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Abstract:
1. Overall
This study analyzed correlations between drug concentration levels in plasma and genomic polymorphisms
in the drug transporters by measuring plasma concentration of dolutegravir (DTG). Furthermore, our research
group newly developed a simultaneous analyzing liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method for the determination of DTG, raltegravir (RAL) and elvitegravir (EVG) in plasma and
cerebrospinal fluid (CSF).
2. Results
1) A study of plasma and CSF concentrations of an antiretroviral drug and genomic polymorphisms of
drug-metabolizing enzymes and drug transporters
Plasma samples were obtained from HIV-1-infected patients treated with DTG-containing regimens 0.5-4
hours after DTG dosing. Plasma DTG concentrations were measured by liquid chromatography-mass
spectrometry (LC-MS). Genotyping of allelic variants of ABCB1 1236 C>T (rs1128503), 2677 G>T/A
(rs2032582), 3435 C>T (rs1045642), 4036 A>G (rs3842) and ABCG2 421 C>A (rs2231142) was performed
using the TagMan Drug Metabolism Assays. The mean peak plasma concentration of DTG was higher in the
genotypes of ABCG2 421 AA, compared to the genotypes of ABCG2 421 CC and CA.
2) A study of LC-MS/MS assay for the sensitive analysis of DTG, RAL and EVG in human plasma and CSF
A simple sample treatment procedure and sensitive LC-MS/MS methods were developed for the
simultaneous quantification of HIV-1 integrase inhibitors: DTG, RAL and EVG in human plasma or CSF.
Plasma or CSF samples (20 pL each) using raltegravir-d3 as the internal standard (IS) were deproteinized with
acetonitrile. Chromatographic separation was achieved on an XBridge C18 column (50 mm x 2.1 mm i.d.,
particle size 3.5 pum) using acetonitrile/water (7:3, v/v) containing 0.1% formic acid as the mobile phase at a
flow rate of 0.2 mL/min. The run time was 5 min. The mass transitions were m/z 445—361 for RAL, m/z
420—277 for DTG, m/z 449—345 for EVG, and m/z 448—364 for the IS. The calibration curves for all drugs
were linear in the range of 5-1500 ng/mL for plasma and in the range of 1-200 ng/mL for CSF. The intra- and
inter-day precision and accuracy for all drugs in plasma were <14.6% for coefficient of variation (CV) and
within 100.0+£11.4% for accuracy. The intra- and inter-day precision and accuracy for all drugs in CSF were
<13.8% for CV and within 100.0+11.0% for accuracy. In the stability test in CSF, RAL was stable for 24
hours at 4°C or —80°C; however, DTG and EVG were unstable. All drugs in CSF containing acetonitrile were
stable.
3) A study of pharmacokinetics of an antiretroviral drug and efficacy and side effects
In 186 antiretroviral therapy (ART) naive HIV-1 patients who were treated with DTG-containing regimens,
grade 2 and 3 adverse events were increased ALP (2.2%), ALT (8.1%) and AST (5.4%). Rate of liver toxicity
was significantly higher in those patients compared to 66 ART naive HIV-1 patients who were treated with
EVG-containing regimens. The most frequently used initial and switching ART regimens at AIDS Clinical
Center, National Center for Global Health and Medicine in 2015 were INSTI-containing regimens (83%).
3. In Summary
Our results speculate that genomic polymorphisms of drug transporters is expected to analyze causal factors
that are responsible for individual differences of integrase inhibitor plasma concentrations.
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n Peak plasma concentration (ng/ml)
mean+SD

SNP P

ABCB1

1236 C>T rs1128503
cC 1 856
CT 21 2992 + 1152
TT 20 2499 + 1037

2677 G>T/IA  rs2032582
GG 9 2516 + 1368
GT 14 2767 + 1151
TT 10 2277 £ 979 0.4079
TA 7 3337 + 1033
GA 2 3080 + 689

3435 C>T rs1045642
ccC 13 2703 + 1267
CT 19 2934 + 1112 0.3428
TT 10 2277 £ 979

4036 A>G rs3842
AA 22 2503 + 1038
AG 18 2905 + 1083 0.4693
GG 2 3155 + 2902

ABCG2

421 C>A rs2231142
cC 22 2569 + 1036
CA 17 2479 + 905 0.0005
AA 3 5002 + 358
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Naive 1864
(I & % - HCV - HBVEE V)

11(5.9%) | 30(16.1%) | 20(10.8%) | 10(5.4%) | 15(8.1%) | 3 (1.6%)

——n
52020

Compound  Nominal Intra-assay Inter-assay
concentration Measured Accuracy CV Measured Accuracy CV
(ng/mL) concentration (ng/mL) (%) (%) concentration (ng/mL) (%) (%)
(meantSD) (meantSD)
Raltegravir 1 0940:0073 %0 78 0.985:0.122 %85 123
287:0.09 %8 31 2.90:0.08 %6 27
149403 %96 19 149403 992 18
163£2 1021 10 1634 1020 23
0.9850.031 %5 31 097110042 971 44
309:0.15 1029 50 319:0.14 1062 43
154104 1028 28 16.110.7 1076 44
15412 9.5 16 1574 98.2 21
0.980:0.135 %0 138 09370112 97 120

308:0.10 1028 31 2981019 02 64
157407 1048 44 154108 1028 49
17744 1 24 17348 1080 45
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RAL, DTG, EVGO I LU HE%E iR E D BIE
ZDBAFEZELC-MS/IMSZRAWTITo1=, MEHLLLIE
fa&oouIc7RN=FYILZFMLTRERAL., AEP
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Peak plasma concentration (ng/ml)

SNP P
meanzSD
ABCB1

1236 C>T rs1128503
CC 1 856
CT 21 2992 + 1152
TT 20 2499 + 1037

2677 G>T/A  rs2032582
GG 9 2516 + 1368
GT 14 2767 + 1151
TT 10 2277 + 979 0.4079
TA 7 3337 + 1033
GA 2 3080 + 689

3435 C>T rs1045642
CcC 13 2703 + 1267
CT 19 2934 + 1112 0.3428
TT 10 2277 + 979

4036 A>G rs3842
AA 22 2503 + 1038
AG 18 2905 + 1083 0.4693
GG 2 3155 + 2902

ABCG2

421 C>A rs2231142
CcC 22 2569 + 1036
CA 17 2479 + 905 0.0005
AA 3 5002 + 358
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Sample Plasma 20 pl

- Sample Cerebrospinal
flud 60 pL{CSF20 pl +
Acetonitrile 40 pl)

g

Acetonitrile 400 pL Acetonitrile 60 pL
{intemal Standard : {Internal Standard :
RAL-d; 5 ng/mL) RAL-d; 10 ng/mlLi}

Mix with a vortex mixer Mix with a vortex mixer

Centrifuge Centrifuge
10,000xg, 10 min, 4°C 5,000xg, 5 min, 4°C

Supernatant 80 plL
Transfer to 96-well collection plate

Supermatant 60 plL
Transfer to 96-well collection plate

Water 40 pl Water 40 plL

Injection into LC-MS5/MS system

Injection into LC-MS5/MS system
2pul

lul

AlE &4

LC conditions

LC : Nexera X2 LC-30AD (Shimadzu)

Column:X Bridge C18 50 mm x 2.1 mm i.d., particle size 3.5 um (Waters )
Mobile phase: Acetonitrile/water (7:3, v/v) containing 0.1% formic acid
Flow: 0.2 mL/min

Column temperature: 40°C

Run time: 5 min

MS/MS conditions

MS:QTRAP® 5500 System (AB Sciex)
lonization mode : Electrospray ionization
Polarity : Positive ion mode

lonSpray voltage : 5500 V

Heater gas temperature : 600 °C

Curtain gas: 30 psi

Turbo gas (GS2): 80 psi

Monitoring ions :

Nebulizer gas (GS1): 70 psi
Collision gas: 8

Compound Precursor ion (m/z) Product ion (m/z)
Raltegravir 445.0 361.1
Dolutegravir 420.0 277.1
Elvitegravir 448.9 344.9
Raltegravir-d,(IS) 448.2 364.1
A 7 ZH), Vi
LC-MS/MSEITE % (HIN- HREZED, CVIE)
Compound  Nominal Intra-assay Inter-assay
concentration Measured Accuracy CV Measured Accuracy CV
(ng/mL) concentration (ng/mL) (%) (%) concentration (ng/mL) (%) (%)
(mean+SD) (mean+SD)
Raltegravir 1 0.940£0.073 94.0 7.8 0.985+0.122 98.5 123
3 2.87+0.09 95.8 31 2.90+0.08 96.6 2.7
15 14.9+0.3 99.6 19 14.9+0.3 99.2 1.8
160 163+2 102.1 1.0 163+4 102.0 23
Dolutegravir 1 0.985+0.031 98.5 31 0.971+0.042 97.1 4.4
3 3.09+0.15 102.9 5.0 3.19+0.14 106.2 4.3
15 15.4+0.4 102.8 2.8 16.1+0.7 107.6 4.4
160 154+2 96.5 1.6 157+4 98.2 2.7
Elvitegravir 1 0.980+0.135 98.0 13.8 0.937+0.112 93.7 12.0
3 3.08+0.10 102.8 31 2.98+0.19 99.2 6.4
15 15.7+0.7 104.8 4.4 15.4+0.8 102.8 4.9
160 177+4 111 24 173+8 108.0 4.5
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RAL 1ngfmL DTG 1ngfmL EVG 1ng/mL
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RAL LQC DTG LaC EVG LQC
120" 120" 120"
T
100" - I 100"7‘4&,— 100" - I
20" 7 80" 7 80"
® 60"+ # 60" # 60"
40" 40" 40"+
20" 20" ot
0" 0"+ 0"
al" 24h" 24h" al 24n"
RAL HQC DTG HQC EVG HQC
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FRBHIV ZOIRZERR . EY M RE. BRER

ER. REEFHoEDBEADEEICONT
MRT HoLEmRBREL. ARECRIEAL
ELDEELERENTT D,

FILTISEIRBABEICHE ITAFEST DR
DTGHOEMERELTMBEIL T F_UEQLED
MESN TS, FEFDOHRE (XM 2E1—
TA—L(IF)I2&BE1%RFHEDEL, LHMLE
Mo, BRICEWTHEFICKYDTGIREHIE(C
Eof-fEPEEERLT-, ZZT. DTGOFFEED
WTERE. ®RETE1To7=,
DIGHERAEFICHTHEFT D ZIXFHE2M A
TRELTHEY. . NaiveEBEEF D EEZERI{ER D
FEIZHULNTY L—R2-3%RLTI=EHITIL. IRIS,
BHHECHTVAUMNEIEDEENEZ GNT=,
Naive BE [ZH (T ADTGESTBD LLE M5 . DTGAR
FAEEICHEENBLIZCESHONT-, DTGIZLS
FFEENAREEINT-,

(2R 9 5

R

[#5R] DTGAFFEE (Naive)

NCGH

Naive 18644
(MR - HCV = HBVBR 1)
ALP ALT(GPT) | AST(GOT) LDH VGTP  [BPULE
11(5.9%) | 30(16.1%) | 20(10.8%) | 10(5.4%) | 15(8.1%) | 3(1.6%)
3(1.6%) | 14(7.5%) 9 (4.8%) 0 0 0
1(0.5%) 1(0.5%) 1(0.5%) 0 0 0

Bk 22% |

81% | 54%

| 0.0%

0.0%

0.0%

G2LL F

FILa—ILERTEE

[TVD/DTG>STB

DTG;%H@“ iEBMEAASA, PCP—IRIS [TRI->EPZ/RAL
3 =i L .
INSTI FFFEZ LLEE (Naive) @
DTG STB
4’ L—F| (M5 -HCV- HBVEESY) | (M1 -HCV-HBVERS}) | P Value
N=186 N=66
Gl 11 (5.9%) 1(1.5%) 0.16
ALP G2 3 (1.6%) 0 0.30
G3 1(0.5%) 0 0.55
G1 30 (16.1%) 0 <0.01
ALT(GPT) G2 14 (7.5%) 0 <0.1
G3 1 (0.5%) 0 0.55
G1 20(10.8%) 0 <0.01
AST(GOT) G2 9 (4.8%) 0 <0.1
G3 1(0.5%) 0 0.55
G1 10 (5.4%) 4(6.1%) 0.84
LDH G2 0 0 -
G3 0 0 -
Gl 15 (8.1%) 9 (13.6%) 0.23
YGTP G2 0 0 -
G3 0 0 -
Gl 3 (1.6%) 1(1.5%) 0.95
BEYILEY|] 62 0 0 -
G3 0 0
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Backbone drugld FEE M LM BIZ DN TABC>TDFE
Y, BEE-BEEEOEZEELEZEELTULSAEEEN
RIEENT=. Key drug®DINSTIEEEBS AN L ABIZDH
TRALDTGELY , BHBECGERAELDEYMEEE
Ax&ZELTWSAEEELH S,
EEE(XQDL I AV, STRAZL . SHAEIIBIDA %
WER LGS, B ETBIDMNZ W ERELTIE, L
BI&EYERALTULNDARTZ# . 1 FICRALDFERAM S
W EMEZONT=, RALOFERIFEIERAMN DL,
EMMHBERZRIBETEACENEZONT-,

BN ERERMR L 2—ICEIT58EE L UVEER

DFEFLERDMEM]

2015 EMDARTH IR DKey drug TIXINSTIAY83%
(55BDTG63%) . Backbone drug TIZTVD (TDF/FTC) M
50% C#Ho1-. ZEHIDKey druglZPIDINSTI>NNRTAS
INSTDONNRTDPINE & ([ ZHo1=, ZRIZG--EREL
TIE. ZPrFE7 SRR ESEMERS>HIRARA+7>FD
thTH-oT=,

&

DTGIZIIREDHREZETHY ., FF. TEHIZHLTZLA
AHEINTWS, LHLEA S, FFHEREIEE (XA (F) &Y
Z{HoNI=CEDL, TDEERFEHOMNZITHEED
(2. BDINSTIELLE IR ST DL ELH D,

Backbone drug (NRTI)

100%
90%
80%
. 70% I
; 60%
iﬁ 50%

JI0MEFRAE  30-398% 40-498% 50-59%%  60mRLIE FE
(n=125) (n=457) (n=818) (n=411) (n=275)

Key drug

STB
DTG
RAL

100%
90%
80%
0%
i; o0 " £ Dt
1 50% uDRY
5 n

10%

50-59%% 60RELLE
[n=411)

30AEEH  30-39%  40-49%%
(n=457) (n=818]

(n=125)

2015F EDFHRRUT =209

F—F5uyd
INSTI 2194 (83%)

STB, 10, 4%.._ 20l 42 [DTe 1656 (63%)]
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