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Factors related to the  
increase in fungal infection 

• Patients with more severe underlying diseases1 

• Elderly patients2 

• Immunosuppression1  

• More complicated surgery1 

• Antineoplastic chemo-radiotherapy 

• Transplant surgery 

• Increase in survival rate in critical illness3 

• Prolonged ICU stay1 

 
ICU, intensive care unit 

1. Vincent JL, et al. Int Care Med 1999;24:206–216; 2. Eggimann P, et al. Ann Intensive Care 2011;1:37; 3. 

Sganga G, Drugs 2009;69(Suppl 1):29–32. 

Vincent/Pg209/Col2/Para3/Ln1-4 

Vincent/Pg206/Col2/Para1/Ln5-10 
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Hepatotoxicity (from hepatic toxicity) 

implies chemical-driven liver damage. 

Drug-induced liver injury is a cause of acute and chronic liver disease 

Hepatotoxicity 

The liver plays a central role in transforming and clearing chemicals 

and is susceptible to the toxicity from these agents 

Certain medicinal agents, when taken in overdoses and sometimes even 

when introduced within therapeutic ranges, may injure the organ 

More than 900 drugs, toxins, and herbs have been reported to cause 

liver injury, and drugs account for 20-40% of all instances of fulminant 

hepatic failure 



A drug 

is a substance 

that when inject in a man 

produces a paper 

Max Harry Weil, M.D., Ph.D., Sc.D. (Hon): February 9th, 1927 - July 29, 2011 

"The Father of Critical Care Medicine" 



DILI 





Pattern of DILI 

ALT, Alanine transaminase; ALP,  Alkaline phosphatase; ULN, Upper limit of normal 

DILI, Drug-Induced Liver Injury 



When to suspect DILI ? 



Histomicrographs 











Antifungal PK: Drug Distribution 

+, ≥50% of serum concentrations. 
–, <10% of serum concentrations. 

*Predicted. 
1. Dodds-Ashley ES, et al . Clin Infect Dis. 2006;43:S28-S39.  

2. Groll AH, et al. Adv Pharmacol. 1998;44:343-500. 
3. Eschenauer G, et al. Ther Clin Risk Manage. 2007;3:71-97. 

Liver/ 
Spleen Kidneys 

Gut/gall 
bladder Lungs 

Brain/ 
CSF Eyes 

Bladder
/urine 

AMB + + + + – – – 

5FC + + + + + + + 

FLU + + + + + + + 

ITR + + + + – – – 

VOR + + + + + + – 

POS* + + + + – – – 

Echino + + + + – – – 



Echinocandins and liver or renal 

insufficiency: Need for dose adjustment 

PK, pharmacokinetic. 

1. Cancidas® Summary of Product Characteristics, 2011; 2. Mycamine ® Summary of Product Characteristics, 2011;  

3. Ecalta ® Summary of Product Characteristics, 2014. 

Cancidas 

SmPC/3/para7-8 

Mycamine 

SmPC/2/Patients with 

hepatic impairment; 

patients with hepatic 

impairment 

Ecalta 

SmPC/9/para5,6 

Caspofungin1 Micafungin1 Anidulafungin3 

Renal insufficiency No PK changes 

No adjustment 

No PK changes 

No adjustment 

No PK changes 

No adjustment 

Hepatic 

insufficiency 

Child-Pugh 5–6 No adjustment No adjustment No adjustment 

Child-Pugh 7–9 (↓ dose 35 mg/day 

following 70 mg 

loading dose) 

No adjustment No adjustment 

 

Child-Pugh >9  No clinical 

experience 

Insufficient data to 

support a dosing 

recommendation 

No adjustment 
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Distribution and metabolism of 

echinocandins 

1. Cancidas® Summary of Product Characteristics, 2011; 2. Mycamine ® Summary of Product Characteristics, 2011;  

3. Ecalta ® Summary of Product Characteristics, 2014. 

Cancidas 

SmPC/12/para2; 

para3/ln3-4 

Ecalta SmPC/8/para3; 

para4/ln1-2 

Mycamine 

SmPC/9/para2; 

para3/ln1-2 

Caspofungin1 Micafungin2 Anidulafungin3 

Metabolism and 

excretion 

Hepatic Hepatic Non-hepatic 

(chemical 

degradation) 

Half-life (h) 12–14 12–18 25 

Clearance Fast Fast No dose 

adjustment P
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IFI, invasive fungal infection. 

Aguado JM, et al. Liver Transpl 2012;18:680–5. 

Secondary effect 
Related with AND  

Nº patients / total (%) 

Any 4/90 (4,4%) 

Nephrotoxicity 0 

Hepatotoxicity 1/90 (1%) 

Drugs interactions 0 

Development of IFI 2 

Rejection 0 

Death associated to IFI 1 

Aguado 

2012/684/col2/para3/6-

8 

Aguado 

2012/684/col2/para5/ln

2-4 

Aguado 

2012/681/col1/para3/ln

9-12 

Aguado 

2012/684/col1/para1/ln

11-13 

Aguado 

2012/685/col1/para3/ln

1-2 

P
P

-E
R

A
-E

U
R

-0
1

0
4
 D

at
e 

o
f 

p
re

p
ar

at
io

n
: 

Ju
n

e 
2

0
1

7
 



Echinocandins 
 

Metabolism and elimination 

Caspofungin  Anidulafungin  Micafungin  

> 90% degradation, opening 

of the ring form in blood or 

tissue, via peptide 

hydrolysis, N-acetylation in 

the liver, 41% renal and 34% 

faecal elimination in 28 

days 

> 90% degradation in blood; 

bypasses hepatic 

metabolism, faecal 

elimination 

> 90% degradation;  

metabolism via hepatic aryl 

sulphatase, COMT and Cyp 

450 (minor extent), 71% 

faecal and 10% renal 

excretion 

Lipp HP, Mycoses, 2008; Estes KE et al., Pharmacotherapy, 2009; Sucher AJ et al., Ann Pharmacother, 2009 



Jung DS, et al. J Antimicrob Chemother 2015;70:3100–6. 

Jung 2015/3103/fig 1 

Jung 2015/3104/fig 3 

61 patients with cancer (59% haematologic) who developed hepatic toxicity while receiving 

caspofungin. Liver enzyme levels declined by more than 70% with anidulafungin 

Start of caspofungin 

therapy (SC) 

Switch from caspofungin to 

anidulafungin therapy (STA) 
End of anidulafungin 

therapy (EA) 

ALT (n=54) AST (n=33) TB (n=54) 
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CTCAE>2 at the end of anidulafungin therapy (EA) 
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• Mrs C.P., female 54 years old 

• Two years earlier “anterior 

resection of rectum”  

 

At the follow-up 

• CT- and PET/CT scan 

 

 

• 6 cycles of chemotherapy 

followed by a right hepatectomy 

Positron Emission Tomography - Computed Tomography (PET/CT) 



Post-operative period 

PT INR 

I post-operative day  47 % 1.47 

III post-operative day  22 %  2.94 

V post-operative day 37 % 2.51 

X post-operative day 49 %   2.49 

XIV post-operative day 67 % 1.25 

XXIII post-operative day 70 % 1.22 

At hospital discharge 83% 1.12 

• Total bilirubin from 3.8 mg/dl up to 37 mg/dl - 18° post-

operative day; 

• On day 9 sepsis due to candidaemia, treated with 

anidulafungin usual dosages 

PT, prothrombin time; INR, international normalised ratio 



Induction chemotherapy: 
clinical effects 



Complete response? 



Liver after prolonged chemotherapy 
Chemotherapy Associated Steato-

Hepatitis - CASH 

Bilchik, Poston, Curley et al. J Clin Oncol 2005;23:9073-8 



Sinusoidal Obstruction Syndrome 
seen with oxaliplatin but not with irinotecan 

 



Steatosis and steatohepatitis: 
seen with irinotecan 

 



Chemotherapy-induced liver damage 



 



Hepatobiliary Surgery 



Pringle maneuver 

 



CANDIPOP: Predictors of mortality 

• 225 (29.9%) patients died within 30 days after onset of candidaemia 

• 98 (13%) within 7 days 

*554 cases with CVC and primary/catheter-related candidaemia. 

CI, confidence interval; CVC, central venous catheter; OR, odds ratio. 

Data obtained from CANDIPOP database. 

 Predictors of late mortality (8–30 days) 

Variable OR (CI 95%) P value 

Pitt score ≥2 3.4 (1.36–8.35) 0.009 

C. krusei 4.5 (1.09–18.6) 0.037 

CVC removal within 48 h* 0.43 (0.19–0.94) 0.034 

 Predictors of early mortality (3–7 days) 

Variable OR (CI 95%) P value 

Liver Cirrhosis 7.52 (1.75–32.3) 0.007 

Intubation 3.4 (1.74–6.67) < 0.001 

Recurrent episode 4.37 (1.2–15.9) 0.025 

Persistent candidaemia  

(> 6 days) 

2.03 (1.02–4.05) 0.043 
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CVD, cardiovascular disease; IFD, invasive fungal disease. 

Adapted from: Theocharidou E, et al. Clin Microbiol Infect 2016;22:189.e1–7. 

Theocharidou 

2016/189/table 3 

Liver patients 

(n=782) 

CVD patients (n=273) P value 

IFD (%) 

Pre-admission 0 (0) 2 (0.7) 

In unit 8 (1) 1 (0.4) 0.025 

Total 8 (1) 3 (1.1) 1 

Fungal colonisation (%) 

Pre-admission 11 (1.4) 7 (2.6) 

In unit 175 (22.4) 31 (11.4) <0.0005 

Total 186 (23.8) 38 (13.9) 0.001 
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TRANSNET 
(Transplant Associated Infection Surveillance Network)  

Pappas PG, et al. Clin Infect Dis 2010;50:1101–11. 

Pappas 

2010/1103/table 2 

 

 
 

IFI type 

Kidney           

(n = 332) 

Liver           

(n = 378) 

Pancreas    

(n = 128) 

Lung           

(n = 248) 

Heart          

(n = 99) 

Small bowel 

(n = 22) 

 

Candidiasis 164 (49) 255 (68) 97 (76) 56 (23) 48 (49) 19 (85) 

Aspergillosis 47 (14) 42 (11) 6 (5) 109 (44) 23 (23) 0 (0) 

Zygomycosis 8 (2) 9 (2) 0 (0) 8 (3) 3 (3) 0 (0) 

Other mold 10 (3.0) 9 (2.4) 4 (3.1) 49 (19.8) 7 (7.1) 0 (0.0) 

Unspecified mold 7 (2.1) 8 (2.1) 0 (0.0) 7 (2.8) 2 (2.0) 0 (0.0) 

Cryptococcosis 49 (15) 24 (6) 6 (5) 6 (2) 10 (10) 1 (5) 

Endemic mycoses 33 (10) 17 (5) 8 (6) 3 (1) 3 (3) 0 (0) 

Pneumocystosis 5 (1) 0 (0) 1 (1) 4 (2) 3 (3) 0 (0) 

Other yeast 6 (1.8) 9 (2.4) 5 (3.9) 0 (0.0) 0 (0.0) 1 (5) 

Unspecified yeast 3 (0.9) 5 (1.3) 1 (0.8) 6 (2.4) 0 (0.0) 1 (5) 

P
P

-E
R

A
-E

U
R

-0
1

0
4

 D
a
te

 o
f 
p

re
p

a
ra

ti
o

n
: 
J
u

n
e

 2
0

1
7

 



Abdominal candidiasis is a hidden reservoir of 
echinocandin resistance 

 

52% 

13% 
28% 

7% 

Types of invasive candidasis among patients at UPMC (2010-2011) 



Abdominal candidiasis is a hidden reservoir of 
echinocandin resistance 

 
• 25 pts with abdominal candidiasis received an echinocandin 

for >3 days  (median 42 days, range 4 – 438).  

• All pts had underlying GI diseases, and 92% (23/25) 
underwent GI surgery within 30 days preceding the onset of 
abdominal candidiasis (44% SOT recipients) 

• C. glabrata (n=17) was most common, followed by C. albicans 
(n=7), C. tropicalis (n=2) and C.krusei (n=1). Two patients had 
mixed Candida infections 

• 40% (10/25) of abdominal candidiasis were echinocandin 
breakthrough infections, which occurred during caspo (n=9) 
or mica (n=1) therapy.  

• Among 10 echinocandin breakthrough infections: C. glabrata 
(n=6), C. albicans (n=3), C. tropicalis (n=1) and C. krusei 
(n=1)). One patient had both C glabrata and C. tropicalis 

 

 
No source control!! 

 

Shields et al Antimicrob. Agents Chemother 2014   Dec;58(12):7601-5 



Diagnosis is still a challenge 

http://dept.kent.edu/biosim/_vti_bin/shtml.dll/bacteria.htm/map


 


