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enfermedades
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Tuberculosis is a global pandemig, killing someone approximately every 18 seconds — about 1.6
‘ million in 2017 alone. -
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TRATAMIENTO DE LA TUBERCULQOSIS

La totalidad de pacientes con tuberculosis

. . , puede reducir en un 90% el
recibe el mismo esquema de tratamiento.

riesgo a desarrollar una TB
activa si se toma durante 9

* Fase intensiva (2 meses) meses

Isoniacida
La terapia estandar
\\ Pirazinamida L pElE ot
Etambutol . N casos de la ITBLy
Rifampicina profilaxis.

* Fase consolidacion (4-7 meses)

CDC. Latent Tuberculosis Infection: A Guide for the Primary
Health Care. 2013



TRATAMIENTO DE LA TUBERCULQOSIS

e Potencialmente fatal

: . * Falta de adherencia
* Fase intensiva (2 meses)

* Mas contagios

Isoniacid

e Aumento de resistencia antibidtica

Rifampiciha % desarrollan daio
hepatico severo por
drogas anti-TB.

o . * Mas estudios médicos
Pirazinamida

Etambutol e MaJas dias de internacion

O'Connell TM, Watkins PB. The application of metabonomics to predict drug-induced liver injury. Clinical pharmacology and therapeutics.
2010;88(3):394-9.



Varios estudios han asociado a la isoniacida
como la principal responsable de

hepatotoxicidad.
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Detectar a los pacientes sensibles ANTES de medicarlos.

[Solucion propuesta]

Esquema de tratamiento
GLOBAL

Esquema de tratamiento
PERSONALIZADO
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Seng KY, et al. Antimicrob Agents Chemother 2015;59:6791-9.
Wang P, Pradhan K, Zhong XB, et al. Acta Pharm Sin B 2016;6:384-92.



METABOLISMO DE ISONIACIDA
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Seng KY, Hee KH, Soon GH, et al. Population pharmacokinetic analysis of isoniazid, acetylisoniazid, and isonicotinic acid in healthy volunteers.
Antimicrob Agents Chemother 2015;59:6791-9.
Wang P, Pradhan K, Zhong XB, et al. Isoniazid metabolism and hepatotoxicity. Acta Pharm Sin B 2016;6:384—92.
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Prevention of isoniazid toxicity by NAT2 genotyping in Senegalese

tuberculosis patients

PMCID: PMC5616082
PMID: 28959610

A Toure, Dr.#€= M. Cabral,® A. Niang,9 C. Diop,® A. Garat ¢ L Humbert® M. Fall,® A Diouf @ F. Broly,P-¢

M. Lhermitte P-¢ and D. Allorge®©

Table 4

Plasma Isoniazid and Acetylisoniazid concentrations in slow and rapid acetylator TB patients

(N =79) after 3 and 6 h from the administration of a dose (5 mg'kg bodyv weight) of INH.

Isoniazid

Acetylisoniazid

Slow Acetvlators

Rapid Acetylators

3 h (mg/L)

6h (mg/L)

3h (mgL) 6h(mgL)

670 +270 35+2325 237+06 133+067
1.52+060 077+06 113+08 041+032
W=7 WI-22] (W31 (UI-1.2)




Indian J Med Res. 2017 Jan; 145{1): 118-123. PMCID: PMC5460557

doi: 10.4103/fjmelJMRE_2013_15

N-acetyltransferase gene polymorphisms & plasma isoniazid
concentrations in patients with tuberculosis

A K. Hemanth Kumar, ' K._Ramesh 2 T Kannan,® V_Sudha,! Hemalatha Haribabu 2 J_ Lavs
Soumya Swaminathan,® and Geetha Ramachandran’

PMID: 28574024

15- : <0.001 ,
< 0.001

13.09T 0.002
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Figure

Median two-hour isoniazid concentrations in the different genotypes. The vertical bars denote inter-quartile

range.
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(A) CYP2EI Rsal/Pstl cl/cl genotype compared to cl/c2 + c2/c2 genotypes

Odds Ratio

_StudyorSubgroup  Weight M-H. Random, 95% CI
CYP2E1 Rsal/Pstl c/c genotype
An 2012 5.9% 1.67 [0.93, 2.98]
Brito 2014 2.3% 1.17 [0.25, 5.40]
Chamorro 2013 53% 0.96 [0.48, 1.92)
Cho 2007 3.9% 0.94 [0.35, 2.56)
Feng 2014 6.4% 4.22[2.59, 6.89)
Forestier 2013 35% 2,94 [0.97, 8.91)
Gupla 2013 1.4% 2.83(0.35, 22.87]
Huang 2003 5.3% 2.52[1.26, 5.05]
Kim 2009 53% 2,66 [1.34, 5.26)
Lee 2010 52% 1.00 [0.49, 2.04]
Mishra 2013 20% 0.46 [0.09, 2.49)
Rana 2014 59% 0.66 [0.36, 1.18]
Santos 2013 3.0% 2.28[0.64, 8.11)
Sharma 2014 6.0% 1.12[0.64, 1.96]
Singh 2014 46% 4.02[1.76,9.21)
Singla 2014 22% 0.32[0.07, 1.52)
Sotsuka 2011 4.0% 065 [0.24, 1.74)
Tang 2013 6.4% 0.99 [0.61, 1.60)
Teixeira 2011 28% 0.78 [0.21, 2.95)
Vuilleumier 2006 1.2% 0.60 [0.06, 5.93)
Wang 2010 57% 2.10[1.14, 3.88]
Xiang 2014 56% 1.28 (0.68, 2.42]
Yamada 2009 3.9% 1.06 [0.39, 2.88]
Zaverucha-do-valle 2014  2.3% 0.86 [0.19, 4.04]
Subtotal (95% CI) 100.0% 1.30 [1.06, 1.83]
Total events

Heterogeneity: Tau® = 0.24; ChP = 57.52, df = 23 (P < 0.0001); F = 60%

Test for overall effect: Z = 2.35 (P = 0.02)

M-H. Random.95%Cl I
(B) CYP2EI Dral D/D genotype compared to D/C + C/C genotypes.
L0 CTE— Odds Ratio Odds Ratio
L - CYP2E1 Dral D/D genotype
——— Bose 2011 13.1%  0.49[0.16, 1.47) I
— Brito 2014 53%  1.14[0.31,4.19) ——
—— Gupta 2013 203%  1.05[0.54, 2.05) e
—_— Santos 2013 44%  259[0.73,9.19)
Sotsuka 2011 106%  0.85[0.32, 2.26) —
e Tang 2012 463%  0.83[0.52,1.33] ‘:
[ Subtotal (95% CI)  100.0%  0.93 [0.68, 1.27]
— Total events
— Heterogeneity: Ch = 4.28, df = 5 (P = 0.51); F= 0%
& Test for overall effect: Z = 0.46 (P = 0.64)
001 0.1 1 10 100

-

0.1
No hepatotoxicity

Favors hepatotoxicity




(A) GSTMI null genotype compared to the non-null genotype

Odds Ratio Odds Ratio
—Study or Subgroup _Welght M-H Flxed 95%Cl  MH Fixed 85%C1
Brito 2014 26%  0.88(0.30, 256 —
Chatterjee 2010 59%  1.00(0.51,1.96] =1
Forestier 2013 51% 087 1 —r=
Gupta 2013 42%  220(1.17,4.13] —
Huang 2007 34%  2.34[1.14,482) g
Kim 2010 92%  0.69[0.38, 1.26] =
Leiro 2008 43%  073[031,1.74) g
Lu 2014 25%  1.14[0.41,3.16) ——
Monteiro 2012 51%  1.37[0.70, 2.66] T
Rana 2013 21%  247[1.07,571] =
Rana 2014 35%  2.55(1.34,487] o
Roy 2001 14%  3.32[1.16,9.48] ——
Sharma 2014 10.4% 1.15 [0.70, 1.88) s
Singla 2014 20%  1.96[0.73, 526 ) B
Sotsuka 2011 25%  1.26[047,337) —_ .
Tang 2012 109%  1.22(0.76, 1.96] e
Tobxoira 2011 39%  0.96[041,224] SE
Wang 2010 72%  1.62(0.94,279] [
Xiang 2014 13.9%  1.14[0.74, 1.74] -+
Subtotal (95% CI)  100.0%  1.30 [1.12, 1.52] *
Total events
Heterogenelty: Ghi* = 27.01, df = 18 (P = 0.08); = 33%
Test for overall effect: Z = 3.38 (P = 0.0007)
0.1 10 100
No hepatotoxicity Hepatotoxicity
(B) GSTTI null genotype compared to the non-null genotype
Odds Ratio Odds Ratio
Study or Subgroup _ Weight M-H.Fixed 95%Cl _ MH Fixed 95%Cl
Brito 2014 14%  1.11[024,5.18] —
Chatterjee 2010 09%  202(0.39, 10.39) —_—t
Forestier 2013 38%  0.82(0.29,229) ——
Gupta 2013 38%  2.03(0.94, 4.39] =
Huang 2007 74%  0.94(0.46,1.91] ——
Kim 2010 92%  1.25(0.68,2.28) e
Leiro 2008 29%  260[1.08,6.23] =
Liu 2014 40%  088(0.33,235) =
Monteiro 2012 73%  0.74[0.34, 1.61] s
Rana 2013 63%  0.56(0.22, 1.43] e
Rana 2014 106% 069 (0.36, 1.34] —=t
Roy 2001 04%  5.71[063,51.89] —
2014 22%  2.52[0.95,6.70)
Sotsuka 2011 0.70(0.26, 1.92]
2012 17.3%  0.96[0.60, 1.52] . o
Teixeira 2011 34%  0.77(0.24,241] ——
Xiang 2014 145%  089(053, 151 -
Subtotal (935% C)  100.0%  1.03 [0.85, 1.25] *
Total events
Heterogeneity: Chi* = 19,14, df = 16 (P = 0.26); I* = 16%
Test for overal effect: Z = 0.31 (P = 0.76)

(C) GSTM1/GSTT1 dual-null genotype compared to the one- and non-null genotypes

Odds Ratio Odds Ratio
_StudvorSubgrouo  Weight M-H. Random. 958% Gl MH Random 9S%Cl

Beito 2014 35% 1.30 016, 10.71] e

Chatterios 2010 7% 0.51 (0,13, 1.90] =

Forestier 2013 64% 0.51[0.13,2.03] e

Gupta 2013 6.6% 6.72(1.74, 26.00) —_—

Kim 2010 125% 1.02 1.94) J )

Leiro 2008 7.7% 2.25[0.69, 7.34) ——

Rana 2013 107% 0.55 [0.24, 1.26] —

Rana 2014 13.1% 0.67 037, 1.22) =y

2014 8.2% 4.67 [1.55, 14.10) —_—

Tang 2012 137% 0.82 [0.54, 1.56] i

Xiang 2014 1% 0.56 (0.28, 1.23] 5

Subtotal (95% Cl)  100.0% 1.0 [0.67, 1.62) >

Total events

 Tau® = 0.29; ChP = 24.68, df = 10 (P = 0.006); F = 50%
Tost for overail effect: Z = 0.20 (P = 0.84)
001 01 10 100




Odds Ratio Odds Ratio

—StudyorSuboroup  Weight M-H. Random, 85% C MH Random 95%CI
NAT2
An 2012 36% 47412.35,9.58) ==
Ben Mohmoud 2012 17%  5.00(1.25,2008] —
Bose 2011 35% 300144, 6.25] ——
Bozok 2008 26%  8.82(326,2389) ——
Brito 2014 24% 4,66 [1.59, 13.67] —
Chamormo 2013 3T% 246(1.24,4.87) et
Cho 2007 23%  541[1.76,16.59) r——
Foraster 2013 31% 188[081,4.33] Y
Gupta 2013 39% 2.08[1.09, 391] e
Higuchl 2007 17%  75[240,3968) P
Ho 2013 27% 6.70 (2.54, 17.68] T
Huang 2002 34% 2871.32.623) ==
Huang 2003 39% 230(1.21,4309) - .
Khalll 2011 16%  11.16(263,47.33) —— Pe rfl I A L
Lee 2010 34% 328153, 7.06] G
Leiro-Femandez 2012 33% 134[061,298] ~—j—
Lv 2012 41% 0.97 [0.54, 1.72) —
b e — OR =3,30(2,65—4,11]
Ng 2014 23% 4.25[1.36, 13.22] V4 V4 V4
Ohno 2000 05% 127.00(.57, 2453.41) ——p
Possuelo 2008 23% 5.40(1.74,16.74) i
Rana 2013 3% 349[1.75,6.97) e
Rana 2014 39% 350187, 6.86) .
Santos 2013 27% 371(1.38,9.93)
Shimizu 2008 08%  20.67(1.95, 21871] ey et
Singla 2014 16% 6.27 (141, 27.78) : AL i “ 2 :
e iy 358 LM 10 In conclum.on ' Ehc 1 151\‘ of ATDllTl dur ing ml?m culosis
Teixsira 2011 29% 271110, 6.63] therapy was significantly increased in patients with tuber-
Vuilleumier 2008 14% 4.13[0.82, 20.68] T . ¥

Wattanapokayakit 2017 32%  11.82(522,26.77) —_— culosis carrving NAT2 slow acetylator, CYP2E! Rsal/ Psil
o bt pc e e 4+ cl/cl, or GSTMI null genotypes. Screening for these
Yimer 2011 33% 1.54[0.70, 3.37) ~fr— et morohi i : for AT '
e s s gt s genetic polymorphisms, pmuu.llarl.\, [01_ t!le NAT2 :elow
Zaverchadovalle 2014 35% 295[140,621) T acetylator genotype, may be of great clinical benefit to
Subtotal (95% C1) 1000%  330[265,4.11] * ey e : e s % o

Total events identify patients at high risk for ATDILI and minimise the

Heterogeneity: Ti .21, 3 .0001); * T s :
Twhmx;ﬂg;:sm:)upwm e risk of ATDILL Future studies are pertinent to develop

ZisnBny | uo 0¥6.20-81L(

-
+

8l

0.01 0.1 1 10




@ PHARMGKB et | Q

T isoniazid

Overview & PRESCRIBING INFO DRUG LABELS CLINICAL ANNOTATIONS PATHWAYS
L i
PGx Prescribing Info ® !E 2 % 2 @ 1 8 I’j 1
Drug Labels @
Structure
Clinical Annotations [ :
large version
Variant Annotations ® §
ZD version
H H
N
Literature [ ]
) N
Pathways ®
==
Related To
/

Links & Downloads N



@PHARMGKB Add a term to make a combination... Q = Me
Overview PGx Prescribing Info
PGx Prescribing Info . Rx Annotations
Rx annotations are annotations on journal articles that provide drug dosing or drug
Drug Labels ® prescribing information based on pharmacogenetic information.
Clinical Annotations L] -
Variant Annotations ® Literature
NATZ genotype guided regimen reduces isoniazid-induced liver injury and early
Literature ® treatment failure in the 6-month four-drug standard treatment of tuberculosis: a
randomized controlled tnal for pharmacogenetics-based therapy
Pathways ® publffed 23150149
Related To
Literature
Links & Downloads A proposal for an individualized pharmacogenetic-guided isoniazid dosage regimen
for patients with tuberculosis
publfed 26491254



NATZ genotype guided regimen reduces isoniazid-induced liver injury and early
treatment failure in the 6-month four-drug standard treatment of tuberculosis: a
randomized controlled tnal for pharmacogenetics-based therapy

Publifed 23150149

Dosing protocol

BODY DOSE IN STANDARD
MAT2 WEIGHT  DOSE IN NAT2 GENOTYPED-GUIDED TREATMENT ARM (MG/DAILY;
STATUS  (KG) TREATMENT ARM (MG/DAILY; N=78) N=T7)

SA <40 100 200

SA ==40 150 300

1A =40 200 200

1A >=40 300 300

RA <40 300 200

RA >=40 450 300

SA = slow acetylator, without MATZ2"4; |1A = intermediate acetylator, heterozygous for MAT2*4: RA = rapid acetylator,

homozygous for NATZ*4



La reduccion del riesgo absoluto en la poblacion combinada
de acetiladores rapidos y lentos con respecto a eventos

desfavorables.

Reduccion de riesgo

1040 1

80 1

| n

STD
43 7

Incidence (%)
& B3

[
=
L

p=0.023
I

p=0.003
u T . T T
Treatments PGix
H 38

NATZ2 genotype RA+SA-type LA-type

Fig. 5 Incidence of combined unfavorable events among the patients
with drug sensitive tuberculosis on sputum culture at screening. RA+
IA-tvpe, combined with rapid or slow acetylator genotypes; LA-type,
intermediate acetylator genotypes; PGx, PGx-guided treatment; STD,
conventional standard-treatment




Literature
A proposal for an individualized pharmacogenetic-guided isoniazid dosage regimen
for patients with tuberculosis

Publfed 26491254

Dosing protocol

Pharmacogenetic arm (n=28)

MATZ2 STATUS WEIGHT: 40KG S0HG 60KG TOKG 80KG
Slow-acetylators™ 100mg 200mg  200mg  200mg  300mg
Intermediate-acetylators  200mg 200mg  300mg 300mg  300mg

Rapid-acetylators 300mg 300mg  300mg  400mg  400mg
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*PHAR GKB Q enu & Account (?) Help

PharmGKB annotates drug labels containing pharmacogenetic information approved by the US Food and Drug

PGx Prescribing Info o Administration (FDA), European Medicines Agency (EMA), the Pharmaceuticals and Medical Devices Agency, Japan
(PMDA), and Health Canada (Santé Canada) (HCSC). PharmGKB annotations provide a brief summary of the PGx in the
Drug Labels o> label, an excerpt from the label and a downloadable highlighted label PDF file. A list of genes and phenotypes found
within the label is mapped to label section headers and listed at the end of each annotation. PharmGKB also attempts to
Clinical Annotations L interpret the level of action implied in each label with the "PGx Level” tag.
Variant Annotations o See the legend for more information about drug label sources and PGx Levels.
We welcome any information regarding drug labels containing PGx information approved by the FDA, EMA, PMDA,
Literature ° HCSC or other Medicine Agencies around the world - please contact us.
Pathways [
TESTING LEVEL SOURCE GENES TITLE
Related To

e ow ATz
e ow oA nam2

Links & Downloads
Annotation of PMDA Label for isoniazid and NAT2




[Solucidn propuesta] ——— Detectar a los pacientes sensibles ANTES de medicarlos.

Perfil acetilador
NAT?2

Una herramienta
costeable que analiza el
ADN del paciente y
permite saber cual es la
dosis del farmaco anti-TB
Optima para él.

ol
_+

pacientes mejoran su calidad de
vida durante el tratamiento
evitando el dano hepatico.

médicos mejoran su éxito

en el tratamiento de sus pacientes
y en la prevencion de efectos
adversos.

Sistema de salud optimiza
recursos al evitar tratamientos
prolongados e internaciones.
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J Infect Dev Ctries. 2012 Sep 17,6(9):671-4. doi: 10.3855/jidc.2111.
The distribution of allelic and genotypic frequencies of N-Acetyltransferase-2 variants in an
Argentine population.

Chamorro JG, Castagnino JP, Musella RM, Frias A, Aranda FM, De Larraiiaga GF.
Hospital of Infectious Diseases °F. J. Mufiiz", Buenos Aires, Argentina. juiangch@nhotmail.com.

Journal of

Qi] JGHF

and Hepatology

doi:10.1111/jgh.12069

HEPATOLOGY

Sex, ethnicity, and slow acetylator profile are the major
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