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Abstract

1. Pharmacodynamic Analysis and Adverse Event Monitoring for Latent Tuberculosis Treatment

Background: Though short-course 12-weeks regimen has a higher completion rate and a lower risk
of hepatotoxicity than conventional 9-months regimen, the incidences of systemic drug
reaction (SDR) and flu-like symptoms are higher. The underlying pathophysiology and risk
factors for these adverse reaction are poorly understood because studies are currently lacking,

especially those combining pharmacokinetic monitoring.

Methods: In this prospective, multi-center study, subjects aged >12 will be invited to join the study
if they are contacts of patients with open tuberculosis or if they are cases of latent tuberculosis
infection diagnosed based on either tuberculin skin test or interferon-gamma release assay.
Once they receive preventive therapy according to the current public health policy, we will
take blood sample for pharmacokinetic monitoring during blood tests of routine clinical
practice and record clinical response and any adverse events after treatment under a weekly
basis. We will then calculate the incidence of each adverse event, evaluate the pharmacokinetic
parameters of Taiwanese, and analyze the correlation between serum drug levels and risk of

adverse event.

Results: Up to Oct. 30, 2018, a total of 331 TB close contacts participated in the study. Among them,
131 entered into the pharmacokinetic (PK) cohort. Peripheral blood was sampled at 6 hours
after dosing (C6) in 52 and at 24 hours after dosing (C24) in 85. The other 177 completed
genotyping of drug metabolizing enzyme (SNP cohort). Among the two cohorts, 13 (9.9%)
and 14 (7.9%) experienced systemic drug reaction (SDR) during 3HP treatment. Further
analyses revealed that NAT2 SNPs, CYP2E1 SNP, INH dose, and C24 INH plasma level were

significantly associated with development of SDR.

Discussion: The risk of SDR during 3-month RPT plus high-dose INH treatment was 8.8% and was
likely due to INH, but not RPT.

2. The clinical condition and side effects evaluation in 9H and 4R regimen for the treatment of

latent tuberculosis infection

Background: No matter in the conventional 9-months regimen (9H) or the 4 month regimen (4R) for
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prophylactic therapy in cases exposing to isoniazid-resistance tuberculosis, the
pharmacokinetic data for Asians, especially Taiwanese, is rare. The same problem, there is no
reference data about the side effect condition in Taiwan. We have too less data to predict the
possibility of side effects. Besides, we want to evaluate if we can evaluate the CD-8+ T-cell
response and the future active tuberculosis transformation by regular follow-up

QuantiFERON-TB Gold Plus data

Methods: We conduct this prospective, multi-center study to enroll subjects aged >13 year and
receiving preventive therapy for latent tuberculosis, whose index cases are drug-resistant
strain. By regular monitoring of serum levels of isoniazid, and rifampin and detailed recording
of clinical response after each dosing of preventive therapy, we will collect the
pharmacokinetic data of Taiwanese, calculate the incidence of each adverse event, and
evaluate the statistic correlation. At the same time, we will follow up QuantiFERON-TB Gold
Plus test regularly to evaluate the CD8+ T-cell activity after starting preventive treatment, and

the relationship with the risk of reactivation as active tuberculosis

Results: Up to Oct. 30, 2018, a total of 18 TB close contacts participated in the study, but 2 of them
aborted from the program. Among the residual 16 cases, 8 cases belong to 9H group, and the
other 8 cases belong to 4Rgroup. Peripheral blood was sampled for drug concentration in 7
cases (2 in 9H group and 5 in 4R group. But no sample of the last month of treatment course
was available). Peripheral blood for cytokine evaluation was sampled in 10 cases, but there
were only 5 cases sampled 3 times, and 2 cases sampled 2 times only (both due to treatment
interruption). There were 0 case (0%) and 1 case (12.5%) in 9H and 4R group suffering from
systemic drug reaction (SDR). Besides, there were 1 case (12.5%) and 1 case (12.5%) Grade.2

hepatitis in each group.

Due to the current case number is small and partial blood sampling still be processing, a more
defined result could not be disclosed now, especially those about the drung concentration and
genetic polymorphism. According to the available data, we could evaluate the possibile
relationship between cytokine and adverse effect by the trend of cytokine level change,
including IP-10 vs headaches, TNF- a vs dizziness/ malaise, and MCP-2 vs nausea. But we
need more evidence to proof them. Finally, in the QuantiFERON-TB Gold Plus follow-up

results, only 57% cases showed decreased continuously, 29% cases would decrease at first and



elevate later, and the residual 14% case increased! Although the case number is small, however,
we need prudent assessment about if using QuantiFERON-TB Gold Plus as follow-up tool to

evaluate the treatment response.

Discussion: According to the current available data, we could not evaluate the relationship between
drug concentration/ genetic polymorphism and SDR while receiveing 9H or 4R regimen. We
need more data to proof if IP-10/ TNF- o/ MCP-2 have association with adverse effet, even
SDR. Finally, be prudent if using QuantiFERON-TB Gold Plus as evaluation tool for LTBI

treatment effect.

Keywords: latent tuberculosis infection, pharmacokinetic, genetic polymorphism, adverse reaction,

tuberculosis, systemic drug reaction, isoniazid, rifapentine
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5°C)» 22 & 60 ~4akid g & -THro

AR B R B A PR B wNMEA RN 0 B Tk sk
FTOEEY > 20 - iR R RRERER Y 5 H s R B R T R

?féﬁaq* PR H I RFMBLIEELE T Bw il AR R R o
# AR AR T 0 Ak fFC Y2 4 8F interferon-gamma {52 5[ SN 4o x4y T B oD
YIRS FHRRFRE cB{RE P ANE > TR 2B fE o el R E R
RUER & 8.0TU/ML o T R iR 5 2Rl 2 (I kAR 2 2)-

ok fdck 2 100 BIORHEEE &AL AP e 03mL fhd ok e Ak kel o R
ol & ARie o YRR SR R DA R o

BlE A 0 o %7@;/»‘1 L3035 uFE iR A 4 2. Interferon-gamma st 3593 A 4R AR o

AN S A ? 50uL arﬁo E1 R BSR4 “74¢ e ELISA ﬁtﬁﬁ

Fie® 5 RNHcE g o LR Jﬁﬁﬂk S50uL 4 X FiHME S 2 F WY o B
Ao~ 1 1 4 & 50pL -

P MERRTE R ERE L Pﬁ* MR AARE ] Sk
MEFREFMES X3 (22£5°C) 14 1205 A4 e

’l‘i’_i% %‘ :,EIF R A /ﬁ e ‘fi fﬁ'rr,,’} rTJﬁT:» il #- 20 ’ /}& ‘iﬁ’x /F e i fﬁr/]’?i '}3 4 Tgp‘.—r ’J( Y }ffgf
’KWYI“19i”ﬂﬁ%ii¢ﬁﬁoiﬂﬁﬁﬁ%mzoPkm¢£%ﬁﬁ’i
4l 2L dhpag iR eE B R & 400ul B o3 1T R e e ke D

GG e R MRS FAEERS o

MR G e T o AT T PR 0 R AR AR IR e o IR

o 100pL fEE £ iR o £ B HRFEALRE o

/
[y
F_k

3D
=
'g
=%
=

MEFRIFMEL SN FE (22+5°C) 8% 30 44 o
BA 30 2481 &F B 4o r S0l pEE B R IR & o i\%}ﬁ?u’»/ﬁﬁﬂﬁﬁ? 11
ﬁ%%?ﬁﬁ@ﬁ?wk%ﬁfuﬁfw%ﬁ&@ﬁi%Wﬁ°

Aieit F RBisenS 24PN > @ # ¢H= # 7 450nm ;@ﬁi 620-650nm 9;&;;/ ;&ﬁﬁw&gﬁgﬁg
& KiplEF B v gk % AR (Optical Density, OD )e 2 1 w 48 1) (%P #48 ® Interferon-
gamma k&R 0 T R BRE 2 FHEELS TS % -
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(10) 3 X 4p b 2 w72

£ T ARM ehlw e ek 0 @ 45 ¢ Interleukin (IL)-1, IL-1beta, tumor necrosis factor
(TNF)-alpha, IL-6, IL-8, IL-10, interferon-gamma induced protein 10 (IP-10), MCP (monocyte
chemoattractant protein)-1, macrophage inflammatory protein (MIP)-1, prostaglanding E2 (PGE2) »
ﬁé’:—%ﬁ d  Cytometric Bead Array ( BD Biosciences, California, USA ) 4= Enzyme-Linked
ImmunoSorbent Assay (ELISA) B %_-

(11) Isoniazid % Acetyl-isoniazid = ¥ ik & ] Z_

Bl E e Rt ? INH fo ACINH Jk & # * Seifart HI & % 3 1995 & #73% I 2 fi74 i 3
e An ki AriE [33]c AR ZART A 58 BINA 0 A WA AT

A). ERE G R

AP FRFEZZFEREY R 85 (a) 2RfEERET INH-(b) KfREET
INH 4= (c) "kf# AcINH - e % 0, 0.5, 2.5, 5, 7.5, 10 pg/mL INH ( Sigma, St. Louis, MO )
% AcINH ** & # A 2.4 J]g( P dn Rtk & 4 w22 200 pL ¢ 10% TCA (trichloroacetic
acid ) (Sigma, St. Louis, MO ) -k;% ;% ~ 40 uL 1% CA ( cinnamaldehyde ) ( Sigma, St. Louis,
MO) 2 "3 e REWIL L3R THFE 0L EFHREF BR D KERR
2k &4e » 20uL 6 M HCL » %38 80°C # % — /] P> {8 £ 4c» 40puL 1% CA 2. ¥

FRipiR e ARG > ¥4 BB 104480

r2 HITACHI L2130 §[f & % (Hitachi, Tokyo,Japan) # e HITACHI L2200 f #: 3
RBEFHATH IR o & Y2 o 4p A4 7 $84p (acetonitrile * isopropanol =4 : 1) % % b+
i (50 mM KHaPO4 -k i3 % ) “Hf-% 2 jii | mL/min # & o

B RREEE IS 5 200 T2 KAWL INH LR A G ﬁ&f'g‘ -
==l # 2 % B 2k (coefficient of variance ) % -] 3t 2% #4& % o »rBehE & 7

ZHERDY AR FEE A WA ARt (o )

ya=AaX + Ca * (k28T INH)
yo=AbX + Cb * (k28 ™ INH)
ye=AcX + Cc » (kf27E 8 ™ AcINH)

y £ % INH %‘ﬂ-g.r'fuﬁfé’\‘i ﬁu X R AR SRR
P2 AR Y RS E R A R T § 2 INH fe ACINH K & -

B). £ ¥ MR 2 S5 H
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B~ 500 pL g 4 s ﬂgf v 4r ~ 500 pL 79 10% TCA > v &R £353 152 10000 g 4
w1 A4 o B 200 pL et iR 2 2R Bk T R ARASE 0 ¥ B 200 pL e} ik

T2 RERBE T AT o kR 2 W R P b2 TR e T A 4R RIE o

AT @] INH UBLH A 6 f Y1 (22K B%RE) 2 Yo CRIERE) - #F 1% 5

CEAEN A AR N A AT

INH;ER :[INHconc.) = (Yi—ca) /Aa
AcINH JE & :[AcINHconc.) = (Y2—yb—c¢a) /Ac’ 2 ¥ yo=Ap [INH conc. ] + cb
(12) Rifapentine 2 25-desacetyl-rifapentine = ¥ k& & ] Z_

W3 Z BERFY M 0 JRY ‘B 3HP B2 {5 24 ) P FEFRR 0 & area
under concentration-time curve (AUC ) =4p i 1+ 5 % [34-36]° F]pt » 257 7 X R
REPEAFF IR ELZF2 8 HEY B2 185 24 ) pF (2325 ) pF) H B R
WA (C24) > k452 = /I?e ATig F e N R ¥ 48 [35, 37] 0 4E {8 14 high pressure liquid
chromatography assay ( HPLC, ThermoFinnegan P4000 HPLC pump with an AS3000 fixed-volume
autosampler, model UV2000 UV detector, Gateway E series computer, and ChromQuest data
management system )i T_s * rifapentine 2 H i & X #$ 25-desacetyl-rifapentine 2_ )k & [37,
38] -

(13) E4 S 3te b 2 715 14k ipl
1. N-acetyltransferase 2 (NAT2)/Cytochrome P450 (CYP) 2E1
i# * % potassium EDTA ( ethylene diamine tetra-acetic acid ) 2 £ % 3¢ (BD, Franklin

Lakes, NJ ) #@Bﬂ%?‘;ﬁ H8mL & 2teH » S AEIL g} }%“L ek o e

IR PF Ry R E2mL AR E P 0 R -80°C ke -

R PER D 3 30-80°C k44 ¢ ehe L IR fEk & F # * QlAamp® DNA Blood Mini

Kit (QIAGEN Inc., Valencia, California, USA) % B~ DNA - % B~ ¢ DNA 2 NanoDrop®

& % % 3~ (spectrophotometer) T & - #-1F 5 R A 18 0 555 >0-80°C rkfa e & * o

NAT2 & 7] % A2 % %+ Hsieh % A 77 ;2 [39]° & #7 2. SNP ( Single Nucleotide

Polymorphism )% 3+ % NAT2*5(1rs1799929 )»NAT2*6( rs1799930 )£z NAT2*7(rs1799931 )

=g o NAT2 AFH £41% R &l g7 i (PCR) 1~ S8t - Beis A 2 1093

bp (I DNA # £ o & %F & 47 NAT2*5 12 5U Kpnl (New England BioLabs Inc., USA) 4 f%

PCR 2% » F BB R 37°C 16 /] FF » 12 1.5 %8 T A0 3t o 47 NAT2*6 * 5 U

Tag”l (New England BioLabs Inc., USA) 4 2 PCR &4 » ¥ &8 B 65°C 16 -] B » 11 6%

16



2.

B OF AR T A s Ao 2 47 NAT2%7 * 5U BamHI-HF™ ( New England BioLabs Inc.,
USA) » f2PCR A% » F RE & 37°C16 /| BF > 2 1.5%F 5 %48 T /7~ 3 » PCR-RFLP
BERARKE TARRRES o

CYP2EI # %] % 4]~ H_i#¢ * PCR-RFLP = ;2 > *34|f* 5 Rsal [40] o Primer 05 7|
% 5-CCAGTCGAGTCTACATTGTCA-3 12 2 5-TTCATTCTGTCTTCTAACTGG -3 - i
* 35 Ak (45 sec at 94°C, 45 sec at 55°C and 45 sec at 72°C ) » PCR 14 3= £ * *LH|fxF -
Rsal # 37°C ® i % 2 | pF o wild-type & F]3] 2. & 5 cl » mutant P & 5 c2 °
Arylacetamide deacetylase

&4t Arylacetamide deacetylase (AADAC) s 7] % Al » AP ik i3 v )E’%fﬁ
2 [41] > &3 AADAC*2 4 AADAC*3 & allele-specific PCR > #7i& * 1513 B 540

4 :

Primer set Sequence

AADAC gl3651-wild 5’-AAGTCATCTCTTCAAATTTG-3’

AADAC g.13651-mutant 5’-AAGTCATCTCTTCAAATTTA-3’

AADAC g.14307AS 5’-GGCAATATTTGCTCACATTT-3’

AADAC ex5 (Acc ) 5-
TTGAGTGGCTAAAGGAAAGTCTA-
3

AADAC UTRAS 5’-AATGAAATCCCACAGTAAGA-3’

AADAC G13651A ¢ k% (T4
(1) P~ genomic DNA 100 ng ~ 1X PCR buffer ( z pH 8.8 7167 mM Tris-HCL ~ 16.6 mM
(NH4)2SO4 ~ 0.45% Triton X-100 ~ 0.02% gelatin ) ~ 1.5 mM MgCl2 ~ 0.2 mM dNTPs ~
04mM 1% 313 ~ 122 0.5 U Taq polymerase » # {5 ¥4 5 25uL -
(2) A E 3 94°C3 p4ais > B4 T 3]en=t BB (7 30 Bk anr i
1. Denaturation : 94°C £ 25 #)
ii. Annealing : 54°C = 25 %)
1ii. Extension : 72°C % 50 %
(3) B 18— =t ehextension B & & 72°C £ 5 &2 45 -
(4) 11 2% agarose gel & {7 7. & o

AADAC T14008C § Sk it4c™
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(1) P~ genomic DNA 100 ng ~ 1X PCR buffer ( z pH 8.8 7167 mM Tris-HCL ~ 16.6 mM
(NH4)2SO4 ~ 0.45% Triton X-100 ~ 0.02% gelatin ) ~ 1.5 mM MgClz ~ 0.2 mM dNTPs ~
04mM 1% #3513 ~ 122 0.5 U Taq polymerase » # {5 ¥4 5 25uL -

Q) AAE T 94°C3 A kbis » B4erl ™ A chz Bt T 45 B SF

1. Denaturation : 94°C £ 25 #)
ii. Annealing : 52°C £ 25 %)
iil. Extension : 72°C £ 30 #)

(3) B 18— =t ehextension B & & 72°C £ 5 &2 45 -

(4) PCR A4 1 Accl *L4|fF*7 2 o

(5) ™ 3% agarose gel i& {7 T % o

(6) AADAC*1 (wild type) ¢ % 7% 181-bp 7% £ » @ AADAC*3 ¢ LA B ¥ £ » 4
%] &_158-bp fr 23-bp °

(14) &) 1®% o8

18

FLy e #eg 4P 4 - BIRY 30 - AR B R 0 ek Ty
Pl ipkfed X - mBDEL R F* ¢ 45 X 7% (urticaria ) ~ & ¢ 42-k % (angioedema ) »
% (conjunctivitis) ~ > ¥ & # (weakness) ~ % & (fatigue) ~*&E.~ (nausea) -~ ¥t

(vomiting ) ~ ¢4 (headache) ~ %% (fever) ~%vp ¥ %27% 5§ (aches) ~ i F (sweats) ~
#f & (dizziness) ~ »¥¥x % _(shortness of breath) ~ i %= (flushing) ~ & % (chills) -

- LG ERag T g4 AP RE et g4 pF R (timing of onset) ~ 454
epE P (duration) ~ Bc® B (severity ) ~ B23f 1 (405 % 2 4 chp i 1+ (relationship) - #
¥ B € & #4395 Cancer Therapy Evaluation Program common toxicity criteria 2| Z_> f§ ¥ 45 it
ek [42] 5 g E AR M AL o BRI R F T TR ST k&S pl (R s G
definite ~ probably ~possibly = B k& =t )2¢ 7 4p B ( % %4 % unlikely ~non-related ~ unclassifiable

k=) e

Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only;
orl intervention not indicated

Moderate; minimal, local or noninvasive intervention indicated; limiting age-appropriate
ortl instrumental ADL

Severe or medically significant but not immediately life-threatening; hospitalization or
ol prolongation of hospitalization indicated; disabling; limiting self care ADL

18



Gr IV | Life-threatening consequences; urgent intervention indicated

GrV Death related to AE

AT R gkeng v o - d BTy A 4F A ik B Naranjo adverse drug reaction probability
scale Z i L) ¥r23p I M0 B 5 cndp B4 [43] -

Naranjo Adverse Drug Reaction Probability Scale

Question Yes | No Do Not | Score
Know
1. Are there previous conclusive reports on this reaction? +1 0 0
2. Did the adverse event appear after the suspected drug was administered? +2 -1 0
3. Did the adverse reaction improve when the drug was discontinued or a +1 0 0

specific antagonist was administered?

4. Did the adverse event reappear when the drug was re-administered? +2 -1 0

5. Are there alternative causes (other than the drug) that could on their own -1 +2 0
have caused the reaction?

6. Did the reaction reappear when a placebo was given? -1 +1 0

7. Was the drug detected in blood (or other fluids) in concentrations known +1 0 0
to be toxic?

8. Woas the reaction more severe when the dose was increased or less severe +1 0 0
when the dose was decreased?

9. Did the patient have a similar reaction to the same or similar drugs in any +1 0 0
previous exposure?

10. Was the adverse event confirmed by any objective evidence? +1 0 0

TOTAL SCORE:

i* PR g2 ?/I?cm’i%; [44] B & T BiEREY Te- BegiF*r > 2 x5 2018

#Z 4 F Ji (systemic drug reaction ~ SDR )
Lot B (feég/B<90 mmHg) ~ FRp7h ~ & g ka4 F 3 a% Bl
2. BT gl gk PR IRARE 4 M F B Y AR | A E R &% - % (Grade

)
i xigd
1l. % g
1il. 75
v. 321
A ] T4
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Vi. e
Vil. g Af RLR

viii. Ppes
iX. A
X vl g £ iR
xi. el

Xil. & 5

(15) Tk fc g 2 334 47 -
> ORERRETRE S CREES N DR S ME S KRR Y B RRY T
99 2RX K \ﬁ;,fzza,‘;’;ﬁ*éﬁﬁﬁ@:% s 1L & .’E'_TJ-F?)/%‘ L @ 5}{;3);7@?55— TR H -
VGt d - pZE b ~ LR oS S oRo e

> m R anid %58 )2independent t-test{F V¢ #e 0 @ 4 X % I8 ) chi-square ™ 2 VB o § %R
A 47 2% logisticregression k A 458 2 * B R (F* chg g F|F > AR TLpE <0.05¢

Y ]
K’}’t p:\é - ‘i‘;J- & %‘:

3P EC CREEREPISRAS ¢ OH AR A Mk 2 # % 52 §liTr £
(1) mPy&3: FH"" PPEPET Y o
(2) ?‘??Pﬁ‘niiﬂ'?l‘%\iﬂ’%ﬂ FAA - BAFE AR R R EFR FED 2 AR
Flesgad 2B Fr - Flimfln g @Z??F;u
() #HEFHFAFI07 EF 109 & > £ = & o
(4) XRFEELT
> &k A EN 13 A
> pepdEABELS E- ()RR PBELEMY ~(2) RE S KL KPR
7 A+ % #2<3#% (QuantiFERON-TB Gold In-Tube ~ QuantiFERON-TB Gold Plus
T SPOT-TB) 4% é}‘%lf’i—‘ﬁ

> TEEXFEKREZPIR 2 (latent tuberculosis infection ) 2. ¥g 4 1475 % ( preventive
therapy ) ¥ k™ %9 " & X JR* isoniazid ( §§ f9H) & £41 ? & < JR* rifampin
(#§ #4R)

20



(5)

(6)
(7)

(8)

)

H 'f TEEdeT @

® TRA:RGERET FELEPRIER

® o lfi* chE LY Hisoniazidd rifampin PP AR I IEF (A w ~ T )
® 7 isoniazid - # rifamping B AT K

® FFHFEIREZE

PP

SN R I R L A R R L

i ERICAREEREPER Lok Ak ¢ 0 OHZ 4Rehig * Jiw > i geH 18 F a7 w3

—’i :]‘%’—Il} o

i, ARSI MEIAREOBS 0 AR

iii. Pt X OHN4R2 B % » BT EH B4 F4pk A 47 o

iv.  FERISFEARY o b i w LM e ok T .
V. AT FESRR - ek B TR chl o

Vi. i AT~ TR GURIE P %

vii. F£3:2.QuantiFERON-TB Gold Plus¥_% ¥ 12 3g )% »%

Tok X ¥

107 #42% 40 4 ~ 108 #4x%x 65 4 ~ 109 #4x% 65 4 o

Wk AL

() ##HPFEPtGHEFREPRFy > S FwiP TELRLE B -

Q) FEB Hindk B e — P o Pk % e 7 HBsAg ~ anti-HCV ~ anti-HIV ~ 17 2 %
7 B (QuantiFERON-TB Gold Plus) # 5 > T | £ ©® 2248 L Ap R 2wz e kB (3%
2 fs )

B) inkEBAefim s B AR A - =X > k% isoniaizd f- rifampin & ¥ )k R ~ 5 S H
WMAFI S AN E n P EP UM e R kR (BLLSH) o R B B
= B " 3 5 # 5% QuantiFERON-TB Gold Plus -

(4) =X isFkayg ! e - =X 5% isoniaizd fr rifampin & ¥ )k & > 2 QuantiFERON-TB
Gold Plus -
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(10)

()

(6)
5%

10.

1.

12.

13.

[
i
oY
¥

FEHTFE T e P AT FEEHOF ) ELARIRRIN 7 REY R
Ris k)

FP ORI NINRE o M- HeBR T (RS )

%8 (QuantiFERON-TB Gold In-Tube & QuantiFERON-TB Gold Plus) # 5 :
PR R U IR Y SRR E - M AR

PIERRT QB R RIE Y R D E RS AL P E A ImL AR e
ek PR F 10 o MR RERREE N RS R RE -
HFa g R afEete 16 R FEBIT 3TCRAEAFTIRE - 77 LRSL Fn
RS o FAN ARL L ZTEFRE PR EAT R PO FLEAFREH I -

B

ﬂé—%‘?i%ﬂﬁi” 7o 37°C 1B & 1624 pPF oA BRI E CO2 &2RF o

37°C % %416 o g 30gpamn i 720 2-27°C % g 3 % o

37°C % % & th 4 d § 2 iE#E 2000-3000 RCF()ds 15 A 48> A Fg 3 7 b2 %
i b fs P gt o FAMRAIE Bl R L B A o

Poi 2 i R A 4o r frepedt ELISA §8 ¥ o A 2 Wig 7 ELISA fhipl > & {47 2
F L g A5 g ﬂ4~ﬁ?$ﬂ%%°iﬁ?%2$C%fié4i@¥QmCu
T (ERMAT0°C) Pl EF L R PR o
100 kg & Ao ehendl s 230 Bk A 2 XA LRI AR TR (22
5°C)» 20 & 60 A4 kiETER T §ro

A ERER N LR 2 P ayic B H0E 0 R v ESRR > E T ke F e
£

1’3

f{‘trﬂ,{, f;_ép/ ¢ ’;_T_""J}"‘"* ’]‘E_?'r-p ’ ,‘fb’mﬁ]'u/? i)’rﬂ LL’&/PJ{"FF(PJ

a2

FHLY IR RYMEFIERETF TRl FIRMEFRR Y -
AR AR ST 0 Bk ST 2 4 47 interferon-gamma 52 5] FELP b 2 T B D
LIRS Fa R ke BIR & AR 0 T FEERR 2B R ﬁfaﬁi%é eI 5
RER 5 80IU/mL » izd {8 7% ARPIFFL R 5 2pla_ (2" RPEFR 2 &)

Bk e ¥ 2 100 ,&‘1?[‘33’ &AL FLPN 4o 03mL 2 g ok gk kpe o iR
feR E AR e > TG & B R 2B fF o

BlE o o inﬁi;,—,ﬂ £353 Upp A 4 2. Interferon-gamma it 323 S gtk A p o

*O5ON AR Ao B S0uL ATEe L 1 1T s R chde £ R 4e I 7% eh ELISA fgE
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14 Ffe? 5ONSAEASE L Bl R R SOUL b3 bR F LG Y Y R
FAerfEBR 1 2 4 % 50uL -

15, *MBHERTE M LROLFRASEERASRE | Ao

16, WEFFREIMEL > T35 8 (22+£5°C) 4% 120+£5 ~ 4 -

17. e AP RF ARy o ¥ 20 BIRML TR ERad 3 L& 524
ko 1ot 19 20 PR A AR & o ARREATHR 0 20 RBORSEF RS R 0 &
54 el 2L ek R R Bl & 400ul £ 3 (RS R e e ke D

kr

L6 = °L§5§i‘1é 3*,{”)(5‘#5,F ,;c,E'kng‘.f*r o
18. #ieB & o™ > BT FiEm o 03 xl%;;:;eﬁ;ﬂ IR R o RS AE B w
ter 100pL P X R T MEHIRFEASRE

19. ™

m
m
l“‘b

o R (22+5°C) 2% 30 A4

o

e

|

+h

«»\'

20. A& 30 A4EIS o AF BN Ao r SOuL FEE R bR IR E o AL I 11
ﬁ%ﬁ?ﬁ%ﬁﬁ*ﬁkﬁﬁfHﬁfﬁkﬁﬁﬁﬁiéwﬁo
21, iRt FEisenS A4ap o @ % K3 450nm g2 620-650nm % i 4 23
& KpEF Bk R (Optical Density, OD ) 2. & w 4 1! & p[#& 48 @ Interferon-
gamma (kR 0 T RBRRE ZHHEEEL TS -
(11) 3 X 40 M 2 s Jr &

&Y T AR M e e d 0 ¢ 45 1 Interleukin (IL)-1, IL-1beta, tumor necrosis factor
(TNF)-alpha, IL-6, IL-8, IL-10, interferon-gamma induced protein 10 (IP-10), MCP (monocyte
chemoattractant protein)-1, macrophage inflammatory protein (MIP)-1, prostaglanding E2 (PGE2) -
ﬁ&-%‘%‘ d  Cytometric Bead Array ( BD Biosciences, California, USA ) 4= Enzyme-Linked
ImmunoSorbent Assay ( ELISA) B %_-

(12) Isoniazid % Acetyl-isoniazid = ® k& ] Z_
Bl E e e ® INH fo ACINH Jk & 4 * Seifart HI & £ 3 1995 & #13 I 2_jim4 v 3
PR ATIE [29] c FBRZPIZALET A S A BIA 5 A B4 AT
A). E DA R
A3 FEZTEZFERIYM A8 E (a) 29Kk T INH-(b) Kfg%kuE ™
INH f= (c) k% AcINH - e % 0,0.5,2.5,5, 7.5, 10 ug/mL INH ( Sigma, St. Louis, MO )
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2 AcINH >t 1+ % 2 21 ;Ff; Poo etk A 4 B 200 pL e 10% TCA (trichloroacetic
acid ) ( Sigma, St. Louis, MO ) -k;% /% ~ 40 uL 1% CA ( cinnamaldehyde ) ( Sigma, St. Louis,
MO) 2 "EARLAREDIL AR THEIOLAEFREF B 2> KIFRET
2 # 54 » 20uL (h6 M HCL » % 80°C 4 % — | P& » & fé & 4c » 40pL 1% CA 2 ¥

a

fRpiul Ry > HFLFE L1044

1 HITACHI L2130 §if % %t (Hitachi, Tokyo,Japan) # fiz HITACHI L2200 p # P~
BT R 3 e 2 g2 S 4p Ed § #84p (acetonitrile : isopropanol =4 : 1) % % fir
% (50 mM KHoPO4 -k 7% i ) #iH = 2 jii# 1 mL/min /& e

F-kBRH&E LI & 20ul 0 T3z A0 2 INH UL 4 gpgw .
Z R B2 %R 28k (coefficient of variance ) Z /]3> 2% 4 A E X o 1B & 7

CHERDE M B R L ML v R AR (T )

Ya:AaX +Ca ( ;’}E—-’}( ﬁ;i%\iﬁ - INH)
yb=AbX + Cb * (’kfE3k8 ™ INH)
YC:ACX +Cc ( ’}4 ﬁﬁi%\ iﬁ T ACINH)

y “ & INHSAMEA 5 ff o x R 2R EFER
M= ﬁ%?ﬁﬁf% A2 N - X;hﬁ,;ﬁa A k8P 477 2 INH 4r AcINH k& -
B). X FRMRITE S5 H
P~ 500 pL e 4 ok B 0 e 500 uL 6910% TCA > Su 4R & 353 1611 10000 g 4
‘Ulé\ﬁ_og"zoouLﬁ",}i‘;‘}'l kit 2 ZEORFRIRE T AR IR 0 ¥ B~ 200 ul et g
B2 RFRERB T AL o RJE R 2 MR &k iiii’éﬁfrﬂ%fii@ﬁ&%ﬁti iR
AT E R INH s A & ff Yo (2R ) 2 Yo CRfERB) - &5

72

mr»

I

1f‘°¥ﬂ

o

ELE U

WS AR 0 R S NE
INHEA :[INHconc.) = (Yi—ca) /Aa
AcINH k& :[AcINHconc. ] = (Y2—yb—ca) /Ac> B ¥ yp=Ap [INH conc. ] +cb

(13) Rifampin 2 25-desacetyl-rifampin = ¥ Jk & /B 2_
W2 T Y AEor 0 & P IRY 600mg chrifampin - w P chE SRR B B KA AIRE

G ] L M[30]; B R Y PER R R RS IO R AR RRES - Do

-

FEABREL3] e T 0 AR X RE R BREPE A RIS B 2
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BrELEGN 20 (23 1) S Bha i A (C2) R4FiBE ¥ fretie ¥ oo e

48 [32] > “E {¢ 14 high pressure liquid chromatography assay ( HPLC, ThermoFinnegan P4000

HPLC pump with an AS3000 fixed-volume autosampler, model UV2000 UV detector, Gateway E

series computer, and ChromQuest data management system ) | Z_s ® rifampin 2 H 3 & & 3

25-desacetyl-rifapentine 2_ &k & [32, 33] -

(14) #5 S 3rp b 2 51 5 21143k 0R)

1.

2.

N-acetyltransferase 2 (NAT2)/Cytochrome P450 (CYP) 2E1

i€ * % potassium EDTA (ethylene diamine tetra-acetic acid ) 2 E 7 3¢ (BD, Franklin
Lakes, NJ) #4 B~ % Fé—ﬁ G 8mL & Rtk SH I ek R '*’A\%, Vot Wzl
I P FREe w EW2mL A E Y o R -80°C ke e

W B PE B~ d1 22 3 52-80°C k44 ¢ eho w IR R 042 F # * QlAamp® DNA Blood Mini
Kit ( QIAGEN Inc., Valencia, California, USA ) % B~ DNA - % B~ 1! 5 DNA 2 NanoDrop®
&k Sk B 3+ (spectrophotometer ) T & s RE e R ts o BEE-80°C Ak K F o

NAT2 £ %) % 3|42 2 %+ Hsiech & 4 0 ;2 [34] » 47 2. SNP ( Single Nucleotide
Polymorphism )% 3+ % NAT2*5(rs1799929 )»NAT2*6(rs1799930 )£2 NAT2*7(rs1799931 )
BB o NAT2 A 7% 2417 B A @& 5 b (PCR) e R1F > > 55 42 1093
bp 7 DNA % £ o # % & 17 NAT2*5 12 5U Kpnl (New England BioLabs Inc., USA ) 4 f#
PCR 24 » F iR & 37°C 16 /| BF > 12 1.5 %X 83 AL 3t o & 47 NAT2*6 * 5U
Tag”l (New England BioLabs Inc.,USA) 4 2 PCR 24 » ¥ &8 B 65°C 16 | % » 12 6%
R R AR T A 8o A 47 NAT2*7 * 5U BamHI-HF™ (New England BioLabs Inc.,
USA) # 2 PCR A4 » F BB R 37°C 16 -] FF » 12 1.5%iF % %48 3 & ~ & > PCR-RFLP
WeTAR&RE TRIERGES, -

CYP2EI £ %)% 3|4 &_# * PCR-RFLP = ;& - *34|f% 5 Rsal [35] o Primer e 7|
% 5-CCAGTCGAGTCTACATTGTCA-3 2 5-TTCATTCTGTCTTCTAACTGG -3 - i
* 35 Pk (45secat94°C, 45 sec at 55°C and 45 sec at 72°C) - PCR 1A = £ * *LH|f5 -
Rsal & 37°C ™ {8 % 2] p¥ o wild-type s/ F14] 2 & 5 cl @ mutant P T & 5 c2 -
Arylacetamide deacetylase

&%t Arylacetamide deacetylase (AADAC) ek F] 5 A4 » A ik i 3 ehe [ﬁ%fﬂ?
4 [36] > %3+ AADAC*2 4 AADAC*3 ¢ allele-specific PCR » #7i& * 5] 3 B 740

3+ .
A

Primer set Sequence
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AADAC gl13651-wild 5’-AAGTCATCTCTTCAAATTTG-3’

AADAC g.13651-mutant 5’-AAGTCATCTCTTCAAATTTA-3’
AADAC g.14307AS 5’-GGCAATATTTGCTCACATTT-3’
AADAC ex5 (Acc ) 5’-

TTGAGTGGCTAAAGGAAAGTCTA-
3 b

AADAC UTRAS 5’-AATGAAATCCCACAGTAAGA-3’
AADAC G13651A ¢ Sk (T4

(1) P~ genomic DNA 100 ng ~ 1X PCR buffer ( z pH 8.8 7167 mM Tris-HCL ~ 16.6 mM
(NH4)2SO4 ~ 0.45% Triton X-100 ~ 0.02% gelatin ) ~ 1.5 mM MgCl2 ~ 0.2 mM dNTPs »
04mM 1% #3513 ~ 122 0.5 U Taq polymerase » # {5 ¥4 5 25uL -

(2) £ E 3 94°C3 A4ais » B4 T 3]en=t BB (7 30 Bk anr i

1. Denaturation : 94°C £ 25 #)
ii. Annealing : 54°C £ 25 %)
1ii. Extension : 72°C % 50 %

(3) B 18— =t ehextension B & & 72°C ¥ 5 &2 45 -

(4) 11 2% agarose gel & {7 7. & o

AADAC T14008C § Sk it4-™

(1) P~ genomic DNA 100 ng ~ 1X PCR buffer ( z pH 8.8 7767 mM Tris-HCL ~ 16.6 mM
(NH4)2SO4 ~ 0.45% Triton X-100 ~ 0.02% gelatin ) ~ 1.5 mM MgCl2 ~ 0.2 mM dNTPs ~
04mM & 3513 ~ 112 0.5 U Taq polymerase * & s 84 = 25ul ©

(2) A2 EI 94°C3 s > B4 T A=t BT 45 BEPahr

1. Denaturation : 94°C £ 25 #)
ii. Annealing : 52°C £ 25 %)
iil. Extension : 72°C £ 30 #)

(3) B fs— =t chextension P| & & 72°C £ 5 & 45 o

(4) PCR # 4 12 Accl " |fw > & -

(5) 14 3% agarose gel & {7 7 & ©

(6) AADAC*1 (wildtype) € % 3R 181-bp 7% EL » @ AADAC*3 ¢ A B ¥ £ > &
%] &_158-bp fr 23-bp °
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(15) 7 (7 jedr
R Y Mg BHE - BIRY D0 - AR IR B SRy B kRl Y 0 B
TR Rkis s FoEBRDEL R T & 42k (edema ) ¥ = (flushing ) ~ % 74 (itching )~
& % % (skinrash) ~ *f75 (epigastric discomfort) -~ *Z;§ (diarthea) ~ & 5% & (Loss of
appetite ) ~ #E.~ (nausea) -~ *%rt (vomiting) ~ #'%& (fever) ~ > ¥ & 4 (weakness) -~
% g (fatigue) ~#*vf %7 (myalgia) - #g & (dizziness) ~ g8 (headache) -~ /R & i *
(decreased urine output ) ~ 4R # $ick® (visual disturbance ) -

- LG ERagliTr F A o AP RE e it F 4 o (timing of onset) ~ 454

I (duration) ~ Bc& B (severity) ~ B23p B M5 2 4 chip i 4+ (relationship) - H
¥ B € A& #1295 Cancer Therapy Evaluation Program common toxicity criteria 2| &_> f§ H 45 if
dT A [37] 0 B E S AR MRS > RS B R TR 28T e gL AR (E50 5

definite ~ probably ~possibly = T & = )#¢ 7 4p B ( % 4 % unlikely ~non-related ~ unclassifiable

B -

Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only;
or intervention not indicated
Moderate; minimal, local or noninvasive intervention indicated; limiting age-
ortl appropriate instrumental ADL
Gl Severe or medically significant but not immediately life-threatening; hospitalization or
T

prolongation of hospitalization indicated; disabling; limiting self care ADL

GrlV Life-threatening consequences; urgent intervention indicated

GrV Death related to AE

AT R gkang v o K- d B3 4 4F A & B Naranjo adverse drug reaction probability

scale & LI H|¥T 3R 2 M0k E 4 chip M M2 [38] ©
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Naranjo Adverse Drug Reaction Probability Scale

Question Yes | No Do Not | Score
Know
1. Are there previous conclusive reports on this reaction? +1 0 0
2. Did the adverse event appear after the suspected drug was administered? +2 -1 0
3. Did the adverse reaction improve when the drug was discontinued or a +1 0 0

specific antagonist was administered?

4. Did the adverse event reappear when the drug was re-administered? +2 -1 0

5. Are there alternative causes (other than the drug) that could on their own -1 +2 0
have caused the reaction?

6. Did the reaction reappear when a placebo was given? -1 +1 0

7. Was the drug detected in blood (or other fluids) in concentrations known +1 0 0
to be toxic?

8. Was the reaction more severe when the dose was increased or less severe +1 0 0

when the dose was decreased?

9. Did the patient have a similar reaction to the same or similar drugs inany +1 0 0
previous exposure?

10. Was the adverse event confirmed by any objective evidence? +1 0 0

TOTAL SCORE:

Wi

=g 2 e 390 BAT A BEEY Ei- Bepliv 0 2 WA 24
% F Ji (systemic drug reaction ~ SDR)
I M B (JesB<90mmHg) ~ /7% ~ o F ki AR A FF % Bl

2. AT R T kP RARE 4 2 P AR 1 BBk E R A% - % (Grade

Im) 2+ :
i >EE
ii. (8
1il. 750
1v. PRt
v. B

vi. B
Vii. Ll o 8

vill, g
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ix. PER

X. vl v % ﬂj’-\

xi. pEiGA
Xil. 5

(16) FHA T & B2 303447 ¢
> PR EPERASH S REES S BE S PR HE S RRPER Y B BRYF
QIXE B2 A TR AR E S U ATFRTH ¢ RS FRERE
ViERs - p2ERE ~ M E pf > ok
> R enid 5 % 9E " independent f-test{E Vv g 0 @ A KE IR U chi-square ™ JE Ve o § %IE
A 47 H_* logisticregression k ~ 473 2 * @ (% chg g FlF > BT 2pE <0.05¢

3L 2@ Y ok s = ¥
W}t{::\‘.}:“ F -“V"";‘L :gs ;";a °
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2L
=3 ‘a‘

kS
T
v

33 E- BRREPRAISRZEFE I ELHZ BT TR
. 2V EHERPIT AT P55 A2017-2018 # a3t F ¢ » 2 44-p| T_isoniazid ~ acetyl-
isoniazid ~ rifapentine ~ 12 % desacetyl-rifapentine = ¥ JER e FiE E 2 A o 3 E 4T L
BEREA 3 (L IV

i. #- 100 uL s fﬁ%%ﬁ%ﬂ;’i’ 300 uL 77 f# (methanol) & & > @& F-9 B Uik o

ii. & & {¢*" Geno/Grinder 2010 (SPEX, Metuchen, NJ, US):Z 1000 rpm &< 2 4 4&

iii. 2t 1500 g e 10 & 48 » £ # 100 uL 0t 5% # 2 K5 75 ul 2 - Rehig =

o e e
iv. v 25ul B i RR ERRITL N IVRE > RIGREID] -

V. BB RiER BHEEFT-HERAST -

o
’

Liquid chromatography-electrospray ionization mass spectrometry system ( LC-ESI/MS) :
i. @ * Agilent 1290 UPLC /& %t > 3% % %t ¥ 3 quaternary solventpump ~ p # B4k & - &
TS U E - BALE o
ii. & * Agilent ZORBAX Eclipse Plus C18 2.1x100mm (1.8 um) column 4 it & $=
iii. i#4p 5 5mM ¢ f&4% (ammonium acetate ) (i3 ] A) f=i% 3t 90%¢ % (acetonitrile )
£10.1%% & (formicacid) (3% B) = > ;i 5 0.4 mL/min o
v, MMEHRE AT 64 d 1%23H BH I 95% -
v. * 95%;A % B i& {7 & &R &% (isocratic elution) %) 6-7 & 4& °
Vi BERE TS PB4 W R 2 4°CfezE (25°C) - 16884 5 Sul -
vii. # ¥ ¢ * Agilent 6460 triple quadrupole % %t ( Agilent Technologies > Waldbronn » 1¢, & )
BERH AT
vill. 13450 T 4 ¥ S8 > € * positive electrospray ionization #-3¢
1. Dry gas temperature: 350°C
2. Dry gas flow rate: 11 L/min
3. Nebulizer pressure: 50 PSI
4.  Sheath gas temperature: 350°C
5. Sheath gas flow rate: 11 L/min
6. Nozzle voltage: 0 V
7.  Capillary voltage: 3500 V

ix. » it &4 (isoniazid - acetyl-isoniazid - rifapentine - desacetyl-rifapentine ) {v &
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p ke % 2 transition pairs {r collision energy (CE) #p & F 4L > 71+t Table 1-1 o

Table 1-1. Retention time (Rt) and MRM parameters of four target compounds and their isotopes.

Rt CE  Precursor  Production Production
Compound Formula ) . .
(min) (V) Ion(m/z) ionQl (m/z) ion Q2 (m/z)

INH CsH7N30 1.557 20 138.0 121.0 79.0
Acetyl-INH CsHoN302 1.525 20 180.0 121.2 138.1
RPT C47H64N4O12 5.378 20 877.3 845.2 453.2
Desacetyl-RPT CasHe2N4O1n1 4.824 20 835.2 803.3 153.1
INH-d4 CeH3D4N30O 1.555 20 142.1 125.1 83.1
Acetyl-INH-d4 CsHsD4N30O2 1.523 20 184.1 125.1 142.2
RPT-d8 Ca7Hs56DsN4O12  5.348 40 885.5 151.1 95.1
Desacetyl-RPT-
d8 CasHs4DsN4aO11 4.794 20 843.5 811.3 95.1

P E

i. LC-ESI/MS &%= 3 15 4% ©

AL AL SO AFRREI ZAT Bk é}ﬁ_? » # 3£ (A)C18 (Alilent ZORBAX

Eclipse Plus C18 2.1 x 100mm, 1.8 um) ; (B) Polar-RP (Phenomenex Synergi Polar RP

2x100mm, 2.5 um) ; 2 % (C) T3 (Waters ACQUITY HSS 2.1x100mm, 1.8 um) > + ]
(Figure 1-1) &7 CI8 ¥t &1t & 4 F 1 G kAl foex it o FP 18 e 47 848

BCIB TGP Er RR AT BE o

% CI8 it b qpenie  fopt Ao M o T F = B (Figure 1-2) B+ 7 fud i if 2
TEE S HE o
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Figure 1-2.

A. Isoniazid (left), isoniazid-d4 (right)

¥

rBelclcReReheRcicheld .

o ]

BEEE. EEEECEREE EE

B. Acetyl-isoniazid (left), acety

¥

pepepmpEPPocEELEE

C. Rifapentine (left), rifapentine

l-isoniazid-d4 (right)

FEEE

H

EEEE,GikE

I's
L LA

pREELER,

-d8 (right)

PPN S PY Y NPT )

D. Desacetyl-rifapentine (left), desacetyl-rifapentine-d8 (right;

L

5\

SuBetobobalags

EESE LY EEREFEE ERRE

¥
|l

Isoniazid conc.  accuracy®o 30 Isoniazid
¥ =0.0021x0 + 0.4568x - 0.1122 .. ®
1 111.33 25 g un
3 91.99 20
5 86.04 15 )
10 103.45 e o
5 =
20 100.15 g o*®
50 99.80 0 20 40 60
Acetyl-isoniazid conc. accuracy% Acety-isoniazid
0.5 975 |4
1 102.53 .
15 i
3 90.59 .
5 96.00 L ey = 033081 00043
r. i R =0.999
10 102.37 5 '
20 104.47 0 oo
50 100.85 & = e e
rifapentine conc. accuracy%e Rifapeniing
0.5 89.12 150 -
1 9772 2
3 90,99 100 .f
5 103.11 e
50 . -
r =0.0058x + 2.5511x + 0.1245
10 102.83 . ¥ éﬂ gx Qggsx
20 101.46 o
50 100.38 0 20 40 80
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T
Desacetyl-rifapentine cone.  accuracy%o Desacetyl-rifapentine

0.5 100.18 5
1 10138 5 -
3 9238 |45 ol
10195 | 4o L
10 101.16 5 ‘9_'_.- y=0 001$=;gé£3( 0077
20 101.66 o e
50 100.74 0 20 40 60

. RS gur:n
g PRSE2 a8 B s BMUEr AR S 5 B0 B LC-ESI/MS B i o %
EERET A CRBIAY o

TAfcd p2017# 17 1p220I8EF 107 31 51 » AT » Bk A BEE/WTE

iAW) (Figure 1-3) ¢ 5 143 BR%E > FAREEFHS FFY > ¥ 180 B & E 4

AT S A LR NRl e A G 12 2 3 AP i ey 131 ¢ (PK

cohort) % 177 * (SNPcohort) %2 % {5 ¢h3 4 47 - PKcohort % # » 3£ 52 A Jc B 7

84 R PREF (S 6/ PFenZE S R R HRR (CO6)~ £ 75 85 A e 1 147 X JRE (& 24 | pFenE H k

B ¥kl (C24) - PK cohort 2 SNPcohort % (% # » & 6]F 13 4 (9.9%)~14 + (7.9%) A&

24 SDR ° & 2§k 4 fiche Table 1-2 -
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Figure 1-3. Case enrollment

Inform consent obtained (n = 331)

—> Consent withdrawal (n = 8)
.

Y v

Agree PK study (n = 143) Agree SNP study (n = 180)

Failure to draw blood

3t eorrecttime (i 12) —> Refuse treatment (n = 3)

v v
PK cohort (n = 131) SNP cohort (n = 177)
C6: 84 data points C24: 147 data
in 52 cases points in 85 cases

£ BHERWKR

B n P EROER G Ao Figure 1-4 0 Bt P w2 R HET O BRxEoTHRER
RIenEHE LB > AF 8~ 18 mgkg ¥ ¢ o ¥ g R o RPT ¥ desacetyl-RPT
kR GO AFep B4 5 e B INH 2 acetyl-INH R P 3242 5¢ 11 5 rapid acetylator £2
slow acetylator 17 %[ o

el T AR E LN AR P EFERE P RS T M (Figure 1-5) ¢ i&4 &
BERL?PDORPTER > AL HFHT -

foovigd e xgd SDReOB R Y FFRRT R EEC24 HINH &5 25 &
¥ A w| (Figure 1-6) ©

7 ~ 4] * Generalized Estimating Equation (GEE) 4 174 % %5+ » INH «»#/ & (OR: 1.14
[1.00-1.28], per 100mg increment, p=0.043 )~ 2 % INH & ® )k & (OR: 1.45 [1.04-2.03],
p=0.029) & E F %2 SDR 7 %74l o

FEH NS F) S AR ¢ A recessive model 4 7 ¢ ¥ 3. (Table 1-3) » NAT21rs1041983 4 ¥
%#c (TT vs. CC+CT, OR [95% CI]: 8.47 [2.55-28.1], p<0.001 ) §= % % # (TT vs. CC+CT, OR
[95% CIJ: 7.38 [2.17-25.1], p=0.001 ) .3+ 352 % 4 SDR § A ¥ 48 W o I+ B¥ » CYP2E 152070673
e e
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Table 1-2. Clinical characteristics

SNP cohort SDR No SDR P PK cohort SDR No SDR P
(N=177)  (N=14)  (N=163) value (n=131) (N=13)  (N=118)  value
Age (year) 371+£17.8  46.6+145 363+17.9 0038  489+17.1 51.6+127 486+17.6 0.450
<35 94 (53%)  2(14%)  92(56%)  0.002 30 (23%)  2(15%)  28(24%)  0.791
35~ 55 44 (25%)  8(57%) 36 (22%) 47 (36%)  5(39%) 42 (36%)
>55 39(22%)  4(29%)  35(21%) 54.(41%)  6(46%) 48 (40%)
Female sex 83 (47%)  6(43%)  T7(47%)  0.753 68 (52%)  6(46%)  62(53%)  0.662
Household contact 38 (21%)  2(13%)  36(22%)  0.737 53(40%)  5(39%)  48(41%)  >0.999
Height (cm) 165883 165188 165982 0729  1643£9.0 163.7+7.5 164.4+92 0.794
Weight (kg) 640119 657+12.0 638+109 0568  652+123 631494 655+12.6 0.509
Body-mass index (kg/m?) 232£332 415320 2312355 03 2411345 232'2? 2‘;"15‘;i 0.498
Current smoker 20 (11%)  4(29%)  16(80%)  0.057 28(21%)  5(39%)  23(20%)  0.150
eGFR (mL/min/1.73m?) 0.005 0.811
<60 14 (8%) 0 14 (9%) 6 (5%) 1 (8%) 5 (4%)
60 ~ 90 54(31%) 10 (71%) 44 (27%) 47 (36%)  4(31%) 43 (36%)
>90 109 (62%)  4(29%) 105 (66%) 78(60%)  8(62%) 70 (59%)
Comorbidity
HBV infection 3 (2%) 0 32%)  >0.999 7 (5%) 1 (8%) 6(5%)  0.528
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SNP cohort SDR No SDR P PK cohort SDR No SDR P

(N=177) (N=14) (N=163) value (n=131) (N=13) (N=118) value
HCYV infection 2 (1%) 0 2 (1%) >0.999 3 (2%) 0 3 (3%) >0.999
Diabetes mellitus 3 (2%) 0 3 (2%) >0.999 11 (8%) 2 (15%) 9 (8%) 0.299
Malignancy 1 (1%) 1 (7%) 0 0.079 6 (5%) 2 (15%) 4 (3%) 0.109
Autoimmune 1 (1%) 0 1 (1%) >0.999 1 (1%) 1 (8%) 0 0.099
Asthma 0 0 0 1 (1%) 0 1 (1%) >0.999
Hypertension 5(3%) 2 (14%) 3 (2%) 0.051 22 (17%) 5 (39%) 17 (14%) 0.043
Isoniazid dose (mg/kg) 142 +2.1 13.8+£2.0 143+2.1 0483 14.0+£2.2 143+£1.9 13.9+£22  0.535
Rifapentine dose (mg/kg) 142 +2.1 13.8+2.0 143+2.1 0.454 14.0+£2.2 143+1.9 14.0+22  0.594
Hemoglobin (g/dL) 14.0+1.6 142+1.5 140+£1.6  0.643 14.0£1.5 13.8+£1.6 141+£15 0.564
Leukocyte (K/uL) 644+1.77 6.78+1.42 6.41+1.80 0.448 6.80+1.85 698+144 6.78+1.89 0.712
Platelet (K/uL) 258 + 56 253 +£ 57 259 + 56 0.705 270 £ 58 280 + 45 269 + 59 0.503
AST (U/L) 27.4+39.7 719212; 23.0+16.8 0.106 23.2+9.9 255+£5.6 23.0+103 0.399
ALT (U/L) 27.6+57.9 81573; 22.6+£27.9 0.207 23.6+18.8 272+11.1 232+194 0.466
Total bilirubin (mg/dL) 0.65+0.28 0.63+038 0.66+0.27 0.823 0.63+0.23 0.70£0.25 0.63+0.22 0.248
Creatinine (mg/dL) 0.82+0.20 0.83+£0.16 0.82+0.20 0.754 0.84+0.28 0.83+0.18 0.84+0.29 0.888

ALT: alanine transaminase; AST: aspartate transaminase; eGFR: estimated glomerular filtration rate; SDR: systemic drug reaction
Data are number (percentage) or mean =+ standard deviation.
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Figure 1-4. XY plot showing the correlation between the weekly dosage and plasma centration of

isoniazid (INH, upper panel) and rifapentine (RPT, lower-middle panel), plasma concentration of INH

and acetyl-INH (upper-middle panel), and plasama concentration of RPT and desacetyl-RPT (lower

panel) at 6 (C6, left column) and 24 (C24, right column) hours after dosing
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Figure 1-5. Boxplot showing drug dosage per-Kg body weight (left panel) and plasma concentration of
isoniazid (INH), acetyl-isoniazid (AcINH), rifapentine (RPT) and desacetyl-RPT (right panel) in male
(M) and female (F) sex at 6 (C6, upper part) and 24 (C24, lower part) hours after dosing

20~ 32 p=0.002
p <0.001 mM
= 1 16—
16+ 8- o
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147 4 p=0.018 Cé
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— — 1_.
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- S Wind  ERPT 2 i EAcNH [JRPT MDeAcRPT
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Figure 1-6. Boxplot showing the concentration of isoniazid (INH) and rifapentine (RPT) at 6 (C6) and
24 (C24) hours after dosing stratified by the development of systemic drug reaction (SDR) (p value
calculated by using Mann-Whitney U test)

p=0663
10 SDR 100
ENO p=0.832
Yi
es | 1 p=o0227
g _
-
=) E
3 (=]
— 3
- 3
=z p=0.027 E 10
-
0 1-
cé C24 Ccé C24

% 8 $# (AA vs. TT+TA, OR [95% CIJ: 3.51 [1.05-11.7], p=0.041) #* % % dc (AA vs.
TT+TA, OR [95% CI]: 3.49 [1.02-12.0], p=0.047) ¥e3*# + 51 SDR § B ¥4 b o 3 *
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NAT21s1799931 > B & ¢ 8 % 523 # %2 SDR 3 48 B ¢#% % (AAvs. GG+GA, OR [95%
CI]: 5.00 [0.88-28.6], p=0.070) *

Table 1-3. Association of NAT2/CYP2E1 single nucleotide polymorphism with systemic drug reaction

Unadjusted OR P Adjusted OR P
(95% CI) value (95% CI)* value
Additive model
NAT2 151041983 CC Ref Ref
CT 0.85(0.14-5.29) 0.101 0.87 (0.14- 0.132
5.46)
TT 7.67 (1.51-39.0) <0.001 6.78 (1.31- 0.002
35.1)
NAT2 rs1799931 GG Ref Ref
GA 1.42(0.41-4.99) 0.469 1.27 (0.36- 0.496
4.54)
AA 5.56 (0.93-33.2) 0.086 4.20 (0.68- 0.148
26.0)
CYP2E] TT Ref Ref
rs2070673
TA 0.84 (0.20-3.52) 0.815 0.89 (0.21- 0.869
3.77)
AA 3.21(0.79-15.0) 0.103 3.28 (0.78- 0.105
13.8)
Dominant model
NAT2 151041983 CC Ref Ref
CT+TT 2.41(0.51-11.3) 0.265 2.36 (0.50-11.2) 0.280
NAT2 rs1799931 GG Ref Ref
GA+AA 1.89(0.62-5.77) 0.262 1.65 (0.53- 0.389
5.13)
CYP2E] TT Ref Ref
rs2070673
TA+AA 1.43(0.42-4.84) 0.568 1.49 (0.43- 0.534
5.16)
Recessive model
NAT2 rs1041983 CC+CT Ref Ref
TT 8.47 (2.55-28.1) <0.001 7.38 (2.17- 0.001
25.1)
NAT?2 rs1799931 GG+GA Ref Ref
AA 5.00 (0.88-28.6) 0.070 3.89 (0.66- 0.133
22.9)
CYP2E] TT+TA Ref Ref
rs2070673
AA 3.51 (1.05-11.7) 0.041 3.49 (1.02- 0.047
12.0)
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5. & ¢ mfe gk R
BB E R s e Y me R kR B nk Y £ F 4 SDREY AP A
0B e
T o~dek i h P mfe ek RAERE T ALE # 2 SDR R MCP-2 (0.926) ~ TARC (0.906) -
IP-10 (0.895) ~ TNF-alpha (0.891) ~ MCP-1 (0.879) 2% % 45 7% 3R > H area under the

receiver-operating-characteristic (ROC) curve 7 = ** 0.85 °
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FPES CRFERERIORARS Y 0 OH 4R B fh RS 2 # * FAE BlITF £ R
. 2P EHERBIZ AT PS50 42018 # a3t F ¢ » 24 {9 3-p] T_isoniazid ~ acetyl-isoniazid »
rifampin ~ ©2 % 25-desacetyl-rifampin & ¥ JER 03 FiEE 2 S o 3 R 4o L
EREA 3 (L IV
i. # 100 uL s fﬁ%%ﬁ%ﬂ;’i’ 300 uL 77 f# (methanol) & & > @& F-9 B Uik o
ii. & & {¢*" Geno/Grinder 2010 (SPEX, Metuchen, NJ, US)rZ 1000 rpm &< 2 4 4& ©
iii. 2t 1500 g e 10 & 48 » £ %100 uL 0t 5% # 2 K3 75 ul 2 - Rehig &
o e e
iv. v 25uL P 2R ERRITLS PR REER L5 o
V. BB OBl FHEEFT - HRERAIT
z ~ Liquid chromatography-electrospray ionization mass spectrometry system ( LC-ESI/MS ) :
i. @ * Agilent 1290 UPLC /& %t > 3% % %t ¥ 3 quaternary solventpump ~ p # B4k & - &
EREES SN E - BRE 4 o
ii. & * Agilent ZORBAX Eclipse Plus C18 2.1x100mm (1.8 um) column 4 it & $=
iii. 7i#4p 5 5mM ¢ f&4% (ammonium acetate ) (i3 ] A) f=i% 3t 90%¢ % (acetonitrile )
£10.1%% & (formic acid) (33 B) = > ;i 2 0.4 mL/min o
v, SMHRE AT 64 d 1%23H BH I 95% -
v. * 95%;A & B i& {7 & &R %% (isocratic elution) %) 6-7 & 4& °
Vi BERE TS PR a4 W R 2 4°CfezE (25°C) - 1684 5 Sul -
vii. # ¥ ¢ * Agilent 6460 triple quadrupole % %t ( Agilent Technologies > Waldbronn » 1¢, & )
N e AR S
vill. 13450 T 4 (¥ S8 > € * positive electrospray ionization #-3¢
1. Dry gas temperature: 350°C
2. Dry gas flow rate: 11 L/min
3. Nebulizer pressure: 50 PSI
4. Sheath gas temperature: 350°C
5. Sheath gas flow rate: 11 L/min
6. Nozzle voltage: 0 V
7.  Capillary voltage: 3500 V
ix. 2 i it & 4 (isoniazid - acetyl-isoniazid ~ rifampin ~ 25-desacetyl-rifampin) fv

% p F =% 2 transition pairs f collision energy (CE) #p B F#% > 4 Table 1-1 »

-
i
ﬂm
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1. LC-ESI/MS %= 3 i§ 4% :
ROAMe A A APREE Z A Beaadep 0 ¢ 45 (A) CI8 (Alilent
ZORBAX Eclipse Plus C18 2.1 x 100mm, 1.8 um) ; ( B) Polar-RP (Phenomenex Synergi
Polar RP 2x100mm, 2.5 um) ; 2 % (C) T3 (Waters ACQUITY HSS 2.1x100mm, 1.8
um) °

il. WPl F TR
bt R b RS BAMBArRAER S 6 S B 0 LC-ESI/MS i i -

HRAESENT AL D L RIRAY -

2. TRAlck tp 2018 & 1% 1 pE2018#F 107 31 54 » £ F 18 A 4se rptfmg % o H
OH 2 10 4 »8H =8 % 5 e OH @ B4 2 433 » deh B 23 Al 19H 28 4 » 4R
8 A o He ez T+ RENELHERRRNY (HeE2 L 4R ES5 4 > 7 ¢ as®

Zipan— B0 o FkAR )e ¥ F ¢ fed] 10 i &k chcytokine R 0w G 54 A 3%
Cytokine #&/B] ~ 2 * %= = & =X cytokine #&B| » 3 4 % = — =X cytokine #&#] (A % = 3 &
BE 3 ALERIp R E 2 A Ln R IR oA B RY SOH EfrdR B EF 04
(0%) fe 1 4 (12.5%) #ipfkE® 224 SDRe ¥ ¢ > OH efrdR 2t 1 4 (12.5%)

fe 1 & (12.5%) % 24 Grade.2 # Hepatitis ° @ ‘2§ 3 ficde Table 2-1 o

3. BHAMATSARR
i B2 BRES > e  BEREIRELA ) FERLOTFEEAS > NP B EG L F
Ao gz st ES R vt /SDR P Fr2 B L o

Table 2-1. Clinical characteristics

9H PK cohort SDR No SDR
(N=8) (n=8) (N=1) (N=7)
Age (year) 60.1+14.4 53.9+14.6 32 57.0+125
<35 1(12.5%) 1(12.5%) 1 (100%) 0 (0%)
35~55 2 (25%) 4 (50%) 4 (57.1%)
>55 5 (62.5%) 3 (37.5%) 3 (42.9%)
Female sex 4 (50%) 4 (50%) 1 (100%) 3(42.9%)
Household contact 4 (50%) 3(37.5%) 1 (100%) 2 (28.6%)
Height (m) 1.61+0.11 1.64 +0.08 1.62 1.65+0.09
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9H PK cohort SDR No SDR
(N=8) (n=8) (N=1) (N=7)
Weight (kg) 69.13+7.49 710596; 57 712;:1-_*
Body-mass index (kg/m?)  26.77 + 4.05 26.57 £5.15 21.72 27.38 £5.13
Ever smoker 2 (25%) 5(62.5%) 1 (100%) 4 (57.1%)
eGFR (mL/min/1.73m?)
<60 1(12.5%) 0 (0%) 0 (0%)
60 ~ 90 2 (25%) 4 (50%) 4 (57.1%)
290 5(62.5%) 4 (50%) 1 (100%) 3 (42.9%)
Comorbidity
HBV infection 0 (0%) 0 (0%) 0 (0%)
HCV infection 1(12.5%) 1(12.5%) 1(14.3%)
Diabetes mellitus 0 (0%) 0 (0%) 0 (0%)
Malignancy 0 (0%) 1(12.5%) 1(14.3%)
Autoimmune 0 (0%) 0 (0%) 0
Asthma 0 1(12.5%) 1 (100%) 0 (0%)
Hypertension 1(12.5%) 1(12.5%) 1(14.3%)
Isoniazid dose (mg/kg) 4.38 +0.46
Rifampin dose (mg/kg) 8.87£1.88 10.53 8.63+1.89
Hemoglobin (g/dL) 13.54 + 1.57 13.81+ 1.45 14.8 13.67 + 1.50
Leukocyte (K/ulL) 6.93+1.76 6.50 + 2.38 5.89 6.59 £ 2.56
o) e
AST (U/L) 20.751+4.43 315;18; 26 3]?9'?]?31
AT (011 020 o B nm
Total bilirubin (mg/dL) 0.53+0.09 1.00 +0.97 0.38 1.09+1.01
Creatinine (mg/dL) 1.49+2.15 0.81+0.23 0.7 0.83+0.24

LT: alanine transaminase; AST: aspartate transaminase; eGFR: estimated glomerular filtration rate;
SDR: systemic drug reaction

Data are number (percentage) or mean + standard deviation.
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4. & ¢ wm%eFEEiRR
" . FBi#cx SDR#CE > > &iF MILTF 2 FTAHER e ok 2 SDR 2 M E 4+ o
oo~ dok it r PG 2 FA o d Cytokine = *f AR F I B Bl (T ¥ A > P TP-10 frgf
B ~TNF-a fref @ ~ % & 0 112 MCP2 frskc 307 it F 4Bt » e 3 & { 5 enFl &

#F e

5. QuantiFERON-TB Gold Plus :
B4 A (571%) EHEEFFFFTE 24 (286%)enBRATREL A1 4 (143%)
14%:H1B % 3 5 £ 2 o
o~ BB R R EF P 0% BRBEERFFTE - G APF R LSRR ED
QuantiFERON-TB Gold Plus x4 ; ¥ - # 5 > 3@ * QuantiFERON-TB Gold Plus

L ERE L AP ICE RS E > T A EPRIET SR
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%= ~3HP £7 24 SDR> 22 INH @ 2. RPT ¢his. # B4 LR § BEE M -

rfio % 3HP pFA 4 SDR> % X335 & rifapentine 7 B > %] 5 12 @ ‘5 rifamycin 3§ % 3
# 24 flu-like syndrome e3F 2 [32, 42, 45, 46] - 4c + iE3 @ % INH &7 Lok » #0524

4

flu-like syndrome > F]pt & A 32 % rifapentine i& i 4p éq‘ﬁﬁfrmé&«fﬂ)]*{ﬁ =% SDR e & - A /@ >

£

j
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1~9.8% e/ 5 1 & % I A& % @ * 300 mg “isoniazid /2% T 0 A 4 flu-like syndrome o +
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L FF - A& * 900 mgisoniazid P S 0 Flpt &2 Frif itk as B T A 24 flu-like syndrome
L ER
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BELORR - EP AHATF AR B R F / SDR BEF DML o £ G S 37 8
IR -

% - ~OH v 4R isr 427 > IP-10 ~ TNF-q fr MCP-2 ik & F 2 7 L 8155 F ~ g B/t g fr
s F R o

~

% = ~ QuantiFERON-TB Gold Plus v LTBI /5 s % crfd B {44 35 % 4oFp 8 o
BE AR R LS TREY

IP-10 (Interferon gamma-induced protein 10) » * £ % CXCL10 (C-X-C motif chemokine 10) » />

CXCL ' g 72% > ok g (beniack eipl > ¢ REE P {fod v en T 72 [58, 59] > i &
ko BARL 2 BE R P BREGP LU 5 2 - [59, 60] - B22RI2 5 & ¢ IP-10 frEpR o
BBk i I 5% MR 0 IP-10 B & > % multiple sclerosis 2 inflammatory neurological
diseases 7 & ¥ + 2 [61]c» 3F & & OH & 4R ejn fpriE42? » 3 A BE7F a0 A4 ¢ et 48
WA AL e INF-a 2 A3 A ~F XF B M Fl2 Lo LF Rl /% e &7 g
MCP-2 (monocyte chemoattractant protein 2) * f£ % CCL8 (Chemokine <C-C motif)> ligand 8) » +
NEEH PR T e~ p AR E e s V* & A Tﬁ«frvi’% M3k 8 V*iﬁ PRI R ) e BoE[62]
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Table 1-4. Literature review of original reports (9A) and case reports (9B) for flu-like syndrome due to INH proven by re-challenge
1-4A

Total TBstatus Incident  Mean Sex HIV INH Dosage Concomitant Mean onset after  Duration of
cases cases (%) age drugs starting Tx (days) symptoms
(yr)
814 [50] Active TB 8 (1.0) 66 M: 5 negative 300 mg/day RMP 21 days 12 hrs
F:3
112[49] Active TB 11 (9.8) NA NA NA 300 mg/day RMP NA NA
(15 mg/kg/day)

HIV: human immunodeficiency virus; INH: isoniazid; NA: not available; RMP: rifampin; TB: tuberculosis; Tx: treatment;

1-4B
Age (yr)  TB status HIV INH Dosage Concomitant Onset after Symptoms/Signs Duration of
/Sex drugs starting Tx symptoms
57/F [51] LTBI NA 300 mg/day none 9 days Fever, malaise, respiratory 10 hrs
distress, hypotension
54/F [51] LTBI NA 300 mg/day none 8 days Fever, chills NA
53/M [52] LTBI 300 mg/day none 12 days Fever, chills, nausea, fatigue NA
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Age (yr) TB status HIV INH Dosage Concomitant Onset after Symptoms/Signs Duration of
/Sex drugs starting Tx symptoms

10/F [53] Active  negative 100 mg/day RMP/EMB/PZ 6 days Fever, chill, rhinorrhea, dry 12 hrs
TB (4.6 mg/kg/day) A cough, nausea, body ache

56/F [54] Active NA 300 mg/day pyridoxine 14 days Fever, nausea, vomiting, 24 hrs
TB hypotension, confusion

84/F [55] Active NA 300 mg/day RMP 14 days Fever, rigor, confusion, 24 hrs
TB hypotension

64/F [55] Active NA 600 mg BIW RMP/PZA 8 days Fever, rigors, rash NA
TB BIW

68/F [55] Active NA 300 mg/day RMP/PZA 8 days Fever, rigors, NA
TB

48/M [56] Active NA 300 mg/day RMP/PZA 4 days Fever, chills, erythematous 48 hrs
TB maculopapular rash, nausea

BIW: twice weekly; EMB: ethambutol; HIV: human immunodeficiency virus; INH: isoniazid; NA: not available; PZA: pyrazinamide; RMP:

rifampin; TB: tuberculosis; Tx: treatment;
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