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MNZBEEMNAIZ, SMAREIEZMS, AMIEEREESMEN0]. s, BRIMLEE
SIRMAKIEFIRALKIAEANSMAY TR AN ZHEER, MMEATE7]. ik
HERSAEAREX ZBREBERE REILULEER.

EXERFSEMER, WZREERPREAYEENRSBAXFRENETHEERR, X
—ERERFN218]. MBRRBLIMTE, FETREER. R, —BLESUFES, FETRY
728%, 1/3MBEEEFBME[19]. £EEI99SFERT TBEAMFZBRAINERNE, LI
— ST SRR X Z B SR E S [#2]13,20] . AR MEIRR, 75X ZEL A XA
IR, UK (B R0 FERE (181) 4 A —2k[13,20].

—IAE MR RAAMERR/RMBHX 10FE N ZBEEBMI BN E®RE, BUTLI;R21]:
® TE1543BIEBEF, 706I(4.5%) RETHEME, 1561FEERIERMETET.

® FSMMEKREEEIE: IEREITE(ORS.18; 95%CI3.00-8.95). EY#E(OR 2.21; 95%CI
1.30-3.76), WUREMEFATZER(OR 3.50; 95%Cl1.57-7.77),

BEFERASN ZBEEBMMMA A RXMRNETLALAN, BEREFSHENNK. 20105, BI1.3
CRTGFRTIRZA R3] i, EDRI TSR, X ZEBEEREY T4000mgrE H & X
MEL319.22], AN ZBREBRRINTENBZES, 63%BER T X ZEEEE/ M ;XY E 75 Hl57
[20]. EHitt, MSEEFDAMRS HMANBERFRESHFI PN ZBEEHTIE, 2B L
B XA 1]

BRI F

B EEMARBEMERSFT( & 1). BITFIERILE—IRIO-15mg/kg, BMA—IR325-
1000mg, F4-6/NF1R, SRBRAREETEILEABOMA/KY, HAN4g. MEEIRFETEREE
BZER, BRTAMEMREBLKEMREMER(ZRATX "AREEZBEENRKRESR ).

® JLESRFIE/NT150mg/kgski A BRI E/NTF7.5- 1090, NAAIRESEHE[23].
® HIRBABNE250mMg/kgs 24/ N NIBAEN 1 200, AIRER £ HIE[24.25],

® EREHIATY, BAFIEBIE30Ma/kofiBE L FE L EMEREME, EXNASTHALTIE
KB 1000U/L[24]

X 2B EEMEE pE (T T ER) R 2R [26]. ARETFIER, MEREEC.S-2NEER
EE[27]. SRYERATREEBRIEIER[26]. BATEEREFTEBEE4NSAAR MFERE,
BINRERNBALRB RN (M KXY R FEHEEDY) K EBATEERFIFIE, HIER
[B] AT RERER F 4/ NI AR [28-30] 0 M3ETRT MREESERE 79 10-20ug/mL(65-130umol/L).

FrE X ZE 2 BB HI IR RRF R A2-N, BXTEEHR, 205 a0A AL KA &) #R 5E
K, BRAENFANE A REER[29.31]. MELI, HIAFEMENBZE PFRBLA/NG[32].
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Xf Z B R A AR AR R EABTTIER, 20%8X Z Bt =B £ i S e AL %
(sulfotransferase, SULT) fnUDPHE & #EEE S H £ 72 &5 (UDP-glucuronosyl transferases, UGT) g1k
A, REAREREMNEEREREEY[26]. XEEHERIPYZBHERRARM[26,27,33,34]. K2
2% AR BB R R AR . BT A @ RP4S0(CYP2ET. CYPTA2FICYP3A4) R & ITNRE R (L ER
ERMELER, ERNXNZHRESEBRHAEAIEESNERMEFBFHREGE, BIN-ZB-X-ZKEgR T
Bz (N-acetyl-p-benzoguinoneimine, NAPQI)( 1)[7.34-39].

BEEXN B EERSE/DENAPQI, XENAPQIRESHIEM AN ERES, MR ESH¥EME
BT EY), Z/EREREHDM[26,33,40]. A, BARSTENY ZBEEHN, HERAL
BERBERAEEZHEN, EZNXN IBEER S BYMARERPASOBER MBI
NAPQI[41]. HEFAERIASBE MG S EWIHFE70%-80%f, NAPQIFF A 5MERR N, MBEILAE
M1n[24,33,42,43], MFEBAMEMANPENIRS, N ZBEER T FRE /NNt
[26].

NAPQISFFiE AN F (L EBELNAER)hHFHEREAXMNESHFERET K, EENAPQL-ER
n&44-46]. ZIBAT . EHRXLENEY AT SERFEBAEREIRG . LRAEATPEEFaTEIX
A, AR/ R BT LRARIRSE[47-49] . FE EHE (TR THEE) S ELNER R EER SR
ME[11.36,38]. ZLF{ADNAFIATPEEESZIMESHATPERFELL[11]. BERE Rk NFZHIEE
BT REAE AT AR BB R & IR [36,50] 0 1Ih4h, SIMENAERMPARE T ATESHE
F(apoptosis-inducing factor, AlF). #ZERIEG(EndoG) pAREM R E A L RAY &
HEEER .. FrERRBEmAY 400 E AR 10 AT s (5 EE 3 b AR AN E th O ARRERUE H 5| K 4k %
MRERK, MmEFRAERYT K[51-55]. HHAHEXHN2FER (domage-associated
molecular pattern, DAMP) =4 (40, %8 5 MZ R ADNA) B E BB & R RS K XA
[37.56]0 XFpak& R GHIMTEIGRSHRISE | B (BATX ‘IEREZI )

MEM—H@EN ZBEEMBENNSFI1.57], SFEECETFHER, THECCHERTZME
2(C-C chemokine receptor type 2, CCR,) PR B AR [58] ; KAEE SEREIEIS?]; NURIFE
IREAAE SO FIAFAEIE B[S 1R L 1B . IR IZAF N FER GRS B [62] M B AT A KT
[63],

A RER ME R IR R E R
FELATERR, BANZHEERS5|LZFHRE:

® IEEAN ZBMEER (REE)

® B AN Z B S EE 5 EIRN- Z B Bt &L (N-acetylcysteine, NAC) /&7
® 4 (5 ZP4505E 41T 38

® BE B (L U RBR LRI AE J1R55

® ARt HRAK AR LIIRFE
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WMRAFESAFEBANNE, WEIZENES ZBEEH LEREFE4/NTFEENE. R
RYIRBERNEIRE, —EFEFEBRMBIRANREFEN. NASUEBEFE4NSHEFRN
EARE

MRBHRAALLRE, WARBR BT S RAISR B ERRHELTRTNACH
Fro MBHEMEE, RFENACITT. MBMARETRE, SR RTE DU ES/N,
RAER Z BT MR R AN E SRR 2 T ABRINACIHTT. (B0 “BAX ZE
FEBFAER PENET A hERENBBEZSR B FUNRLER )

ERARTIEE — BRLRIANAEN ZBEER T 2R A FNACR AR LEAFHG%, 8
R MR F B BT HNHIIERESREE. RRRRUMack-Matthew a7 52 & (4/NGIRE A
150mg/L|BEFAZFEREEY, ERINESATHEETIR( B 3)[132,134]. XAZIA
B, fRMEX 2B S EERE S TE 4N 150ug/mL(9920umol/L) 516/
18.8ug/mL(125umol/L)IXFAN mEZL, WIANEBLERSHEN “BEXR" , FRETER
NAC( [ 3)[66,135], EfthRAAREGTTHEMERLELH, TE—LERFER[136,137].

FigRRumack-Matthews| & B BRI A K ERESBRSTINTE2RENEUE, HEE5 TN ZHE
EMIEREMBANERTUASME( B 2). MEXNZBaEEREBRT4/NT
200pg/mL(1320umol/L) 516/Na$25ug/mL(165umol/L)iIX A L ( “ATREERITSE &
EETRHITRERETT, TEFSM(AST>1000U/L)M&E£ZEH60%, FET-RH5%[24,138], MmiExT
Z B S B R B R I 4/NBF300ug/mL(1980umol/L) 516/NF37.5ug/mL(250umol/L) X S B B E
B&( ‘SERSH WEESERHTET, “TEFSHENLZERR0%, FETERAIX24%
[24,138]. IEMHVWEFR, NZBMEBEBMLZARERT “TaERFSH KNBERBELLETE
&M, tRARTREIRE24,132,138],

B RARRumack-Matthew a7 FI 2 B R9ATr 2 L IRIGRRUAT 2 ( “AIREBAFEM” ) R25%
[82,135]. EEBETELEENENY ZHIERREFEEZRUARMGETNEBANBTREIR, EF
ETZZEEE. KAMRMIZENEMINLERRK7S]. 25%M L2 eeB B A gERiFZ LS
MXEESHNHREE (WREE). —ENMERINH—DRRIEBENETT L, ERTIEESS
[38.139,140].

Mg ZEEEERERT “AEFEN 4iBE, ERZ TNACHTr, BRESLETE
FFE1%(AST>1000U) . —IREFRMAA 20230 O BRNACIETr 24X B R BB T BN EE, KIMF
XZBEERRERT “FRENEN LNEELETEFSENELE 7H0-3%[82,135]. Ziafy
HgBRELT[135],

BAERN CHEER — X FRumack-MatthewI| 2 B g TR IEAE T Z BT S A BB 657 2t
NEBEHMNK, MAELRRNE. —EHB(BFEEF B EFE4 N8N EX Z B E B Y M

BARE, MRE—RESTILERH “AREAHEMN" &, WNFIENACHT[29,141]. MR

S E Emt N B EEMBENIREERTTLZ T, WRAEAFTENACHT73]l. AHRSES

IRRER ZHT, FAEFEREEFFHRHENERTINE (B “HAX ZBEER (FMAUER) PER
=L EG
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REBRITFIZEBNEHITH — REBRTFIEEA (repeated supratherapeutic ingestion,
RSTI X Z B S A B T SR LIZHT, [REXSESREMNHEE, FHIRMARNIERANLRER
o ERENERIMEERRE, BEAIEFRE, RESSHMZEERE (BN, BEHEE
fE). EIRAATRENSHAYN, WREENE LS ZEBEER, SFXTHEMERT N EREKE
o BN ERRSTABNMEN ZBEEMREREEATTKE, HERESSELX, X—aF
BF2MEE[5.876,142]. XFIERT, Rumack-MatthewF| & EHARER

TEERFS X — MR E MK E DN 2B R EERST, A BEREETRE. ERFER =R
RAEBENACHETTNEE. BEAUTEMRIAN, RN ZHEERABHSENNETTS:

® 24/ NRBAX ZE R EMBEN7.5-10g, HE24NYRAEBBTA0BFEMZ RGN, Bl
KHEIIOE. 2R, FRABERPASOESHI(  * 2)[23.73].

® S T X EfE. &0 IRit. |/EH—HIRAE

® (3% %t Z B S B ER BB 367 /K T (>20pg/mLk 1 30pmol/L) s R EEALTTH
[11,143,144],

® HIZWALTRASTREF S (>50U/L). MREEFEN ZBEEMRSTISE, FHEIEEBET
=, TWNEMEPRENM, #BNEERIZLS[EFST.

® TIZH N ZH R EM ST EEBINERRS. ZRAATUTNEZFSHEMAZIBEARNE R
Ma[145].

N-Z B M REIRTHIFRER — ERSTHER T, RIERIBANBRSILE BTG, MRMEX
LB REBRERESEDS, NPHHHEENACHTT. NTARSTMPFIGRIER (NFXER)
FEEBETE (ALTEHAST=50U/L) MiEX 2Bt BB REBT AT KT (>20ug/mLek
130umol/L) B £, ULENEEAL. SRR E. MEN ZBEERRE
>10pg/mL{65umol/L) &, HEEHITNACKHT . i, EFXNZBEEBMPEET I KERF
ERAMHRBNEERRE, [MHRBEEESRAHERERN, EEFREHAETNACERMET. (B
“HAX ZELEER (FNARRE) R EMNET M LERNFOEN ZBEER (FNASE) PENE
777 )

MBETHRNFIBEONT ZBEEERE, BEREEPSNER. MEREREREAEEBIAT
B, MRAAREEAT1,73]. MBEMER Z B ESHRE R T4 WA T (<10ug/mLs;
65umol/L) B S E#BEF/KFEIEE (ALTELAST<S0U/L), MAREENACETT. 2k, ALT<50U/LF0
% Z B R B E RS A A< 1 500ug/mL(9,900pmol/L) X U/LINF AT E ATRMEET L X £ BE
FFEM4 (ALT>1000U/L)

ATRURFENN 625613 Z B R EERSTIRE MR — AT, REMISHN ZEBEERRERME, B
BALT<50U/LHBEERL L £ BZRTS M (ALT>1000U/L)[146-149] . EMFTHIRER, G
Z B R R E- R EEBEFRIA<1500pg/mL(9,900umol/L) X U/LEESB TN EE A4 £ BEFTSME
(ALT>1000U/L). BRITERBIXLEMRAHFHIHEE, FHACSNERKABBEFIEBYIZT, X
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Common dosage forms of acetaminophen (paracetamol)

Preparation

Extended release
caplet

Extra strength
tablets, capsules,
caplets, gelcaps,
geltabs

Tablets

Chewable tablets

Liquid, syrup,

elixir, suspension

Drops*

Suppositories

Intravenous
solution¥

Strength

650 mg

500 mg

325 mg
160 mg
80 mg

160 mg

160 mg/5 mL (32
mg/mL)

500 mg/15 mL
(33.3 mg/mL)

100 mg/mL (80
mg/0.8 mL)

80, 120, 325, 650
mg

10 mg/mL

Examples of US trade names

Tylenol Arthritis Pain

Genapap Extra Strength, Genebs Extra Strength, Tylenol
Extra Strength, Medpap Extra Strength, Aspirin Free
Anacin® Maximum Strength, Cetafen Extra, Redutemp,
Valorin Extra

Cetafen, Genapap, Genebs ,Tylenol, Valorin, Mapap
Mapap

Children's Genapap, Children's Mapap, Children's Tylenol
Junior Strength Tylenol

Redutemp, Children's Genapap, Children's Silapap,
Children's Mapap Children's Tylenol

Tylenol Sore Throat
Infant Genapap, Infantaire, Infant's Silapap Liquiprin for
Children, Infant's Mapap, Infant's Tylenol

Acephen, Feverall, Mapap

Ofirmev

* As of 2011, in an effort to minimize pediatric dosing errors, the Consumer Healthcare Products
Association, in conjunction with the US Federal Drug Administration, is phasing out formulations
that contain 100 mg per mL (infant acetaminophen drops) so that pediatric liquid preparations
obtained in the United States after that time will all contain a concentration of 32 mg/mL (160 mg
per 5 mL). However, 100 mg per mL solutions are likely to continue to be given to children from
infant acetaminophen drops preparations purchased by caregivers before this phase out.

9 NOTE: Tenfold dosing errors and toxicity from intravenous acetaminophen have occurred in
small children when the calculated dose in mg is INCORRECTLY administered as the volume in mL
because the concentration of the solution is 10 mg/mL. In the United States, intravenous
acetaminophen is not licensed for use in children under two years of age.
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Acetaminophen metabolism

o] o] o
N-C-CH3 N-C-CH3 N-C-CH3
Sulfate OH Glucuronide

(excreted in urine) Acetaminophen {excreted in urine)

Renal
excretion
Cytochrome P450
(CYP2E1, CYP1A2, CYP3A4)
-Glutathione +Glutathione

Nontoxic NAPQI
conjugate
(excreted in urine)

Hepatotoxic
free NAPQI

At therapeutic doses, 90 percent of acetaminophen is metabolized in
the liver to sulfate and glucuronide conjugates that are then excreted
in the urine. One-half of the remaining acetaminophen is excreted
unchanged in the urine and one-half is metabolized via the hepatic
cytochrome P450 (CYP2E1, CYP1A2, CYP3A4 subfamilies) mixed
function oxidase pathway to N-acetyl-p-benzoquinoneimine (NAPQI),
which is hepatotoxic. With normal doses (blue arrows), NAPQI is
rapidly conjugated to hepatic glutathione, forming nontoxic cysteine
and mercaptate compounds that are excreted in the urine. With toxic
doses (red arrow), the sulfate and glucuronide pathways become
saturated, resulting in an increased fraction of acetaminophen being
metabolized by cytochrome P450 enzymes. Once glutathione stores
are depleted, NAPQI begins to accumulate and hepatic injury ensues.
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Severity of acetaminophen intoxication
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Hours after ingestion

The Rumack-Matthews nomogram summarizes the relationship
between plasma acetaminophen concentration (in pg/mL or
pmol/L), the time after drug ingestion, and the risk of hepatic
toxicity. The thick diagonal line of possible hepatic toxicity
represents a 25 percent likelihood of disease. A relatively low level
(such as 10 pg/mL) is safe soon after ingestion, but associated with
appreciable risk at 24 hours since it reflects a high initial load which
has now distributed into the tissues.

Adapted from Rumack, BH, Matthews, H, Pediatrics 1975; 55:873.
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Acute liver failure

Contrast-enhanced CT scan of the liver in a 35-year-old female who
took an overdose of acetaminophen demonstrates a heterogenous
poorly enhancing liver with areas of lower attenuation due to acute
fatty replacement. Note also the patent recanalized paraumbilical
vein coursing through the ligamentum teres (arrow).

Courtesy of Jonathan Kruskal, MD.
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Acetaminophen poisoning nomogram
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This nomogram should only be used after a single acute
acetaminophen ingestion. The line indicates the level at which toxicity
is possible after acetaminophen overdose. A serum acetaminophen
level should be obtained four or more hours after an ingestion to
ensure that a peak level has occurred. Patients who ingest extended-
release preparations should have a second level drawn four hours after
the first level to assess for an additional rise in serum concentration.
The level should be plotted in relationship to the time of ingestion to
determine the likelihood of toxicity and the need for treatment. Caution
should be used in assessing the reliability of the time of ingestion. This
nomogram cannot be used for ingestions that occurred greater than
24 hours prior to presentation, repeated supratherapeutic oral
ingestions, or iatrogenic intravenous overdose.

* Note that mg/L is the same concentration as mcg/mL.
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Original nomogram from: Rumack BH, Matthew H. Acetaminophen poisoning and
toxicity. Pediatrics 1975; 55:871. Copyright © 1975 by the AAP. Updated version
reproduced with permission from: Dart RC, Rumack BH. Acetaminophen (Paracetamol).
In: Medical Toxicology, 3rd ed, Dart RC (Ed), Lippincott Williams & Wilkins, Philadelphia
2004. Copyright © 2004 Lippincott Williams & Wilkins.
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Cytochrome P450 3A (including 3A4) inhibitors and inducers

Itraconazole

Erythromycin

® Primidone

Strong inhibitors Moderate Strong inducers Moderate
inhibitors inducers

Atazanavir Amiodarone* = Apalutamide Bexarotene
Ceritinib Aprepitant = Carbamazepine Bosentan
Clarithromycin Berotralstat = Enzalutamide Cenobamate
Cobicistat and Cimetidine* = Fosphenytoin Dabrafenib
cobicistat- Conivaptan = Lumacaftor Dexamethasone
containing Crizotinib = Lumacaftor- Dipyrone
coformulations Cyclosporine* ivacaftor Efavirenz
Darunavir Diltiazem = Mitotane Elagolix, estradiol,
Idelalisib Duvelisib = Phenobarbital and norethindrone
Indinavir Dronedarone = Phenytoin therapy pack®

Eslicarbazepine

Ketoconazole Eedratinib = Rifampin Etravirine
Levoketoconazole Fluconazole (rifampicin) Lorlatinib
Lonafarnib Fosamprenavir Mitapivat
Lopinavir Fosaprepitant* Modafinil
Mifepristone Fosnetupitant- Nafcillin
Nefazodone palonosetron Pexidartinib
Nelfinavir Grapefruit juice Rifabutin
Ombitasvir- Imatinib Rifapentine
paritaprevir- Isavuconazole Sotorasib
ritonavir (isavuconazonium St. John's wort
Ombitasvir-

paritaprevir-

sulfate)

. . Lefamulin
ritonavir plus .

. Letermovir
dasabuvir

Netupitant

Posaconazole
. . Nilotinib
Ritonavir and . o
ritonavir- Ribociclib
containing Schisandra
coformulations Verapamil

Saquinavir
Telithromycin
Tucatinib

Voriconazole

= For drug interaction purposes, the inhibitors and inducers of CYP3A metabolism listed above

can alter serum concentrations of drugs that are dependent upon the CYP3A subfamily of liver
enzymes, including CYP3A4, for elimination or activation.

= These classifications are based upon US Food and Drug Administration (FDA) guidance.[1.2]

Other sources may use a different classification system resulting in some agents being
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classified differently.

= Data are for systemic drug forms. Degree of inhibition or induction may be altered by dose,
method, and timing of administration.

= Weak inhibitors and inducers are not listed in this table with exception of a few examples.
Clinically significant interactions can occasionally occur due to weak inhibitors and inducers
(eg, target drug is highly dependent on CYP3A4 metabolism and has a narrow therapeutic
index). Accordingly, specific interactions should be checked using a drug interaction program
such as the Lexicomp drug interactions program included within UpToDate.

= Refer to UpToDate topics on specific agents and indications for further details.

* Classified as a weak inhibitor of CYP3A4 according to FDA system.[']
q Classified as a weak inducer of CYP3A4 according to FDA system.[1]

A The fixed-dose combination therapy pack taken in the approved regimen has moderate CYP3A4
induction effects. When elagolix is used as a single agent, it is a weak CYP3A4 inducer.
Norethindrone and estradiol are not CYP3A4 inducers.

Data from: Lexicomp Online (Lexi-Interact). Copyright © 1978-2022 Lexicomp, Inc. All Rights Reserved.

References:

1. Clinical Drug Interaction Studies — Cytochrome P450 Enzyme- and Transporter-Mediated Drug Interactions
Guidance for Industry (January 2020) available at: http://www.fda.gov/requlatory-information/search-fda-
guidance-documents/clinical-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-
interactions.

2. US Food & Drug Administration. Drug Development and Drug Interactions: Table of Substrates, Inhibitors and
Inducers. Available at: FDA.gov website.
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