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Factors related to the
Increase in fungal infection

— . HE |

More complex
therapeutic interventions
for

metabolically and immunologically
more compromised patients

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.
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) Hepatotoxicity

WIKIPEDIA

The Free Encyclopedia

Hepatotoxicity (from hepatic toxicity)
Implies chemical-driven liver damage.
Drug-induced liver injury is a cause of acute and chronic liver disease

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

DRUG-INDUGED LIVER INJURY (DILI)




Table 1: Number of Reports and the ADR Descriptions Associated with
Each Drug Class from 2009 to 2011

No. of
Reports

Drug Class or Drug

ADR Description (No. of Reports)

Antilipid agents
(eg, simvastatin, lovastatin,
fenofibrate)

Antiepileptics
(eg, phenytoin, carbamazepine,
valproic acid)

Antituberculosis drugs
(eg, isoniazid, rifampicin)

Cotrimoxazole

Allopurinol

Imidazole/Triazole Antifungals
(eg, ketoconazole, itraconazole)

LFT: Liver function tests

154

22

18

10

Transaminitis/LFTs abnormal (126), Hepatitis
(25), Jaundice/Cholestatic hepatitis (3)

Transaminitis/LFTs abnormal (11), Hepatitis (2),
Transaminitis with rash/fever/systemic
involvement (8), Hepatotoxicity (1)

Hepatitis (10), Transaminitis/LFTs abnormal (5),
Jaundice (1), Fulminant liver failure (1),
Transaminitis with leukopenia (1)

Jaundice (3), Transaminitis (3), Transaminitis
with haematological involvement (2),
Hepatitis (2)

Transaminitis/LFTs abnormal (2), Jaundice (1),
Hepatitis and rash (1), LFTs abnormal and
rash (1), Transaminitis with fever, rash,
leukocytosis, eosinophilia (1)

Transaminitis (2), Hepatitis with jaundice (2),
Hepatitis (1), Hepatotoxicity (1)



Pattern of DILI

R= ALT/ULN
ALP/ULN

The R ratio is calculated by dividing the ALT by the ALP
using multiples of the ULN for both values. Thus, it is the
relative pattern of ALT and/or ALP elevation that denotes
the type of DILI. A relatively elevated ALT over ALP level
suggests a hepatocellular pattern of DILI, while the
reverse suggests a cholestatic pattern.

R=5 Hepatocellular pattern of DILI
2 <R <5 Mixed pattern of DILI
R<2 Cholestatic pattern of DILI

It is important to note that the values used to calculate
the R ratio should be from the same day, and should be
from the initial blood test results following the onset of
liver injury.

ALT, Alanine transaminase; ALP, Alkaline phosphatase; ULN, Upper limit of normal
DILI, Drug-Induced Liver Injury



When to suspect DILI ?

ALT = 3 times ULN or above patient’s baseline or
ALP = 2 times ULN or above patient’s baseline

Any suspected case of DILI which does not improve with
drug cessation should be referred to a specialist/tertiary
centre.

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase;
ULN: Upper limit of normal



Histomicrographs

1 Normal liver 2 (Cholestasis due to Traditional Chinese Medicine: Lobular inflammation with bile [green arrow],
ballooning degeneration |black arrow] and steatosis [blue arrow]

4 Necrosis with eosinophilia due to anti-tuberculosis medication: Area of necrosis with inflammatory
cell infiltrate including scattered eosinophils [arrow]

3 Hepatic granuloma [arrow] (Common drug causes include allopurinel, phenytoin)




Table 1. Hepatotoxic reactions to antifungal agents.

Antifungal drug | Inreased incidence of | Pattern of liver injury Time of onset Preventive strategy
LFTs/liver failure
Polyene
Amphotericin B | Acute liver failure rarely | Hepatocellular and As early as 4 days | Concomitant administration of
deoxycholate roported hepatoce!lular-cholestatic. or after total dose other hepatotoxic antifungals, such
of approximately as lfraconazole and amphotericin
5q. B, may increase the risk for
hepatotoxicity due to increased
lsakiness of mammalian cell-
membranes.
Lipesomal Bifl = 11,110 18.1%; Hepatocellular-cholestatic. As early as 10 -
am  JaricinB | ALT = 14,6%; AST = days,
12.8%,; ALP = 7.1 t0
22.2%
ABLC Not reported Cholestatic. Not reported. -
ABCD Bili = 3 10 19%; Hepatocellular and Not reported.
ALT/AST = 1 to 5%, hyperbilirubinemia,
ALP =310 7%
Imidazole
Ketoconazole Transaminases = 2 to Mostly hepatocellular, 7 Weeks (range of -
10% cholestasis and 1.5 t0 24 weeks).
hepatocetiular-cholestatic
Triazoles
Voriconazole ALT = 10.7 to 18.9%, Hepatocellutar-cholestatic, Often within first 10 | Monitor for CYP3A4, CYP2C9 and
AST = 11.7 t0 20.3%; hepatoceliular and days of therapy. CYP2C19-mediated drug
ALP = 10.2 10 16%; Bili | cholestatic. Interactions.
=4.31019.4%
Fluconazole ALT/AST = 1% Hepatocellular, hepatic 4 10 34 days. Dose adjust for renal function.
necrosis and hepatocellutar
cholestatic.
Itraconazole ALT = 2 10 3%; AST = Hepatocelliular-chol 5 Days 1o several -
1102%;ALP =110 and cholestatic. months.,
2%; Bili = 4 10 6%
Echinocandin
Caspofungin ALT = 10.8 10 13%, Hepatoceliuiar and Not reparted. .
acetate éAﬁT = 10.5 10 10.8%; hyperbilirubinemia,
=2.3%
Flucytosine Transaminases = 0 to Hepatoceliular, cholestatic, Usually within 1 Adjust dose for renal function;
41% hyperbilirubinemia and month, maintain peak leveis of 50 1o 100
hepatic necrosis. pgimi,
Allylamine
Terbinafine Transaminases = 4% Hepatocellutar, cholestatic Within 410 6 Monitor ALP levels in patients who
and fulminant hepatic fallura. | weeks. hepati .
Griseofulvin Not reported Cholestatic. IWeeksto 4 Avoid a second course of
months. treatment if patient expariences
facial edema/pruritis during first
Course,

Hepatotoxicity of antifungal agents
Jessica C Song'* & Stanley Deresinski®

e

Current Opinion in Investi
® The Thomson Corporation ISSN 1

gational Drugs 2005 6(2);170-177

472-4472



TABLE 3. Pooled risk estimates of safety outcomes from randomized controlled trials of therapy against invasive fungal infection
% of paticnts with:

No. of trial  Total no. of . . p— Elevation of liver enzyme Elovation of liver czryme
. Treatment discontinuation - X P -
Drug(s) _ arms paucnis i v ) off lovels requinng stopping of  lovels not requining stoppeng
incleded included R treatmenl of trecatment

Pooled estimatc 95% Cl Poolkcd estimate  95% CI  Pooled catimaic 95% Cl

Amphotericin B formulations® 41 4,775 134 R9-17.8 04 (L1058 141 103180
Itraconazole 3 23 188 143-23.2 1.5 0-4.0 174 30-31.0
Fluconazole 10 697 22 4.6 0.7 0-14 93 40-145
Vonconazole 3 8381 035 23-168 NA® NA 19.7 168226
Anidulafungin 4 251 84 36-13.1 0.8 0-23 20 0.3-3.7
Caspofungin 5 1.075 38 27-50 0.2 0.1-0.4° 7.0 41-09
Micafungn 3 6h6 36 22-50 2.7 0746 3.0 1051

: Incleding amphotericin B desaxycholate, amphotericin B colloidal dispersion, amphotericia B lipid complex. nad liposomal ampbotericin B
NA, oot availablk.
¥ Adjuested Wald mothod for point estimate and confidenco mtorval



TABLE 4. Pooled nsk estimates of safety outcomes {rom randomized controlled trials of therapy against invasive fungal infection

% of pateats with:

No, of tial  No. of total X - 1 Elovation of hiver me Elevation of liver enryme

Type of therapy and drug(s) arms paticnts | reatment discontiulion  lovels requiring szo:;z’q of  lovels mot requiring stopping
included  inctuded bt treatment of treatmeat
Pooled estomate 95% CI Pooled catimate 95% Cl1 Pooled cstimate 95% CI
Empirical therapy
Amphotenicin B formulations® 2 3224 13.0 73-205 02 0.6 145 105185
Amphotericin B deaxycholate 13 1,282 154 56-253 0.2 004 133 6.8-109
Lipid form amphotericin B* 10 1,942 11.2 3.5-180 0.7 032 162 120104
Fluconarole 5 313 0.3 (.0 03 .9 84 10161
Itraconazode 2 273 10.8 15.1-245 1.9 -45 103 6.7-139
Echinocandins 1 564 48 3.0-65 NA- NA 87 64-11.0
All antifungal agents 32 4209 114 6.3-165 0.5 009 133 10.2-165
Definitive therapy

Amphoternicin B formulations™ 18 1.551 12.7 7.2-183 09 01-1.6 115 6.2-20.9
Amphotericin B deaxycholate .S 6380 10.0 2.5-175 03¢ 0.1-0.7 1.0 308
Lipid form amphotericin B* 10 8N 140 73-224 1.2 02-23 15.7 36-275
Fluconazole 5 364 4.6 0-H5 1.3 0-2.8 o8 25170
Vonconazole 2 466 14.7 10.5-189 NA NA 21.5 17.7-25.2

Echinocandins 11 1,428 3.7 2540 1.0 0-23 38 20-55
All antifungal agents 3% 3.936 8.0 50-119 1.3 0.6-2.0 1.7 7.5-159

“ Including ampbotencin B dasoxycholate, ampbotericin B colfoidal di

® Including umphotericin B colloidal disporsion, amphotcericia B lipid complex. asd liposomal amphotericin B

FNA, oot avaslabic.

"5 Adjustod Wald mcthoed for point estimate and confidence interval.

ion, ampholencia B lipid complex, and lipasomal ampbolericin B



TABLE 5. Pooled rnisk estimates of safety outcomes from randomized controlled trials of therapy agazinst invasive fungal infection

(aspormliosss versus candidiasis)

% of paticats with:

. ' . ot s Elevation of liver cozyme Elevation of lver enzyme
Total no. of Frcatmeat discontinustio XX : .o oo
Infoction ‘;nxicn:bo Tm: :f:m c;::a : levels requiring of stopping levels nol reguinng stopping
inchaded treatment of treatment
Puoled Pooled Pooled

PEEI 95% (1 e 95% Q1 2 95%
Aspergillosis 866 16.5 5.0-279 1.1 0-34 124 21-228%
Candidiasis 2,708 6.1 3785 L1 (0.4-1.8 7.2 43102




Antifungal PK: Drug Distribution

v

Liver/ Gut/gall Brain/ Bladder
Spleen Kidneys Dbladder Lungs CSF Eyes /urine
AMB + + o+ + - — —
5FC -+ -+ -+ -+ -+
FLU + -+ -+ -+ +
ITR + + o+ + - — —
VOR -+ -+ -+ -+ -+ -+ -
POS* -+ -+ -+ -+ — — —
Echino + - + + - - -

+, 250% of serum concentrations.
—, <10% of serum concentrations.
*Predicted. _ ,
1. Dodds-Ashley ES, et al . Clin Infect Dis. 2006;43:528-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.



Echinocandins and liver or renal

Insufficiency: Need for dose adjustment

| Caspofungin! Anidulafungin?

Renal insufficiency No PK changes No PK changes No PK changes
No adjustment No adjustment No adjustment

Hepatic Child-Pugh 5-6 No adjustment No adjustment No adjustment

Insufficiency Child-Pugh 7-9 (] dose 35 mg/day No adjustment No adjustment

following 70 mg
loading dose)

Child-Pugh >9 No clinical Insufficient data to No adjustment
experience support a dosing
recommendation

PP-ERA-EUR-0104 Date of preparation: June 2017

PK, pharmacokinetic.

1. Cancidas® Summary of Product Characteristics, 2011; 2. Mycamine ® Summary of Product Characteristics, 2011,
3. Ecalta® Summary of Product Characteristics, 2014.



Distribution and metabolism of

echinocandins

Metabolism and Hepatic Hepatic Non-hepatic “
excretion (chemical g
degradation) 5
Half-life (h) 12-14 12-18 25
Clearance Fast Fast No dose %
adjustment 2

1. Cancidas® Summary of Product Characteristics, 2011; 2. Mycamine ® Summary of Product Characteristics, 2011,
3. Ecalta® Summary of Product Characteristics, 2014.



Safety of Anidulafungin in Solid Organ
Transplant Recipients

J.M. Aguado,' E. Varo,” P. Usefti,” J.C. Pozo,” A. Moreno,” M. Catalan,' O. Len,” M. Blanes,’ A. Sole,’
P. Munoz,” M. Montejo.” and the TOSCANA Study Group

Related with AND

Secondary effect :
y N° patients / total (%)

A 4/90 (4,4%) §
Nephrotoxicity 0 é
Hepatotoxicity 1/90 (1%) g

Drugs interactions 0 §
Development of IFI 2 %
Rejection 0 %

Death associated to IF 1

IF1, invasive fungal infection.
Aguado JM, et al. Liver Transpl 2012;18:680-5.



Echinocandins

Metabolism and elimination

Caspofungin Anidulafungin Micafungin

> 90% degradation, opening > 90% degradation in blood; > 90% degradation;

of the ring form in blood or bypasses hepatic metabolism via hepatic aryl
tissue, via peptide metabolism, faecal sulphatase, COMT and Cyp
hydrolysis, N-acetylation in  elimination 450 (minor extent), 71%
the liver, 41% renal and 34% faecal and 10% renal

faecal elimination in 28 excretion

days

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



Switching to anidulafungin from caspofungin in cancer patients in the
setting of liver dysfunction is associated with improvement of liver
function tests

61 patients with cancer (59% haematologic) who developed hepatic toxicity while receiving
caspofungin. Liver enzyme levels declined by more than 70% with anidulafungin
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ALT (n=54) AST (n=33) TB (n=54)
0

Start of caspofungin  Switch from caspofungin to  End of anidulafungin
therapy (SC) anidulafungin therapy (STA) therapy (EA) W CTCAE>2 at switching from caspofungin to anidulafungin therapy (STA)

—®—ALT (n=54) AST (n=33) ——TB (n=54) [ CTCAE>2 at the end of anidulafungin therapy (EA)

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



« 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

 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 INR
| post-operative day 47 % 1.47
lll 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
XXIl post-operative day 70 % 1.22
At hospital discharge 83% 1.12

PT, prothrombin time; INR, international normalised ratio



Induction chemotherapy:
clinical effects

What is the difference
between this patient and ... this patient?




Complete response”?

Before treatment After 6 cycles of
chemotherapy




Liver after prolonged chemotherapy
Chemotherapy Associated Steato-
Hepatitis - CASH

Blue Liver

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



Sinusoidal Obstruction Syndrome
seen with oxaliplatin but not with irinotecan
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Steatosis and steatohepatitis:
seen with irinotecan
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Chemotherapy-induced liver damage

Oxaliplatin

i

-

Sinusoidal obstruction syndrome causes
~ increased operative bleeding but no

Irinotecan

.’N~‘ el «n ” e LS TR NN
Steatohepatitis causes an increase in 90
day operative mortality

g "'\" .Y{;' y ‘v',';’ -f
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‘Blue’ liver

‘Yellow’ liver




Hepatobiliary Surgery
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Hepatobiliary Surgery
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Pringle maneuver

FIGURE 1 - Pringle maneuver (see white circle) by hepatic pedicle
clamping for liver partial vascular exclusion (LPVE).



CANDIPOP: Predictors of mortality

« 225 (29.9%) patients died within 30 days after onset of candidaemia
« 98 (13%) within 7 days
Predictors of early mortality (3—7 days)

O (C1 550

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 i

Predictors of late mortality (8—30 days)

PP-ERA-EUR-0104 Date of preparation: June 2017

Intubation 3.4 (1.74-6.67) <0.001
Recurrent episode 4.37 (1.2-15.9) 0.025
Persistent candidaemia 2.03 (1.02-4.05) 0.043
(> 6 days)

*554 cases with CVC and primary/catheter-related candidaemia.
Cl, confidence interval; CVC, central venous catheter; OR, odds ratio.
Data obtained from CANDIPOP database.



Early invasive fungal infections and colonization in patients with cirrhosis
admitted to the intensive care unit

(n=782) E

IFD (%) %

Pre-admission 0 (0) 2 (0.7) §

Total 8 (1) 3 (1.1) 1 S

Fungal colonisation (%) g

Pre-admission 11 (1.4) 7 (2.6) g

In unit 175 (22.4 31 (11.4 <0.0005 E
Total 186 (23.8) 38 (13.9) 0.001

CVD, cardiovascular disease; IFD, invasive fungal disease.
Adapted from: Theocharidou E, et al. Clin Microbiol Infect 2016;22:189.e1-7.



TRANSNET

(Transplant Associated Infection Surveillance Network)

Pancreas Small bowel .

(n = 128) (n =22) 3
Candidiasis 164 (49) 255 (68) 97 (76) 56 (23) 48 (49) 19 (85) é
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) g
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(2) 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)

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



Abdominal candidiasis is a hidden reservoir of
echinocandin resistance

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

@ candidemia
B IAC+candidemia
O IAC no candidemia

[ other sites

Shields et al Antimicrob. Agents Chemother 2014 early on line



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 Gl diseases, and 92% (23/25)
underwent Gl 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

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




