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Table 1. Pharmacogenetic associations and immediate hypersensitivity reactions to p-lactam (J Allergy Clin Immunol
2016;138:943-55)

Genetic variant Ethnicity Type of evidence Screening recommended
IL4, IL4R Chinese, European, United States 7 Case-control studies No
13 Chinese, European 2 Case-control studies
FCERI Chinese, Korean 2 Case-control studies
STAT6 Chinese 1 Case-control study
IL10 European, Chinese 2 Case-control studies
IL18 Chinese 1 Case-control study
TNF European 1 Case-control study
IFNG Chinese 1 Case-control study
NOD2 European 1 Case-control study
HLA-DRA European 1 GWAS study
te|27)9) HE Agke YA, HL ol T, AR 24 NEP(S dactam F 2717k GE of
Edgle a2 FiolA B ARS 7HAL 9], ol § ol AF%E f-lactam L EIE
Aed oz olxE 4 grka & & ik

KeX

# <, Gueant 5" 229|917} ol tejole] F Ztke] genome-wide association study (GWAS)E 2§}
Arh=F]l, 4367 FATSF 112478 9] age, sex maiched control, o] &gjofoll A= 3627 2AMT, 2997
o] W=D & AT BF I Rabs A EpiiAE FEduErE SAegla ohtdEtA
24 o] 279l olekelo} 2tk 51%8} 79%0| ey A H O Z HLA-DRA regionoll Al SNPs7} 2=31|9)
ATl 4] 1ev] ZHEE £AS BT, o] o]gglol BTN wRA kAUt ATk e o

2 SNPs B 2s1Q) o4 wAR o), ol ol gelol dATAAL AGHA ko). o]l
T ASE WFoly AlH el wE e AvE 2L A wd AT Aste d4H &
g40] WakelA S oJuldh AR, flactam el2sle] A%, whelAl sNpe] AuH 2z
2ol whE Agol gt 4 Ank ob4 o] & oz Halrh

Aspirin/NSAID hypersensitivity
1. Aspirin—exacerbated respiratory disease (AERD)

k9] Park 5oll 9|3l aspirin-exacerbated respiratory disease (AERD)S| TR} 4% ARAS 4
7Vsle Ao tEEe THENACk 7] 7% AERD 3MAT#} aspirin tolerant %14 Zkx} Ao] €]
FH FA7 @A el RIEE vlashe °4:rL% e stle}. Arachidonic acid WAt 2] =4 o] 4ol
AERDS] el Fawty] wifel, 27 A< o FEo FE FAA XS "o PG
S-lipoxygenase (ALOXS5), COX2 (COX2), cysteinyl leukotriene receptors (CYSLTR1/CYSLTR?2), leukotriene C4
synthase (LTC4S), prostaglandin E2 receptor (PTGER/EP2), thromboxane A2 receptor (TBXA2R), thromboxane
A synthase (TBXASI) ¥+ SNP o] #3 SAHAE Hu=ckTable 1)°. a}A0F, t}2 ATl o]
=9 ¥4, 53l LTC4sel el 2z AP A Fek o] F 2 W skl AH WY (e, TAP2
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3] TLR3)ol| %0461% AL, 42 AEe] 715A el (o, SPINKS), Astehs AZHLHE (o, ACE
5 PPARG), TH2 ZAEE (o], IL-13 ¥ IL-41), o}~=3 2 A (¢, NAT2 % CYP2C19)9} &3 %l SNP
So] AERD%} E’,J_rai o] glrta Ky F|a glow A&EHog dEo]Aa Qi)

20101, skroll Al 109,365702] SNPoll W3t chip assay® 41" % aspirin tolerant %14] 32} 10073} o}
29 AAE B3l 2915l AERD 80 9| 3MAE Titels GWAS ATE sl H x| %
FAAL A AEG. 1 A 11709 SNPE AMstH A, 1119 FH GAA A 15070
©] common SNPE #1313, o] 5ol disto] vhilak BAS Foll 7pd FQ38 A& Z+= CEP6S gene

AL, “ [e]
(centrosomal protein)9] ®7-S o] Erl o] F t}E microbeadE ©] 3 GWAS d7} AJsiE| 9l o

Table 2. Pharmacogenetic associations and immediate hypersensitivity reactions to NSAIDs (J Allergy Clin Immunol
2016;138:943-55)

Genetic variant Ethnicity Type of evidence Screening recommended
AERD
ALOX5 United States, Korean 2 Case-control studies No
Cox2 European 1 Case-control study
Cysteinyl leukotriene receptors Korean 2 Case-control studies
LTC4S (positive association) Eastern European 1 Case-control study
LTC4S (negative association) United States, Japanese, 5 Case-control studies
Prostaglandin E2 receptor Australian, Spanish, Korean 3 Case-control studies
Thromboxane A2 receptor Korean, Japanese 2 Case-control studies
Other select genes Korean, Japanese 1 GWAS study
CEP68 (centrosomal protein) Korean 1 GWAS study
HLA-DPB1 Korean 1 Case-control study
HLA-DQB1*0302 Iranian
Aspirin/NSAID-exacerbated chronic urticaria No
ALOX5 Korean 1 Case-control study
LTC4S Eastern European, Venezuelan 2 Case-control studies
FCERI Korean 2 Case-control studies
TGFB1 Korean 1 Case-control study
TNFA Korean 1 Case-control study
Histamine N-methyltransferase Korean 1 Case-control study
IL18 Korean 1 Case-control study
Prostaglandin E2 receptor Korean 1 Case-control study
HLA-B44 European 1 Case-control study
No association Spanish, Chinese 1 GWAS study
Multiple NSAID/aspirin-induced acute urticaria No
ALOX5 Spanish 2 Case-control studies
Cysteinyl leukotriene receptors Spanish 1 Case-control study
Prostaglandin D receptor Spanish 1 Case-control study
Thromboxane Al synthase Spanish 1 Case-control study
CEP68 (centrosomal protein) Spanish 1 Case-control study
Diamine oxidase Spanish 1 Case-control study
Single NSAID-induced acute urticaria/anaphylaxis No
HLA-DRI11 Spanish 1 Case-control study
No associations Spanish 1 Case-control study
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7] xi HLA-DPBlo| AERDS} & 91.S-S uhaluiolch”.

% Aol A= AERDSHAPOIA] X & whg-oll i3t oFE A ete] A3 Frhgck dholl A AJ3H
A Z HA]=Ho| I3 montelukastol] Wt QF2Fo] CYSLTRIO| gt SNPe} ddto] 9SS wbA
Q. olgholl A AleE 3 Ao A= AERD SAboll A 59 53 PEste] ATFE A
stQar, olElgt @b g9 w3yl WolAe FollA HLA-DQBI*0302% A A 7MA 3 9SS Harsl
ek,

2. Aspirin/NSAID-related cutaneous diseases

1) Aspirin (or NSAID)-exacerbated chronic urticaria

FZ Skarol|A] Park soll 93l AFEI3 3 FH [FHAZ ALOXS, LTC4S,FCERIA, TGFBI, TNFA,
histamine N-methyltransferase(HNMT), IL18, prostaglandin E2 receptor subtype EP4 (PTGER4), HLA-B44%
Izt AR SNPs ol Halo] gk AFHI AN, 1127 9] 292 gk} 1209 Elo]
gk 3hAtollA] GWAS A7t AgE o), BAMR ou] Qe fHAE WA gk Aol

2) Acute urticaria to multiple NSAIDs or aspirin (crossreactive group)

F2 2dAI0ol|A A7} o] FoIX 3L, diamine oxidase gene (DAO), CYSLTRI, ALOX15, PTGDR, TBXASI,
CEP68 3 74 7k2] SNP &o] Brslzlon, o] 5% CEP68 3h=ollAl 7335 AERD 3 GWAS <1
Foll A 2s] 2l sNPst} FAg Flo] o,

3) Acute urticaria or anaphylaxis to a single NSAID (drug—specific reactions)

Candicate gene association study ol|4] HLA-DRIIo|| thgF SNPo] #zlo] Qlvkx X wslgich?.

AERDS} thzZ o g asp1r1n/ NSAID cutaneous reaction groupsollA& o} ol & Zotd 4 Q)& W
& 4R AT ABE gl Bdlolek 47 dlelehEel oled wrg el AAe oldieshinl Egol
9 5 gen), ok 4H f84el FUEA shokek

1. Allopurinol ZE 0|2 j0IHtS

allopurinol> 25t gJ4dellA] el A-gx¥o] gkoi} SIS, TEN, DRESSE tho] o2 kA SR}
dUF ez Hlwste] FAEeR AF =] gk et 2005 tiwke] S videw 3 A4
@l o174 HLA-B*58:019] allopurinolol] o1& SCAR WAz 733t A4S Helchs AL Huelsd
tHodds ratio [OR]=580.3)"". g+ A2+e o & 2k x4 9dFol| A% HLA-B*58:01¢] allopurinol
ol 93k SCAR AT} 738t ABA S K or(OR=97.8) thZ ofAJo} A Hol|A] |AE ZAFpEo] B
HPep, whd G837t A Eol A= allopurinolell )8+ SCAR 3+21e] 70%, 40%l|A41%F HLA-B*58:01 %
As Bk aey fradoluh dellA] B¥58:01 o] RIEZF mi-¢- U2 A3 ke 9w e &7
o] ohd 4= gt} o] 8% B*58:019] allopurinololl 2]&+ SCAR WHAlx} #edo] dA|uk B*58:01 kA Abe}
3 sfo] B allopurinol 58 ¥ SCARE st A2 oyl ghr2lol| A allopurinols H-83F 1t
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AAFA A4 HLA 4248 dlole & 28§ A& 3 A3}, HLA-B*58:019]
kA Q1 HEA A B A3k AL 7} allopurinol e B-88 79 18%0ll4] SCAR7Z} HHAsLIcl?. a#fu} o] =2+
AA A el A= SCAR WAE 2%Hct 72 987} Fom], HLA-B*58:01 54 7 fell= 3 W&
SCAR7} hAslA] ¢kokeh. ol 3 qdFollA ubAAIRA 3hAell Al @4k 7slAl AHE- A ell HLA-B*58:01
232 dS Algstar oFAQl 7% allopurinol B2 QW o= thE kA2 W7, 412 7% allopurinol
FAE 2R ALeRE W FEG dEI) 93 EAEA. o) FF LEX 5 AR
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2, Abacavir 3 I8 n0lH3

abacavirell 2]gF Z Al ZHInk-&-2} HLA-B*57:01 7+e] QA Hue %— C—’lﬁ%cﬂ ot SCARQ} HLA

AW B AT F 714 A Hud A

65 o] el A3t Ay AA Aluks B3t B 5491‘424) o] V‘?} abacavir FRINE-S S5

(abacavir hypersensitivity syndrome, AHS)< 4, #H41, 9143 4, 387 S48 & o3 AW &4
g

Holx= AAA ulsog AWS Qdsl= %

o)
£
@
)
o
1<)
(€]
&
=
'-e
_‘

o]
i
“1-'
o

L
)
1°
10
W
X
=2
2
©
ﬂﬂ

o of
JN
rO
I
=,
g r
el
o
i)
2
X2
o o
a:)
—>r"
oL
_?:,
.
krl
i
ke
o)
32
£

o] 3~ HLA-B*57:01 th® +AAE 7<= 74

ol g5 1 =] F= o Ayt Hax o) o] & AHEEF 04—?01]/ﬂ abacavir X & AJZ+ A HLA-B*57:01
}f“ ARsle] B*57:01 % E-53F $2}ol|A] abacavirg: X WelA] 92 A7} abacavir

*%735]"5 Falub-S-o] WA Eo] 78%0lA 34%2 ZAstgon, HEAow FAs

HAE 3 2.7%004 00%E FHiste ARE E?}‘\U}Z‘D. olof] wlg} W)= FDA+ abacavir

2 Qg Fuute-S gsly] gl BE AE X8 Aol HLA-B*57010] A FAFste], A} ok

Aog vehd ¢ o XEHE Agdor st2E Axsel o), s9loA= HLA-B*57:01¢] Hl
=53] Yol Ul HIV 2R}l A abacavir A8 A HLA-B*5701 A E f84¢] glsich

olo

3. Carbamazepine Z 1|8 n}0lgt

abacavirel] ©o]o] 20041 tHubollA carbamazepineol] ]38k SIS, TENo| ®HAgl 31212 100%ol A
HLA-B*15:02 Wi§] FAz27F e Hasiglen, Bx15:027F A AF o4 745l vl
carbamazepine $¢] % SIS, TEN 24 &l Ado] 1,0000] o] 4 EolAlcta wrEa Q). F3- 3kEo|| A
9] 2 AWMl HuH ¥ diubd wF FDAT 20074 oFAlopQle] A% HLA F4AES vzl &

e A daska, tiutellA & 2010656 HLA-B*15:02 & F<F A 4
H3lo] HLA-B*15:025 7141 3kA}ol|A] carbamazepine AH-&5 F A8+ 23} carbamazepineol] 2]g+ SIS/TEN
HAEo] ol 023%0lA4 0%E FHazslod, A A AAE &3 1AF ol AF3 AwlE B
SR, e oA Felw ol A3 ARAL o] F wiel 9l el JHAS utow
3 AT AE o] Lol MPEA PP, o]2]d Aol HLA-B*15:02 FE7} QF7tell 2
ol & HolE Azt Bao] JrF’. HLA-B*15:02 o HIEE olAoldlE ol FEEldh Xjo] =

3

o, £%, 6%, welel Aok W Helzl AF Aol 15% ol4o] WA, tielAE oF 1092 F& 1l

A3k % carbamazepines 59
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CE Hol why, XS E3s dolrlol: 2-4%, 7l B GEQI9 1% w|gkell 4wt HLA-B*1502
7} ZAgel. HLA-B*1502% obAlobAl7} obd A& Sol uiQl, o}Zel7}A] w]Frel, s]2ully, of
w27t AFRhelde g yehbA ekedh W f5 9 dif R Z 3 EellA = HLA-A*31:01 3
Age] Fo3t ol JAAE HuEglow, galo A= HLA-B*15:11 9 HLA-A*31:01 f+5A3 o] 9
v Qe RS Hole Ao L}Em—c}”“&

= 2 1
glor}, HLA $AAF 0| E—é g 1 4*} SCAR ngg wm o AR AAE Ao By
4

3
ozl e1ZA el x}olg— EOJE}. 047] oﬂ% abacavir% HLA-B*57:01(Hﬂ°Ll), allopurinol¥} HLA-B*58:01,
carbamazepine/oxcarbamazepine¥} HLA-B*15:02 (3+%), HLA-A*31:01 (f%), lamotrigine?} HLA-B*15:02
(F 3+%), dapsone?} HLA-B*13:01(3t=), phenytoin¥} HLA-B*15:02 (3+%), nevirapine@} HLA-B*35:03
©HAlokel) Sol Yov® AFol W o5 AuAse] Ade] Bey Aow HAh AT A
Gt QB AAE AL, Aol Zrhgel mel o] B FEINIM S HY =A% Tl
oFE G AT o] Aol Raslolol & Aol

[«

ShEE

1. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized patients: a meta-an-
alysis of prospective studies. JAMA. 1998;279(15):1200-5.

2. Demoly P, Bousquet J. Epidemiology of drug allergy. Curr Opin Allergy Clin Immunol. 2001;1(4):305-10.

3. Khan DA. Pharmacogenomics and adverse drug reactions: Primetime and not ready for primetime tests. J
Allergy Clin Immunol. 2016;138(4):943-55.

4. Qiao HL, Yang J, Zhang YW. Specific serum IgE levels and FcepsilonRIbeta genetic polymorphism in patients
with penicillins allergy. Allergy. 2004;59(12):1326-32.

5. Nam YH, Kim JE, Kim SH, Jin HJ, Hwang EK, Shin YS, et al. Identifying genetic susceptibility to
sensitization to cephalosporins in health care workers. J Korean Med Sci. 2012;27(11):1292-9.

6. Huang CZ, Zou D, Yang J, Qiao HL. Polymorphisms of STAT6 and specific serum IgE levels in patients with
penicillin allergy. Int J Clin Pharmacol Ther. 2012;50(7):461-7.

7. Gueant JL, Romano A, Cornejo-Garcia JA, Oussalah A, Chery C, Blanca-Lopez N, et al. HLA-DRA variants
predict penicillin allergy in genome-wide fine-mapping genotyping. J Allergy Clin Immunol. 2015;135(1):253-9.

8. Kim SH, Sanak M, Park HS. Genetics of hypersensitivity to aspirin and nonsteroidal anti-inflammatory drugs.
Immunol Allergy Clin North Am. 2013;33(2):177-94.

9. Kim JH, Park BL, Cheong HS, Bae JS, Park JS, Jang AS, et al. Genome-wide and follow-up studies identify
CEP68 gene variants associated with risk of aspirin-intolerant asthma. PLoS One. 2010;5(11):e13818.

10. Park BL, Kim TH, Kim JH, Bae JS, Pasaje CF, Cheong HS, et al. Genome-wide association study of
aspirin-exacerbated respiratory disease in a Korean population. Hum Genet. 2013;132(3):313-21.

I1. Kim SH, Ye YM, Hur GY, Lee SK, Sampson AP, Lee HY, et al. CysLTRl promoter polymorphism and
requirement for leukotriene receptor antagonist in aspirin-intolerant asthma patients. Pharmacogenomics.
2007;8(9):1143-50.



™ Ii< : Diagnosis of drug hypersensitivity Genetic markerl

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Esmacilzadeh H, Nabavi M, Aryan Z, Arshi S, Bemanian MH, Fallahpour M, et al. Aspirin desensitization for
patients with aspirin-exacerbated respiratory disease: A randomized double-blind placebo-controlled trial. Clin
Immunol. 2015;160(2):349-57.

Bae JS, Kim SH, Ye YM, Yoon HJ, Suh CH, Nahm DH, et al. Significant association of FcepsilonRIalpha
promoter polymorphisms with aspirin-intolerant chronic urticaria. J Allergy Clin Immunol. 2007;119(2):449-56.
Park HJ, Ye YM, Hur GY, Kim SH, Park HS. Association between a TGFbetal promoter polymorphism and
the phenotype of aspirin-intolerant chronic urticaria in a Korean population. J Clin Pharm Ther. 2008,
33(6):691-7.

Kim SH, Kang YM, Kim SH, Cho BY, Ye YM, Hur GY, et al. Histamine N-methyltransferase 939A>G
polymorphism affects mRNA stability in patients with acetylsalicylic acid-intolerant chronic urticaria. Allergy.
2009;64(2):213-21.

Cornejo-Garcia JA, Liou LB, Blanca-Lopez N, Dona I, Chen CH, Chou YC, et al. Genome-wide association
study in NSAID-induced acute urticaria/angioedema in Spanish and Han Chinese populations. Pharmacogenomics.
2013;14(15):1857-69.

Vidal C, Porras-Hurtado L, Cruz R, Quiralte J, Cardona V, Colas C, et al. Association of thromboxane Al
synthase (TBXASI1) gene polymorphism with acute urticaria induced by nonsteroidal anti-inflammatory drugs. J
Allergy Clin Immunol. 2013;132(4):989-91.

Cornejo-Garcia JA, Flores C, Plaza-Seron MC, Acosta-Herrera M, Blanca-Lopez N, Dona I, et al. Variants of
CEP68 gene are associated with acute urticaria/angioedema induced by multiple non-steroidal anti-inflammatory
drugs. PLoS One. 2014;9(3):e90966.

Quiralte J, Sanchez-Garcia F, Torres MJ, Blanco C, Castillo R, Ortega N, et al. Association of HLA-DRI11
with the anaphylactoid reaction caused by nonsteroidal anti-inflammatory drugs. J Allergy Clin Immunol.
1999;103(4):685-9.

Harr T, French LE. Stevens-Johnson syndrome and toxic epidermal necrolysis. Chem Immunol Allergy.
2012;97:149-66.

Hung SI, Chung WH, Liou LB, Chu CC, Lin M, Huang HP, et al. HLA-B*5801 allele as a genetic marker
for severe cutaneous adverse reactions caused by allopurinol. Proc Natl Acad Sci U S A. 2005;102(11):4134-9.
Kang HR, Jee YK, Kim YS, Lee CH, Jung JW, Kim SH, et al. Positive and negative associations of HLA
class I alleles with allopurinol-induced SCARs in Koreans. Pharmacogenet Genomics. 2011;21(5):303-7.

Jung JW, Song WI, Kim YS, Joo KW, Lee KW, Kim SH, et al. HLA-B58 can help the clinical decision on
starting allopurinol in patients with chronic renal insufficiency. Nephrol Dial Transplant. 2011;26(11):3567-72.
Jung JW, Kim DK, Park HW, Oh KH, Joo KW, Kim YS, et al. An effective strategy to prevent
allopurinol-induced hypersensitivity by HLA typing. Genet Med. 2015;17(10):807-14.

Mallal S, Phillips E, Carosi G, Molina JM, Workman C, Tomazic J, et al. HLA-B*5701 screening for
hypersensitivity to abacavir. N Engl J Med. 2008;358(6):568-79.

Chung WH, Hung SI, Hong HS, Hsih MS, Yang LC, Ho HC, et al. Medical genetics: a marker for
Stevens-Johnson syndrome. Nature. 2004;428(6982):486.

Chen P, Lin JJ, Lu CS, Ong CT, Hsiech PF, Yang CC, et al. Carbamazepine-induced toxic effects and
HLA-B*1502 screening in Taiwan. N Engl J Med. 2011;364(12):1126-33.

Kim SH, Lee KW, Song WIJ, Kim SH, Jee YK, Lee SM, et al. Carbamazepine-induced severe cutaneous
adverse reactions and HLA genotypes in Koreans. Epilepsy Res. 2011;97(1-2):190-7.

McCormack M, Alfirevic A, Bourgeois S, Farrell JJ, Kasperaviciute D, Carrington M, et al. HLA-A*3101 and
carbamazepine-induced hypersensitivity reactions in Europeans. N Engl J Med. 2011;364(12):1134-43.

Yip VL, Marson AG, Jorgensen AL, Pirmohamed M, Alfirevic A. HLA genotype and carbamazepine-induced
cutaneous adverse drug reactions: a systematic review. Clin Pharmacol Ther. 2012;92(6):757-65.



