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Drug-Induced Liver Injury (DILI)
¥ 507§

* DILI may develop ALF and death; is one of the major

ADR to withdraw marketed drugs, eg.
— troglitazone (PPAR for DM)
— paritaprevir/paritaprevir/ombitasvir (DAA for HCV)
— ulipristal (progesterone analog for myoma uteri)
— ketoconazole (anti-fungal)
— nimesulide (COX-2 NSAID)

* DILI is one of the major cause to stop the trial of
developing drugs, eg. ximelagatran (DOAC),
bromfenac (NSAID), dilevalol, tasosartan, etc.

* Rare, unpredictable, difficult diagnosis: medical
dispute litigation




Acute liver failure in the USA
Drugs were the most common etiologies

Number of patients




Drug-Induced Liver Injury
DILI

* DILI is the main cause of acute liver failure
(ALF) in the US

* Viral hepatitis and DILI are the top 2 causes of
ALF

* There is downward trend of viral hepatitis-
induced ALF, and upward trend of drug-
induced ALF in most countries

Jindal A, et al. Liver Int 2022;42:2093-2109




BREHFLNEIANBERERRRRE & (1)

(1999 —2024.3)
Ao EETTREEN

_-

Stevens Johnson Syndrome
£ R K- IR AE
Toxic Epidermal Necrolysis

;\_Skin ar:iq su{l;)cutaneous ol 1605 & & HE 7L 7 AL (& 4 SIS/TEN overlap) 311
'5?;3 A gers_ . (67.21%) Drug reaction with Eosinophilia and Systemic
EERAKET E-%]{‘g% s Symptoms 198
BB A EPahER 2Rk
Other L4k 266
Hepatitis (& 1+ )8T % 80
Hepatic failure (% 1+ )i 3% 2%
Hepatobiliary disorders 207 . B8 A bk B
s & 86 121 (8.67%) Drug-induced liver injury & 45 4 AT 5 & 24
Fulminant Hepatitis & #:£ AT £
Other i 4 28
Immune system disorders 150 Anaphylactic shock & &4 1 # 147
i g B itivi it il
R ERNEE 89 11 (7.96%) Drug hypersensitivity & 452 8% 26
Other H & 17

F1~367 R F e ”




BE P AN R TR B AT+ & (199920243,
-

Allopurinol
2 Phenytoin 159
Q Rifampin/isoniazid/Pyrazinamide " D
(BF S47)
4 Carbamazepine 144
5 Diclofenac 105
6 Co-trimoxazole 85
7 Ibuprofen 65
8 Lamotrigine 64
9 Sulfasalazine 59
10 Mefenamic acid 58
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2 Sulfasalazine 28
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. 9
Celecoxib 23
5 Etoricoxib 10
Diclofenac 23
Ibuprofen 15
Levofloxacin 20
6
Piperacillin/ 10 Cephalexin 14
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DILI network and Registry

all over the word

USA: DILIN, NIDDK, FDA, AASLD, PhRMA

International Severe Adverse Event Consortium (iSAEC):
lntle{lréa;tional Drug-Induced Liver Injury Consortium
iD

Spain: Spanish DILI Registry

UK: DILINen

Sweden: National DILI reporting system

France: National DILI reporting system

Denmark: National ADR reporting system

Japan: National DILI study group

Korea: Multicenter collaboration study group

Taiwan: Multicenter collaboration study funded by TFDA
China: National DILI study group
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DILI

Pathogenesis

* Intrinsic toxicity type: predictable, dose-
related, reproducible

eg. acetaminophen, methotrexate,
bongkrekic acid, CCl,

* |ldiosyncrasy type: unpredictable, not
dose-dependent, not reproducible:
hypersensitivity & metabolic anomaly

eg. isoniazid, halothane, phenytoin
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DILI

Clinical types

 Hepatocellular type
ALT > 2X or ( X of ALT / X of ALK-P ) > 5
eg. aceteminophen, isoniazid, halothane
* Cholestatic type
ALK-P > 2X or ( X of ALT / X of ALK-P ) < 2
eg. chlorpromazine, anabolic steroid
* Mixed type
2<(Xof ALT / X of ALK-P ) <5
eg. phenytoin, sulfonamide, azathioprine




DILI

Diagnosis (1)

ALT, ALK-P or Bilirubin > 2X (or ALT > 5X)

Positive temporal relationship of drug(s) and
abnormal LFT: 5-90 days after agent exposure

Exclusion of viral hepatitis: hepatitis A, B, C, E, EBV,
CMV, HSV

Exclusion of other diseases: alcoholic liver disease,
fatty liver, autoimmune hepatitis, primary biliary
cholangitis, Wilson disease, hemochromatosis, CHF,
shock, hypoxia, sepsis, hepatobiliary stones or
tumors



DILI

Diagnosis (2)

High serum drug level (eg. acetaminophen)

Liver biopsy may be helpful

Dechallenge test: decreased > 50% ALT in 30 days
Rechallenge with caution: doubling ALT

The Council for International Organizations of
Medical Sciences (CIOMS): Roussel Uclaf Causality
Assessment Method (RUCAM) (J Clin Epidemiol
1993;46:1323-30)



RUCAM causality assessment of DILI

1. Time to onset Score
*Before starting drug or more than 15 days after
stopping drug Incompatible Unrelated
*From the beginning of drug
5 - 90 days Suggestive +2
<5 or >90 days Compatible +1

*From cessation of drug
< 15days +1




RUCAM causality assessment of DILI

2. Course Score

After cessation of drug, ALT decrease:
>50% within 8 days Highly suggestive +3
>50% within 30 days Suggestive +2
>50% after30days Inconclusive 0
<50% after30days Against -2




RUCAM causality assessment of DILI

3. Risk factors Score
Ethanol
Presence +1
Absence 0
Age
> 55 years +1

< 55 years 0




RUCAM causality assessment of DILI

4. Concomitant drug(s) Score

Time to onset incompatible 0

Time to onset compatible but unknown
reaction -1
Time to onset compatible with known reaction

-2

Role proved in this case -3



RUCAM causality assessment of DILI

5. Non drug causes Score

Gr | (6 causes): HAV, HBV, HCV, biliary obs,
alcoholism, acute hypotension
Gr ll: CMV, EBV, HSV, other underlying diseases

rule out Grl & Il +2
rule out Gr | +1
rule out 5 or 4 of Grl 0
rule out <4 of Grl -2

Probable -3




RUCAM causality assessment of DILI

6. Previous information of drug Score

Reaction unknown 0
Reaction published but unlabelled +1
Reaction labelled in the product’s

characteristics + 2




RUCAM causality assessment of DILI

7. Rechallenge Score
Doubling of ALT with single drug positive + 3
Doubling of ALT with drugs compatible +1
Increase of ALT but< N Negative -2

or plasma concentration as toxic +3

or validated lab. test: positive +3

negative -3




RUCAM causality assessment of DILI

Age of the patient 2 55 years
Age of the patient < 55 years

EPA “LLUAR LESTATIC OR MIXE] 4 ASSESSMI
Tucompatible Reaction occurred before stanty ing the drug Reaction oceurred before starting the drug
or more than 15 days after s1o ! the or more than 30 days after stopping the UNRELATED
:;rr:g (except for slowly meabaolized drug (except for slowly metabolized drugs)
S|
Unknown When information is not available 1o calculate (ime 10 onscet, then the case is InsufTicient dala
Tmnal Treatment Subscqguent Tnitial Treatment Subsequent
Treatment Treatment Scare
From the iitiation of the
drug
Suggesiive 3 1090 days 1 1015 days 5t 90 days 1 to 90 days +2
Compalible < 5 or>90 days > 15 days <35 or>90 days > 90 cays 41
From cessation of the
ug
Compatible < 15 days < 15 days < 30 days < 30 days + 1
2. COURSE Difference between the peak of ALT and Dilference between the peak of alk. phos.
upper limit of normal values (o TB) and upper limit of normal values
Afier cessation of the
drug
Highly suggestive Deercase > 505 within 8 days Not applicable +3
Suggestive Decrease = 50% within 30 days Decrcase = 50% within 180 days +2
Compalible Not applicable Decrease < 50% within 180 days +1
Inconclusive No information or decrease = 50%, after Persistance or increase or no information o
the 30" da; No situation
Against the role of the | Decrease < SU%, aficr the 30™ day or
drug recurrent increase Notapplicable
-2
If the drug is continued
Inconclusive All situations All simations 0
SKT. B Tihanol Thanol or Pregnancy
Presence + .
Absence

Al UG(S)
ch or no information or Loncnmllanl drug with mmmpaﬂvk tme 1o onset
C with ive time o mmcl
Concomitant drug known as in and with

ve time to onset

Concomitant ;ku : with cw&nct for its role in this case (posunc rechallenge or validated test)
R 'S

-2 unlikely

A N

Group 1 (6 causes)

HAYV antibody) or HBV (IgM anti-HBc antibody) or HCY

A-non B he,
ALCOHOLISM (AST/ALT 2 2); ACUTE RECENT
heart discase)

Group Il =
(&

of underlying di ): Clinical and/or
pn;lu..'cal conlext suggesting CMV, EBV or Herpes virus

RECENT VIRAL lNFIJC’l 1ON WITH HAV (1gM anti- All causes — groups 1and Il - reasonably ruled out
(anti-HCV an hudy) and circumstantial arguments for non | The 6 causes of group I ruled out

BILIARY ORBS" l‘Rll('I 1ON (ullmmnngnph ): 5 or 4 causes of group | ruled out
HYPOTENSION HISTORY ( (particalarly if underlying Less than 4 causes of group I ruled out

Non drug cause highly probable

possible
-8 probable

5. PREVIOUS INFORMATION ON HEPATOTOXICITY OF THE DRUG

9 highly probable

°

'V O W = A
'
U

Reaction |lb\.||L(| in ﬂ; product charncumncs +2
+1
Reaction mILnnwn 0
3N SETO READMINISTRATION
Positive Doubling of ALT with the drug alonc (Doubling of AP (or TH) with the drug alone +3
Compatible Doubling of ALT with the drugs alieady given  [Doubling of AP (or TB) with the drugs already +1 - -
at the tme of the 1% reaction given at the time of the 1" reaction H ° °
Negative Increasc of ALT but less than N in the same [Increase of AP (or T) but less than N i the ) 1] pl emio . -
conditions as for the first admunistration same conditions as for the first administration ’
Not doae or not Other situations [Other situations 0
interpretable

TOTAL (add the encircled fgures)




Causality Assessment for DILI

Naranjo score: good for ADR other than DILI

RUCAM (Roussel Uclaf Causality Assessment) by CIOMS (Council for
International Organizations of Medical Scientists)

Modified RUCAM from Portugal: Maria and Victorino Clinical Diagnostic Scale
(CDS): extrahepatic manifestations: rash, fever, arthralgia, eosinophilia,
cytopenia

Modified RUCAM from Japan: lymphocyte transformation test

DILIN (Drug-Induced Liver Injury Network) Causality Assessment: expert
opinions by experts in US

RECAM (Revised Electronic Causality Assessment Method): by US DILIN



RECAM

Revised Electronic Causality Assessment Method

~ @ DILI RECAM x +

<~ c 23  dilirecam.com
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Agree to Terms

ABOUT

The RECAM is a scoring algorithm to aid in the diagnosis of
idiosyncratic drug-induced liver injury (DILI). It is an
evidence-based update of the RUCAM. Like the RUCAM,
the RECAM is designed to give the user a framework for
how to assess DILI and provide an estimate of DILI
likelihood.

The RECAM estimate is based on iterative testing of cases
from the US Drug-Induced Liver Injury Network (DILIN) and
the Spanish DILI Registry. Both registries use expert opinion
to assign DILI likelihood, and the RECAM was designed to
best fit those expert opinion assessments.
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Anti-fungal drug, terbinafine-induced

liver injury mortality case in 1997

Mr.i% , 40 y/o, tinea pedis

Terbinafine 125 mg qd since March 97 for 42d
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Anti-fungal drug, terbinafine-induced
liver injury mortality case in 1997

HBsAg(+), HBeAg(-), anti-HBe(+), antiHA-IgM (-),
Anti-HCV(-), anti-EBV-IgM(-), anti-CMV-IgM(-)
Died of hepatic failure in June 1997

e R kR BRI ST

B2 FEARL B LRI B X

Final diagnosis: fulminant hepatitis, may be
related to Hepatitis B; terbinafine-induced

hepatitis is unlikely, according to RUCAM score:
2 --HBV(+), herbs(+)

HE-CPEIRFAGIRLS 2



LiverTox NIH US
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DILI in Taiwan: a multiple centers study
Herbal and dietary supplements (HDS) & anti-TB

HDS

Anti-bacteria
NSAID
Anti-covulsant
Statin
Anti-gout
Miscellaneous
antiarrhythmia : 1,297 cases, Mortality 9.2%
Anti-thyroid
Hormones

PPI
Anesthetics

0.0% 5.0% 10.0% 15.0% 20.0% 25.0%

Huang YS, et al. Hepatol Int 2021; 15: 1456-1465
32



Culprit conventional (Western) drugs of DILI in Taiwan
a multiple centers study

1. Antimicrobials

481 (47.4%)

Anticonvulsants 112 (11.1%)

ntituberculosis agents
isoniazid/rifampicin/pyrazinamide

ntibacterial agents

sulfamethoxazole-trimethoprim

amoxicillin-clavulanate
minocycline
cephalexin
others
1.3 Antifungal agents
etoconazole
Cterbinafine

itraconazole

>

2. Non-steroidal anti-inflammatory drugs
<d|clofenac >
mefenamic acid

ibuprofen

others

257 (25.3%)
257
187 (18.4%)

42
31
18
15

33 (3.3%)

15
12
6

118 (11.6%)

43
20
18

phenytoin
carbamazepine

32
27

valproic acid 23
others

Statins 105 (10.4%)
rosuvastatin 20
fluvastain 19
others

5 =gout agents (4.9%)

febuxostat 3

Anti-arrhythmia agents 35 (3.5%)
amiodarone 29
dronedarone 6

Anti-thyroid agents 34 (3.4%)
propylthiouracil 21
carbimazole 13

Huang YS, et al. JCMA 2022; 85: 286-94
Huang YS, et al. Hepatol Int 2021; 15:1456-65



Prospective study of DILI in Japan
2010-2018

No. of
Therapeutic class cases Percentage
Anti-inflammatory drugs 62 11
Antimicrobial drugs 59 11
Anticancer drugs 55 10
Dietary supplements 50 9 |
Drugs for the gastrointestinal system 49 9 HDS
Drugs for psychiatric and neurological 43 8 = 15% (84/546)
systems
Chinese herbal medidnes 34 N
Drugs for the cardiovascular system 34 6
Anti-allergy drugs 27 5
Hematopoietic and anticoagulant drugs 23 4
Antilipidemic drugs 21 4
Others 89 16
- Aiso M, et al. Hepatol Res 2019; 49: 105-110



HDS was the principal cause of

DILI in Korea

Table 2. Classification of causative agents

Etiology

“Medications”

“Herbs”

“Health foods or dietary
supplements”™

“Folk remedies”
“Combined”

Others

N, number.

N (%)
“Prescription medications” 77 (20.8)
“Non-prescription medications” 24 (6.5)
“Herbal medications” 102 (27.5) ===
“Herbal preparations”™ 12:(3.2)
“Medicinal herbs or plants” 35(9.4) — 62.5% (232/371)
51 (13.7)
32 (8.6) =
30 (8.1)
8 (2.2)

Suk KT, et al. Am J Gastroenterol 2012; 107:1380-1387
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Culprit drug categories of
retrospective DILI study in China

TCMor HDS
Tuberculostatics

26.81

21.99

Antineoplastics or immunomodulators
Anti-infectious agents'

Psychotropics

Hormone?

Cardiovascular drugs

Digestive drugs

Respiratory drugs

Musculoskeletal drugs

Others

8.34
6.08

4.90
Single classes of implicated agents (82.67%)

3.69

Shen T, et al. Gastroenterology 2019;156:2230-2241
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The Indian Network of DILI

Statins, 1.40% Others, 11.30%

)

Hormones,

2.50% \

NSAID, 2.60% _—+

ART, 3.50%
Anti-

metabolites,
3.80%

Non-ATD
antibiotics,
6.50%

AED, 8.10%

CAM, 13.90% 4

Devarbhavi H, et al. J Clin Exp Hepatol 2021; 11: 288-298
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DILI in Australia, 2009-2020:
Secular trend of increasing proportion of HDS

* HILI has increased since 2009  HILI had lower survival rate than CILI
. W Harsal or detary supmiemenss 1
W Crher ren-naracalEeTol medications -
20— g
:: : 5 0.8
oy g
§ - o >
g ©
: j § =
2 2
J0a9 20 Tl .'-I'l':‘ennn = O5--2017F F0VE -0 _é; 0'2_ — Paracetamo[
i i 3 e e e ctions
* Almost half the patients with HILI had i
non-European ethnic backgrounds & 10 70 30 40 %0 60 70 80 %0
Follow-up (days)
g"'x) Nash E, et al. Med J Aust 2021; 215: 261-268
S
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Drug-induced acute-on-chronic liver failure

(ACLF) study in Asian Patients
APASL ACLF working party

* Drugs were important causes of ACLF in Asia-Pacific,
predominantly from HDS, followed by anti-TB drugs

e Patients with drug-induced ACLF had poorer liver
function and higher mortality (46.5%) than non-
drug-induced ACLF (38.8%) (P = 0.007)

Devarbhavi, H, et al. Am J Gastroenterol 2019;114:929-937



Secular increasing percentage of HDS-induced liver
injury (HILI) in DILI worldwide, esp. in Asia-Pacific

Selected studies addressing composition ratio of HDS-induced liver injury in DILI

80%

1%

70% Europe & US Asia-Pacific
60%
50%

40%

percentage

30%

‘ Li X, et al. Liver Int 2022; 42: 1999-2014
A“f‘“ﬂ 40



Top 10 Therapeutic Classes and Individual Agents to
Cause DILI in US DILIN

Therapeutic classes n Individual agents”

Antimicrobials 408 oxicillin-clavulanate
2 Herbal and dietary 145 oniazid

supplements

ek

3 Cardiovascular agents 88 3 Nitrofurantoin
4  Central nervous system 82 4 Sulfamethoxazole/ 31
agents trimethoprim

5 Anti-neoplastic agents 49 5 Minocycline 28
6 Analgesics 33 6 Cefazolin 20
7  Immunomodulatory 27 7 Azithromycin 18
8 Endocrine 20 8 Ciprofloxacin 16
9 Rheumatologic 13 9 Levofloxacin 13
10 Gastrointestinal 12 10 Diclofenac 12

Herbal and dietary supplements are not included. Also, in
cases of multiple implicated agents, the primary implicated
agent was considered for this analysis.

Gastroenterology 2015;148:1340-1352



The prospective multi-national
European DILI study (n = 246)

J (Anti-infective for systemic use)

J0O1 (Antibacterials for systemic use) &6 (89%)
104 (Antimycobacterials) 7 (9.5%6)
JO5 (Antivirals for systemic use) 1 (1.4%6)
L (Antineoplastic and immunomodulating agents)
LO1 (Antineoplastic agents) sTeye))
LOA (Immunosuppressants) 17 (3425)
M (Musculo-skeletal system) 9 (4.596)
N (Nervous system) 14 (7.0%5)
MNO1 (Anaesthetics) 1(7.1%)
MNO2 (Analgesics) 3 (2196)
NO3 (Antiepileptics) 4 (29%6)
MNO6G (Psychoanaleptics) 2 (1425)
MNO7 (Other nervous system drugs) 4 (29%6)
P (Antiparasitic products, insecticides and repellents) 1 (0.5%946)
R (Respiratory system) 1 {0.5%)

- (Herbal and dietary supplements, including anabolic 12 (6.0%56)
androgenic steroids)

Bjornsson ES, et al. Liver Int 2023; 43: 115-126
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Risk factors of Susceptibility to DILI

* Elderly: anti-TB
* Female: old age
* Pregnancy: anti-TB

* Ethnicity: Asian-anti-TB, Caucasian-amoxicillin/clavulanic acid, African
American-sulfa drugs

* Alcoholic consumption

* Chronic viral hepatitis: HBV, HCV

* Fatty liver: tamoxifen, MTX

* Underlying liver diseases

 AIDS: anti-TB

* Malnutrition

* Polypharmacy: anti-TB

* Lipophilicity of drugs

* Genetics: HLA, drug-metabolizing enzyme, transporter




Risk factors of severe outcome in DILI

* Elderly: anti-TB

* Alcoholic consumption

* Chronic viral hepatitis: HBV, HCV

* Underlying liver diseases

* Malnutrition

* Polypharmacy: anti-TB

e Severe cutaneous adverse reaction (SCAR)
e Acute kidney injury (AKIl)

* Anti-TB drugs

* Herbal and dietary supplements (HDS)

e Jaundice

* Genetics: HLA, drug-metabolizing enzymes, transporters




Chronic hepatitis B infection increases
the risk of anti-TB DILI: a meta-analysis

DILI Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
MeGhnn 1986 g 20 a9 367 3.1% 419 [1.66,10.55] 1936
Hwiang 1997 8 fi3 22177 8T% 117 [0.81, 2.71] 1947 -
Wiong 2000 14 41 28 39 9.3% f.00[2.85 1262 2000 -
Patel 2002 3 3 52 155% 1.8% 1380([0.70 272.16] 2002 g
Ferandez-¥illar 2003 a 20 g 394 1.9% 1.11 [0.06,19.89) 2003
Fan 2005 19 f3 ] 2 T.2% B.37 [2.18,18.62] 2004 -
Lee 2004 8 13 101 194 H.4% 207 [0.62,6.495] 2004 -1
Sun 2009 B 42 8 219 T1% 3.89[1.31,11.589) 2009 -
Chien 2010 3 24 22270 6.0% 1.54[0.43,554] 2010 -1
Wiang 2011 11 f3 a1l 283 9.2% 2130949, 4.56) 2011 -
Chan 2012 a a 18 140 1.9% 0.60[0.03,11.34] 2012
Shu 2013 71 73815 8.49% 0.68[0.31,1.583] 2013 -1
Lomtadze 2013 a f4 f 234 BA% 331 01.01,10.86) 2013 -
Liu 2014 a ar 0 385 T.8% 0.64[0.24,1.69] 2014 -
Shen 2014 19 34 a6 180 9.3% 1.89[0.959, 419] 2014 —
Total (95% CI) 875 4128 100.0% Gﬂ [1.41, 3.37] > <
Total events 120 AE1 . . . .
Heterageneity: Tau‘z. 0.39; Chi*=33.72 df=14 (F=0.002); F=58% Il:l.[l“l IIIT1 i 1IE| ’||:||:II
Testfor overall effect £= 3.2 (F=0.0004) non-DILl DILI

Wang NT, Huang YS, et al. 2016; JCMA; 79:368-374



Chronic hepatitis C infection increases
the risk of anti-TB DILI: a meta-analysis

DLl Hon-DiILI Odds Ratio (Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 85% Cl Year M-H, Random, 95% CI
Lngo 1998 12 22 28 106 T.a8% 3.34[1.30,8.589] 1998
Sadaphal 2001 31 32 myr 114 22% 203[024 1712 2001
Fernandez-Villar 2003 16 20 198 395 f.3% 388 11.31,1212] 2003 -
kanon 2007 7 11 47 140 1% 3.46 (097 12.42] 2007 T
Sun 20049 a 41 12 219 6.4% 233[0.78, 7.01] 20049 T
hien 2010 ¥ 25 18 270 T.3% .44 [2.01,14.73] 2010 -
Wirang 2011 10 63 14 292 3.7% 342[1.45,8.09 2011 -
Chan 2012 10 15 28 168 B.0% 1000[3.17, 31.51] 2012 -
Shu 2013 Z] 46 39 aMm 9.9% 1.23[0.87, 262 2013 -
Lomtadze 2013 25 54 32 234 115% 544 (284, 1045 2013 -
Mo 2014 a ] 17 840 1.2% 4 06 [0.22,74.89] 2014
Liu 2014 5] 38 Bs 4245 8.1% 1.04[042 253 2014 -1
Bliven-Sizemore 20145 12 44 23 243 9.7 % 310142 BFF] 2014 -
kim 2016 13 38 28 294 9.7 % 4 20[1.93,913] 2016 -
Total (95% Cl) 516 4301 100.0% @ [2.30, 4.49] D &
Total events 163 BaE . .

Heterogeneity: TawF=0.14; Chi*= 2070, df=13 (P =0.08); F=37%

Test for overall effect £=6.83 (P = 0.00001) 0.01 0.1 1 10 100

Favours non-HCV  Favours HCY

Chang TE, Huang YS, et al. JCMA 2018; 81: 111-118




Percent survival

Percentsurvival

Factors associated with survival of DILI in Taiwan
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90+
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HBV carriers
70 -
p < 0.001
60 —
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100 - p < 0.001
_ Non-HBYV
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=
-
S5 S0+ HBV-DNA < 2000 IU/mL
w
=
3 70 HBV-DNA > 2000 IU/mL
2 60 - HBV-DNA > 2000 vs. < 2000 p =0.030
HBV-DNA > 2000 vs. non-HBV p < 0.001
HBV-DNA < 2000 vs. non-HBV p =0.040
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D
100 )
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= 90
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o Anti-TB drugs
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e
@ P =0.003
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Huang YS, et al. JCMA 2022; 85: 286-294
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Percent survival

Impact of HBV and anti-TB drugs
on the survival of DILI in Taiwan

P <0.001
100 -
BV-DNA<2000 IU/mL & non-ATDILI (5)
90 - Non-HBV & non-ATDILI (6)
HBV-DNA>2000 IU/mL & non-ATDILI (4)
Non- HBV&ATDILI(3)
80 -
70
HBV-DNA<2000 IU/mL & ATDILI (2) (1) vs. (2) D =0.126
60 (1) vs. (3),(4),(5).(6) p<0.038
HBV-DNA>2000 IU/mL & ATDILI (1) (2) vs. (3).(5).(6) p<0.014
50 T T T 1
0 50 100 150 200 250 300 350

Days

Number at risk

(1) 17 14 | 10 | 10
(2) 27 27 22 19
(3) 213 210 (199 | 174
(4) 23 19 10 8
(5) 64 60 28 16
(6) 670 638 | 234 | 104

| W U |IN(N|H&
W NN IR [N|&
N =R |IN| =R [N|M&
O 0oj0olO0|(O0|O

Huang YS, et al. JCMA 2022; 85: 286-294



Different categories of HDS to induce
liver injury in Taiwan

1. Processed herbs Processed herbal extracts in the
form of refined granules, powder,
tablets or pills

2. Crude herbs Crude raw herbs for decoction

3. Nutritional Vitamins, trace elements, amino
supplements acids, bodybuilding or weight-
reducing agents

4. Combinations Combinations of at least 2 of above ”
categories: herbs with nutrients T
Huang YS, et al. Hepatol Int 2021; 15: 1456-1465
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Comparison of Different categories of
HILI in Taiwan

Processed herbs €Crude herbs Nutritional Combination
(n=117) (n=128) supplements (n=13)

(n=27)

Sex, male 58 (49.6) 78 (60.9) 17 (63.0) 6 (46.2)

Age (y/o) 56.0 + 16.5 58.4 +14.6 9.4 +11.7 55.0 +15.2 0.500

Liver tests - peak

ALT (U/L) 856.1 + 615&-9 912.1 +783.4 1029.5 + 737.3 668.2 + 565.7 0.436

ALP (U/L) 263.3 + 18047 284.7 + 217.6 221.9 + 129.5 255.8+175.4 0.497

Bilirubin, total (mg/dL) 7.3+7.4 10.7 + 9.5 9.2+7.9 6.3+7.6 0.013

MELD score 123 +4.3 14.1+4.5 13.9+4.1 11.4+4.4 0.005

Jaundice 72 (61.5%) 97 (75.8%) 22 (81.5%) 7 (53.8%) 0.027

4 (18.8%) 2 (7.4%) 1(7.7%) 0.048

Mortality 9(7.7%)

Huang YS, et al. Hepatol Int 2021; 15: 1456-1465




Risk factors associated with mortality
of DILI in Taiwan

- JCrudeHR(oswC)| |  AdjustedHR(95%C) | P
All DILI
hepatitis B infection 2.71 (1.83-4.03) <0.001 2.64 (1.78-3.93) <0.001
preexisting cirrhosis 3.21 (1.80-5.72) <0.001 NS NS

elevated baseline liver tests 1.78 (1.10-2.88) 0.019 NS NS
1.76 (1.19-2.61) 0.005 1.68 (1.13-2.49) 0.010

CILI
hepatitis B infection 2.38 (1.45-3.90) 0.001 2.38 (1.45-3.90) 0.001

preexisting cirrhosis 2.86 (1.32-6.21) 0.008 NS NS

HILI
hepatitis B infection 3.08 (1.56-6.09) 0.001 2.90 (1.43-5.88) 0.003
preexisting cirrhosis 2.98 (1.23-7.21) 0.016 NS NS

elevated baseline liver tests 2.73 (1.19-6.25) 0.018 2.40 (1.01-5.68) 0.046
crude herbs 2.58 (1.29-5.17) 0.007 2.94 (1.45-5.97) 0.003

Huang YS, et al. Hepatol Int 2021; 15: 1456-1465



HILI had severer liver injury and
poorer outcome than CILI in Taiwan

l weemy | aupeimn | e
m 159 (55.8%) 541 (53.5%) 0.486 1001 CILI
Age (years old) 57.3 +15.2 55.7 +19.7 0.140 — 90
©
:
= 80- HILI
ALT (U/L) 34.9 + 581.7 609.4 + 639.8 0.003 -
ALP (U/L 223.3 +123.7 203.5 + 155.2 0.047 S 70 \
(]
Bilirubin, total (mg/dL) 3.7+3.1 3.2+3.7 0.061 © P=0.004
O 60+
Liver tests-peak
ALT (U/L) 889.1 + 705.3 821.6 + 844.8 0.217 50 T T T T 1
0 50 100 150 200 250
ALP (U/L) 268.9 + 194.1 235.0 +203.3 0.012 Days
Bilirubin, total (mg/dL) 9.0+ 8.7 6.2+8.2 <0.001 Number at risk
cil 1012 970 478 308 5
198 (69.5%) 498 (49.2%) <0.001 AL 285 266 82 25 0
13.2+4.4 11.2+4.5 <0.001
Acute liver failure 40 (14.0%) 92 (9.1%) 0.015
36 (12.6%) 81 (8.0%) 0.016 Huang YS, et al. Hepatol Int 2021; 15: 1456-1465

54




HILI had lower survival rate than CILI
among cirrhotic patients in India

100 |
20 |-
£
&
3 M
£ |
2 ml
5
T -0 |
50 = l ’
& . i
q NE Tissar [darys]
Philips CA, et al. Hepatol Commun 2019; 3: 1001-1012
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Severe cutaneous adverse reaction (SCAR)

Stevens-Johnson syndrome (SJS):<10% BSA
Toxic epidermal necrolysis (TEN): >30% BSA
SJS—TEN overlap: 10-30% BSA
Drug reaction with eosinophilia and systemic symptoms (DRESS)

— : =
) pi a R = T
itk e Lol - 3 G " _
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DILI combined with SCAR in Taiwan
a multicenter study

DILI with SJS/TEN DILI with DRESS DILI with AGEP DILI no SCAR
(n=281) (n=74) (n=3) (n =1257)

Acute kidney injury 20 (24.7%) 15 (20.3%)

0(0.0) 138 (11.0%)

Mortality, all-cause 28 (34.6%) 10 (13.5%) 0(0.0) 132 (10.5%) <.001
Culprit drugs

C-allopurinol (n=51) 11 0 12
"_sulfamethoxazole-trimethoprim (n = 56) 19 1 20

" carbamazepine (n=39) 20 0 9

“phenytoin (n=45) 15 0 19
diclofenac(n=77) 8 0 56

-anti-tuberculosis drug (n = 303) 1 0 299

Huang YS, et al. Liver Int 2021;41:2671-2680 58



Risk factors of mortality in patients with DILI
combined with SCAR in Taiwan

Jaundice 29.54 6.8-128.0 <.001*
Acute kidney injury 4.43 1.59-12.39 .004*
SJS/TEN 4.86 1.74 - 13.63 .003*
Chronic hepatitis B infection 6.72 1.07 -42.23 .042*

0.70 0.24-2.04 511

_ 0.99 0.97 — 1.02 618
1.12 0.37-3.38 .838
2.52 0.44 - 14.52 .300
1.34 0.30-6.12 .702

Huang YS, et al. Liver Int 2021;41:2671-2680
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DILI combined with SCAR in India

* SJS/TEN occurred in 4.8% of DILI, associated with a high

mortality (36%), which rose to 45.5% in the presence of
Jaundice

-Devarbhavi H, et al. Heptology 2016; 63: 993-999

* DRESS: occurred in 19% of DILI, with lesser degree injury,
lower mortality (7.8%) than DILI without DRESS (16%)

-Devarbhavi H, et al. Am J Gastroenterol 2022; 117: 1709-1713
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Anti-TB drug-induced liver injury (ATDILI)
Mortality Case

Mrs Yu, 59 y/o, pul. TB.
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Anti-tuberculosis drug-induced liver injury (ATDILI)

* Three first-line anti-TB drugs: isoniazid (INH),
rifampicin (RIF) and pyrazinamide (PZA) may
induce liver injury; especially INH

* The top drug category to induce liver injury all
over the world

° Incidence:10-20% ° severe: 1%

* Risk factors: chronic hepatitis B, C, alcohol, AIDS,
old age, pregnancy, genetic variation of drug
metabolizing enzyme and HLA
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Non-monitoring liver biochemical tests increases

the mortality of severe anti-TB DILI in Taiwan
A 12-year-experience of severe anti-TB DILI

Table 3 — Comparison between monitoring group and Table 4 — Multivariate analysis of risk factors for
nonmonitoring group in patients with severe ATLIL mortality in severe ATLI.
Monitoring Nonmonitoring  p  Rigk factors Odds ratio 95% CI p
(n = 10) (n=47) —
| Nonmonitoring 8.87 1.32-59.41 0.024 I

f:lalef frimale ;“;34 i 2:“{69 Lace g;‘;?} Hepatitis B carrier 413 0.85-15.10 0.070

ge ) . ‘ ‘ ‘ ‘ ‘ Gender 3.71 0.77-17.84 0.102
Hepatitis B carrier 6 (60.0%) 18 (38.3%) 0.441
Baseline serum 343 + 221 283 £ 228 0.230 Age 0 095109 0317

ALT(U/L)" ATLI = antituberculosis drug-related liver injury; CI = confidence

mnterval.

After treatment
Latency (wk)* 96 +£74 794£59 0705
Peak serum ALT (U/L)” 7024 + 614.9 1432.6 + 985.8 0.012
Peak serum 151 +£ 9.4 245 +124 0.019 .

bilirubin (mg/dL)® Chih LH, Huang YS, et al. J Food Drug Anal 2014;

Mortality 5 (50%) 36 (76.6%) 0.124 22: 356-362




Liver function monitoring status of 1062 patients
receiving anti-TB tx in Taipei VGH 2009-2017

Characteristics Good monitoring Poor monitoring

(N=469)
DILI, n (%) 69 (14.7) 31 (5.2)

Onset
Latency (days) 21.4+25.6 61.6 £ 36.2 0.01
ALT (U/L) 188.7 £ 345.1 352.0+533.1 0.13
AST (U/L) 215.8 +347.7 318.4+470.9 0.24
Total bilirubin (mg/dL) 1.89+2.12 2.92 +4.82 0.28

Peak
ALT (U/L) 276.1 + 346.5 507.1 + 604.8 0.05
AST (U/L) 296.1 +436.5 4759 +£627.9 0.16
Total bilirubin (mg/dL) 4.05+4.44 7.20 +14.36 0.26

Chang TE, Huang YS, et al. JCMA 2019; 82: 535-40.
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Prevention of ATDIL
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N-acetyltransferase (NAT)
o Piil i e

Important phase 1 enzyme, major drug-metabolizing
enzyme (DME) for INH, gene: NAT2

Genetic variation (genetic polymorphism, single
nucleotide polymorphism, SNP):

» Wild type: NAT2*4

» Variant type: NAT2*5, NAT2*6, NAT2*7, etc.
Rapid acetylators: 2 wild type alleles
Intermediate acetylators: 1 wild type allele
Slow acetylators: 0 wild type allele



Metabolism of INH in the liver

N-acetyltransferase (NAT)

4 Acetylisoniazid

acetylation

Amidase

RIFi hydrolysis Amidase ﬁ
yarol Acetyldiazene
CYP2E1

— - NAT u ; Acetylonium ion
ydrazine & Acetylhydrazine s A cetyl radical
(heptotoxic) < oxidation
Amidase Ketene

NAT (hepatotoxic)

Diacetylhydrazine

@) Huang YS. Expert Opinion on Drug Metabolism and Toxicology 2007; 3: 1-8.



Metabolism of INH in the liver
Rapid acetylators

N-acetyltransferase (NAT)

g A CeEtylisoniazid

acetylation

@ Amidase Amidase RIF

RIF— hydrolysis ﬁ
y | Acetyldiazene

— - NAT ; CYP2E1 Acetylonium ion

ydrazine : & Acetylhydrazine s A cetyl radical
(heptotoxic) : oxidation  §g

Amidase etene

NAT (hepatotoxic)

Diacetylhydrazine

@) Huang YS. Expert Opinion on Drug Metabolism and Toxicology 2007; 3: 1-8.



Metabolism of INH in the liver
Slow acetylators

N-acetyltransferase (NAT)

4 Acetylisoniazid

acetylation

RlFi Amidase Amidase RIF
hydrolysis ﬁ

Acetyldiazene
CYP2E1

Hvdrazi NAT M _ Acetylonium ion
(hyeprta(.)ztl(;])ic) —> ATRTHeIEANE Acetyl radical

oxidation

Amidase
NAT (hepatotoxic)

Diacetylhydrazine

Huang YS. Expert Opinion on Drug Metabolism and Toxicology 2007; 3: 1-8.




NAT2 Slow acetylators

higher risk of anti-TB DILI

With Without
Hepatitis Hepatitis
{n = 33) {n = 191) OR™ 95% CI
Rapid acetylator 19@ 152 (88.9%) 0.35f 0.16-0.76
NAT2*4/*4 66 042  0.17-1.07
NAT2*4,/*5 1 6 096  0.11-8.28
NAT2*4/%6 10 55 1.08  0.482.41
NATZ2*4/%7 2 25 0.43  0.10-1.90
Slow acetylator 14q26.4%)D 39 (73.6%) 287t 1.32-6.23
NAT2*5,/%5 0 1 1.90  0.08-47.56
NATZ2*5,/*6 0 6 0.43  0.02-7.75
NATZ2*5/*7 0 2 .13 0.05-24.11
NAT2*6,/%6 6 10 402+ 1351197
NAT2*6,/%7 7 12 402+ 1.4511.13
NAT2*7 /%7 1 8 0.72  0.09-5.91

*Using other genotypes as reference for OR.

P < .05.

Huang YS, et al. Hepatology 2002;35:883-889.% 3| * 34 < : 618=



NAT2 slow acetylators
severer anti-TB DILI

Slow Acetylators Rapid Acetylators

(N=14) (N=19) P

Peak ALT (U/L) < 587.3+4625 250.8+1325>  .008
Peak AST (U/L) 6319 +462.6 260.2 +166.9> .038
Peak bilirubin (mg/dl) 3.89 + 4.97 2.77 +2.05 815
ALT >3 X ULNin 9 (64.3%) 5 (26.3%) .040
rechallenge

Age (yr) 71.5+ 3.9 74.7 + 6.4 024
BMI (kg/m?) 21.3+2.3 20.1+ 2.1 152

Huang YS, et al. Hepatology 2002;35:883-889.% 5| * #; < : 618=%x




The NAT2 tag SNP rs1495741 correlates with
the susceptibility of ATDILI

(a) ATDIH: AT=5xULN (b) :
15- OF AT= 3xULN with symptoms 40+ ALFTs: AT>2xULN
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The NAT2 tag SNP rs1495741 correlates with
the susceptibility of ATDILI

ATDIH" (AT>5 x ULN or AT>3

» ULN with symptoms) [N (%]] ALFTs” (AT>2 » ULN) [N (%0)]

Genotype Absent Present Odds ratio Absent Present Odds ratio
rs 1495741

GG 79 (98.8) 1 (1.9) Reference 71 (88.8) 9 (11.3) Reference

GA 176 (96.7) 6 (3.3) 2,693 160 (87.9) 22 (121) 1.085

AA 73 (B6.0) 13 (14.0) 14.068* 58 (67.4) 28 (32.8) 3.808%*
NAT2 alleles-inferred phenotype

Rapid 86 (98.9) 1 (1.1) Reference 77 (88.5) 10 (11.5) Reference

Intermediate 176 (96.7) 6 (3.3) 2.932 161 (88.5) 21 (11.5) 1.004

Slow 687 (84.8) 12 (15.2) 51 (64.6) 28 (35.4)

ALFTs, abnormal liver-function tests; ALT, alanine transaminase; AST, aspartate transaminase; ATDIH, antituberculosis drug-induced hepatotoxicity;
NAT2, N-acetyltransferase 2; TBil, total bilirubin; ULN, upper limit of normal.

“AT (AST and/or ALT) of more than five-fold of the ULN; or AT of more than three-fold the LILN in the presence of symptoms and/or in the presence of TBil of more than
two-fold of the ULN.

AT of more than two<fold the ULN.

*P<20.05.

** P 0.01.

wEep0.005.

Az Ho HT, Hu OY, et al. Pharmacogenetics and Genomics 2013, 23:200-207



Metabolism of isoniazid in the liver
Slow acetylators

N-acetyltransferase (NAT)

_x_. Acetylisoniazid

acetylation

hydrolysis ﬁ

Acetyldiazene
CYP2E1

Acetylonium ion
Hydrazine , Acetylhydrazme = -
(heptotoxic) 4_

oxidation

Amidase

NAT acetylation (hepatotoxic)

Diacetylhydrazine

Huang YS. Expert Opinion on Drug Metabolism and Toxicology 2007; 3: 1-8




NAT2 slow acetylators: higher risk of ATDILI

a meta-analysis

Slow Fast

Study Subgroup Events Total Events Total Weignt

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

7.1, n

14 53 6 72 486%
7 19 7 52 2.9%
2007 Higuchi 6 10 4 46 0.7%
2010 Lee 21 41 g 38 56%
2011 Bose 29 108 1 7 1.7%
2012 An 40 53 25 65 6.8%
2012 LV 18 92 30 152 22.4%
2013 Gupta 28 91 7 38 8 4%
2014 Rana 21 57 19 11 10.0%
2014 XGang 28 450 9 296 12.5%
2016 Mushiroda 13 27 31 178 5 2%
2016 Wattanapokayakit 38 57 3 16 1.9%
2016 Yuliwulandari 32 a7 4 33 4 9%
Subtotal (85% CI) 1155 1104 87.6%
Total events 295 155

Heterogeneity Chi*= 21.79, df=12 (P =0.04), "= 45%
Testfor overalleffect. Z=7.89 (P < 0.00001)

7.1.2 Others

2008 Possuelo g9 69 1 86 1.0%
2011 Leiro-Femadez 36 80 S 1 5.9%
2012 Ben Mahmoud 11 33 0 6 0.7%
2013 Santos 11 86 3 53 4.0%
2016 Fredj 10 42 0 2 0.9%
Subtotal {95% CI) 310 158 12.4%
Total events 77 g

Heterogeneity. Chi*=505,df=4((P=028),F=21%
Testfor overalleffect: Z= 267 (P = 0,008)

Total (85% CI1) 1465

Total events 372 164
Heterogeneity. Chi*= 26.83, df= 17 (P=0.06), F=37%
Testfor overall effect Z=8.32 (P < 0.00001)

1262 100.0%

N K 4 r i : =

Suvichapanich S, et al. Pharmacogenet Genomics 2018; 28: 167-176

3.95(1.40,11.12)
3.75(1.10,12.78)
15.75 (3.09, 80.28)
3.38 [1.29, 8.89)
2.20 [0.25, 19.09]
4.92[2.21,10.96)
.99 [0.52, 1.90)
97 [0.77, 5.00]
.82 [1.36, 5.86)
12 [0.98, 4.55]
4.40[1.88,10.29]
8.67 [2.20, 34.14)
3.57[1.16,11.03]
2.82 [2.18, 3.64]

(&)
1
2
2

12.75[1.57,103.31]
0.98 [0.28, 3.48])
6.64 [0.34, 128.59]
2.44 [0.65, 9.20]
1.62 [0.07, 36 .40)
2.70 [1.30, 5.61]
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Metabolism of INH in the liver

N-acetyltransferase (NAT)

4 Acetylisoniazid

acetylation
RIF—> hydrolysis
| y | Acetyldiazene
) NAT _ CYP2E1 Acetylonium ion
Hydrazine W Acetylhydrazine > Acetyl radical
(heptotoxic) < : oxidation
Amidase Ketene
NAT (hepatotoxic)
Diacetylhydrazine
=N Huang YS. Expert Opinion on Drug Metabolism and Toxicology 2007; 3: 1-8.



Cytochrome P450 2E1

CYP 2E1
Important phase 1 enzyme, for INH

Genetic variation (SNP by Rsal RFLP)

» Wild type : cl

» Variant type : c2

3 genotypes : c1/cl, c1/c2, c2/c2

SNP associated with HCC and many cancers
No association study with ATDILI till 2003



CYP2E1 wild genotype cl1/cl

higher risk of ATDILI
Hepatotoxicity
Present Absent Odds Ratio
(n = 49) (n = 269) (95% CI) P
CYPZE1 genotype

c2/c2 2 (13.3%) 13 (86.7%) 1.00 (reference)
cl/c2 10 (8.5%) 108 (91.5%) 0.60(0.12-3.05) 540
cl/cl 37 (20.0%) 148 (80.0%) 1.63 (0.35-7.52) 534

CYPZ2E1 genotype

c2/c2 orcl/c2 12 (9.0%) 121 (91.0%)
37 (20.0%) 148 (80.0%{_ 2.52 (1.26-5.05) > .009
Acetylator status

Rapid 30 (12.4%) 211 (87.6%) 1.00 (reference)
Slow 19 (24.7%) h8 (75.3%) 2.30(1.21-4.39) 011

Huang YS, et al. Hepatology 2003;37:924-930.3 5! * 3 < : 578=



Metabolism of isoniazid in the liver
CYP 2E1 wild genotype c1/c1

N-acetyltransferase (NAT)

4 Acetylisoniazid

acetylation

RIF—> hydrolysis ﬁ

Acetyldiazene
CYP2E1

H dr ine NAT Acet Ihd : Acetylonium ion
ZIl .
(hyeptotoxic) < Al : Acetyl radical

oxidation

Amidase _
NAT (hepatotoxic)

Diacetylhydrazine

Huang YS. Expert Opinion on Drug Metabolism and Toxicology 2007; 3: 1-8




CYP2E1 wild genotype c1/cl
higher risk of anti-TB DILI: a meta-analysis

clic1 clic2+c2ic2 Odds Ratio Odds Ratio
St g hgroup  Events  Total Events  Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
37 185 12 133 11.2%  252[1.26,5.05] 2003 e
Cho 2007 10 75 8 7  7.9%  0.94[0.35, 2.56) 2007 I
Lee 2010 26 81 19 59 15.0%  1.00[0.49,2.04] 2010
Wang 2010 82 153 22 62 146%  210[1.14,3.86) 2010 ++
Tang 2012 56 281 33 164 335% 099[0.61,1.60] 2012
An 2012 72 136 29 2 179% 1.67([0.93,62.98] 2012 e
Total (95% C1) 011 547 100.0% @,1.86] ¢ >
Total events 283 123 . 1 | | |

Heterogeneity: Chi*=8.28, df=5(P=0.14); F= 40% y T y 1
Test for overall effect: Z= 2.80 (P = 0.005) 0.01 01 1 10 100

Sheng VY], et al. Inf Genet Evol 2014; 24: 34-40
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Toxification indi
( ) Toxic reactive  Covalent binding Hepatic

metabolites >
NAT2 with cellular

CYP enzymes macro molecules
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injury

Glutathione S-transferase (GST)
Phase Il MnSOD
(Detoxification) | NQO1

\ 4
Conjugation

!

Removal of toxic
reactive metabolites

Metabolism of drugs in the liver




Genetic variation of phase 2 anti-oxidant
enzyme MnSOD (SOD2) associated with DILI

Patients (%0) Controls (%)
Anti-TB Other drugs Total Anti-TB Other drugs Total
(n =63) (n =52) (n =115) (n =63) (n=52) (n =115)
MnSOD
T/T 36 (57.1) 28 (53.8) 64 (55.7) 48 (76.2) 39 (75.0) 87 (75.7)
T/C 23 (36.5) 20 (38.5) 43 (37.4) 12 (19.0) 13 (25.0) 25 (21.7)
C/C 4 (6.3) 4 (7.7) 8 (7.0) 3(4.8) 0 (0.0) 3 (2.6)
T/ICor CIC 27 (42.9)2 24 (46.2)b 51 (44.3)¢ 15 (23.8)2 13 (25.0)° 28 (24.3)°
NQO1
C/IC 17 (27.0) 12 (23.1) 29 (25.2) 15 (23.8) 17 (32.7) 32 (27.8)
CIT 36 (57.1) 29 (55.8) 65 (56.5) 34 (48.6) 25 (48.1) 59 (51.3)
TIT 10 (15.9) 11 (21.2) 21 (18.3) 14 (22.2) 10 (19.2) 24 (20.9)
C/TorTI/T 46 (73.0) 40 (76.9) 86 (74.8) 48 (76.2) 35 (67.3) 83 (72.2)

%P =0.001, °P = 0.039, P = 0.002.

Huang YS, et al. J Hepatol 2007;47: 128-134



Genetic variation of phase 2 detoxification
enzyme GSTM1 increases risk of ATDILI

Patients (%0) Controls (%)
Anti-TB  Other drugs Total Anti-TB Other drugs Total
(n =63) (n =52) (n =115) (n =63) (n =52) (n = 115)
GSTM1
null 42 (66.7)¢ 23 (44.2) 65 (56.5) 29 (46.0)¢ 27 (51.9) 56 (48.7)
non-null 21 (33.3) 29 (55.8) 50 (43.5) 34 (54.0) 25 (48.1) 59 (51.3)
GSTT1
null 24 (38.1) 20 (38.5) 44 (38.3) 25 (39.7) 20 (38.5)  45(39.1)
non-null 39 (61.9) 32 (61.5) 71 (61.7) 38 (60.3) 32(61.5) 70 (60.9)
dp = 0.020.

Huang YS, et al. J Hepatol 2007;47: 128-134




Hy’s law: Hyperbilirubinemia in DILI

Hy’s law

Observation made by late Hyman Zimmerman:
suggesting 1/10 mortality of DILI

1. Serum ALT or AST > 3 x ULN

2. Serum total bilirubin elevated to > 2 x ULN,
without initial findings of cholestasis (elevated
serum alkaline phosphatase)

HEPATOTOXICITY




Phase 3 transporters
Excretion of bilirubin and drugs

Hepatocytes

OATP: Organic Anion Transporting Polypeptide
BCRP: Breast Cancer Resistance Protein =
ABCG2

ABC: ATP-binding cassette

P-gp: P-glycoprotein = MDR1

CYP3A4, UGT1A1
Bil OAT: Organic Anion Transporter
e OCT: Organic Cation Transporter

MRP: Multidrug Resistance-associated Protein

BSEP: Bile Salt Export Pump = ABCB11

ENT: Equilibrative nucleoside transporter
@ OST: Organic Solute Transporter

NTCP: Na*-Taurocholate Cotransporting

NG

Polypeptide
SLC: Solute Carrier

_ J
O Recommended in the Regulatory DDI Guidance

. Other potentially clinically relevant transporters




Transporter ABCC2 (MRP2) low activity T allele
higher risk of drug-induced hyperbilirubinemia

ABCB11
rs2287622
CC/CT/TT
ABCB1
rs1128503
CC/TC/TT
rs1045642
CC/TC/TT
ABCB4
rs2230028
AA/GA/GG
q ABCC2
rs1885301
AA/AG/GG
rs717620
CC/CT/TT
rs2273697
AA/AG/GG
rs3740066
CC/CT/TT
rs8187710
GG/GA/AA

(n=86)

47/30/9
(54.7/34.9/10.4)

7/38/41
(8.1/44.2/47.7)
34/39/13
(39.5/45.3/15.2)

77/9/0
(89.5/10.5/0)

7/25/54
(8.1/29.1/62.8)

48/34/4
(55.8@)
2/18766
(2.3/20.9/76.8)
50/30/6
(58.1/34.9/7.0)
86/0/0

(100/0/0)

(n=114)

56/50/8
(49.1/43.9/7.0)

20/49/45
(17.5/43.0/39.5)
40/53/21
(35.1/46.5/18.4)

108/6/0
(94.7/5.3/0)

2/30/82
(1.8/26.3/71.9)

91/2iii
(79.8 .18.4/1.8 )
1/20/9

(0.9/17.5/81.6)
83/28/3
(72.8/24.6/2.6)
113/1/0
(99.1/0.9/0)

Hyperbilirubinemia Non-hyberbilirubinemia “

0.375

0.136

0.744

0.167

0.075

0.001*

0.570

0.066

0.384

Huang YS, et al. JCMA 2021;84:129-135
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Transporter ABCC2 (MRP2) low activity T allele
higher drug-induced mortality

. Expired | Survival____ | _p |
] (n =24) (n=176)
12/8/4 91/72/13 0.293
(50.0/33.3/16.7) (51.7/40.9/7.4)
2/13/9 25/74/77 0.486
(8.3/54.2/37.5) (14.2/42.0/43.8)
7/15/2 67/77/32 0.195
(29.2/62.5/8.3) (38.1/43.8/18.2)
22/2/0 163/13/0 0.697
~ AA/GA/GG (91.7/8.3/0.0) (92.6/7.4/0.0)
ABCCZ
rs1585301 1/5/18 8/50/118 0.725
(4.2/20.8/75.0) (4.5/28.4/67.0)
rs717620 12/10/2 127/45/4 0.048*
CC/CT/TT (50.0,[@ (72.
rs2273697 0/4/70 3 0.764
(0.0/16.7/83.3) (1.7/19.3/79.0)
17/6/1 116/52/8 0.889
(70.8/25.0/4.2) (66.0/29.5/4.5)
N 24/0/0 175/1/0 1.000
e (100/0.0/0.0) (99.4/0.6/0.0)

- Huang YS, et al. JCMA 2021;84:129-35




The Major and minor metabolism pathway of
sulfamethoxazole

Sulfamethoxazole
(arylamine)

Oxidation

Acetylation

N-acetyl arylamine Aryl hydroxylamine
(non-toxic) (toxic)
5«(‘) Huang YS, et al. Pharmacogenetics and Genomics 2021,31:200-6
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NAT2 slow acetylators

higher risk of sulfamethoxazole-trimethoprim-
induced liver injury in Taiwan

Genetic variations SILI Controls
(n=158) (n=145)

NAT2 Acetylators

‘ Slow (rs1495741 AA or 69 (43.7%) 37 (25.5%) 0.001
rs1041983TT)
Intermediate/Normal 89 (56.3%) 108 (74.5%)
CYP2C9 metabolizer

Normal (rs4918758 TT or rs1799853 TT or 157(99.4%) 144 (99.3%) 0.516
rs1057910 CC)

Intermediate/Poor 1 (0.6%) 1(0.7%)

Huang YS, et al. Pharmacogenetics and Genomics 2021,31:200-206
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The Major and minor metabolism pathway of
sulfamethoxazole

Sulfamethoxazole
(arylamine)

Acetylation Oxidatio

N-acetyl arylamine Aryl hydroxylamine
(non-toxic) (toxic)
5«(‘) Huang YS, et al. Pharmacogenetics and Genomics 2021,31:200-6
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Polymorphisms of DILI-related HLA genes
in GWAS & candidate gene study

Genes

AT02:01 rs2523822
TRNAI25

A30:02

A33:01

A33:01

A33:01

A33:03

B*14:01

B*18:01
B*35:01
B*35:02
B*39:01
B*57:01
B*57:01
B*57:03

B58:01

DRB1*01:02

DRB1*07

DRB1*07:01
DRB1*16:01-DQB1*05:02
DRB1*15:01-
DQB1*06:02

Drug

Armoxicillin-clavulanate

Amoxicillin-clavulanate
Terbinafine
Fenofibrate

Ticlopidine

Ticlopidine

Compound
sulfamethoxazole
Amoxicillin-clavulanate
Polygonum multiflorum
Minocycline

Infliximab

Hucloxacillin
Pazopanib
Hucloxacillin

Nevirapine

Nevirapine
Ximelagatran
Lapatinib

Hupirtine
Amoxicillin-clavulanate

Method

GWAS

CGS
GWAS
GWAS
GWAS
CGS
GWAS

CGS

CGS

GWAS
GWAS
GWAS
GWAS
GWAS

CGS
CGS
GWAS
GWAS
GWAS
CGS

Cohort
201 cases; 531 controls (European) Lucena et al. (2011)

75 cases; 885 controls (Spanish) Stephens et al. (2013)
21 cases; 10,588 controls (European) Nicoletti et al. (2017)
7 cases; 10,588 controls (European) Nicaoletti et al. (2017)
5 cases; 10,588 controls (European) Nicoletti et al. (2017)
22 cases; 85 controls (Japanese) Hirata et al. (2008)

51 cases; 12,156 controls (European and American) Li et al.
(2021)

75 cases; 885 contrals (Spanish) Stephens et al. (2013)
26 cases; 99 controls (Chinese) Li et al. (2019)

25 cases; 10,588 controls (European) Urban et al. (2017)
18 cases; 60 controls (white person) Bruno et al. (2020)
197 cases; 6835 controls (European) Nicoletti et al. (2019)
429 cases; 1761 controls (Global) Xu &t al. (2016)

197 cases; 6835 controls (White person) Nicoletti et al.
(2017)

57 cases; 111 contrals (African) Hirata et al. (2008)

57 cases; 111 contrals (African) Philips et a. (2013)

74 cases; 130 contrals (European) Kindmark et al. (2008)
37 cases; 1071 controls (European) Schaid et al. (2014)
614 cases; 10,588 controls (European) Nicolettiet al. (2016)
75 cases; 885 contrals (Spanish) Stephens et al. (2013)

OR

2.3

6.7
40.5
58.7
163.1
13.0

9.2

2.9
143.9
29.6
43.6
36.6
2.0
79.2

u
u
4.4
14
18.7
3.0

P

1.8x1071°

26x10°®
6.7*107™®
3.2x 1077
0.00002
1.24 x 107°
0.0003

0.0082
48 x 1070
25x 1078
0.001
267 x 10757
0.0014
1.2x107°°

U
U
U
24 x 10718
0.002
51x10™*

95%ClI

1.8-29

2.8-159
12.5-131.4
12.3-279.8
16.2-1642
4.40-38.59
3.16-22.35

1.3+ 6.2
30.1-687.5
7.5-89.8
2.8-+00
26.14-51.29
1.3-31
3.37-116.1

U

U

U
6.36-31.32
2.5-140.5
heE 5

Qihui Shao Q, et al. Frontier Pharmacol 2021; 12: 735260
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Polymorphisms of DILI-related drug
metabolizing enzymes genes in GWAS & CGS

Genes

CYP1A1

CYP2A6*4
CYP2AB*1 /74
CYP2AG 4/ 4
CYFP2B6 rs7254579
CYP2B6*6

CYP2C9 rs1057910 and
rs1799853

CYP2D6

CYP2E1

CYP2E1 re203192

UGTZB7 rsr439366
UGTZ2B7 rs7439366

GSTM1/GSTTA(null)

MNATZ slow acetylation type

Drug

MNevirapine
Valproic acid
Valproic acid

Ticlopidine
Efavirenz
Nevirapine
Valproic acid
Anti-TB drugs

Anti-TB drugs

Anti-TB drugs
Diclofenac

Tacrine
Troglitazone
Antimicrobial
agents
Anti-infective
Drugs
NSAIDs
Anti-TB drugs
Anti-TB drugs

Method

CGSs
CGS
CGS

CGS
CGS
CGS
CGS
GWAS

CGS
GWAS
CGS
CGS
CGS
CGS
CGS
CGS
CGS
CGS
GWAS

CGS
CGS

CGS

Cohort

U {(European) Singh et al. (2017)
807 cases (Global) Yoon et al. (2020)
79 cases, 200 T (Chinese) Zhao et al. (2017)

22 casesBZ T (Japanese) Arnyoshi et al. (2010)

41 cases, 160 P (African) Yimer et al. (2012)

U (European) Singh et al. (2017)

807 cases (Global) Yoon et al. (2020}

114 cases, 114 controls (Chinese) Wei et al. (2020)

49 cases, 21 cases (Chinese) Huang et al. (2003)
2225 cases, 4906 controls (Global) Cai =t al. (2012)
182 cases, 13 controls (Chinese) Shi el al. (2014)
24 cases, 48T, 122 P (European) Daly et al. (2007)

18 cases, 123 controls (European) Simon et al. (2000)
25 cases, 85 controls (Japanese) Watanabe et al. (2003)
44 cases, control data U (Spanish) Okada et al. (2011)

49 cases, control data U (Spanish) Lucena et al. (2008)

19 cases, control data U (Spanish) Lucena et al. (2008)
50 cases, 246 controls (Indian) Gupta et al. (20713)

100 cases, 210 controls (Indonesian) Yuliwulandan et al.
(2019)

1527 cases, 7184 controls (Global) Zhang et al. (2018hb)
1527 cases, 7184 controls (Western Asian) Davidson
et al. (2008)

1627 cases, 7184 controls (European) Zhang et al.
(2018b)

OR

3.68-4.91
0.48
25
20.27
2.3
3.3
1.78
0.70
9.193
4.390
2.52
1.36
2.0
Cvs. T:7.7
Cvs.P:85
23
3.692
3.52

12
5.61

7.18
3.64

3.15
6.42

2.32

P

0.13-0.21
0.01
0.035
0.006
U
U
0.35
0.002
<0.001
<0.001
U
012
u
0.026

u
0.008
0.002
0.008
0.001
0.007
0.000

0.000

95%Cl1

U
0.10-0.86
1.06-5.69

2.38-172.62

U

U

U
0.25-1.15

3.624-25.888
1.982-9.724

U
0.92-2.00

U

1.1-69.9

U
1.354-10.066
1.56-8.22
1872-7:11
1.99-16.0
1.7-32.6
2.21-6.00

2.568-3.84
2411710

0.58-9.24

Qihui Shao Q, et al. Frontier Pharmacol 2021; 12: 735260
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Prevention of DILI
using pharmacogenetics/ pharmacogenomics

* NAT2 slow acetylator, CYP 2E1 c1/c1, MnSOD mutant C
allele, null GST M1, and ABC transports ABCC2 (MRP2)
gene variants may increase the risk of some DILI

* Pre-medication assay of high-risk genes may help to
mitigate severe DILI by

— avoiding some high-risk drugs
— decrease dose of some drugs
— close monitoring liver tests

— early discontinuing drugs when abnormal liver tests, esp.
hyperbilirubinemia, occur



Japanese NAT2 genotype guided-TB treatment RCT
Genetic assay can help to prevent DILI

100 7 B INH-DILI
i p=0.02 I Persistent positive culture
B0 T
= 60 A
= 1
>
i 40 -
20 -
Treatments PGx STD PGx STD
7 6 7 32 36 37
NAT2 genotype SA-type RA-tvpe IA-type

Fig. 4 Incidence of isoniazid induced liver injury (INH-DILIT) and per-
sistent positive culture among the patients with drug sensitive tuberculosis
on sputum culture at screening. Closed columns, INH-DILI; open col-
wmnns, persistent positive culture; R A-tvpe, rapid acetylator genotyvpe; LA -
tvpe., intermediate acetvlator genotypes: SA-tvpe, slow acetyvlator geno-
tvpes: PGx, PGx-guided treatment; STD, conventional standard-treatment

-

—

7\

Azuma J, et al. Eur J Clin Pharmacol 2013; 69:1091-1101
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Global trend of drug-induced liver injury (DILI)
Pathogenesis and diagnosis of DILI

High-risk drugs to induce liver injury

High-risk factors of incidence and severity in DILI
Anti-tuberculosis drug-induced liver injury (ATDILI)
Pharmacogenetics/pharmacogenomics and DILI
Prevention and treatment of DILI

Wrap up



New biomarkers for DILI

Glutamate dehydrogenase (GLDH)
Micro-RNA-122 (miR-122)

Cytokeratin 18 (K18)

Macrophage colony-stimulating receptor (MCSFR)
Osteopontin

They need further validation to allow early detection and
assessment of DILI

-Devarbhavi H, et al. DILI: APASL guidelines. Hepatol Int 2021; 15: 258-282
-Fontana RJ, et al. AASLD guidance in DILI. Hepatology 2022 doi: 10.1002
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State-of-the-art management of DILI

Timely diagnosis by a high index of suspicion
Identifying the offending agents, prompt withdrawal

- L-Carnitine: antidote for valproate-induced liver injury

N-acetylcysteine: antidote for acetaminophen-induced liver
injury; maybe helpful in early stage ALF of other DILIs

Liver transplantation in ALF
-Devarbhavi H, et al. DILI: APASL guidelines. Hepatol Int 2021; 15: 258-282

Steroid: DILI combined with SCAR, or autoimmune DILI
Glycyrrhizin =Wang JB, et al. Alimet Pharmacol Ther 2022; 55-1297-1310
Bicyclol -Tang J, et al. Liver Int 2022; 42: 1803-1813
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Metabolism of isoniazid in the liver
CYP 2E1 wild genotype c1/cl

N-acetyltransferase (NAT)

4 Acetylisoniazid

acetylation
® Amidase Amidase RIF
RIF—> hydrolysis ®
| | Acetyldiazene
Hvdrazi NAT _ &L Acetylonium ion
ydrazine : & Acetylhydrazine % Acetyl radical
(heptotoxic) : oxidation
Amidase Ketene
NAT (hepatotoxic)

Diacetylhydrazine

Huang YS. Expert Opinion on Drug Metabolism and Toxicology 2007; 3: 1-8




Mannitol: a CYP2E1 inhibitor
Prevents ATDILI in mice

Table1l. GSP levels, hepatic AST and ALT activities and Total HAI score in the Normal control (NC), INH/RIF alone (INH/RIF-
control), high dose of mannitol alone (HM-control) and INH/RIF co-treatment with High-dose (HM-study), Medium-

dose (MM-study) and Low-dose (LM-study) of mannitol groups following 3 weeks of treatment

Groups GSP (mg/L) AST (TU/L) ALT (IU/L) Total HAI score
Normal control (NC, n=8) 194 + 18 8013 46 =10 0000
INH/RIF-control (n=8) 75175 420 £ 66 298 £ 43 53122
HM-control (n=8) 183 +21 ‘ 76 £11 44 =13 0.0x00
HM-study (n=8) 252 £ 24%%%* 03 £ 12%%* 54 £ 18*** 08 £05%**
MM-study (n=6) 237 £ 30%** 85 £ 16%** 52 £ 16*** 0.7£0.8%**
LM-study (n=6) 300 = 40%* 154 £ 62* 119 £ 55** 2.0=x0.6%

Data are shown as mean = SD. Each groups contained eight or six mice.
Statistical analysis: Anova and LSD test.
*p < 0.05, ¥ p < 0.01, **p < 0.003: Smudy compare to INH/EIF-control group.

i MJ@ Shih TY, Hu QY, et at. Current Drug Metabolism 2013; 14, 720—728102



Kaempferol: a CYP2E1 inhibitor
Prevents ATDILI in mice

Table 111 GSP Levels, Hepatic AST and ALT Activines, and Total HAI Score in NC, INH/RIF-Control, LK-Study, and HK-5tudy Groups
after 3 Weeks of Treatment

(Groups (GSP (mg/L) AST (IU/L) ALT (1IU/L) Total HAI score
MNormal control (n=4) 177+ )11 41+13 O.0().0
UNH/RIF-control (n=8) Bbh 2 330+ 514 205%** 364 + YT+ S 340 ]¥**
Study-LK (n=4) 401 = 178%** 16+ TE*** 117 £62%** 19+1.1*
Study-HK (n=9) 245 +QR*** B4 ] Q¥+ 484 2] ¥** 1.6+ 1.00%*

Data are shown as the mean+5D. Each group contained at least eight mice. Statistical analysiss ANOVA and LSD test

GSP: #*p<(L005 vs. NC groap and vs. control group

AST and ALT: #*#*p<0.005 vs. NC group and vs. control group

Total HAI score: **p <0005 vs. NC group; *p<0.05, *#p<(.01 vs. control group

S P palactose single point, AST aspartate aminotransferase, ALT alanine aminotransferase, HA[ histological activity index, NC normal
control, INH 1soniazid, RIF nfampicin

Shih TY, Hu OY, et al. AAPS J 2013; 15: 753-762

L
-

g.ﬁi*ﬂ—»g;_ 103
i



Global trend of drug-induced liver injury (DILI)
Pathogenesis and diagnosis of DILI

High-risk drugs to induce liver injury

High-risk factors of incidence and severity in DILI
Anti-tuberculosis drug-induced liver injury (ATDILI)
Pharmacogenetics/pharmacogenomics and DILI
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Wrapup -1

Anti-TB drugs and HDS: the major agents to induce liver
injury globally

Diagnosis of DILI by exclusion and causality assessment:
RUCAM/RECUM; LiverTox

DILI due to HDS, anti-TB drugs, combined with SCAR, active
hepatitis B infection or chronic liver diseases: poor prognosis

Genetic assays in some drug-metabolizing enzymes and HLA
may aid in the prediction of some DILI; such as NAT2 slow
acetylators in anti-TB DILI



Wrap up - 2

High suspicion & early diagnosis of DILI by clinical S/S, and
withdrawal of offending drugs: the mainstay of
management

Regular monitoring liver tests in the high-risk patients with
high-risk drugs, such as HBV carriers with anti-TB drugs

N-acetylcysteine, mannitol and kaempferol: treatment of
DILI

Public education and professional alert to drug safety:
urgently needed to prevent DILI and other ADRs
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FIp e FPR

* Pesticides ( B #): e.g., organophosphates, carbamate
insecticides, pyrethroids, paraquat, glyphosate-surfactant
herbicides, newer pesticides (e.g., imidacloprid, glufosinate)

* Prescription drugs: e.g., sedatives-hypnotics, analgesics,
antipsychotics, antidepressants, panadol (acetaminophen)

* Over-the-counter (OTC) drugs

* lllicit drugs: e.g., heroin, cocaine, MDMA, marijuana,
methamphetamine, mephedrone, bath salts (MDPV)

* Toxic gases & industrial chemicals: e.g., CO, H2S, solvents
* Alcohols: e.g., ethanol/methanol, ethylene glycol

* Plant & animal toxins: e.g., snakebites, wasp stings

* Household chemicals



Toxic Category, PCC-Taiwan, 1985-1993

<18y 2Dy Total
Category N % N % N %
Pesticides 633 10.9 6,239 i5.4 0,872 29.3
Drugs 1,886 324 4,874 21.7 6,760 28.8
Cleaning substances 410 1.1 1,196 6.7 1,606 6.9
Solvents 285 4.9 736 4.2 1,021 4.4
Animal bites; stings 172 3.0 181 4.4 953 4.1
Rodenticides 148 2.5 658 3.7 806 3.4
Cosmetics 246 4.2 383 2.2 629 2.7
Insect repellents 251 4.3 257 1.5 508 2.2
Chinese herbs il 1.9 319 1.8 430 1.8
CO & toxic gases 93 1.6 331 1.9 424 1.8
Food-borne toxins 89 1.5 190 [.1 279 1.2
Hydrocarbons 49 0.8 168 1.0 217 0.9
Plants 63 1.1 126 0.7 189 0.8
Miscellaneous 1,376 23.7 1,366 7.8 2,742 11.7
Total 5812 100.0 17,624 100.0 23,436  100.0

Yang CC, et al. Clinical Toxicology 1996;34:651-663.
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F5ER 4 12 (pathophysiology)

* The response of liver to chemical exposure depends on the
intensity of the insults, the cell population affected, and
the duration of the exposure (acute vs chronic)

* Exposure to estrogens = temporary cholestasis followed by
adaptive response (conditioning)

* Acetaminophen or CCl4-> parenchymal cell necrosis
 Ethanol: steatosis, subsequent inflammation

* Table 13-2 (Casarett and Doull’s Toxicology: The Basic
Science of Poisons) includes pharmaceuticals, recreational
drugs, vitamin, metals, hormones, industrial chemicals,
compounds found in teas (germander), foods, and toxins
produced by fungi and algae



Table 13-2

Types of Hepatobiliary Injury

TYPE OF INJURY OR DAMAGE ~ REPRESENTATIVE TOXINS

Fatty liver

Hepatocyte death
Immune-mediated response
Canalicular cholestasis
Bile duct damage
Sinusoidal disorders
Fibrosis and cirrhosis

Tumors

Amiodarone, CCl,, ethanol, fialuridine, tamoxifen, valproic acid

Acetaminophen) allyl alcohol, Cu, dimethylformamide, ethanol

Diclofenac, ethanol, halothane, tienilic acid

Chlorpromazine, cyclosporin A, 1,1-dichloroethylene, estrogens, Mn, phalloidin
Alpha-naphthylisothiocyanate, amoxicillin, methylenedianiline, sporidesmin
Anabolic steroids, cyclophosphamide, microcystin, pyrrolizidine alkaloids
CCl,, ethanol, thioaceta;nide; Vvitamin A, vinyl chloride

Aflatoxin, androgens, arsenic, thorium dioxide, vinyl chloride

Casarett and Doull’s Toxicology: The Basic Science of Poisons, 7t ed.
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Acetaminophen (APAP)

1890 & A% I » 1960 & }F

Z#L . & £ 7% (panadol), Tylenol, Scanol

% phenacetin (- f&2 A 2 * 1L § 3 42 R
1% 5 ) 20 1 B
LAMBR LY 2L G ARE S -

=+t prostaglandinsz & + 7 £ 5 Frd| it (&
NSAIDs2_ 3 & % F)

hS A R R R F 5 APAP
- 4z 4] 5 500 mg/tablet
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Acetaminophen

0 O ﬁ
H H H
\N/ \CH3 \N/ \CH3 \N/ \CH3
OH Glucuronide
P, mixed-function
oxidase
f O (0] <c /CH3 g
Encore 100mg/mL/Ami =
O, Pl el |
Postulated s
3 > Toxic
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Glutathione }~ ( NA PQH
A'J e — _> _________
o / Cell /\ o
H Macromolecules = E
\N =SNG H;, NZ O

I
' v

Mercapturic Cell
acid death

: “Glutathione Cell 45
H OH Macromolecules

Figure 31-4 Pathways of acetaminophen metabolism. (From
Mitchell JR, Thorgeirsson SS, Potter WZ, Jollow DJ, Keiser H.
Acetaminophen-induced hepatic injury: protective role of

glutathione in man and rationale for therapy. Clin Pharmacol The

1974;16:676.)
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A case of severe hyperammonemia and unconsciousness following
sodium valproate intoxication
Lee WL, Yang CC, Deng JF, Chen YF, Lin HD, Wang PH
Vet Hum Toxicol 1998;40(6):346-8.

Abstract

Although valproic acid has gradually gained its popularity in the treatment of various seizure
disorders, overdose of valproate is not common. An 18-y-old man with a history of epilepsy
controlled by sodium valproate and clonazepam attempted suicide with an ingestion of 45 g sodium
valproate. He presented to our service with drowsiness and irritability. Extremely high serum ammonia
(623 ug/dL) and elevated serum valproate concentration (575 ug/mL) were found on admission.
Several metabolic abnormalities, including hypernatremia, hypocalcemia and metabolic acidosis, as

well as| increased serum transaminase levels fvere also recorded. With supportive measures, he

became clear 24 h later and was discharged 6 d after ingestion. Serial follow-up of his serum
valproate and ammonia levels disclosed a close relationship between these 2 measurables. After acute
overdose of valproic acid, patients usually present with mild and generally reversible depression of
the central nervous system. However, impairment of liver function, hyperammonemia, fluid-electrolyte
disturbances, coma, seizures, hypotension and even death may occur following valproate overdose.
Symptomatic and supportive measures are the mainstay in the treatment of valproic acid overdose.
With prompt diagnosis and early institution of treatment, a complete recovery should be anticipated.
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Valproic acid poisoning in Taiwan:
a poison center-based study i

T Fapww AT

Pei-Yuan Ma?, Chen-Chang Yang?3, Yueh-Ching Chou'4, Hsiang-Ling Chen?3,
Jou-Fang Deng> and Yuh-Lih Chang®-4

1 Institute of Pharmacology, National Yang-Ming University School of Medicine, Taipei, Taiwan
Z [nstitute of Environmental & Occupational Health Sciences, National Yang-Ming University School of Medicine, Taipei, Taiwan
2 National Poison Contro!l Center, Taipei, Taiwan
2 Pharmacy Department, Taipei Veterans General Hospital, Taipei, Taiwan

Background

Valproic acid (VPA) is a broad spectrum antiepileptic drug, and it
has other indications including bipolar disorder, panic disorder,
migraine prophvlaxis, and peripheral neuropathy*. Because of the
Increased use of VPA, the numbers of VPA calls in American
Association of Poison Control Centers were 7-folds between 1990
and 200023 However, number of VPA poisoning slightly declines in
recent years”.

While VPA is generaily considered a safe medication, in overdose,
it may cause central nervous system (CNS) depression, cerebral
edema, hyperammonemia, hypotension, and hepatitis.® Renal
replacement therapy (RRT) and L-carnitine are the choice of
management for severe symptoms of acute VPA overdose,*® but
their clinical evidence are limited.

Objective
This study was conducted to identify the demographic and
clinical characteristics of VPA poisoning cases reported to the Taiwan
Poison Control Center (PCC-Taiwan). The effectiveness of RRT as well
as L-carnitine in the treatment of VPA poisoning was also evaluated.

Methods
A retrospective review of all VPA poisoning cases reported to
PCC-Taiwan between 1985 and 20182 was conducted., Data for
patients with relevant poisoning were collected. We then analyzed
the patients’ baseline characteristics as well as the prognosis of
poisoning among patients who received RRT and/or L-carnitine
treatment.

Results

There were 221 VPA poisoning cases reported to PCC-Taiwan
during the study period, and the number decline in the last decade
(Figure 1). Males and females were involved in 104 (47%) and 117
cases (53%5), respectively. The median age was 27 years (range from
1 month to 83 years) (Figure 2A). Intentional exposure accounted for
74% of the poisoning cases. In terms of severity, 1% of the 221
patients died, 5% had severe effects, 24% had moderate effects, 46%
had mild toxicity, 149% were asymptomatic, and 10% had unknown

23

20

A A =55 55

cl"‘d"-é"-f@»f&"#’#\"ﬁ"-f19’#’&‘9—9"19“-9"6"-9‘“19‘ S

Figure 1, The numbor of VPA poisoning cases reported to PCC Taiwan

Case number

"]

severity (Figure 2B). Older age and intentional exposure
were positively associated with moderate-to-fatal
poisoning (Tahle 1). Tahble 2 shows the outcome of
different therapy for VPA poisoning cases. One of two
patients who used L-carnitine was dead.

UA) Aze distritastion
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Figure 2. The demographic and clinical chasecteristics of VPA poisoning ceses,

Table 1. Differences In baseline characteristics between patients with asymptomatic-to-
mild and moderate-to-fatal VPA related poisoning in Talhwan.

Characteristica N 133 (26) Ne= 67 (96) 5
Age, mean (SD). v 25,5 (15.7} 34.7 (15.9) 0.0001
Male 55 {41.35) 36 {53.73)} 0.101
Toxicity Type 0.182
Acute 130 (98 48) 63 (94.03)
Chronic 2{152) 2 {5.97)
Reason o.c13
Non-intentional 34 (25.95) 6 (10.17)
Intentional 97 (74.05) 53 (89.32)

Table 2. The outcome of different therapy for VPA poisaning cases
Therapy Outcome of therapy

= The menifestations of altered I status, hyper 7
(n=6) andjor = ¥ P arter

©ne i h d 2n imp

whereas the other died from shock

in hyparammaonemia,

L-carnitine® (n=2)

CVVH combine
L-carnitine {(n=1)

Although treatment by intubation, CYVH and L carnitine, the
patient still sucoumbed

RNT: renet replacement theropy, CVVH- continuows wenomenou hremotsraticon
*Only RAT ok received L carnitine
TOnly Lcarniting mot received RAT

Most cases of VPA poisoning in this study involved
mild symptoms only. Older age and intentional exposure
predicted the severity of poisoning in this study.
However, severe effects can still occur and prompt
treatment with RRT may be effective in alleviating the
toxic effects of valproic acid.
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ACCEPTED: CLINICAL VIGNETTES/CASE REPORTS—LIVER

Rhabdomyolysis Masquerading as Acute Liver
Failure: A Case Report
2242

Hogan, Daniel E. Jr. DO; Kesar, Varun MD; Chun, Alexander MD

Author Information®
American Journal of Gastroenterology 113():p $1272, October 2018.

FREE

Acute liver failure is a life-threatening condition characterized by acute liver injury,
encephalopathy, and coagulopathy in a patient with preexisting liver disease. Etiologies
are broad, but given the poor prognosis rapid recognition is key to treatment. Those
diagnosed with acute liver failure should be treated in the ICU at a transplant facility.
Acute liver injury itself can result from a wide array of causes, though elevation of AST
and ALT rarely exceed the low 1,000s. We present a case of a patient with an acute
change in mental status, found down with LFTs exceeding the upper limit of detection
concerning for acute liver failure.

-> AST >7,000 U/L, ALT 2,907 U/L, and CK of 9,333 U/L
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Table 22-1. Chemical agents associated with occupational liver disease

Compound Type of myury Occupation/use
Arsenic Currhosis, HCC. angiosarcoma Pesticides
Beryllium Granulomatous disease Ceramics workers

Carbon tetrachloride
Dimethylformamide
Dimethylnitrosamine
Dioxin

Halothane
Hydrazine
Methylene dianiline
2-Nitropane
Phosphorus

Polychlorinated biphenyls

Tetrachloroethane
Trichloroethylene
Trinitrotoluene
Vinyl chloride

Acute liver mjury. cirrhosis
Acute liver mjury
HCC
Porphyria cutanea tarda
Acute liver mjury
Steatosis
Cholestasis
Acute liver mjury
Acute liver mjury
Subacute liver injury
Acute or subacute liver injury
Acute liver injury
Acute or subacute liver injury
Angiosarcoma

Chemical manufacturing

Solvent. chemical manufacturing

Rocket manufacturing
Pesticides
Anesthesiology
Rocket manufacturing
MDA production workers
Painters
Munitions workers
Production, electrical utility
Aircraft manufacturing
Cleaning solvent sniffing
Munitions workers
Rubber workers




L& Mg T

COEERE T I fRE T AR A L
BE NEAEHE S ZREANE

L P RERCEREITG T LF T o) 83
Al & 4B~ ng\'%“\ﬂ';‘\:aga
p@a*\;agag&aks;ai}}g =
Wor Fo ) RBSEF(ERF
%%)EW@WM@%‘%O%%Eg
(a’;}-ﬁvl K/f ﬁﬁ;lj aj,axg_l_gﬁﬁ{lj)' b # ,ﬁ
CRAFM B> ~ )5 £ - 4F) 5 R aRE

S\




Int J Hyg Environ Health. 2002 Oct;205(6):479-91.

Industrial solvents and liver toxicity: risk assessment, risk factors and
mechanisms.

Brautbar N, Williams J 2nd.

University of Southern California, School of Medicine, Department of Medicine, 6200 Wilshire Blvd., Ste. 1000, Los Angeles, CA
90048, USA. Brautbar@aol.com

Abstract
Organic solvents utilized in various industrial processes may be associated with hepatotoxicity. The

hepatotoxicity of some of the solvents was recognized as early as 1887, 1889 and 1904. Factors contributing
to the hepatotoxicity of solvents include 1) species differences, 2) liver blood flow, 3) protein binding, 4) point
of binding intracellularly, 5) genetic factors, 6) different cellular enzymatic degradation, 7) age, 8) nutritional
condition, 9) interaction with alcohol, and 10) interaction with medications of use and abuse. The

hepatotoxicity of solvents in general and of carbon tetrachloride, frichloroethylene, tetrachloroethylene,
toluene, and 1,1,1-trichloroethene are discussed. Experimental animal data, human data, and in vitro studies
are explored. Suggested mechanisms of direct toxicity, indirect toxicity and autoimmune mechanisms are
elaborated. The most important message from this review is that laboratory testing that is commonly used by
clinicians to detect liver toxicity may not be sensitive enough to detect early liver hepatotoxicity from industrial
solvents and new methodologies are being encouraged and utilized in the early recognition and diagnosis of
hepatotoxicity for solvents. The final clinical assessment of hepatotoxicity and industrial solvents must take
into account synergism with medications, drugs of use and abuse, alcohol, age, and nutrition. Early
recognition and reporting will be helpful in further understanding the incidence, cofactors and possible

mechanisms. .
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Inhibition

Dimethylformamide
Carbon tetrachloride l Dimethylacetamide
Cytochrome
P450
Trichloroethylene Tetrachloroethylene Toluene

Induction

Figure 2 Effects of solvents on cytochrome P450.
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CCl4 Poisoning (1986)

Th r  f liver function tests
all personnel
8 X Job category ALT AST r-GT HBsAg HAVIgM Alc
2 v Printing 203 6 s = - +% (mizdl)
] M . 840 30 226 = - i
| 690 107 66 — -
\'| 63 27 109 - - -
M 46 23 96 - -
6 M 24 16 11 - - - Creatinine
7 M 20 57 67 + ~ (mg/dl)
2 M 610 28 45 — -
7 M 63 4¢ 80 + - -
M 88 21 <8 = = -
M 01 24 12 + - -
2 M 69 > qQ qq9 - - — Amount
24 ! 368 64 ( + - - (L/24hrs)
/ 26 N 33 21 13 -
59 v Y ger 93 29 105 - “+
62 M guard 21 28 46 -
28 A - P 83 20 23 -
8 ) v 143 61 30 + -
j 62 M F 620 52 154 = -
37 I accountant 36 21 18 + wt —
I+ secretary 7 5 7 + = =
22 31 M 1l esman 29 17 24 - _ v (lo00uU/L)
3 29 M = 17 8 11 - - s
24 55 M 12 6 20 - - -
25 855 M emp loyer 17 9 13 ok = =
P—Px: Printing process **%: Drank 3.5% beer 1.2L in the next

afternoon after the episode

5 10 15 20 25 30 45

J Formos Med Assoc 1987; 86:743-749. Days After Exposure fo CCig
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Outbreak of carbon tetrachloride poisoning in a color printing factory
related to the use of isopropyl alcohol and an air conditioning system in
Taiwan

Dr. Jou-Fang Deng MD'”, Jung-Der Wang ~ Issue

MD?2, Tung-Sheng Shih®, Fwu-Liang Lan? TR, | American Journal of
_ _ _ e ndustrial Medicine
Article first published online: 11 JAN 2007 INDUSTRIAL MEDICINE
mr——— Volume 12, Issue 1, pages

BE ey B A

DOI: 10.1002/ajim.4700120103 vz e 11-19 1987

TP S,

e s
=

BRI +pEL-TWA of CCla= 2ppm

Three workers from a color printing factory were admitted to community hospitals in 1985 with manifestations of
acute hepatitis. One of the three had superimposed acute renal failure and pulmonary edema. An investigation was
subsequently conducted at the plant to determine the etiology of the outbreak and the prevalence of liver disease
among the remaining workers. Comprehensive medical evaluations were conducted. which included physical
examinations. liver function tests. and serological screening for hepatitis. Seventeen of 25 workers from the plant had
abnormal liver function tests 10 days after the outbreak. and a significant association was found between the presence
of abnormal liver function tests and a history of recently having worked inside any of three rooms in which an
interconnecting air conditioning system had been installed to cool the printing machines. After further investigation, it
was determined that the incident occurred following inadvertent use of carbon tetrachloride to clean a pump in the
printing machine. A simulation of the pump cleaning operation revealed ambient air levels of carbon tetrachloride of
300—500 ppm. Ultimately, it was concluded that the outbreak was in all likelihood due to the combined use of carbon
tetrachloride and isopropyl alcohol in the cleaning operation. This outbreak underscores the importance of adopting

. ] ; ; ; . . NPT ; . 36
appropriate industrial hygiene measures in a rapidly industrializing nation such as Taiwan.
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3 7 i (DMF)

Dimethylformamide® £ % &£ ¢ 78 > 3 A 4%
73
PEL-TWA - 10 ppm ; STEL * 15 ppm

AR &AL S PUR R B R ()
mf?ile ~ PVCH g ~ f]\‘? FERE P T E B |
kv EEE S REYHR A Ee R Y

#E A m /4‘ i# (surface coatings)
%‘?’/Eﬁ “72003# 2. Tl 0 WP 75 15 %30 ~ IR
N2 4 AHE R B Y 197,500 4
¥ i 3R &4 (IARC Group 2B carcinogen)
¥ 12 dimethyl sulfoxide(= © 2 I /8) B 1
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Ann Intermn Med. 1988 May;108({5):680-6._

Liver disease associated with occupational exposure to the solvent
dimethylformamide.

Redlich CA, Beckett WS, Sparer J, Barwick KW, Riely CA, Miller H, Sigal SL, Shalat 5L, Cullen MRE.

Department of Intermal Medicine, Yale University School of Medicine, New Haven, Connecticut.
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Arch Environ Health. 1991 May-Jun:46(3):161-6.

Dimethylformamide-induced liver damage among synthetic leather workers.
Wana JD, Lai MY, Chen JS, Lin JM, Chiang JR, Shiau SJ, Chang WS.

Center for the Research of Environmental and Occupational Disease, Graduate Institute of Public Health and Department of
Internal Medicine, National Taiwan University, College of Medicine, Republic of China.

Abstract

Prevalence of liver injury associated with dimethylformamide (DMF) exposure was determined. Medical
examinations, liver function tests, and creatine phosphokinase (CPK) determinations were performed on 183
of 204 (76%) employees of a synthetic leather factory. Air concentrations of solvents were measured with
personal samplers and gas chromatography. The concentration of DMF in air to which each worker was
exposed was categorized. High exposure concentrations of DMF (i.e., 25-60 ppm) were significantly
associated with elevated alanine aminotransferase (ALT) levels (ALT greater than or equal to 35 [U/l), a result
that did not change even after stratification by hepatitis B carrier status. Modeling by logistic regression
demonstrated that exposure to high concentrations of DMF was associated with an elevated ALT (p =.01),
whereas hepatitis B surface antigen (HBsAg) was slightly but independently associated with an elevated ALT
(p =.07). In those workers who had normal ALT values, there occurred still significantly higher mean ALT and
aspartate aminotransferase (AST) activities, especially among those who were not HBsAg carriers. A
significant association existed between elevated CPK levels and exposure to DMF. However, an analysis of
the CPK isoenzyme among 143 workers did not reveal any specific damage to muscles. This outbreak of liver
injury among synthetic leather workers is ascribed to DMF. It is recommended that the occupational standard
for DMF and its toxicity among HBsAg carriers be evaluated further.

- e
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= 7 A ¢ g (dimethylacetamide)

October 2014

November 2014

November 2014

December 5, 2014

Started to work at a chemistry factory for 2 months. 5

Epigastralgia and poor appetite. Thus he first visited A
hospital in #77 where some prokinetics were given
Panendoscopy showed no specific finding.

Then he went to B hospital in #7+ where total
bilirubin level increased dramatically. HBV and HCV
was ruled out by antigen and antibody screen.
Abdominal sonography was unyielding.

He was referred to Taipei VGH for further
management due to R/l Chemical hepatitis.



Hospital Course

December 5, 2014: Admission

December 5, 2014: Silymarin 150 mg po BID

N-acetylcysteine (NAC) 10.2 gm IV stat (150 mg/kg), followed by
NAC 3600 mg IV for 4hrs

December 6th-8th, 2014 NAC 10.2 gm IV QD

December 11th, 2014: Abdominal sonography: no focal lesions
can be identified.

Discharged uneventfully on December 19th, 2014



Urine concentration of DMA and MMA
700

500
8500
gao.o
3300
Sigg 51 I i
40 13
i 13
18th

15th

POSWDMW
o OMA(mg/g crestning) i MMA(mg/g creatining)
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= 7 A ¢ A= (dimethylacetamide)

e Dimethylacetamide (DMA) is an excellent dipolar solvent,
with a high dielectric constant, that readily dissolves gases
and numerous organic and inorganic substances

e |tis most commonly used in the acrylic fiber, polyester
films and pharmaceutical industries, with occupational
exposures via the dermal and inhalation routes being most
common

e This chemical is primarily used as a polar solvent in the
acrylic fiber industry in the manufacture of acrylic fibers. In
the polyester film industry it is used as a solvent for the
manufacture of polyester films



- " AT ﬁ&@i‘;j\i:}if%ﬁ’r

DMA appears to affect cell membrane and macromolecular
synthesis through interaction with cell membranes, changing
the entry of nucleotides into the cell and decreasing the
synthesis of phospholipids (Kim, 1988)

Human data on DMA toxicity is limited

Clinical effects: conjunctivitis, chemical burn, Gl and
respiratory irritation, rhabdomyolysis, hypotension, CNS
depression, liver injury

Liver toxicity (elevated liver enzymes, jaundice,
hepatomegaly) is the primary clinical effect of DMA
exposure
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ACGIH TLV Values for CAS127-19-5 (American Conference of

Governmental Industrial Hygienists, 2010): threshold limit value TLV-
TWA: 10 ppm
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Table 1 Clinical-diagnostic types of occupational toxic hepatitis

Type of disease ALT ALP QT Bilirubin Bile acids

Hepatocellular >2ULN N >2  Elevated levels  Elevated
>3 levels

Cholestatic N >2ULN =>4 Normal or Elevated
moderate level levels

Mixed >2ULN =ULN >2 Normal or Elevated
2-5 moderate level Levels

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GT: Glutamyl
transferase; ULN: Upper limit of normal; N: Normal value. Normal value,
ALT9-63 U/L; ALP 38-126 U/L; v-GT 7-50 U/L; Bilirubin 0.20-1.5 mg/dL;
Bile acids < 10 pmol /L.
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49 FFEE (M - ADRI240016)

65 & /3 4

Ftand W SRR oG W e SPRL - R MERAT YL

FRARMBHEB (s55) |

WAL -

Rt R Y R®)

1711 4 4% A B 2a iTdh do d2 %R -

B [RipaFrERF IR @a] » [202311722]) ol A ¢ & - 3% [2024/15 FF
03:00:00] WBHHR [FHARSHAERRB. AN - OF - XX - mmEm]

EMRERRBRESF EH LM BT - A Y -
[2024/1/8) ¥ % &+ & WA £ AST.ALL Total bilirubin 3% « 158 © 5 Lo sy 2 — 3% - 35
LN FHEF Cofixime S PERE A S & -
EE (2024110 @@ L]
SEFVI2 VIS~ V17~ VI9F WS - o &AL &N -

et A R HeaR o 8 s ik R oA X BAx
2024/1/8 AST 1146 u/L
2024/1/8 ALT 1648 uU/L
2024/1/8 Alkzaline Phosphatase 263 u/L
2024/1/8 Total Bilirubin 5.47 mg/dL
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8 R LR RS Ak 7 il
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TARMT YRsVEREmme |Rawman| om | L5 m =% — &k =ik |2023/11/22] 20247/1/10
"TRAANT AWMAREK (£A B8 38 8 4.5 on LS 3 — R =Kk |2023/11/22] 2024/1/10
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% 8 (Cassia angustifolia)
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f# 3% ¥+ (Cassia fistula)
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fv 3% % (Cassia fistula)
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SR T T F R
Liver Injury From Herbs — The View From Modern Medicine
I L ER 'i&%’? fe b FLIRTRA F 7
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4o T (=)~ MRz & M4 F i (cytotoxic reactions) t drE B S~ F EF LR

CPEE R EFA ST R EEA S IE R AR F S F L FRA RS
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(2 ) ~ B3+ (chronic hepatitis) 2 #*+# i (cirrhosis) : & #f & B3 iFF (L& 1
RER EMIFURAES VR FE SREIFLAFH D o

()~ B*”ﬁﬁi’ RIE MR J (hepatic veno-occlusive diseases) : 7 pyrrolizidine 2
EE 72 N ¢ 3% Heliotropium spp. ~ Senecio spp. ~ Crotolia spp. ~
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HILI reported to PCC-Taiwan

Excluded inquiries with

* Unknown sex 60

* Unknown age 122

* Unknown severity/ unrelated
exposure 856

* Non-oral exposure 159

3513 herbs related inquiries
reported to PCC-Taiwan,
1985-2014

Search of PCC-Taiwan

Comparison between severe and
non-severe cases; stratified analyses

computerized database N
2316 inquiries

Manual review and exclude inquiries
if no available medical charts, non-
human exposure, coding error, or not
herb-related exposure

|

2038 inquiries

A

105 cases of HILI eligible for
final analysis
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HILI reported to PCC-Taiwan

* 105 eligible cases

* 15 (14.3%) had mild effects, 53 (50.5%) moderate effects,
20 (19.1%) severe effects and 17 (16.2%) patients died

* Six (5.7%) cases presented with multi-organ injury on
admission

BREFPHEEREMATRGZ EHIH5H

" No. of HILI by calendar year
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Herbs related hepatic failure

e Cases manifesting hepatic failure or multi-organ
failure were exposed to the following herbs: Taxus
Chinensis, Cupressus duclouxian, Taraxacum, TCM
containing arsenic, snake gallbladder (purchased
from Vietnam), Caulis Tinosporae Sinensis,
Melastoma candidum D., Caulis Polygoni Multiflori,
Cassia occidentalis, Xanthium sibiricum and Java tea
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A case of fatal HILI

* A 57 yearsold lady drank tea made Caulis Tinosporae
Sinensis (Tinosporae sinensis Caulis; Kuan Jin Teng * & #5
2% ) for health promotion. She developed fulminant
hepatic failure 1 month later and died despite receiving

intensive therapy
* The diagnosis was most likely to be Caulis Tinosporae

Sinensis related fatal HILI
* Five similar cases were reported to PCC-Taiwan
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Table 13-3

Factors in the Site-Specific Injury of Representative Hepatotoxicants

SITE

Zone | hepatocytes (vs zone 3)

Zone 3 hepatocytes (vs zone 1)

Bile duct cells

Sinusoidal endothelium
(vs hepatocytes)

Kupffer cells

Stellate cells

REPRESENTATIVE
TOXICANTS

Fe (overload)
Allyl aleohol

CCl,
Acetaminophen
Ethanol

Methylenedianiline,
sporidesmin

Cyclophosphamide,
monocrotaling
Endotoxin, GdCl,

Vitamin A
Ethanol {chronic)

POTENTIAL EXPLANATION FOR SITE-SPECIFICITY

Preferential uptake and high oxygen levels
Higher oxygen levels for oxygen-dependent bioactivation

More P450 isozyme for bioactivation

More P450 isozyme for bioactivation and less GSH for detoxification

More hypoxic and greater imbalance in bioactivation/detoxification
reactions

Exposure to the high concentration of reactive metabolites in bile

Greater vulnerability to toxic metabolites and less ability to maintain
glutathione levels

Preferential uptake and then activation

Preferential site for storage and then engorgement
Activation and transformation to collagen-synthesizing cell

Casarett and Doull’s Toxicology: The Basic Science of Poisons, 7t ed.
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Amanita phalloides poisoning: Mechanisms of
toxicity and treatment

Maria de Lourdes Bastos 2, Félix Carvalho °

Food Chem Toxicol 2015;86:41-55.
Abstract
Amanita phalloides, also known as 'death cap, is one of the most poisonous
mushrooms, being involved in the majority of human fatal cases of mushroom
poisoning worldwide. This species contains three main groups of toxins:
amatoxins, phallotoxins, and virotoxins. From these, amatoxins, especially a-
amanitin, are the main responsible for the toxic effects in humans. It is
recognized that a-amanitin inhibits RNA polymerase ll, causing protein
deficit and ultimately cell death, although other mechanisms are thought to
be involved. The liver is the main target organ of toxicity, but other organs
are also affected, especially the kidneys. Intoxication symptoms usually
appear after a latent period and may include gastrointestinal disorders
followed by jaundice, seizures, and coma, culminating in death. Therapy
consists in supportive measures, gastric decontamination, drug therapy and,
ultimately, liver transplantation if clinical condition worsens.
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3/22 HD+CPFA #CVVH 51.0 8883 >10000 2.6 0.8 11228 4.72 771

3/23  CVVH 49.8 : - : - 7942 >10.0 783

3/24 CVVH 59.7 : - . . 3084 6.77 541

3/25 CVVH 58.1 - 1018 6.4 25 1031 >10.0 477

3/26 HD 17.1 1280 182 8.8 - 565 3.54 157

328 HO 26 82 17 (25 408 4,39 217

3/29 plasma 17.1 9.5 2.8 463 6.31 200
exchange

3/30  plasma 299 37 188 102 32 355 2.94 251
exchange

4/1  CVVHDF 18.3 54 115 520 3.87 200

42 CWHDF 12.7 139 495 g5 127




zE TP |ALB| CA|CHOL | BUN | UA |CREA BILIT|ALKP LDH|ALT AST |, NA | K |cL|6Lu|IP| CK
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24-05-0103:47| - - - - - 1305 - - -|- - ]- 13937 - 111 - 7026
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Severe Rhabdomyolysis Mimicking
Transverse Myelitis in a Heroin Addict

Chen-Chang Yang, M.D.; Guang-Yang Yang, M.D.; Jiin
Ger, M.D.; Wei-Jen Tsai, M.D.; Jou-Fang Deng, M.D.

Veterans General Hospital, Taipei, Taiwan, R. O. C.

Clinical Toxicology 1995;34(1):591-5.

BUN 28 mg/dL (7-20 mg/dL)
Creatinine 2.8 mg/dL (0.5-1.5
mg/dL)

LDH 6402 U/L (95-213 U/L)
ALT 422 U/L (0-40 U/L)

AST 1828 U/L (5-45 U/L)
Free calcium 0.55 mmol/L
(1.13-1.31 mmol/L)
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scientific reports

OPEN Incidence of rhabdomyolysis
occurrence in psychoactive
substances intoxication:

a systematic review
and meta-analysis

Alireza Amanollahi®, Tannaz Babeveynezhad 2, Mohsen Sedighi™3, Shahin Shadnia®™*,
Sadaf Akbari’”*, Mahbobeh Taheri?’¢, Mahboobeh Besharatpour?, Goljamal Jorjani®?,
Elham Salehian’7, Koorosh Etemad ' & Yadollah Mehrabi

 The highest incidence of rhabdomyolysis was observed in
intoxication with heroin (57.2 [95% Cl 22.6-91.8]),
amphetamines (30.5 [95% Cl 22.6—38.5]), and cocaine
(26.6 [95% Cl 11.1-42.1]).

* The results showed a high incidence of rhabdomyolysis
induced by psychoactive substance intoxication in ICU
patients when compared to total wards.
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Diagnosis of DILI

Exclusion

Possible

=
-

liver injury or

Bacterial or fungal related sepsis
Autoimmune hepatitis

Wilson’s disease

CHF, shock liver

Tumors

Benign biliary obstruction, e.g.,
Gilber’t disease

A

hepatitis
! \
Alcohol abuse ] Suspected DILI
* Viral hepatitis (hepatitis A, B, C;
CMV, EBV, HSV) No Yes

(Herbs/Toxicants)
Drug history and
temporal sequence

Search for /

Y VV °

Supporting evidence
Typical latency

Improved after dechallenge
Worsened after rechallenge
Causality assessment

o

non-drug causes \

|

Search for
culprit drug(s)

Garcia-Cortés M, et al. J Hepatol 2011;55:683-91. "



Table 2: Biochemical features of common causes of moderate to marked increase in
aminotransferase levels

Aminotransferase Bilirubin level

level increase increase
Cause (value x URL) (value x URL) Comments
Ischemic injury >10to >50 <5 AST > ALT; rapid decrease of

aminotransferase levels after initial peak
ALT/LDH ratio < 1

Presence of comorbid conditions

Toxic injury >10 <5 Pattern of enzyme alteration similar to that of
ischemic hepatitis
History suggestive of toxic injury

Acute viral hepatitis 5-10to > 10 5-10 Slow decrease of aminotransferase levels
Presence of risk factors

Acute biliary obstruction 5-10 5-10to> 10 Aminotransferase increase precedes
cholestasis
Presence of typical symptoms

Alcoholic hepatitis 5-10 5-10to > 10 AST/ALT ratio > 2

May occur as both acute and acute-on-
chronic injury

Note: URL = upper reference limit, AST = aspartate aminotransferase, ALT = alanine aminotransferase, LDH = lactate dehydrogenase.

72




~n 2

e

-12%%%%%1%&%?£1%ﬁy%
T FHES T G fEFRT R EBden-acetyl

/ A)

cysteine (for acetaminophen) ~ silibinin (for amatoxin)
o B FF R AFURAS B

TABLE 1 | Basal principles of DIL! management.

Principles Describes
I. Identify & Withdrawal Identifying the offending drug(s) and prompt withdrawal before ireversible liver damage
Il. Monitor & Assessment Monitoring liver biochemistries, assessing risk and benefit of dubious drugs) for primary diseases
Ill. Appropriate medication Hepatocellular type Give priority to with hepatoprotective drugs (eg. NAC, MgIG, PPC, etc.)
(according to the clinical pattern of DILI) Cholestatic type Give priority to with anticholestatic drugs (eg. UDCA, SAMe, etc.)
Immunosuppressants (eg. GCs)
Specific type Specific treatment agents (eg. LC, Anticoagulants, etc.)
IV. Liver transplantation Atificial liver supporting therapy and liver transplantation for ALF/SALF patients

Note: NAC, N-acetylcysteine; MglG, magnesium isoglycyrrhizinate; PPC, Polyene phosphatidyicholine; UDCA, Ursodeoxycholic acid; SAMe, S-adenosyimethionine; GCs,
Glucocorticoids; LC, L-camnitine; ALF, acute liver failure; SALF, subacute liver failure.

Front Pharmacol 2022;12:806249.
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TABLE 2 | Pharmacotherapy strategies of DIL!.

Drugs Classification Drugs name Author & Year
Hepatoprotective NAC and GSH Prascott et al. (1979)
Drugs Moosa et al. {2020)
Borlak et al. (2018)
Patel et al. (2019)
Eliiott t al. (2016)
Lee et &l (2009)
Reuben et al. (2010)
Sauires et al. (2013)
Glyeyrrhizin acid Wang et al. (2019)
preparation
Tang et al. (2012)
Bicyclol Naigiong et al. (2017)
Chen et al, (2018)
Li et al. (2018)
Zhou et al. (2015)
Polyene Lei et al, (2021)
phosphatidylcholine Liu et al. (2021)
Silymarin Enjalbert et al. (2002)

Grabhorn et al, (2013)
Masoumeh et al, (2015)

Majid. et al. (2019)

Zhao et al. (2021)

Type of Study Culprit drug Outcomes/
Comparative Study Paracetamol LFP, SMI
Randomized, double-blind, Anti-tuberculosis drug ~ SHS
placebo-controlled trial
Retrospective cohort study Flupirtine LFP
Case Reports Tyrosine Kinase LFP

Inhibitor
Case Reports Norfloxacin LFP
Randomized Controlled Trial Non-APAP agents LFP, SVI
Prospective observational study  Multiple drugs LFP, SVI
Randomized Controlled Trial Non-APAP agents NSD
Randomized, double-blind, Multiple drugs LFP
controlied trial
Phase Il clinical trial Anti-neoplastic drugs ~ LFP
Randomized Controlled Trial Statin LFP
Comparative Study Anti-tuberculosis drug ~ LFP
Retrospective cohort study Anti-neuropathy drug LFP
Randomized controlled study  Anti-psoriasis drug LFP
Literature analysis Multiple drugs LFP
Retrospective controlled study  Anti-tuberculosis drug ~ LFP
Retrospective analysis Toadstool SV
Retrospective controlled study  Toadstool SV
Open-label, randomized clinical ~ Anti-convulsive drugs ~ LFP
trial
Randomized, double-blind Anti-tuberculosis drug ~ NSD
clinical trial
Retrospective cohort study Multiple drugs LFP
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Association between 9-month
isoniazid prophylaxis of latent
tuberculosis and severe hepatitis
in patients treated with TNF

* an association between

inhibitors - = risk of severe hepatitis
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T L g g ! . + aclose monitoring of
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mandatory to minimize
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“To know something harmful and not report
is unethical.”

Report of good quality leads to better understanding and
more opportunities to prevent similar harm upon others.
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