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PRESENTATION OVERVIEWPRESENTATION OVERVIEW

• Introduction
• Antifungal prophylaxisAntifungal prophylaxis
• Empirical antifungal therapy
• Preemptive antifungal therapy
• Therapy of proven invasive mycoses/targeted py p y / g



Introduction : What’s official about 
invasive mycosis? 

I i i id i h i li d/ICU• Increasing incidence in hospitalized/ICU pts:

1. Profound ↓ immunity with modern high intensity CT

2 ↑ lid & BMT2. ↑ solid organ  & BMT

3. HIV/AIDS

4. ↑ aggressive supportive care in high‐risk populationsgg pp g p p

5. ↑ population of pts with DM & on immunosupressants incl steroids

• Difficult to Dx reliably & timely:Difficult to Dx reliably & timely:
1. Conventional μ‐biologic approaches insensitive, non‐specific and 

time‐consuming

2. Clinical S/S of invasive fungal infection often absent till advanced 
stage (absence of SIR)



Invasive fungal infection......
..an increasing challenge

• Relevance to intensive care

• Mortality higher than in bacterial infectionsMortality higher than in bacterial infections

• ‘When to start treatment?’ 

• Balancing risk to benefit ratio of antifungal 
prophylaxis/ pre‐emptive therapyp p y / p p py

• Treatment options 



Changing Spectrum of Invasive MoldsChanging Spectrum of Invasive Molds
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Mortality from invasive 
ll fAspergillus infections
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Mortality from invasive 
d d fCandida infections
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When to treat and with what?

AntibodyAntibody



Defining invasive fungal infection

MYCOLOGYMYCOLOGY

CLINICAL

FEATURESFEATURES 

HOST FACTORS



Proven invasive fungal infection

HOST 
FACTORS

PROVEN CLINCAL 
FEATURESTISSUE

MYCOLOGYMYCOLOGY



Probable invasive fungal infectionProbable invasive fungal infection

HOST 
FACTORS

PROBABLE

CLINICAL 
FEATURESMYCOLOGY
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Possible invasive fungal infectionPossible invasive fungal infection

HOST 
FACTORS

POSSIBLE

CLINICAL 
FEATURESMYCOLOGY
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Antifungal strategiesAntifungal strategies 

• Prophylactic treatment: preventive administration
of antifungal to patients at risk of IFI without
attributable signs and symptoms

• Empiric treatment: initiation of antifungal inEmpiric treatment: initiation of antifungal in
patients at high risk of IFIs and established clinical
signs and symptoms but without microbiologicalsigns and symptoms, but without microbiological
documentation

i h d i i f b d• Pre‐emptive therapy: decision of treatment based
on early diagnostic test

• Targeted therapy: pathogen identification defined



Development of antifungalsDevelopment of antifungals

PyrimidinanalogaPolyene Azole EchinocandinePyrimidine analoguePolyenes Azoles Echinocandins

Amphotericin B Ketoconazol5-FlucytosinNystatin Amphotericin B Ketoconazol5-FlucytosinNystatin

Fluconazol ItraconazolFluconazol

Abelcet Amphotec

Voriconazol

AmBisome

Caspofungin

Abelcet AmphotecAmBisome

liposomales
Nystatin PosaconazolRavuconazol Micafungin

p g

Anidulafungin
liposomales

Nystatin PosaconazolRavuconazol Micafungin Anidulafungin

mod. nach R. Lewis, ICAAC 2002



The (small) world of antifungalsThe (small) world of antifungals

Membrane function:
Amphotericin B

Cellwall synthesis:
Echinocandins

Ergosterol synthesis:
Azoles



Antifungal Activity
(█ > 75% sensible, █ ≤ 50%, █ < 5%; mixed colours: differing results;(█  75% sensible, █ ≤ 50%, █  5%; mixed colours: differing results; 

modified after O'Brien et al., ASH Edu 2003)

Erreger AmB Fluco Itra Vori Caspo Flucyt.p y
C. albicans
C. parapsilosis
C. tropicalis
C. glabrata
C. krusei
A. fumigatus
A. flavus
A. terreus
Zygomycetes
Fusarium spp.



Antifungal prophylaxisAntifungal prophylaxis

• Prophylaxis useful in high‐risk groups (eg, HCT 
recipients or patients with prolonged neutropenia) in 
which benefits of treating outweigh riskswhich benefits of treating outweigh risks

• IFI rate at which prophylaxis becomes justified is 
usually 10%usually  10%

Fluconazole: 200‐400mg/day
Low dose Ampho B: 0 1 0 25 mg/kg/dayLow dose Ampho B: 0.1‐0.25 mg/kg/day
Ampho B solution,spray,inhalation
A bi 1 /k /d 3 X klAmbisome: 1mg/kg/day, 3 X weekly
Full dose Ambisome in patients with previous 
aspergillosis



IN GOD
WE TRUST
FROM ALL OTHERSFROM ALL OTHERS
WE NEED HARD DATAWE NEED HARD DATA





Itraconazole prophylaxis for 
invasive fungal infections

Glasmacher et al., JCO 2003; 21: 4615

Odds ratio

95% Confidence Interval

Citation Treated Control OR PValue
0 1 0 2 0 5 1 2 5 10

BDD = bioavailable daily dose

Odds ratio

BDD < 110 27 / 517 28 / 495 .92 .770
BDD > 200 32 / 1295 66 / 1290 .47 <.001

0.1 0.2 0.5 1 2 5 10

Combined 59 / 1812 94 / 1785 .60 .002

Favors ITRA Favors control

Test for heterogeneity (13 trials), Χ²=10.87, 
P=0 54 Overall: 40% reduction

Line of equivalence

P=0.54
n=3597; OR = Peto odds ratio
Reduction = Relative risk reduction

‐ BDD < 110 mg/d  8% reduction
‐ BDD > 200 mg/d  53% reduction p=0.049



Posaconazole vs. "Standard" AzolePosaconazole vs.  Standard  Azole
• Patients with AML or MDS and intensive chemotherapy
• Prophylaxis during all courses
• Posaconazole (600 mg/d)      vs   fluconazole (400 mg/d) 

or itraconazole (400 mg/d OS)or itraconazole (400 mg/d OS)

Posaconazole "Standard" PPosaconazole Azole P

N 304 298
IFI during Tx 2% 8% 0.0009
IA during Tx 1% 7% 0.0001
IFI ≤ 100d 5% 11% 0.0031

IFI = invasive fungal infection, IAI = invasive Aspergillus infection
OR = odds ratio N Engl J Med 2007;356:348–59.



AEROSOLISED LIPOSOMAL AMPHO‐B TO PREVENT INVASIVE 
ASPERGILLOSISASPERGILLOSIS

Rijnders et al. CID 2008; 46: 1401‐1408

2.5 ml 5 mg/kg LAMB solution 30 min per day 2days/week
25

% 
pulmonary placebo placebo

2.5 ml 5 mg/kg LAMB solution 30 min per day 2days/week

15

20pulmonary
aspergillosis

p
n=139
p

10

15

5

10 liposomal ampho B aerosol
n=97

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65

days



Candidiasis:2009

Aspergillosis: 2008p g



Why do we need empirical
antifungal therapy?

• Treatment administered when microbiological• Treatment administered when microbiological 
documentation, species identification or susceptibility 
data still not available

• For at‐risk (eg, neutropenic) patients with persistent 
fever despite broad‐spectrum antibacterial therapy
I ffi i t di ti• Insufficient diagnostics
– Culture‐based methods

• Helpful only with Candida, but even then 10% false negativeHelpful only with Candida, but even then 10% false negative
• Almost never diagnostic for invasive Aspergillus infections

– Non‐culture based methods (GM,1‐3 b glucan, PCR)
Still hi h f l ti t• Still high false negative rate

• Many invasive fungal infections are diagnosed too late or 
only at autopsy

l d• Late treatment greatly reduces success rates



When to start Antifungal therapy ?

Retrospective cohort study of 230 patients from 4 medical 
centers

162 patients (70%) with nonsurgical hospital admissionp ( ) g p

C. albicansmost commonly isolated (56% of patients)

192 patients with no previous fluconazole treatment

Mortality rates based on time of initiation of fluconazoleMortality rates based on time of initiation of fluconazole
(P = .0009 for trend)

Day 0 Day 1 Day 2 Day ≥3

14/92 patients
(15%)

9/38 patients
(24%)

12/33 patients
(37%)

12/29patients
(41%)

Garey KW et al.  Clin Infect Dis 2006;43:25-31

(15%) (24%) (37%) (41%)



Whom to start empirical therapy ?p py
• Ostrosky‐Zeichner prediction rule( 10% rule –NPV: 97 %)

– systemic abx treatment (days 1–3) y ( y )
– indwelling central venous catheter (days 1–3) 
and at least two of following :

TPN (days 1 3)– TPN (days 1–3)
– Any dialysis (days 1–3)
– Major surgery, pancreatitis, use of steroids or use of other 

immunosuppressive agents (days −7–0)
• Candida score 

– Parenteral nutrition (+0 908)
Eur J Clin Microbiol Infect Dis2007, 26:271–6

– Parenteral nutrition (+0.908)
– Prior surgery (+0.997)
– Multifocal Candida colonization (+1.112)
– And severe sepsis (+2.038).

• Patients with “Candida score” of 2.5 would benefit from early 
antifungal treatment (sensitivity 81%, specificity 74%)antifungal treatment (sensitivity 81%, specificity 74%)

Crit Care Med2006,34:730–7



Development of 
empirical antimycotic therapyempirical antimycotic therapy

• Period I (1982‐1988)
– Conventional amphotericin B vs. no therapy / placebo

– Pizzo et al. 1982, EORTC 1988

– Significant reduction of breakthrough infections if both studies combined– Significant reduction of breakthrough infections if both studies combined
• Period II (1993‐1998)

– Conventional amphotericin B vs. fluconazole or liposomal AmB

– Defervescence as main outcome, mostly no statistically signif. differences

– Only one study (Prentice 1997) with a significant difference
• Period III (1998‐2001)• Period III (1998‐2001)

– Introduction of the composite outcome score (Walsh et al., COS)

– Conventional AmB vs. liposomal AmB, fluconazole, itraconazole, ABCDp

– No significant differences
• Period IV (2000‐today)

l l f– Liposomal AmB vs. ABLC, voriconazole, caspofungin



Overview of Trials
f l f l hfor Empirical Antifungal therapy 

Walsh et al., 
NEJM 1999

Walsh et al.,
NEJM 2002

Walsh et al., 
NEJM 2004

Comparator
s LipoAmB ConvAmB LipoAmB Vori-

conazole LipoAmB Caspo-
fungin

N 344 343 415 422 556 539

Design Double blind Unblinded Double blind

Intervention 3 0.6 3 12 6 3 70 50Intervention mg/kg/d mg/kg/d mg/kg/d mg/kg/d mg/kg/d mg/d



Empirical anti fungal: IDSAEmpirical anti fungal: IDSA 



Prophylactic, Preemptive or Empiric Use of 
Anti fungalsAnti‐fungals

PROS CONS• PROS
– High Mortality

• CONS
– Toxicity

– Difficulty in Diagnosis – Expense

– Undetected Infection – Diagnosis not certain

– Reduced systemic 

• Too much treatment 
without infection

• Too little treatment with
mycoses and improved 
mortality with prophylaxis

Too little treatment with 
infection



GalactomannanGalactomannan

Clin Chest Med 30 (2009) 367–377



PRE EMPTIVE PROTOCOL
Current Opinion in Infectious 
Diseases 2006 19:551–556Diseases 2006, 19:551 556



VORICONAZOLE Vs AMPHO BVORICONAZOLE  Vs  AMPHO B 

50

100

Vz

0

50
amB

CR PR SR F I

• Mostly immunocompromised patients ampho B ( n=133), voriconazole
(n=144)(n=144)

• In ITT population, successful outcome at week 12 observed in 49.7% of
voriconazole group and 27.8% of ampho B group

• At week 12 survival rate was 70 8 percent in patients treated with• At week 12,survival rate was 70.8 percent in patients treated with
voriconazole, as compared with 57.9 percent in amphotericin B
group(hazard ratio, 0.59)

• Significantly fewer adverse events in voriconazole groupSignificantly fewer adverse events in voriconazole group

N Engl J Med 2002;347:408-15.



Voriconazole versus liposomal amphotericin B 
in febrile neutropeniain febrile neutropenia

• No significant difference in efficacy.
• Voriconazole was superior in
‐ reducing documented breakthrough fungal infections (8% vs.21%)
‐ infusion‐related toxicity
‐ nephrotoxicity
The low molecular weight of voriconazole may permit penetration
into the endobronchial‐lining fluid and other mucosal surfaces

N Engl J Med 2002;346:225‐34



HIGH VERSUS STANDARD DOSE AMBISOME FOR INVASIVE MOULD 
INFECTIONSINFECTIONS

Cornely et al. Clin Infect Dis 2007; 44:1289‐1297

A BiA Bi20AmBisomeAmBisome
10 mg/kg x 1410 mg/kg x 14

followed byfollowed by
/k /d/k /d

AmBisomeAmBisome
3 mg3 mg//kgkg//dayday

201
proven & probable

Invasive mould infections

9494 107107

3 mg/kg/day3 mg/kg/day

9494 107107

46% 50%
End of treatment

Favorable response

14%31%31% nephrotoxicity

16%30%30%
Survivors 12 weeks

hypokalemia

59%59% 72%72%



RESULTS FIRST LINE TREATMENT OF
INVASIVE ASPERGILLOSISINVASIVE ASPERGILLOSIS
Herbrecht et al N Engl J Med 2002; 347:408‐415
Cornely et al. Clin Infect Dis 2007; 44: 1289‐97
Candoni et al Eur J Haematol 2005; 75:227‐233

60

% response

Candoni et al. Eur J Haematol 2005; 75:227 233

50

60

77 days
20 days

30

40
77 days

15 days G‐CSF+ 
Caspo

20

30

76/144
(53%)

42/13342/133
(32%)(32%)

53/107
(50%)

18/3218/32
((56%56%))

10
(53%)(32%)(32%) (50%) ((56%56%))

0
VoriconazoleAmpho B AmBisome Caspofungin



Clinical Infectious Diseases 2008; 46:1426-33



RECOMMENDATIONS FOR ASPERGILLOSIS 2008 ‐
IDSA

I II III
IDSA

A

•Lipid ampho B’s in
compromised kidneys

•Voriconazole
for first line
•LAMBA

•Caspofungin rescue
•LAMB
3mg/kg /day
for first line

B •Other ampho B’s, itra
for primary treatment
•Pre emptive works

•Ampho B followed by
itraconazole

•Liposomal
ampho B
for first line •Pre-emptive works

•Early intervention is
important

•Surgery in selected
cases

for first line
•Posaconazole
as prophylaxis

C
•Posaconazole (oral)              

for rescue
•Biological response 
modifiersfor rescue modifiers
•Combination therapy



IDSA Treatment Guidelines for IDSA Treatment Guidelines for CandidemiaCandidemia

Nonneutropenic Patients
• Fluconazole 400‐800 mg/day iv or po

Nonneutropenic Patients
• Caspofungin 70 mg loading dose 

followed by 50 mg iv daily

• micafungin: 100 mg daily

• Anidulafungin: loading dose of 200 mg, 
then 100 mg  daily

Neutropenic Patients
• Caspofungin 70 mg loading dose 

followed by 50 mg iv daily

• micafungin: 100 mg daily

• Anidulafungin: loading dose of 200 mg• Anidulafungin: loading dose of 200 mg, 
then 100 mg  daily

• Liposomal amphotericin B 3.0‐6.0Liposomal amphotericin B 3.0 6.0 
mg/kg/day

Clin Infect Dis 2009;38:161-189



Micafungin versus liposomal amphotericin B for
candidaemia and invasive candidosis

• Micafungin was as effective as liposomal amphoB• Micafungin was as effective as liposomal amphoB

• Efficacy was independent of the Candida spp and primary site of 
infection, as well as neutropenic status, APACHE II score

• Fewer adverse events with micafungin

Lancet 2007; 369: 1519–27



Anidulafungin versus Fluconazole for Invasive 
Candidiasis

• Patients were randomly assigned to receive either intravenous 
anidulafungin (200 mg on day 1 and then 100 mg daily) or 
intravenous fluconazole (800 mg on day 1 and then 400 mg daily) 

• Anidulafungin was found to be non‐inferior to fluconazole
• Adverse events were significantly less in anidulafungin group as 

compared to fluconazole group (1.5% vs 7.5%,p=0.02)

N Engl J Med 2007;356:2472‐82



Clinical Roles of newer echinocandins‐ F.D.A.approved
indications ‐

Micafungin
• Prophylaxis of Candida

Anidulafungin
• CandidemiaProphylaxis of Candida 

infections in patients   
undergoing

• Intra‐abdominal abscess 
and peritonitis due toundergoing 

hematopoietic stem cell 
transplantation

and peritonitis due to 
Candida infection

• Esophageal candidiasistransplantation

• Treatment of 
esophageal candidiasis

• Esophageal candidiasis

esophageal candidiasis

Eur J Clin Micro Infect Dis 2004;23:805‐812



F A if l S iFuture Antifungal Strategies

INTERFERON
INTERLEUKINS

G(M)‐CSF

DIAGNOSTICS

HYGIENE
ISOLATION

ANTIFUNGALS
ALONE,

IN COMBINATION, OR
SURGERY

ELIMINATION OF
RISK FACTORS

INTERMITTENT DOSES SURGERY



CID 2008: 46: 1889‐1901



What about zygomycosis?What about zygomycosis?

• Mucorales order

• Ubiquitous in environment

• Thick walled non‐septate hyphae with right angle 
branchingbranching 

• Rare & mimics other invasive mould infections

• Inherent resistance to antif ngal agents• Inherent resistance to antifungal agents

• Angioinvasive disease



Zygomycosis & MortalityZygomycosis & Mortality 

• Multiple clinical forms
– Cutaneous ‐ 31 %

– Pulmonary          ‐ 76 %

– Gastrointestinal – 85 %

– Rhinocerebral ‐ 62 %

– Sino‐orbital      ‐ 24 %

– Disseminated   ‐ 100 %

• Direct inoculation, inhalation, ingestion of spores, , g p



ZygomycosisZygomycosis

i l if d• Treatment is multifaceted
– Immune reconstitution
– Aggressive surgical debridement
– Ampho Bp
– Prayer

• Posaconazole as oral alternative• Posaconazole as oral alternative
• Despite this still highly fatal (mortality 50‐
80%)80%)

Clin Chest Med 30 (2009) 337–353



CONCLUSIONSCONCLUSIONS

I i j di i d• Invasive mycoses pose a major diagnostic and
therapeutic challenge
Ad i tif l t d di ti th d• Advances in antifungal agents and diagnostic methods
offer the potential for improved outcomes in patients
with these infectionwith these infection

• Together with assessment of clinical signs, cultures and
especially CT scanning, prudent to start aggressiveespecially CT scanning, prudent to start aggressive
antifungal therapy preemptively

• Development of cost‐effective and technicallyp y
simplified systems for early detection of common and
emerging fungal pathogens is need of the hour


