vs 38% in fluconazole group)



Summery

* posaconazole was as effective as fluconazole in preventing all invasive fungal dis-
eases in recipients of hematopoietic stem-cell transplants with severe GVHD who
were receiving immunosuppressive agents during a 16-week period

* Posaconazole was superior to fluconazole in the prevention of invasive
aspergillosis

e posaconazole was shown to be as safe and as acceptable as fluconazole

* posaconazole was significantly more effective in preventing invasive fungal
infections during the exposure period than fluconazole

* Although posaconazole provided no advantage over fluconazole with respect to
overall mortality, a difference in mortality due to invasive fungal infections was
observed



Table 2. Proven or Probable Invasive Fungal Infections during the Fixed Treatment Period and the Exposure Period,
According to Pathogen, among Patients Assigned to a Study Drug.

Posaconazole Fluconazole
Group Group Odds Ratio
Pathogen or Pathogen Group (N=301) (N =299) (95% Cl) P Value

no. (%)
Fixed treatment period

All proven and probable invasive fungal infections™ 16 (5.3) 27 (9.0) 0.56 (0.30-1.07) 0.07
All invasive aspergillosis 7 (2.3) 21 (7.0) 0.31 (0.13-0.75) 0.006
Aspergillus (not otherwise specified) 0 5
Aspergillus galactomannan antigen index
A. fumigatus
A. flavus
A. niger
A terreus
All candida species
C. krusei
C. albicans
C. glabrata
C. parapsilosis
Candida (not otherwise specified)
Other fungi
Pseudallescheria boydii
Rhizomucor miehei
Trichosporon beigelii
Scedosporium prolificans
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Mold (not otherwise specified)




Table 2. (Continued.)

Pathogen or Pathogen Group

Exposure periodT
All proven and probable invasive fungal infections™
All invasive aspergillosis
Aspergillus (not otherwise specified)
Aspergillus galactomannan antigen index
A. fumigatus
A. flavus
A. niger
A. terreus
All candida species
C. krusei
C. albicans
C. glabrata
C. parapsilosis
Candida (not otherwise specified)
Other fungi
P. boydii
R. miehei
T. beigelii
S. prolificans
Mold (not otherwise specified)

Posaconazole Fluconazole

Group Group
(N=291) (N=288)
no. (%)

7 (2.4) 22 (7.6)
3 (1.0) 17 (5.9)
0 4

3 4

0 6%

0 2

0 0

0 1

1 3

0 1

0 1

1 1

0 0

0 0

3 2

1 o

0 1

1 0

0 0

1 1

Odds Ratio
(95% Cl)

0.30 (0.12-0.71)
0.17 (0.05-0.57)

P Value

0.004
0.001

* Cases of probable invasive aspergillosis confirmed on aspergillus galactomannan immunossay (Platelia Aspergillus
EIA, Bio-Rad Laboratories) were included in this category.
T The total numbers of patients for the analysis of invasive fungal infections during the exposure period were 291 in the

posaconazole group and 288 in the fluconazole group.

& An invasive fungal infection that developed in one patient on day 113 (while the patient was receiving the study drug)
was not counted as occurring during the fixed treatment period (the interval beginning on the date of randomization

and ending on day 112).
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Figure 1. Time to Proven or Probable Invasive Fungal Infection.

All events not related to invasive fungal infections were considered censored;
data on all patients were censored as of the end of the treatment period
(day 112). The mean day of the onset of invasive fungal infection was day
102 in the posaconazole group and day 88 in the fluconazole group (P=0.048).




Table 4. Treatment-Related Adverse Events and All-Cause Mortality during the Observation Period.*

Posaconazole Group  Fluconazole Group

Event (N=301) (N=299)
no. (%)
Adverse events
Total 107 (36) 115 (38)
Headache 3(1) 8(3)
Gastrointestinal disorders
Diarrhea 8(3) 12 (4)
Nausea 22 (7) 28 (9)
Vomiting 13 (4) 15 (5)
Liver and biliary disorders
Bilirubinemia 8 (3) 5(2)
Increased y-glutamyltransferase 9 (3) 7(2)
Increased hepatic enzymes 8 (3) 7(2)
Increased aspartate aminotransferase 8 (3) 3(1)
Increased alanine aminotransferase 9(3) 4 (1)
Serious adverse events
Total 40 (13) 29 (10)
Increased hepatic enzymes 6(2) 1(<1)
Increased y-glutamyltransferase 5(2) 3(1)
Hepatocellular damage 4 (1) 0
Bilirubinemia 3(1) 3(1)
Abnormal hepatic function 0 3(1)
Vomiting 4 (1) 1(<1)
Nausea 4(1) 0

Table 4. (Continued.)
Posaconazole Group  Fluconazole Group
Event (N=301) (N=299)
no. (%)
Deaths
All causes
During the observation period 76 (25) 84 (28)
During the fixed treatment period 58 (19) 59 (20)
During the exposure period{ 22 (8) 24 (8)
Cause of death
Adverse event 39 (13)§ 37 (12)
Invasive fungal infection
Complications of infectiong: 4 (1) 12 (4)
Proven or probable infection§ 2 (1) 11 (4)
Possible infection 2(1) 1(<1)
Progression of underlying disease or GVHD 31 (10) 33 (11)
Other 2 (1) 2(1)

* Treatment-related adverse events were those that occurred at a frequency of at least 3% in either of the two groups.
Treatment-related serious adverse events were those that occurred in at least three patients. Actual totals are also shown.
(For further details on treatment-related serious events, see the Supplementary Appendix.) Deaths from all causes were
those that occurred during the 24-week observation period. Invasive fungal infections were adjudicated by the data review
committee in a blinded fashion. The cause of death was assessed by an investigator as one of the following: an invasive
fungal infection, a cause other than an invasive fungal infection but in the presence of an invasive fungal infection, or a
cause other than an invasive fungal infection (without evidence on autopsy of invasive fungal infection or with clinical
evidence of the resolution of an invasive fungal infection).

T Data are for 291 patients in the posaconazole group and 288 in the fluconazole group. Only one adverse event was con-
sidered by an investigator to be related to the study drug. Ninety days after posaconazole was discontinued, only a single
death from multiple-organ failure occurred after cyclosporine-associated thrombotic thrombocytopenic purpura-like syn-
drome developed; the death was considered by the investigator to be possibly related to treatment with posaconazole.

i P=0.046 by the log-rank test.

§ P=0.01 by the chi-square test.




Recommendations: pre-engraftment period

Table 4. ECIL recommendations on primary antifungal prophylaxis in adult allogeneic HSCT recipients: pre-engraftment period

Pre-engraftment risk of mould infections

Antifungal agent low high

Fluconazole 400 mqg q24h A-l

Posaconazole oral solution 200 mq g8h or tablet 300 mg g24h following a B-11 8-1l
loading dose of 300 mgqlZhonday 1

[traconazole oral solution 2.5 mg/kg q12h B-1 8-

Voriconazole 200mg ql12h B-1 8-l

Micafungin 50 mg g24h B-1 C-l

Caspofungin and anidulafungin no data no dato

Liposomnal amphotericin B C- C-1I

Aerosalized liposomal amphotericin B (10 mq twice weekly) plus C-1l1 8-1l
fluconazole 400 mg q24h

Fluconazole 400 mg q24h A-111 against




Recommendations: post-engraftment period

Table 5. ECIL recommendations on primary antifungal prophylaxis in adult allogeneic HSCT recipients: post-engraftment period

Antifungal agent High risk GvHD
Posaconazole oral solution 200 mq q8h or tablet 300 mg g24h following a looding dose of 300 mg q12h on day 1 AT
[traconazole oral solution 2.5 mg/kg q12h B-I°
Voriconazole 200 mgq12h B-I°
Micafungin 50 mg q24h C-Il
Caspofungin and anidulafungin no dato
Liposomal amphotericin B C-lI
Aerosolized liposomal amphotericin B {10 mq twice weekly) plus fluconazole 400 mg g24h no dato
Fluconazote 400 mq q24h A-IlT against

“No difference with placebo was seen in patients with chronic GvHD.*
"It Is recommended to monitor serum drug concentrations.



Consensus guidelines for antifungal prophylaxis in haematological
malignancy and haemopoietic stem cell transplantation, 2021

* Incorporated recommendations for patients receiving newer
therapies for haematological disorders

* Due to the absence of high-level evidence, the routine use of
antifungal prophylaxis is not recommended for the majority of
patients undergoing treatment with new haematological treatments

* Antifungal prophylaxis should be considered on an individual patient
risk model



Table 1 Establshed risk groups for IFD and recommended antifungal prophiylaxis coverage in adults

sk level Risk groups Recormmended S0R Qo
prophylaxsy
High risk = 10X inCidence NReutrophil <0.1 = 104 for =3 weeks or First line A I
of FD <05 x 1074 for =5 weeks (e g allogensic Posaconazole
HSCT) Alternate agents.
Corticosteroids > 1 mgikg prednisolone Vornconazole
equivalent and neutrophids <1 x 1071 for Hraconazole
=1 week Mucafungin
Corticosteralds =2 mgkg prednisolone Liposomal
equivalent =2 weeks armphotencin
Unrelated mismatched or cord blood Eavuconazole
alogenaic HSCT

GVHD — exlensive or severs
AML — inductionfreinduction
ALl — nduction/resnduction

MDS
Low risk Less than 5% Autologous HSCT {e.g. patients at high sk First line B i jcontext dependent, level | evidence
Incidence of IFD for mucositis) Fluconazole In settng of akoHSCT)
Allogeneic HSCT with expected Alternate agents.
neutropenia <14 days Echinocandins
Lyrnphoma (e g intensiveldose-escalated raconazole
therapy)
Very law risk] Less than 5% Other lymphoproliferative neoplasms {e.g No prophylaxs B n
incidence of IFD standard chernotherapy for mphomna,
NO mucositis induction therapy lar myeloma,
treatment-naive CLL)
Other miyeloproliferative neoplasmes

Treatrment for solid organ tumours

iPlease refer to Tabde 4 for sumenary of recommendations and level of evidence supporting chosce of antfungal prophylaxis agents.

1Cansider that low andior sparadic occurrence is not equal to no nsk and s dependent on underying treatment regimen, previous and cumulative
treatments

ALl acute lyrnphoblastic leukaermeas, AML, acute myeloid leckaemia, (1L, chronic lyrmphocytic leukaemia, GYVHD, graft versus host disease, HSCT,
haemopaietic stem cell transplantation, IFD, invasive fungal disease, MDS, rmyelodysplastic syndrome, Qof, quality of evidence, SOR, strength of
recormmendation



* For patients receiving new generation immunomodu-latory,
monoclonal antibody therapy for relapsed and refractory myeloma,
prophylaxis with fluconazole could be considered (Marginal
recommendation, Level Il evidence).

 or patients undergoing CAR T-cell therapy, prophy-laxis
withfluconazole should be considered (Strong recommendation, Level
Il evidence).

 or patients deemed at higher risk of fungal infection(e.g. due to
severe neutropenia or multiple lines of ther-apy, treatment of
cytokine release syndrome (CRS)),mould-active azole prophylaxis
could be considered(Moderate recommendation, Level |l evidence)

* For patients with a prior history of IFD, secondaryprophylaxis should
be administered (Marginal recom-mendation, Level lll evidence)



* increasing number of targeted agents have become available as standard of
care options for the treatment of haematology patients

* through their effects on immune function, they may increase the risk of IFD

* Reported rates of IFD accom-panying the use of these agents vary
according to the patient group being treated

1. treatment naive vs relapsed/refractory malignancy;
2. previous treatments used, including number of lines of therapy;

3. whether these agents are used in combination with other therapies,
especially conventional chemotherapy that induces mucositis or prolonged
neutropenia.



Agent specific evidence
* |brutinib

- a BTK inhibitor commonly used for the treatment of chronic lymphocytic
leukaemia (CLL) and other B-cell lymphoproliferative disorders

- interrupts B-cell receptor signalling and also results in
hypogammaglobulinaemia.

- A retrospective study of 378 patients receiving ibrutinib (monotherapy in
84% of cases) reported an IFD rate of 4.2%, with the majority of IFD cases
lacking classical risk factors such as neutropenia or corticosteroid usage

- real-world data suggests an IFD rate as high as 12.1% in patients treated
with ibrutinib monotherapy in the setting of relapsed/refractory CLL

1. Varughese T, Taur Y, Cohen N,Palomba ML, Seo SK, Hohl TMet al.Serious infections in patients receivingibrutinib for treatment of lymphoidcancer.Clin
Infect Dis2018;67: 687-91

2. Teh BW, Chui W, Handunnetti S,Tam C, Worth LJ, Thursky KAet al.High rates of proven invasive fungaldisease with the use of ibrutiniomonotherapy for
relapsed or refractorychronic lymphocytic leukemia.LeukLymphoma2019;60: 1572-5



- The majority of fungal infections reported were invasive aspergillosis
with a predilection for central nervous system (CNS) involvement
(40%).Most patients developed IFD within 3—6 months of starting
ibrutinib

- Substantially higher IFD rates of 38.9% (7/18) have been observed in
the context of primary CNS lymphoma treated with ibrutinib,
potentially due to the concomitant use of chemotherapy and
corticosteroid agents

Lionakis MS, Dunleavy K,Roschewski M, Widemann BC,Butman JA, Schmitz Ret al. Inhibitionof B cell receptor signaling by ibrutinibin primary CNS
lymphoma.Cancer Cell2017;31: 833—43.e5



Summary of IFD risks with newer therapeutic agents

ITherapy Populabon IFD rates () Comments
BIK inhibitor {e.g. ibrutinib) Relapsedirefractory B-cell 312 Rates of 1X reported in clinical trials of BiK
lymphoproliferative disaorder inhsbitors
Invasive aspergifiosis with CNS involvement
up to 102
Cryptococcus spp.
Procumocyslis jiroveci pneumora
Primary CNS lymphoma 5 41 In combimnabon wath corticosteroids and
conventional chemotherapy
PIEK inhibetor (e.g. idelalisib) Relapsedirefractory B-cell 3 Pneumocyslis firovecid pneumonia
lymphoproliferative disorder
BCL 2 inhibitor {e.g. venetoclax) CLL 1 Aspergillus spp., Pneumocystis jirovect
pacumonia
Hypomethylating agents (e.g. MDS 5-13 Rates higher in relapsedirefractory disease
azacitadine) AML versus its use as frontline therapy
Rate of 13% when used m combmaton with
BCL 2 inhibitor venetoclax
Aspergilius spp., Candida spp.
FLI 3 inhibitors {e.g. midostaunn, AML 5 Limited data from clinical tnal
glitenitnib)
Second generation IMiD, Pl Relapsedirefractory myeioma 2-7 Caondida spp., Cryptococous spp.
CD38 or SLAMFZ monadional
antibodies
CAR 1 cell therapy Relapsedirefractory ALL 58 in the setting of fluconazole or micafungn
Relapsedirefractory NHL prophylaxis
Rates up to 13% in patients with ALL
Aspergilius spp., Candida spp., Mucor spp.
Bi specafic anbbody therapies (e.g. Relapsedirefractory ALL 2 Limited clinical trial data

blinatumomab)

Relapsedirefractory NHL

ALL, acute lymphoblastic leukaemia, AML, acute myelold leukaemia, BCL-2, B cell lymphoma 2, BIK, Bruton’'s tyrosine kinase, CAR, chimeric anugen
receptor; CLL, chromc lymphocytic leukaemia; CNS, central nervous system, FLI 3, fms like tyrosine kinase; IFD, invasive fungal disease; INID, immuno
modulatory drug therapy, MDS, myclodysplastic syndrome, NHL, non-Hodgkan lymphoma, Pl, proteasome inhibitor; PI3K, phosphatidylnositol
3-kinase; SEAMEY, signalling lymphocytic activation molecule F7.




Evidence for prophylactic agents

* POSACONAZOLE:
- Preferred agent for AML and those undergoing HSCT

- Network meta-analyses of randomised controlled trials of triazole
prophylaxis confirm posaconazole’s efficacy for the prevention of proven or
probable IFD and invasive aspergillosis, reducing the requirement for
empiric anti-fungal therapy and all-cause mortality compared to fluconazole

and itraconazole*

- When evaluated, its use appears to be cost-effective compared to
voriconazole**

Bow EJ, Vanness DJ, Slavin M,Cordonnier C, Cornely OA, Marks Dlet al. Systematic review and mixed treatment comparison meta-analysis of randomized
clinical trials of primary oral antifungal prophylaxis in allogeneic hematopoietic cell transplant recipients.BMC Infect Dis2015;15: 128

**Zhao YaIIogeneiCJ, Khoo AL, Tan G, Teng M,Tee C, Tan BHet al. Network meta-analysis and pharmacoeconomicevaluation offluconazole,itraconazole,
posaconazole,and voriconazole in invasivefungal infection prophylaxis.Antimicrob Agents Chemother2016;60:376—-86
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Systematic review and mixed treatment
comparison meta-analysis of randomized clinical
trials of primary oral antifungal prophylaxis in
allogenelc hematopoietic cell transplant recuplents
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Systematic literature review in 2014 to identify and analyze all RCTs studying fluconazole, itraconazole, posaconazole
and voriconazole for primary oral antifungal prophylaxis in alloHCT recipients post-transplant.

Primary outcome evaluated: proven/probable Invasive fungal infection defined by criteria laid down by S. Ascioglu in his
paper (2002) for EORTC/IFICG

Other outcomes: all cause mortality, proven invasive candidiasis, administration of other licensed antifungal therapy

Outcomes were evaluated at 180 days post-transplant (or the closest available time point) (data extracted from each
RCT)



WHAT WAS SEARCHED?

Databases (cut-off April 3, 2014):

* Madiine

* EMBASE

* Cochrane Central Regmter of Controbed Trials

Conference Proceedings (2007 to 2010):

o European Group Tor Blood and Marrow Transplart ation

* American Society for Hematology

* Intersclence Conference on Antimicrobial Agents and Chemotherapy
* European Congress of Cinical Micr togy and inf In De

v

SEARCH LIMITS
e [tems with abatracts

* Ilems with soarah terms in ttke (expanded
1o include MaSH terma where avallable)

SEARCH CATEQOMIES" and TERMS

Typeo of intervention (1):

* Prophylaxis or prophylactic or prophylactically

Complication (2):

o Invasive fungal infection or IF] or fungal Infection or myooms or
fungal disease or fungus dineasen or iInvanive anporgiliosis or
Invasive cancdiciasis

Specific antifungal agent (3):
= Antifungal agent or fluconazole or itr e Or P
or variconazole
3 SUBSEARCH LIMITS
* (1), (@), and (3) were combined using Boolean
“AND" operator
* lteme published in English, French, German,
talian, Japanese and Spanish
INCLUSION CRITERIA

e Doubtle-bindg RCTE, open-label RCTe, and systematic
reviews/meta-analyses of RCTs evaluating oral pmnuy lmmmod
prophylaxis with any of fluconazabe, it [t
or vorconazole

e For RCTa, only those in which 250% of patients eceived allogensic

HOT weore aligible

v

* Al retrieved citations entered into Endnote Mrary whers duplicates
wore (dentified and deleted

e Titlon and abetracts screened for relevance basod on predefined
eligibiity orteria
o Full-text articles for eligible Cin ware of for Inclusion

. Noamwmmdmmlmmlndmmwlm

1 Ut

.l of ir

» reported
or .dmm' rosuits in luboﬂwpl of interest

EXCLUSION CRITERIA

* Retrospective, nonrandomized or
observational studios

o Ongoing stuches

* No abstract

e Studhes that evaluated secondary
prophylaxis or active treatment of
suspected or documented IF1

o Studies iInvalving only iIntravenous
formulations of the drugs of interest

* Studhes conducted In Inpationt setting only
o Any stucly with a duration of <30 days

b Figure 1 Flow chart of the systematic literature review process and inclusion/exclusion criteria,




Identified six RCTs that compared directly or indirectly inform a comparison of fluconazole, itraconazole,
voriconazole and posaconazole.

5 head to head studies randomized 2174 subjects (140-600 patients per study)

4 multicentre trials, 3 open-label designs, 2 double blind design

Comparators- fluconazole in 4 RCTs, itraconazole in 3 RCTs, vori in 2 RCTs and posa in 1 RCT;

Voriconazole most likely to reduce incidents of overall proven/probable IFl at 180 days post transplant
relative to fluconazole

Lowest posterior probability of IFls among four agents (but not statistically significant)

Posaconazole has highest reduction in incidence of IA in comparison to others

ltraconazole has the higher preventive role against IC relative to fluconazole, voriconazole and posaconazole
Voriconazole had the highest probability of avoiding use of OLAT in comparison to others

There was no significant difference in all cause mortality among the agents



Ullmann et al. N Engl J Med. 2007 Marr et al. Blood. 2004
N, 8 _-=* Winston et al. Ann Intern Med. 2003

e
w

Fluconazole

Figure 2 Evidence network of randomized controlled trials (RCTs) included into the mixed treatment comparison (MTC).




Table 1 Outcomes extracted from the

Study

All-cause
mortality

Incidence of proven/
probable IFl overall

ials and included into the mixed treatment comparison

Incidence of proven/

probable IA

Incidence of

proven IC

Incidence of
OLAT use

Winston 2003 [29]
Fluconazole
Itraconazole

Marr 2004 [26]
Fluconazole
Itraconazole
Ullmann 2007 [27/]
Fluconazole
Posaconazole
Wingard 2010 [28]
Fluconazole
Voriconazole
Marks 2011 [10]
ltraconazole

Voriconazole

28/67 (42%)
32/71 (45%)

44/148 (30%)
55/151 (36%)

59/299 (20%)
58/301 (19%)

59/295 (20%)
57/305 (19%)

44/241 (18%)
40/224 (18%)

IFl, invasive fungal infections; IA, invasive aspergillosis;
“One patient developed both proven IC and probable IA, which was counted as a single IFl instead of 2 separate IFls.

17/67 (25%)
6/71 (8%)

25/148 (17%)
19/151 (13%)°

27/299 (9%)
16/301 (5%)

24/295 (8%)
14/305 (5%)

5/241 (2%)
3/224 (1%)

8/67 (12%)
3/71 (4%)

20/148 (14%)
16/151 (11%)

21/299 (7%)
7/301 (2%)

17/295 (6%)
9/305 (3%)

5/241(2%)
1/224 (0.4%)

8/67 (12%)
2/71 (3%)

5/148 (3%)
4/151 (3%)

4/299 (1%)
4/301 (1%)

5/295 (2%)
3/305 (1%)

0/241 (0%)
2/224 (1%)

Not reported
Not reported

25/148 (17%)
19/151 (13%)

29/288 (10%)
31/291 (11%)

89/295 (30%)
73/305 (24%)

101/241 (42%)
67/224 (30%)

, Invasive candid

s; OLAT, other licensed antifungal therapy.



A
} (T} { Itraconazole
T Itraconazole (sensitivity analysis)
f {] { Posaconazole
—1THH Posaconazole (sensitivity analysis)
| (T} { Voriconazole
THH Voriconazole (sensitivity analysis)
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Figure 3 Treatment effect of antifungal agents on A) proven/probable invasive fungal infection (IFl) and B) proven/probable invasive
aspergillosis (IA) at 180 days, compared between the base-case mixed treatment comparison (MTC) and the sensitivity analysis MTC
using an empirical prior, expressed in log odds. Estimates less than zero indicate a reduced probability of IFI relative to fluconazole. The
vertical bar of the box plot represents the posterior median value (probability <50%); the outer limits of the box plot represent the posterior
interquartile range (probability 25%-~75%); whiskers represent the most extreme Markov Chain Monte Carlo values of the posterior no more than
1.5 times the width of the interquartile range above or below the upper or lower bounds of the interquartile range.
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* Conclusion of the analysis:

- Preferable to use mold active azoles over fluconazole to prevent IFls
in alloHCT recipients

- To prevent |IA, Posaconazole and voriconazole may be preferred over
other agents

- To prevent IC, itraconazole is preferred
- Voriconazole would reduce OLAT (other licensed antifungals) use



* Points of concern in the analysis:

- Many outcome comparisons do not meet traditional statistical
significance criteria

- Confidence interval had to be wider in some of the comparisons to
clearly show any statistical difference between two agents

- Studies had large heterogeneity in terms of the time of starting
prophylaxis, the duration of continuation and the reasons for drug
withdrawal



e Cohort studies evaluating posaconazole against voriconazole,
itraconazole or micafungin consistently report lower rates of IFD with
posaconazole ranging from 0 to 5% versus 5 to 11%

* For patientsundergoing HSCT, observational cohort studies
haveshown that rates of breakthrough IFD during prophylaxis with
posaconazole suspension remain low at between 3 and 8%

* Cohort studies of AML patients report similarly low rates of proven or
probable break-through IFD (0—7%)

1. Epstein DJ, Seo SK, Huang YT,Park JH, Klimek VM, Berman Eet al.Micafungin versus posaconazoleprophylaxis in acute leukemia ormyelodysplastic
syndrome: arandomized study.J Infect2018;77:227-34

2. Wang CH, Kan LP, Lin HA, Chang FY,Wang NC, Lin TYet al. Clinical efficacyand safety of primary antifungalprophylaxis with posaconazole
versusfluconazole in allogeneic bloodhematopoietic stem celltransplantation recipients: aretrospective analysis of a singlemedical center in Taiwan.)
Microbiollmmunol Infect2016;49: 531-8.

3. Calmettes C, Gabriel F, Blanchard E,Servant V, Bouchet S, Kabore Net al.Breakthrough invasive aspergillosisand diagnostic accuracy of
serumgalactomannan enzyme immune assayduring acute myeloid leukemiainduction chemotherapy withposaconazole prophylaxis.Oncotarget2018;9:
26724-36



 VORICONAZOLE
- Voriconazole is an alternate agent for IFD prophylaxis.

- Meta-analyses show no significant difference between posaconazole and
voriconazole efficacy for the prevention of proven or probable IFD and
invasive aspergillosis

- a significantly higher risk for treatment-relatedliver abnormalities was
noted, compared to other azoles

- In cohort studies of AML patients, the use of voriconazole prophylaxis was
associated with an IFD rate of 3—-5%

- Due to vari-able metabolism, CYP2C19 testing prior to commence-ment
could assist with dose selection

Bui V, Walker SA, Elligsen M, Vyas A,Kiss A, Palmay L. Voriconazoleprophylaxis in leukemic patients: aretrospective single-center study.) Oncol
Pharm Pract2020;26: 873-81



* ITRACONAZOLE

- The only new data supporting the use of intravenous itraconazole or
its solution are from a few cohort studies reporting IFD rates of 1-7%
for HSCT patients and 5% for patients with AML.

Lin R, Xu X, Li Y, Sun J, Fan Z, Jiang Qet al. Comparison of long-term and short-term administration of itraconazole for primary antifungal
prophylaxis in recipients of allogeneic hematopoietic stem cell transplantation: a multicenter,randomized, open-label trial. Transplinfect
Dis2014;16: 28694



MICAFUNGIN

In two trials, the rate of IFD was not significantly different when assessed
against fluconazole and itraconazole at 7.3 and 4.4% respectively.

Adverse event rates were significantly higher with itraconazole

dosing with 100-150 mg intravenous (IV) daily followed byoral
voriconazole or posaconazole on discharge, led to proven or probable IFD
rates of between 1 and 4%

Overall, the use of micafungin could be considered during the neutropenic
period in high-risk patients if use of azoles is contraindicated or there are

concerns about absorption

1. Huang X, Chen H, Han M, Zou PWu D, Lai Yet al. Multicenter,randomized, open-label studycomparing the efficacy and safety ofmicafungin
versus itraconazole forprophylaxis of invasive fungalinfections in patients undergoinghematopoietic stem cell transplant.BiolBlood Marrow
Transplant2012;18:1509-16

2. Rosillo C, Avila AM, Huang YT,Devlin S, Cho C, Montoro Jet al.Sequential systematic anti-moldprophylaxis with micafungin andvoriconazole
results in very lowincidence of invasive mold infectionsin patients undergoing allogeneichematopoietic stem celltransplantation.Transpl Infect
Dis2018;20: e12897.



* LIPOSOMAL AMB

- A recent randomised trial of L-AMB at 5 mg/kg twice a week compared to
placebo for prophylaxis in ALL reported no difference in the rate of proven or
probable IFD (7.9 vs 11.7%;P=0.24)

- a significantly higher rate of adverse events led to interruption of L-AMB in
20.3% of patients.

- Post hoc analysis did report a trend for lower IFD rates in patients who were
administered L-AMB prophylaxis (7.6 vs14.4%;P=0.07)

- this agent could be considered in the setting of azole intolerance or
contraindication

- Doses ranging from 50 to 200 mg, three times per week, have been used

Cornely OA, Leguay T, Maertens J Vehreschild M, Anagnostopoulos A,Castagnola Cet al. Randomizedcomparison of liposomal amphotericinB
versus placebo to prevent invasivemycoses in acute lymphoblasticleukaemia.J Antimicrob Chemother2017;72: 2359-67
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* Objective- to examine the efficacy, tolerability and cost-effectiveness
of all the triazoles in market in reducing blFl in haematological
malignancy patients and HSCT recipeients

e Study design: network meta-analysis



Proven or
probable IFl

IFl-related
death

Fluconazole

Itraconazole cap

No death

Death from
other causes

-

AML or
HSCT
patients

| Itraconazole sol

No IFl

No death

Death from
other causes

-

Posaconazole

Voriconazole

No death

Death beyond
prophylaxis

No death

Death beyond
prophylaxis

_‘
_‘
_‘

No death

_‘

FIG 1 Schematic representation of the cost-effectiveness analysis model. AML, acute myeloid leukemia; HSCT, hematopoietic stem cell; cap, capsule; sol,

solution; IFI, invasive fungal infection; M, Markov model.



RCT records identified through data base
searching

(n=1,261)

H PubMed (n = 873)

'

Records after duplicates removed

(n=897)

.

Records screened by title/abstract

(n = 897)

y

Cochrane (n = 388)

T S TIE S RN ST |
Records excluded
(n = 867)
Irrelevant PICO (575)
=P Non-RCTs (292)

Full-text articles assessed for eligibility

(n=30)

v

RCTs included in data extraction

(n=21)

FIG 2 Study flow diagram. PICO, patient or population, intervention, comparison, or outcome(s).

Full-text articles excluded
(n=9)

Higher risk population (3)
Irrelevant dosing (2)
Combined treatment (1)
Irrelevant outcome (3)




* Results:

- 21 studies met inclusion criteria

- Published between 1992 and 2013

- Participants- 5505, mean age- 43 years, male 58%

- Median duration of anti-fungal prophylaxis- 70 days, mean follow up
period- 100 days

- 61% received chemotherapy, 39% received HSCT
- Most common underlying disease- AML(56%)



Itraconazole capsule Fluconazole

Itraconazole solution

Placebo

Posaconazole Voriconazole

FIG 3 Network of all direct comparisons between triazole antifungal agents.
The sizes of the nodes indicate the numbers of participants, and the widths of
the lines indicate the numbers of included trials.



* Overall 5% IFl incidence (45% candida, 49% aspergillus)
* Quality of included studies- moderate

 All triazoles were better than placebo at preventing IFI (except
itraconazole)

* Posa was superior to fluconazole (OR 0.35) and ltraconazole capsule
(OR 0.25) but not to voriconazole (OR 1.3)

 \Voriconazole superior to fluconazole and itraconazole (not statistically
significant)



* In preventing invasive aspergillosis Posaconazole was superior to all
other azoles

* VVoriconazole was better than fluconazole in the same respect

e Apart from itraconazole capsule all triazoles were better than placebo
at preventing invasive candidiasis



* Posaconazole was a/w significant reduction in all cause mortality in
comparison with placebo, fluconazole and itraconazole solution

* Posaconazole, fluconazole and itraconazole were effective in reducing
IFl-related death compared to placebo

* Posa and vori led to fewer requirement of empirical therapy in IFl
patients

* Posaconazole had a higher Sucra value than all other antifungals for
preventing IFl



* [traconazole solution was a/w higher withdrawal due to intolerance
e All drugs had comparable tolerability
* Liver dysfunction was commoner with voriconazole

* Posaconazole was a/w greatest benefits in terms of numbers of IFls
avoided and LY saved



a)

Treatment effects on overall incidence of IF

OR (95%Cl)

Fluconazole vs Placebo —— 0.36 (0.23,0.59)
Itraconazole_capsule * 0.51 (0.17,1.66)
Itraconazole_solution r—— 0.24 {0.12,0.45)
Posaconazole et 0.13 ig.os.o.ao;
Voriconazole e 0.17 (0.06,0.43
Itraconazole_capsule vs Fluconazole + 1.40 (0.45,4.40)
ltraconazole_solution e 0.64 (0.39.1.07;
Posaconazole ————t 0.3 ’0.16,0.73
Voriconazole ——— 0.46 (0.19,1.07)
Itraconazole_solution vs Itraconazole_capsul + 0.46 (0.13,1.59)
Posaconazole 0.25 (0.06,0.97)
Voriconazole * 0.33 (0.08,1.34)
Posaconazole vs Itraconazole_solution —_—, 0.54 (0.24,1.22)
Voriconazole s o ) 0.71 (0.29,1.75)
Voriconazole vs Posaconazole + 1.31 (0.43,4.01)

| ¥ | | | 1

0.01 04 07115 5

Treatment effects on empirical therapies OR (95%Cl)
Fluconazoie vs Placebo —— 071(054,094)
Itraconazole_capsule U e 074 (0.41,134)
ltraconazole_solution —— 067 (046,098)
Posaconazole ———— 0.25(0.10,0.60)
Voriconazole —— 047(030072)
ltraconazole_capsule vs Fluconazole 1.03(0.55,1.93)
Itraconazole_solution T 094 50 66,1 32;
Posaconazole R 0.35(0.15,0 80
Voriconazole e 066 (0 45,0 96)
ltraconazole_solution vs lHtraconazole_capsule et 0.91(0461 80;
Posaconazole . 033(012085
Voriconazole L G 063 (031,129)
Posaconazole vs Itraconazole_solution * 0.37 (0.15,091)
Voriconazole —t— 0.70(049,1.01)
Voriconazole vs Posaconazole 3 1.89(0.76,475)

Ll I 1 1 1
0.01 04 07 1156 5
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TABLE 2 Costs and health outcomes for AML patients

Effectiveness” ICER
Treatment Total cost (SGD) No. of IFls No. of IFls avoided LY LY saved Per IFI avoided Per LY saved
Fluconazole 4,186.91 0.100 5.197
Itraconazole capsule 5,748.09 0.135 —0.035 5.134 —0.063 Dominated Dominated
Itraconazole solution 4,172.47 0.066 0.034 5.258 0.061 Dominant Dominant
Posaconazole 4,909.45 0.037 0.063 5.310 0.113 11,469 6,394
Voriconazole 14,095.61 0.049 0.051 5.288 0.091 194,288 108,887
“1Fl, invasive fungal infection; LY, life-years; ICER, incremental cost-effectiveness ratio.
TABLE 3 Costs and health outcomes for HSCT patients

Effectiveness” ICER
Treatment Total cost (SGD) No. of IFIs No. of IFIs avoided LY LY saved Per IFI avoided Per LY saved
Fluconazole 4,271.27 0.100 6.247
[traconazole capsule 5,893.90 0.135 —0.035 6.172 —0.075 Dominated Dominated
[traconazole solution 4,697.85 0.066 0.034 6.320 0.073 12,546 5,844
Posaconazole 5,960.76 0.037 0.063 6.383 0.136 26,817 12,423
Voriconazole 17,442.68 0.049 0.051 6.357 0.110 258,263 119,740

“IFl, invasive fungal infection; LY, life-years; ICER, incremental cost-effectiveness ratio.



a) -===Fluconazole - - Itraconazole solution  ———Posaconazole == Voriconazole
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Willingness-to-pay per LY saved (SGD)

b) ===~Fluconazole = - Itraconazole solution  ———Posaconazole === Voriconazole
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0.8

Willingness-to-pay per LY saved (SGD)
FIG 6 Cost-effectiveness acceptability curves for AML (a) and HSCT (b) cohorts, LY, life-year.
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* 69 studies that compared efficacy of different antifungals against
other antifungals/placebo in reducing incidence of IFIs in
haematological malignancies and HSCT recipients

* Primary outcome: IFI and mortality

e Secondary outcome: fungal infections, proven IFl, invasive candidiasis,
invasive aspergillosis, fungi-related deaths, withdrawal related to
adverse effects of drugs



e Results:

- Posaconazole had the highest SUCRA values (surface under the cumulative
ranking curve) (86.7%) followed by capsofungin and micafungin in reducing
risk of IFIs (RR 0.57; 95% Cl, 0.42-0.79) compared to placebo

- Regarding mortality reduction, Micafungin had the highest SUCRA values
(90%, mean rank 2.1) followed by voriconazole and posaconazole

- For reducing fungal infections, capsofungin was the best agent (SUCRA
84.9%); Posaconazole (SUCRA 87.8%) in reducing IA, capsofungin (88.5%) in
preventing IC, LAMB (SUCRA 78.8%) in reducing fungi-related death



 Voriconazole had significant reduction in IC incidence (RR 0.15, 95%
Cl, 0.09-0.26)

 VVoriconazole had the highest tolerability (lowest withdrawal rate due
to adverse events) while Posaconazole had the highest incidence of
withdrwal due to adverse reactions (SUCRA 17.5%)

* In subgroup analysis, voriconazole was ranked the best choice for
preventing IFls in HSCT recipients and Posaconazole was the better
choice for patients with AML and MDS;



Figure 1. Schematic of the Network of Evidence Used in Network Meta-analysis for Invasive Fungal Infections

AMBL

MICZ

KTCZ
Polyene

FLCZ Placebo

AMB indicates conventional amphotericin B; AMBL,
liposomal amphotericin B; KTCZ, ketoconazole; FLCZ,
fluconazole; ITCZ, itraconazole; VOCZ, voriconazole;

POCZ, posaconazole; CASP, caspofungin; and MCFG,
) micafungin.



Table 2. SUCRA Values and Mean Rank for All Outcomes

Table 2. SUCRA Values and Mean Rank for All Outcomes (continued)

Fungal Invasive invauve Fungi-retated Fungal Mvasive vanve Fungi-related
Meaow o Hh Proven il didhh aspergiiown Mortality death Withdrawal Mewsure indoctions Wiy Proven (s candidianis aspergiltows Mortatity death Withdrawal
Owerall Miconazole
Pacebo SUCRA. % NA NA NA NA NA NA NA NA
SUCHA, % 62 192 253 1ns 309 330 357 452 Mean rank NA NA NA NA NA NA NA A
Mean rank 113 %9 85 10.7 75 78 83 65 Wetocanazole

Fatyonn SUCRA % a8 NA NA NA NA NA NA NA
SUCHA, % 25 1246 o no 1.0 15.0 226 720 Mean sank 548 NA NA NA NA NA NA NA
Mean rank 20 196 13 (43 0.0 104 s 38 Fluconazole

Amphotericin § SUCRA, % 483 2 442 56.8 378 445 55.0 6023
SUCRA, % 175 Y 141 36 693 a7 283 50.5 Maan rank 5.1 49 44 16 w7 43 1.0 36
Mean rank 79 15 a e aa 74 e 59 N aconazole

Liposarmal amphotericn SUCRA, % 69,7 659 59,5 7.8 542 121 7 350
SUCRA, % we 615 59.7 4“2 378 618 188 4} Mann rank 14 il 38 22 37 51 24 56
Mran rank 68 52 50 21 78 52 33 106 Voriconazole

Miconazee SUCRA, % 751 BB 4 1.8 @09 205 9.2 NA 54
SUCHA, % W6 52 NA §0.7 ) 4as 585 NA Mean rank 30 12 10 13 8 a0 NA 17
Mean rank 36 59 A 53 7 74 56 NA Posacanizole

Ketocenazole SUCRA, % 73.0 763" 635 NA NA NA NA 282
SUCRA, % 584 171 il %6 614 154 15 630 Mean rank 12 27 11 NA A NA NA 6.0
Mean rank 56 101 104 91 50 103 112 o Caspotungis

Fluconszoie SUCRA, % NA NA NA NA NA NA NA A
SUCHA, % asn 458 60.% 621 242 %o S8 aLe Mean rank NA NA NA NA NA NA NA NA
Mean rank b 70 o al 2.1 66 61 &9 Micatungin

Itraconazole SUCRA, % 742 634 655 5e 5.3 677 86.5* 849
SUCRA. % ma (X 754 s 24 LA (TS 80 Mean rank 11 36 34 41 24 290 (%) 21
Muan rank 89 s 15 11 95 6 a9 72 AML or MDS

Varicansrole Placebo
SUCHA, % 0.5 1465 L5 87.1 512 718 750 m1r SUCRA, % 735 740 NA NA NA 25 NA NA
Mean rank s (T 24 ae [ 19 Y] 12 Mean rank 24 b NA NA NA 64 NA NA

Possconarole Pokyene
SUCRA, % 0y (R mne 626 o 6as 762+ 175 SUCRA, % NA NA NA NA NA NA NA
Mean rank 29 25 31 51 23 as 36 82 Mean sank NA NA NA NA NA NA NA

*m Amphotericin &

SUCRA, % B M2 354 BES* TRE 542 369 676 SUCRA, % 1 143 547 453 413 66.7 559 NA
Maan tank 27 7 15 23 14 5.0 14 az Mean rank 12 70 24 a7 T 33 36 A

Micatungin Lipasomat amphotericn 8
SUCRA, % 74 %0 764 566 540 00 6.6 7 SUCRA, % 150 s NA 210 5.4 a4 594 “e
Mean rank a1 17 a4 58 50 21 47 37 Muan tank 67 72 NA 49 32 49 14 385

Tramgdantation Miconazole

Maceto SUCRA, % NA NA NA A NA NA NA WA
SUCRA, % a5 14 45 23 as 257 256 asa Mean rank NA NA NA NA NA NA NA NA
Mean rank a3 75 17 64 a5 55 “ as Hetoconazole

Potyete SUCRA. % NA NA NA NA NA NA NA NA
SUCHA, % NA NA A NA A A wA NA Maran rank NA NA NA NA NA NA NA A
Mean rank NA A A NA A NA A NA Flucunazule

Amphataricin 8 SUCRA, % 52.0 531 490 50.0 065 56.1 598 7L9
SUCHA, % 441 %2 s %9 26 LIP 34 30 Maan rank a4 43 25 18 a7 a1 14 24
Muan rank 55 an 49 Ja 20 1.1 an o Itraconarole

tipasamal amphotericn § SUCRA, % A24 415 534 $5.7 16 15 182 ms
SUCRA, % 141 32 a7 ELR g 407 363 122 [ Meant rank S0 5.0 24 12 sa 60 59 “s
Mean rank 29 62 51 52 a6 s a 76 Vericonazole




Micatungin

SUCRA, % 742 634 655 5.6 PR 677 6.6 LIR)

Mean rank 3l 16 14 41 A | 25 1.2 21
AML or MDS
Placebo

SUCRA, X 735 M0 NA NA KA 25 NA NA

Mean rank 9 8 NA NA NA 64 NA NA
Polyene

SUCRA, % NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA NA
Amghotericin B

SUCRA, % 119 143 5420 B8 415 6.7 559 NA

Mean rank 72 70 14 17 38 i3 36 NA
Lipasomal amphateticin 8

SUCRA, % 180 115 NA 2.0 554 da 594 446

Mean rank 07 12 NA a 32 49 34 s
Miconazole

SUCRA, % NA NA NA NA NA NA NA NA

Meoan rank NA NA NA NA NA NA NA NA
Ketoconazole

SUCRA, N NA NA NA NA NA NA NA A

Mean rank NA NA NA NA NA NA NA NA
Fliconazole

SUCRA, % 520 531 490 500 6.5 6.1 598 79

Mean rank 44 43 25 15 47 41 34 24
Hraconazole

SUCRA, % a4 435 534 557 146 285 182 85

Moan raok 50 50 24 32 53 60 59 46
Vorlconuzole

Fungat Invinive Fungi-related

Measure infections IFls Proven iFls  candidiasis aspergillosis Martality death Withdramal

SUCRA, N 827 831 NA NA NA 558 385 68

Mean rank 22 22 NA NA WA a1 35 57
Posaconazole

SUCRA, % 6344 833 NA a6e as5.0* 801" 810" 895"

Mean rank 22 22 NA 17 18 14 0 LS
Caspotangin

SUCRA, % ise v | 4314 81.1* 760 458 15s a7

Mean rank SS 54 2 19 22 110 61 11
Micatungin

SUCRA, % NA Nh NA NA NA NA WA NA

Mean rank NA NA NA NA NA NA NA NA
Albo-HSCT
Placeto

SUCRA, N NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA NA
Polyene

SUCRA, % NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA NA
Amphotericin 8

SUCRA, % NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA NA
LUposomal amphotericm i

SUCRA, % NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA NA
Miconazole

SUCRA, & NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA NA
Ketocanazole

SUCRA, % NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA NA
Fuconazole

SUCRA, N 44 47 103 e 159 601 124 S08

Moan rank 9 29 2.8 14 27 18 -8 20
Itraconazole

SUCRA, % 653 660 645 58 409 145 176 oo

Mean rank 7 17 w7 13 22 7 12 10
Voriconazole

SUCRA, % 803 9.3 %41 %3 933* »na NA 99.2*

Mean rank 14 14 15 3 11 15 NA 10
Posaconazole

SUCRA, % NA NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA Na KA NA
Caspotungin

SUCRA, X NA NA NA NA NA NA NA

Mean rank NA NA NA NA NA NA NA
Micatungin

SUCRA, % NA NA NA NA NA NA WA NA

Mean rank NA NA NA NA NA NA NA NA



Figure 2. Forest Plot of Invasive Fungal Infections

Troatment effect  RR (95% C1) [95% Pri]

Polyene vs placeho 1 30(0.%H-2 19) [0O.48-3 %1
AMB va placobo 065 (0 3%-1.20) (0,281 51)
AMBL vy placobo 044 (0 26-0.74) [0 20-0.9%)
MICZ va placeba 0OA7(010-228) (0.0R-2.61)
KYCZ va placebo 1.OB (0. 11-10.50) [0,10-12.16)
FLEZ vy placobo 1A%(0.32-5.73)(0.27-6.064)
1TCZ vs placebo 092(041-207)[0.34.252)
VOCZ va placebo 0.54(0.08.3.70) [0.07-4 25)
POCZ vs placebo O87(041.0.79) [0.30-1.10)
CASP v placebo 0.74 (0.30-1.83) [0.25.2.19)
MEFG vs placebo 0.58 (0.30-1.10) [0.24-1.38)
AMS v placobo 050¢0.18.1 37)[0.15-1.63)
AMBL va placebo 0.34(0.13.0.87) [0.11-1.04)
MICZ v placebo 0. 36(006-2.13)[0.05-2 45)
KTCZ vs plarebo 1.04 (0.20-5 44) [0.17-6.27)
FLCZ vs placebo 0.44 (0.21-092)[0.17-1.13)
1TCZ vs placebo Q587 (0.23-1.42)[0.19-1 70)
VOCZ vs placobo 0,58 (0.10-1.44) [0.08-3.96)
POCZ vs placobo 0.06 (0.00-1.47) (0.00-1.70)
CALP vy placeho 016 (0.04-0.57)|004-0.67)

MEFG vs placeho 0.19(0.03-1.13) [0.03-1.10]
AMBL v AME 0.68(0.31-1.5%1) (0,2%-1.84)
MICZ vx AMD 0.72 (0 13-3.94) (0.12-4.%4]
KTCZ vs AMB 2.08(0.43-10.01) [0.37-11 56])
FLAC vs AMB O.RE (O 44-1.76) [ 36-2 18]
ITCZ vs AMB 114 (0.53-2,42) [0.43-2 97)
VOCZ va AMB 1.16(0.21-6.37) [0.18.7 23]
POCZ vi AMB 0.12 (0.01-2 82) (0.00-3.27]
CASP v AMO ©.31(0.09-1.11) [0.08-1 30]

MCFG va AMB
MICZ va AMML
KTCZ vs AMBL
FLCZ vs AMBL
ITCZ vs AMBL
VOCE va AMBL
POCZ vs AMBL
CASP vs AMBL
MCEFG vs AMBL
KTCZ vs MICZ
FLEZ vs MICZ
ITCZ vs MiICZ
VOCE va MICZ
POCZ va MICZ
CASP va MICZ
MEFG v MICE
FLCZ va KTCZ
ITCZ va KTCZ
VOCZ vs KTCZ
POCZ vs KYCZ
CASP vs KTCZ
MCFG vs KTCZ
ITCZys FLCZ
VOCZ vs FLEZ
POCZ vs FLECZ
CASP vs FLCZ
MEFG vs FLCZ
Vocz ws ITez
POCZ ve ITCZ
CASP v ITCE
MCFG vs ITCZ
POCZ va VOC2Z
CASF v VOCZ
MEFG vs VOCZ
CASP vs POCZ
MCFG v POCE
MCFG v CASH

0.39(0.07-2.09) [0.06-2.40]
1.06(0.20-5 61) [0, 18-6.47]
3.06 (0 66-14.21)[0.57-16 43)
1.30(0.72:2.33) [0.57-2.96)
1.67 (0 85-3.30) [0.68-4 10)
1.70 (0.32-9.06) [0.28-10 45]
018 (0.01-3.74) [0.01-4 33]
0.46 (0.14-1.55) (0.12-1 B2)
057 (0.11-2.97)[0.09-3.42)
287 (0.34-24,.48) (0.29-28.11)
1.22 (0.24-6,12) (0.21-7.07)

1 %7 (0.30-8.10) [0.26-9.34)
1.60 (0. 17-1%.06) (0,15-17 30)
0.17 (0.01-5%.30) [0.00-6. 28]
0.413(0.06-3.00) (0.0%-3.44)
0,51 (0.06-4.9%) (0.0%-% 69]
0.42(0.10-1.87) [0.08-2 17]
0.55 (0.12-2.49) (0.10-2.88)
0.56 (0.06-4.79) [0.06-5.50]
0.06 (0.00-1,77) [0.00-2 06)
015 (0.02-0.94) [0.02-1.08)
0.19 (0.02-1.58) (0.02-1.81]
1.29(0.72-2.23) (0.58-2 86)
1.31(0.26-6.65) [0.22-7 67)
0.14 (0.01-3.05) (0.01-3 53]
0.36(0.12-1.03) (0.10-1.22])
0.44 (0092 18) [0.08-2 51)
1.02(0,20-5.31) [0.17-6,12)
0.11 (0.00-2.41) [0.00-2.80)
020 (0.08-0.91) [0.07-1.07)
0.34 (0.07-1.74) (0.06-2.01])
©0.11 (0.00-3 39) (0.00-3.9%)
0.27 (0.04-1.19) [0.03-2 17)
0.1 (0.04-3.13) [0.03-1.59)
254 (0.10-06,10) (0.08-76 04
3.12(0.10-98.01) [0.09-114 37)
1.23(0.18-8.43) [0.16-9.68)

Event was more commaon Event was more common
in the intervention group In the reference group

-

RR (DN CH) [95% Pri)

The dotted line indicates null effect: diamonds, relative
risk (RR); and black whiskers, 95% CI. red whiskers,
959% predicted interval (Pri); AMB, conventional
amphoternicin B; AMBL, liposomal amphotericin 8;
KTCZ, ketoconazole; FLCZ, fluconazole; ITCZ,
Itraconazole; VOCZ, voriconazole; POCZ,

POsacOn. le; CASP, ¢ fungin; and MCFG,
micafungin.




* Limitations:

- No therapeutic drug monitoring

- Short follow up time- survival benefit not clear

- Limited studies on posaconazole vs voriconazole
- Heterogeneity in study parameters

- Inability to analyze difference in outcome based upon variations of
age, race/ethnicity



1.

2.

Newer options of anti-fungal prophylaxis

* ISAVUCONAZOLE

- In a mixed population of relapsed refractory and HSCT patients, a
breakthrough rate of 5.8% was reported.

- the use of isavuconazole as prthyIaxis in newly diagnosed AML was
associated with a rate of 7.9% (higher than the rate reported with
posaconazole (2.7%), but not statistically significant(P=0.06))

- Use of isavuconazole as prophylaxis in the setting of relapsed or refractory
AML has been associated with break-through rates of between 12 and
18.5% (higher than that reported with posaconazole and
voriconazole(5.5%))

- In the majority of cases, breakthrough infections were due to Aspergillus
spp. And Mucor spp

Fontana L, Perlin DS, Zhao Y,Noble BN, Lewis JS, Strasfeld Let al.Isavuconazole prophylaxis in patients with hematologic
malignancies and hematopoietic-cell transplantrecipients.Clin Infect Dis2020;70:723—-30

Bose P, McCue D, Wurster S,Wiederhold NP, Konopleva M,Kadia TMet al. Isavuconazole as primary anti-fungal
prophylaxis in patients with acute myeloid leukaemia myelodysplastic syndrome: an open-label, prospective, phase |l
study.Clin Infect Dis2021;72: 1755-63.
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* Retrospective study of adult (>18 years of age) heamatological malignancy
patients and allogenic HSCT recipients who received >7 days of
uninterrupted mold-active primary prophylaxis (sept 2016-sept2018)

* The participants received either Isavuconazole or
voriconazole/posaconazole

* Therapeutic drug monitoring was not routinely performed

* Outcome observed was break-through invasive fungal infection (bIFl) on
any particular antifungal

* By oct 2017, Posaconazole replaced Isavuconazole due to an unexpectedly
high incidence of bIFl in Isavuconazole group



* Outcome specification: as per EORTC guidelines only proven and probable
IFls were considered

* bIFl was defined as onset of IF| after >7 days of antifungal prophylaxis
* Death was recorded if it occured within 42 days of IFl onset
* Number of participants: 145

* 12 patients (representing 8.3% of patients and 6.1% of courses of
prophylaxis) developed blIFl on Isavuconazole (11 undergoing chemo for
AML/ALL and 1 post-HSCT patientreceiving prophylaxis for prolonged pre-
HSCT neutropenia)

* |[savuconazole suspectibility in blFl cases could be performed in only 1 case
(poor culture yield) and its trough level was detected in all cases (3.3-6.3
microgram/mL)



* Rate of blIFl in Isavuconazole patients was higher than expected based
upon previous historical data

* Institutional protocol mandated that patients with
relapsed/refractory AML received Posa/Isavu (85/68) and de novo
AML patients predominantly received voriconazole (88)

* bIFl in de Novo AML occured in 7.9% courses of Isavu, 2.7% courses of
Posa (p=0.6) and 0% courses of vori (p=0.04) (worth noting that
neutropenia was more prolonged in patients receiving Isavu)

* bIFl in relapsed/refractory AML- 12% in Isavu vs 5.5% in Posa and
5.5% in voriconazole courses (duration of neutropenia was
comparable) (difference not statistically significant)
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Table 2. Breakthrough Invasive Fungal Infections During Isavuconazole Prophylaxis

Duration Duration  Trough
Date of Underlying Prophylaxis Mycological EORTC/MSG of Neutro-  Prophy- Level, ISA MIC,
Patient Onset Age/Sex Malignancy HCT  Indication Chemotherapy  Pathogen Diagnosis Classification penia, d*  laxis, d* pg/mL? ug/mL Therapy  Outcomne®

6 5 2017 64/Ff RMAML N Reinduction 7+3 A fumigatus BALF GM, BALF  Probable 38 13 37 ND? VOR Alive

8 Sl 2017 80M RMRAML N Reinduction MEC Rhizopus Histopathology. Proven n 14 ND ND Amb, Alive

10 3 Sept 687M R/RALL Y . FLAG-IDA Syncephalastrum BALF culture, Probable 27 22 ND 2 POS Death (14)
2017 Monosponum or BALF PCR

12 30 Jul 2018 25/M R/R ALL N Targeted therapy CAR-T Candldlglam Biood culture Proven 82 14 ND ND? Mica Death (7)
Abbreviations: 7 + 3, cytarabine, anthracycling; ALL, acute lymphocytic leukemia; Amb, AmBisome: AML, acute myeloid leukemia; BALE bronchoatvectar lavage fluid; CAR-T, chimernic antigen receptor T-coll therapy; EORTC/MSG, European Organization for
Research and Treatment of Cancer/invasive Fungal Infection Cooperative Group and National Institute of Allergy and Infectious Dissases Mycoses Study Group; F, female; FLAG-DA, fludarabne, cytarabine, idarubxcin; GM, galactomannan; HCT, hamatopoietic
cell transplant; I1SA, isavuconazole; M, male; MEC, mitaxantrone, etoposide, cytarabine; MF, myelofibrosis; MIC, minimum inhibitory concentration; Mica, micatungin; N, no; NA, not applicable; ND, not determined; PCR, polymerase chain reaction; POS,
posaconazole; R/R, relapsed/refractory; VOR, voriconazole: Y, yos.

“Prior 10 breakthrough invasive fungal infection (bIFI) .

“Performed within 72 houts of biFl.

‘Defined as occutring within 42 days of date of onset of biIF|, with interval (days) from date of onset to date of death provided when applicable.

TCYP514 gene sequencing performed (refer to text and Supplementary Table 1)

*MICs: nraconazole (ITRA) 216, POS 216, VOR « B.

'MIC 216 for ITRA, POS, and VOR.

"MICs: fluconazole = 16, POS = 2, ITRA = 1.




Table 3. Comparison of Courses of Isavuconazole, Posaconazole, and Voriconazole Primary Prophylaxis in Patients Undergoing Treatment for Acute
Myeloid Leukemia

Characteristic ISA POS PValue' VOR PValug®
Total patients, No. 85 68 88
Total courses, No. 88 73 90
Indication
De novo AML, induction chemotherapy
Patients, No. (% of total patients) 38 (45) 37 (54) 25 72 (82) < 0001
Courses, No. (% of total courses) 38 (43) 37 (51) 4 72 (80) < .0001
Duration of neutropenia, days, median (IQR) 24.5 (21-44) 31 (23-76) 07 26 (19-42) 9
Duration of prophylaxis, days, median (IQR) 20 (16-24) 28 (16~62) 09 19 (15-25) 6
Anthracycline chemotherapy, No. (% of courses per indication) 29(76.3) 27 (73) 8 61(84.7) 3
R/R AML, reinduction/salvage chemotherapy
Patients, No. (% of total patients) 47 (55) 31 (46) 16 (18)
Courses, No. (% of total courses) 50 (57) 36 (49) 18 (20)
Duration of neutropenia, days, median (IQR) 28.5 (15-64) 35 (16-57) 9 38 (27-56) 5
Duration of prophylaxis, days, median (IQR) 19.5 (16-32) 22 (15-50) 8 27 (16-43) .
Anthracycline chemotherapy, No. (% of courses per indication) 38 (75.3) 27(79) 1 15 (83) 7

Abbreviations: AML, acute myeloid leukemia; IQR, interquartile range; ISA, isavuconazole, POS, posaconazole; R/R, relapsed/refractory; VOR, voriconazole.
"ISA vs POS.
"ISA vs VOR



Table 4. Breakthrough Invasive Fungal Infections During Isavuconazole, Posaconazole, and Voriconazole Primary Prophylaxis in Patients Undergoing
Treatment for Acute Myeloid Leukemia

Characteristic ISA POS PValue VOR PValue®
Indication
De novo AML induction chemotherapy
biFi, No. 3 1 0
Organism, No,
Aspergillus fumigatus [ o 0 0
Aspergillus spp 2 0 0
Candida glabrata 0 1 0
Courses, No. 38 37 72
blFl, % of courses 79 27 6 0 .04
R/R AML salvage/reinduction chemotherapy
bIFl, No. 6 2 1
Organism, No,
Aspergiffus fumigatus 3 1 0
Rhizopus microsporus/azygosporus 1 0 0
Fusarium spp. 2 1 0
Scedosporium apiospermumnt 0 0 1
Courses, No. 50 36 18
blFl, % of courses 12 55 4 55 7
Total courses, No. 88 73 90
Total biFl, No. (% total courses) 9(10.2) 3(4.1) 2 1(LY) ND
Breakthrough IPA, No. (% total courses) 6 (6.8) 1(1.3) A 0 ND
bIF!, non-IPA, No. (% total courses) 31{3.4) 2(2.8) 1 1 (11 ND

Abbreviations: AML, acute mysloid leukemia; biIF], breakthrough invasive fungal infection; IPA, invasive pulmonary aspergillosis; ISA, isavuconazole; ND, not determined; POS, posaconazole;
R/R, relapsedfrefractory, VOR, voriconazole.

*ISA v VOR,

“Possible with positive polymerase chain reaction




* Possible causes discussed for higher blFl in Isavuconazole group-

- resistance- poor culture yield precluded evaluation; circumstantially if
azole resistance had been the cause Vori and Posa groups should have

shown higher blIFl as well
- Seasonal clustering- ruled out; blFIs occurred across seasons

- Reduced fungicidal activity of Isavu in presence of neutropenia- could
not be ruled out



 Conclusion drawn-

- Higher rate of blFIs (especially IPA) in haematological malignancy
patients with Isavu

- Despite its proven therapeutic benefit in treating such cases, as a
prophylaxis its role needs to be farther evaluated if recommendations
are to be made in favour of its use as prophylactic agent in such cases



* Limitations:

- Single centre study

- Drug trough level examined in <50% cases

- Evaluation of resistance minimal- poor culture yield
- No comment on safety and tolerability was made



The use of isavuconazole following micafungin prophylaxis in HSCT patients has been
associated with an IFD rate of 3.1%.

In this study, all IFD were bloodstream infections with Candida parapsilosis and Candida
glabrata.

Tolerability appears to be good with a low risk of QTc prolongation in the setting of
potential drug—drug interactions

Its use could be considered in the setting of intolerance or if use of other azoles is
contraindicated.

Stern A, Su Y, Lee YJ, Seo S, Shaffer B,Tamari Ret al. A single-center, open-label trial of isavuconazole prophylaxis against invasive fungal infection in
patients undergoing allogeneic hematopoietic cell transplantation.BiolBlood Marrow Transplant2020;26:1195-202.



e New formulation of ITRACONAZOLE:

- A novel formulation of itraconazole (SUper BioAvailabil-ity (SUBA)-
itraconazole has been introduced

- recently several small cohort studies have demonstrated good tolerability
and levels in the therapeutic range using SUBA-itraconazole in
haematology and HSCT recipients

- One small prospective cohort (n=57) comparing SUBA-itraconazole for
primary prophylaxis in an allogeneic HSCT cohort to itraconazole oral
solution showed that therapeutic concentrations were achieved
significantly more quickly in the SUBA-itraconazole group (median of 6 vs
14 days) with therapeutic concentrations achieved in 69 versus 21% of
patients (P< 0.01) (no intolerance due to Gl disturbances)

Lindsay J, Sandaradura I, Wong K,Arthur C, Stevenson W, Kerridge let al. Serum levels, safety and tolerability of new formulation SUBA-itraconazole prophylaxis
in patients with haematological malignancy or undergoing allogeneic stem celltransplantation.) Antimicrobials Chemother2017;72: 3414-19
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 Study performed over two hospitals in australia

* All patients undergoing HSCT w/o a prior documented IFD/exposure
to SUBA-itra (patients with GVHD II-1V excluded)

* Given initial dose of S-1tz 200 mg BID
* Followed for 180 days post-HCT/death
* Incidence of proven/probable/possible IFI noted

* Trough levels checked twice weekly and kept between 500-2000
ng/mL

» Adverse reactions/intolerance leading to discontinuation noted



* Primary outcome- IFl during the course or within 7 days of last dose

e Secondary outcome- overall incidence of IFl, survival analysis (overall
fungal free survival), early permanent S-itz discontinuation (due to
adverse effects, IFl, failure to achieve trough level or others)

e Result- overall incidence of bIFl 1% (95% Cl) (at day 180 post-HCT)
* Proven/peobable IFI- 3% (no significant difference between cohorts)

* FFS at day 180 82.9% (only the incidence of grade II-IV IFl was a/w
poorer FFS)



* Early discontinuation and starting of alternative antifungal in 3.4%
patients (in absence of GVHD)

* 1 patient developed grade IlI DILIN liver injury due to S-itz

* 31% required temporary discontinuation (causes- usually
malignancy/therapy related mucositis, non-drug-related liver injury

* By day 14 and day 21 75.8% and 94% patients achieved trough levels



* Conclusion: SUBA itraconazole is an effective and well-tolerated drug
for antifungal prophylaxis in post-HSCT patients

e It also attains an effective concentration in serum at doses with less
risk of adverse events

* However, this study included only two centres, had a short follow-up
time, did not have any comparator drug

* Farther studies are required to comment on comparative efficacy of
SUBA itraconazole in preventing biFl
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Figure 5. SUBA-itraconazole (S-1TZ) levels among study cohorts. A, Total S-1TZ levels with mean and 95% confidence interval indicated (n = 1414). 8, Proportion of patients
to attain therapeutic itraconazole (ITZ) levels {defined by >500 ng/mL; cohort A, n = 124; cohort B, n = 69). C, Steady-state levels (defined by first level taken >14 days of S-1TZ;
cohort A, n = 99; cohort B, n = 33).



Table 6. Early Permanent SUBA-ltraconazole Discontinuation and/or
Initiation of Alternative Antifungal Agent for Any Reason in the Absence of
Graft-vs-Host Disease by Numbers of Patients

Cohort Preangraftrment” Postengraftrmeaent”

=2

Cohort 129 125
Prproblo IFO

otal ~

Possible/suspected IFD

Cohort A

Falure to achieve theaerapeutic
serum ITZ concaentrations
aftar 14 d of therapy

Cohort A 1 (0.8 o

Adveaerse drug reactions attribh-
uted to S-ITZ

Cohort A o o

lntan ce to S-ITZ

Chort o~ o o

Any other reason

hortA

Dates are presoented as No., (9%).

Aboreviatons: IFD, invasive fungal diseoaso. ITZ, itraconazola: NA, not applicable. S-ITZ,
SuUBAtraconarole.

TEarly parmanent SJATZ discontinuation and intiation of alternative antifungal.

YEarly permanent SOTZ discontinuation and imnitiation of altearmmative antifungal in cohort A
and initation of an antifungal agoent in cohart 5.




Table 4 Recornmoendations for choice and dose of antifungal prophylaxis agent in adults

Risk group Antifungal agent SoR QoE Comments

High risk First line Posaconazole A ] Intravenous formulation can be used to continue
Oral ({tablets) prophylaxis i poor oral intake/absorption
Loading with 200 mg twice daily on Day 1,

loliowed by 200 mg daily
Alternate Voriconazole A n High rates of adverse events (liver function
agents Oral or intravenous abnormalities); variable CYP metabolism
1 mgkg twice dailyt
Micaiungin B n Could be used during periods of neutropenia if
Intravenous azoles contraindicated, poor oral intake/
100- 150 mg daily absarplion
Itraconazole B n Less new data supporting its use compared to
QOral other azoles
200 mg twice daily
Liposomal amphoterncin B n Could be used il azoles contraindicated due to
Intravenous drug-drug interactions, adverse events, poor
50200 myp three tmes poer week oral mtake’absorption
Isavuconazole C u Higher rates ol IFD in cohort studies; could be
Oral used it other azoles contraindicated due to
200 myg three times per day for 48 h followed by adverse evernits such as Qlc prolongation
200 mg daily

Low risk First line Fluconazole A !
Oral
200-100 my daily

Alternate Echinocandin A n
agents Intravenous

Dosing dependent on agent
Itraconazole A n
Oral
200 mg twice daily

Very low No prophylaxis B n

risk

T0ose used in prophylaxs studies have been 200 mg twice daily; measure voriconazole levels to ensure achievernent of target level (refer to accom
panying optimising antfungal therapy and TDM guidelines by Chau ot al. 2021'%, which can be found elsewhere in this supplement).



Comparison: 2014 vs 2021

Table 1 Establshed risk groups for IFD and recommendsad antifungal proptiyfax

Table 1 Invasive fungal disease risk groups (adapted from multiple Sources®***9

High risk: »10% incidence [FD

Intermediate risk: ~ 104 incidence of [FD

Low risk; ~2% incidence of IFD

Neutrophils <0.1 x 10%L for >3 weeks'® or 0.5 x 107 for »5 weeks

Unrelated, mismatched or cord blood donor HSCT

GVHD

Corticosteroids -1 mglkg prednisolone equivalent and neutrophils <1 x 10°L for 1 week
Corticosteroids »2 mglkg prednisolone equivalent 2 weekst

High-dose cytarabine

Fludarabine use in highly treatment-refractory patients with CLL or low-grade ymphoma
Alemtuzumab use, especiall in highly {reatment-refractory patients with CLL or lymphomag"”
ALl

AML

Neutropenia 0.1-0.5 x 107 for 3-5 weeks
Neutropenia 0.1-0.5x 1071 for <3 weeks with lymphopenia (ymphocytes <0.5x 10°)

PBSC autologous HSCT
ymphoma

f0ther authors have described prednisolone equivalent of »1 mghkglday for 2 weeks or0.25-1 mghkglday for dweeks inallogeneic HSCT”. 1Some authors
(uestion whether the high rates of IFDS Seen with higf-dose cytarabine may be contributed to by concurrent fudarabine. §Represent additions to 2008
table. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukaemia; CLL, chronic lymphocytic leukemia; GVHD, graft versus host disease; HSCT,
haemopoietic stem celtransplant; IFD, invasive fungal disease; PBSC, peripheral blood stem cell; TBI, total body irradiation.

sk level

Risk groups

Hhigh risk = 10X incdence
of FD

Low risk Less than SX
incidence of IFD

Wery law riskl Less than 5X
incidence of IFoD
NO mMuscosites

Neutrophkl <01 = 1074 for =3 weeks aor
=05 x 1074 for =5 weeks (e g allogensic
HMSCTy

Corticosteraids = 1 medsg prednisolaone
equivalent and neutrophils <1 = 10%1 for
=T week

Corticosteraoids =2 ey predniisolone
equivalent =2 weeks

Unirelated rmismatched or cord biocod
alogersenic HSCT

GVHID — exlensive or severs

AMIL — inductonfreincduaction

ALl — inductionSresnsduction

MDD

Autologoaus HSCT (e, patients al hkigh risx
for Mmucositis)

Allogenaeic HSOCT with expected
Nneutropenda <14 days

Lyrrgphiomea (e 9 intensiveldose-escalated
therapy)

Other hyrmphogpraliferative neoplasms je g
standard chernotherapy for mphoona,
induoction therapy far miyeslornma,
treatment-naive CLL)

Othear rmayeloproliferative neoplasims

Treatrment for solid organ tumours

1Please refer to Tabde 14 for surnmemnary of recommendatiaons and level aof ewvdences
JConsider that low andlfor sparadic acoausrence is ot egual to No sk and = «

reatrmernits

ALl acute hperngpghoblastic leukaermeas, AMIL A acute mysloid leukoernsia, CIL, ciu
haermopaietic stem cell transplantations, D invasive fungal disease, MDS, m

recarmmendatian



Table 4 Recommendations for the use and dosing of specific antifungal agents for prophylaxis (grade of evidence)

Risk group Agent Alternative agents
High risk Posaconazole (A) Voriconazole (8)
traconazole (B
Liposomal amphotericin B (C
Micafungint (B)
Caspofungin (C]
Low risk Fluconazole (B traconazole (B
Echinocandins (B)
Agent Recommended dose for adult patients Recommended dose for paediatric patients
Posaconazole 200 mg orally, &hourly >13 years: 200 mg oraly, &-hourly plus TOM
Voriconazole 200 mg orally or v, 12-hourly 2years to <12 years or 12-14 years and weighing <50 kg:
8 mglkg (day 1,9 mglkg) IV, 12-hourly or 9 mghkg orally,
12-hourly plus TOM
215 years or aged 12-14years and weighing 250 kg:
4 melkg (day 1,6 mgkg) V, 12-hourly or 200 mg orall,
12-hourly plus TOM
Fluconazole 200-400 mg orally or IV, daily 6-12mglkg max 400 mg) orally or IV, daiy
ltraconazole 200 mg orally, 12-hourly 25 mghkg orally, 12:hourly plus TOM
Liposomal amphotericinB  See text (adult section) for dosing recommendations  See text (paediatric section) for dosing recommendations
Echinocandins See text (adult section) for dosing recommendations e text (paediatric section) for dosing recommendations

Table 4 Recommendations for choice and dose of antilungal prophylaxis agent in adults

Risk group Antifungal agent SoR  QuE Comments

Highrisk  First line Posaconazole A I Intravenous formulation can be used to continue
Oral (lablets) prophylaxis il poor oral intake/fabsorption
Loading with 300 my twice daily on Day 1,

[ollowed by 300 mg daily
Alternate Voriconazole A Il High rates of adverse events (iver function
agents Oral or intravenous abnormalities); variable CYP metabolism
A mgikg twice dailyt
Micatungin B i Could be used during periods of neutropenia it
Intravenous azoles contraindicated, poor oral intake!
100-150 mg daily absorplion
llraconazole B I Less new data supporting its use compared to
Oral other azoles
200 mg) twice daily
Liposomal amphotericin B I Could be used if azoles contraindicated due lo
Intravenous drug-drug interactions, adverse evenls, poor
50-200 mg three times per week oral intakevabsorption
Isavuconazole C Il Higher rates of IFD in cohort studies; could be
Oral used if other azoles contraindicaled due to
200 mg three times per day for A8 h followed by adverse events such as QTc prolongation
200 mg daily

lowrisk  First line Fluconazole A I
Oral
200-400 mg; daity

Alternate Echinocandin A ]
agents Intravenous

Dosing dependent on agent
llraconazole A ]
Oral
200 mg) twice daily

Very low No prophylaxis B [

risk

00se used in prophylaxis studies have been 200 myg twice daily; measure voriconazole levels to ensure achievenent of target level (reler to accom
panying optimising antungal therapy and TOM guidelines by Chau et al. 2021', which can be found elsewhere in this supplement).



Recomm

ending
authority

High risk

low risk

Very low
risk

Addition

2014 consensus guideline

Neutrophils <0.1 x 10°/L for >3 weeks or <0.5 x 10°/L

for >5 weeks
Unrelated, mismatched or cord blood donor HSCT
GVHD

Corticosteroids >1 mg/kg prednisolone equivalent and

neutrophils <1 x 10%/L for >1 week

Corticosteroids >2 mg/kg prednisolone equivalent >2

weeks

High-dose cytarabine

Fludarabine use in highly treatment-refractory
patients with CLL or low-grade lymphoma
Alemtuzumab use, especially in highly treatment-
refractory patients with CLL or lymphoma

ALL

AML

Neutropenia 0.1-0.5 x 10°/L for 3-5 weeks
Neutropenia 0.1-0.5 x 10°/L for <3 weeks with
lymphopenia (lymphocytes <0.5 x 10°/L)

PBSC autologous HSCT
Lymphoma

2018

for AML
1.
2.

)

For CLL
1.

(ECIL)

advanced age

prolonged and profound neutropenia and
monocytopenia

use of purine analogues (e.g. fludarabine)
the presence of indwelling catheters,
alimentary mucositis and individual genetic
susceptibilities

the disease-associated humoral
immunodeficiency (related to stage and
duration of disease)

additional immunosuppression resulting
from therapy with corticosteroids, cytotoxic
drugs (alkylating agents and purine
analogues)

monoclonal antibodies (rituximab,
alemtuzumab, ofatumumab and
obinutuzumab)

lenalidomide

kinase inhibitors (ibrutinib and idelalisib).

2021 consensus guideline

Neutrophil <0.1109/L for >3 weeks or<0.5109/L for >5
weeks (e.g. allogeneicHSCT)

Corticosteroids >1 mg/kg prednisoloneequivalent and
neutrophils <1109/L for>1 week

Corticosteroids >2 mg/kg

prednisolone equivalent >2 weeks Unrelated,

mismatched or cord bloodallogeneic HSCT
GVHD—-extensive or severeAML—induction/reinductionALL—
induction/reinductionMDS

Autologous HSCT (e.g. patients at high riskfor mucositis)
Allogeneic HSCT with expected neutropenia <14 days
Lymphoma (e.g. intensive/dose-escalated therapy)

Other lymphoproliferative neoplasms (e.g.standard
chemotherapy for lymphoma,induction therapy for
myeloma,treatment-naive CLL)

Other myeloproliferative neoplasmsTreatment for solid
organ tumours

Added risk stratification for newer



Recomm | 2014 consensus guideline

ending
authority

Prophyla  Mould active prophylaxis
ctic (posaconazole>voriconazole)

agents
for high
risk

For low Anti-candida prophylaxis
risk

For very No prophylaxis
low risk

Addition

2018 (ECIL)

For AML- posaconazole >> fluconazole

HSCT

Pre-engraftment — Fluconazole
preferred (Al)
Post-engraftment- Posaconazole
preferred (Al)

In other conditions, individualisation is
needed

2021 consensus guideline

Posaconazole>voriconazole>micafungin
New consideration- Isavuconazole

Fluconazole> echinocandins>intravenous

No prophylaxis



Take home message

* Antifungal prophylaxis is not recommended in every patient of haematological
malignhancy

* Depending upon the state of secondary immunosuppression due to disease process
or the therapyérlsk stratification group an individual belongs to), prophylactic
antifungal needs are to be determined

* Newer therapeutic modalities have raised new concerns about fungal infections in
haematological disorders

* Posaconazole remains the preferred agent in almost all conditions

. Studioes evaluating LAMB and echinocandins for prophylactic use are lacking in
number

* Isavuconazole and new formulation of Itraconazole require farther study to be
recommended in such situations
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