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{ o o [V [y} 2 o v @ ' '
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Abstract
Project Code : RSA5580033

Project Title : Influence of UGT1A1 and ABCB1 genetic variances on pharmacokinetics
and toxicity of irinotecan in patients with colorectal cancer
Investigator  : Assist. Prof. Dr. Col. Jeeranut Tankanitlert
Department of Pharmacology
Phramongkutklao College of Medicine
Telephone: 02-354-7752, 086-460-1773

E-mail address :Jeeranuts@yahoo.com, jranut@pmk.ac.th

Project Period : 3 years

Irinotecan (7-ethyl-10-[4-(1-piperidino)-1-piperidinocarbonyloxycamptothecin
(CPT-11) is a widely used for advanced colorectal cancer. It is converted to 7-ethyl-10-
hydroxycamptothecin (SN-38) mediated by UGT1A1 to produce SN-38 glucuronide
(SN-38G). Many studies had described a wide range of the drug efficacy and toxicity focusing
on genetic variances especially UGT1A1*28, UGT1A1*6 and ABCB1*2 which closely related to
irinotecan-induced toxicity. Even though the frequencies of UGT1A1*6 and ABCB1*2 were
higher in Asian than Caucasian, but only few studies had revealed the effect of concurrence of
UGT1A1*6 and ABCB1*2 on irinotecan in patient with advanced colorectal cancer. To
understand the influence of these genetic variances on the drug and its major metabolites, an
analytical method should be sensitive and effective. The purpose of this study were to validate
method by using UHPLC-MS/MS to obtain sensitivity for the low level of CPT-11 and its
metabolites and study the effect of UGT1A1*6 and ABCB1*2 on pharmacokinetics and toxicity
of irinotecan in patients with advanced colorectal cancer. The Hypersil Gold column (1.9 pm,
100 mm x 2.1 mm) was selected and 0.1 % formic acid in water and 100% methanol was
used as mobile phase. A positive ion mode and a selected reaction monitoring were used. The
retention time were 1.88, 2.7, 1.5 and 2.6 min for CPT-11, SN-38, SN-38G, and CPT as
internal standard, respectively. The limit of quantification (LOQ) were 0.1 ng/mL for SN-38 and
1 ng/mL for CPT-11 and CPT. The accuracy and coefficient of variation of all standards ranged
from 81.97-110 % and 0.01-13.3 %, respectively. The calibration curves of all standards were
linear (R2>O.994) over the concentration ranges from 1-1000 ng/mL for CPT-11 and 1-300
ng/mL for SN-38 and CPT. This method was applied to three advanced colorectal cancer
patients with different UGT1A1*6 and ABCB1*2 genotypes. After, 180 mg/m2 of irinotecan

(FOFLIRI) was administered by intravenous infusion within 1.5 hr, blood samples were collected



for 24 hours. Plasma levels of CPT-11 and its metabolites were measured by UHPLC-MS/MS.
Our results showed that the UGT1A1*6 homozygote seem to associate with the increase of SN-
38 plasma level and ABCB1*2 heterozygote may associate with the increase of CPT-11 plasma
level. This analytical method is a rapid and sensitive method for CPT-11 and its metabolites
because of its uncomplicated sample preparation and high sensitivity. This method was first
applied to determine CPT-11 and its metabolites in advanced colorectal cancer patients with

different UGT1A1*6 and ABCB1*2 genotypes.
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A (20-30%) lupmefinnuAaUndusiim coding region 71 codon 71 suvinli glycine
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S2YETR
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oL 8141 HPLC column LRaamiadtaszauenlaslufiuamwuaziuanluladuasen
2.5 AANZAMMINTTINUAFASIAUT AUConn Crax  trzs K€, Clagp W8Z Vo0
irinotecan I@UIﬂiLmi&lﬁ’]L%QEﬂ PK solution wazld non-compartment model Tumsduwins way
Sasedmeanansit
2.6 Madhaianangihe Muaz 3 Haddas gnihwn ania DNA laald Grnomic DNA
Mini Kit wazitanzh UGT 1A1*6, ABCB1*2 lagldinaila  Restriction Fragment Length
Polymorphism (RFLP)
A. \W38UL8y pharmacokinetic parameters madgﬂﬁﬂﬁﬁ UGT1A1 genotype fidnnin
Taulusunsu  SPSS version 14 6t one way ANOVA ez fnwwaitfannighian p< 0.05
‘ﬁ 95 % confidence intervals

B. fuimsaiAau 9189 pharmacokinetic parameters NYN1sAlazAnInua laun mean,

median, minimum, maximum, standard error of mean, standard deviation
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1. WewIN130 32903z ugnaziua lulariala HPLC lanasit

Chromatographic condition

Mobile phase : 75 mM ammonium acetate buffer pH 6 W8z Acetonitrile (85:15)
Column : C18, Thermo, 0.5 um
Detector : UV wavelength 254 nm

NSLA383 mobile phase

@383 75 mM ammonium acetate buffer pH 6 ez Acetonitrile (85:15) NRULTNA8NT
WasN389@I8 filtering membrane 715 pore size WAL 0.45 mm 1N degases @18 20%
helium %1% 30 w171
Standard solution and calibration curve

@388 CPT-11uaz SN-38 lagld buffer 1udivinazans Thllanaduds 0.5, 1, 2.5, 5,

10, 25, 50, 100 ng/mL. N389H1% solid extraction weNAALIABANY lag retention time V83
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CPT-11 uaz SN-38 17l 15.8 uaz 17.9 w1l awdeu 16 chromatogram G937 3 waz 1319

P
N 148 2
Auto-Scaled Chromatogram
8.0 2 Irinotecan
f
6.0 |
4.0H

'

. (| SN-38
Z.EI:__ ‘

0.0 l I\ —_
i | e "RE - o y
1 o / = L

17974

LIRS L L  L  L  L  L L L LLL L  LL
200 400 600 800 1000 1200 1400 1600 1300 2000 2200 2400 2600 25.00 30.00

Minutes

gﬂ‘ﬁ 3 : Chromatogram 284 10 ng/mL standard CPT-11 L8z SN-38

13197 1 : Peak area 989 CPT-11 luAanaanaLaiud

Concentrations (ng/mL) Peak area (AU) CV (%)

0.5 8128.25+ 393.68 48

1 17937.25+ 873.23 4.9
25 53224.75+ 335.16 0.6
5 131657.5+ 12430.24 9.4
10 192212.25+ 2815.47 1.5
25 462035.5+ 11000.78 24
50 937092.5+ 20545.95 22
100 1924746.75+42326.93 2.2

Values are expressed as mean + SD (n=3)

13197 2 : Peak area 189 SN-38 Tuna1aa ULt N

Concentrations (ng/mL) Peak area (AU) CV (%)
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1 657.0+ 20.5 45
2.5 2154.0+ 33.2 15
5 3610.7+ 639.7 17.7
10 6087.7+ 148.7 2.4
25 15772.3+ 334.0 2.1
50 30097.7+ 959.5 3.1
100 63020.5+1711.5 2.7

Values are expressed as mean + SD (n=3)

i lednmanurunusiguasilasld least square regression analysis 1@ regression

equation of calibration curves A9%h
§WSU CPT-11 y = 19085x + 3065.1 r =0.999
&1 U SN-38 y = 634.92x + 1443 1 =0.998 @T@gﬂﬁ 4

A) CPT-11



13

2500000 -
b) SN-38

2000000

1

y = 19085x + 3065.1
R?=0.9993

1500000

Area

1000000

500000

O T T T T T

0 20 40 60 80 100

Irinotecan concentration (ng/ml)

120

B) SN-38

70000 -+
y =634.92x + 144.34
60000
50000

40000

Area

30000

20000

10000

0 T T T T T 1
0 20 40 60 80 100 120

SN-38 concentration (ng/ml)

Eﬂ"?l 4 : calibration curves 184 (A) CPT-11u82 (B) SN-38 (n=3)

Plasma sample preparation
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wiTpu@atalaunan CPT-11 waz SN-38 luwmaun laoli anududugarieiniu
0.17, 1.7, and 8.5 ng/mL Uaz vortex 10 AW NNTLdY 500 uL 289 methanol/1 M
hydrochloric acid (98:2) e anaznanldsdin iy centrifuged # 10000 rom Wk 15 WA uae
40 20 pL supernatant 1Faaautl 33m3ftaansousn sslusienedng CPT-11, SN-38 waz

CPT aanannuleaa (separation and specificity) e chromatogram (ﬁdgﬂﬁ 5

A)

=0T

4. [

bl Ly

Ed

1.0

Ry

3510

y, y - s d
-1 [ g e _— o
-2 (7] 'y

-2 [0

-"L.:||||||||||||||||||| T T T T T T [ TrrrT Trrrrr[rrr[rrr[rrr[rrrf T T T

] ]
e 4.0 B L L o 1200 1400 rREE MEDD S0 EOl A JEDD JROD =D
W=t

B)

4. [0

bl ey

| & A

1.6 |

i

s =, o _ i—L‘;TIH_ o L

B iy
-2 0] =

17.748

ey |

-2 i

L "L B B b S B S S N B B B B B S (N B B B B B R N B B B B B N B By L B e L B B e (B B N ey B R B
200 4.0 £ B mos 1200 1400 MR MREDD SO0 A0 400 JEDD JEOD HIOD
K=t

;sﬂﬁ 5 : Chromatograms a4 (A) blank plasma and, (B) 1.7 n g/mL v83 CPT-11 uae

SN- 38 i wagan
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IrmsasnanBliidesiaud recovery 289 CPT-11 adetiu 89.3 % Waz recovery 489 SN-38

AL 96.5% ANNANINN 3 LAz 4

M15199 3 : Recovery 289 CPT-11 LuWan&an

Standard concentration % Recovery of CPT-11
(ng/mL)
0.17 121.2+ 5.11
1.7 80.1 +2.12
8.5 75.1 + 1.00
Mean of recovery 89.3%

Values are expressed as mean + SD

mﬁ‘a"]\‘lﬁ 4 : Recovery 183 SN-38 Tuwanaun

Standard concentration % Recovery of SN-38
(ng/mL)
0.17 108.5 + 9.40
1.7 1054 + 6.47
8.5 75.4+ 4.54
Mean of recovery 96.5 %

Values are expressed as mean + SD

Precision

maaammﬁmﬁmmma:gﬂﬁaﬂmﬁ@ standard ANUMNTWA: 3 AYINElwINIALING

(intra-day assay) LRZIZHINNIB (inter-day assay) uaEIwI Lol Tuauas  coefficient of
variation (% CV) Q9&uN17

%CV = SD x 100
X
SD = standard deviation

X_= mean value of CPT-11, SN-38 concentration
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@n coefficient of variation U89 CPT-11 1 wla8INwitanin 4.4% wazIeninaintasnin 4.9 %
N coefficient of variation U89 SN-38 T IWLALINWIANERLNIN 9.7% UazIzHINIWIANTaLNIN

9.1 % ANNAI9N 5 LAz 6

A13199 5 : AnNutne lunInTIda CPT-11 Tuwanaan

Standard Intra-day % of cv Inter-day % of cv

concentratio assay deviation (%) assay deviatio (%)
n (ng/mL) (ng/mL) (ng/mL) n

1 0.72 + 0.05 2.8 240 0.77 + 017 22.1% 4.9

10 9.79 +0.24 2.1 1.75 9.90+ 0.28 0.89% 24

100 104.43 + 0.40 4.4 0.10 100.70 + 0.23 0.69%  0.50

Values are expressed as mean + SD (n=3)

M13197 6 : AMULNWI L UNNTNTIIA SN-38 Tuwaraun

Standard Intra-day % of CcVv Inter-day % of cv

concentration assay deviation (%) assay deviation (%)
(ng/mL) (ng/mL) (ng/mL)

1 0.91+ 0.12 9.3 6.5 0.9+0.01 10.0 9.1

10 9.03+1.31 9.7 3.1 9.2+0.80 8.0 5.4

100 102.13+1.98 2.1 0.5 101.5+1.23 1.5 24

Values are expressed as mean + SD (n=3)

Lower limit of quantitation (LLOQ)

ITMTIATZAUENAIE HPLC N lanamfiananinias=al CPT-11 uaz SN-38 laddis 1.0
ng/mL léd1 cv Noansule 2.6-9.1 % atrdlsiaunasnnidiagrafealudsaniaszau

suaziuanlularinudn J2aUUad SN-38 Laz SN-38G faudidrannuasulazing injection

volume 131 30 uL LA2IALHILIENINTNNTINIA LG A ke RIUTULLRauITaTITaTzau N vy

Tagls Ultra high-performance liquid chromatography —tandem mass spectrometry (UHPLC-

MS/MS) SIN19Aa3 N ba3ULaT0I0 T W.7. 2557 33 LaNaluIITNTIA T UEILAZLUAN

Tu'larilwziuisada SN-38 Iuszaudinint ng/mLle Bnnses laWakINIILeTUAaE193INLRAA

1 v = &
HIALIIVY
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L

4. Warwimsasnadaszauguazwanlulariais UHPLC-MS/MS dsfh
Standards uag @19tad

Standard U irinotecan  (7-ethyl-10-[4-(1-piperidino)-1-piperidino] carbonyloxy
amptothecin; CPT-11) purity> 99.5%, SN-38 (7-ethyl-10-hydroxycamptothecin) purity>99.0%
Lae camptothecin (internal standard) purity>95% gﬂ%ﬂﬁ]’]ﬂﬂ%ﬁ'ﬂ Sigma-Aldrich (St.Louis, MO)
a’limﬁ%‘luﬁ]ﬂu LC-MS grade L% methanol, acetonitrile L&z formic acid uan
Preparation of stock solution and standard

\38u CPT-11, SN-38 uaz CPT stock solution 11 10%DMSO fianuidadu 1000
pug/mLLLRas series working solutions @38ulaet3aa19 stock solution @38 methanol LLﬁ’JLﬁUVL’S'ﬁ -
80° C.
UHPLC-MS/MS conditions

msaaiarzausuaswanlular daseSas UHPLC-MS/MS (TSQ Quantum Access
MAX, Thermo Scientific, USA) ﬂﬂﬁ&lﬁﬁl"ﬁlﬂ% Hypersil Gold column (2.1 mm x 100 mm,
particle size 1.9 pym, Thermo Scientific) @:°llad column mu@uqm%gﬁ 40°C, Pump (HPG-
3400RS, Thermo Scientific) Uaa8 mobile phase 'Twal®a®31 0.4 mL/min 1@t mobile phase 1Tu
0.1% formic acid in water (mobile phase A) L8z 100% methanol WD (mobile phase B) lag/la
321U gradient of mobile phase fa
1. 65 % mobile phase A 35 % mobile phase B 1% 1 w1#i 1w initial phase
2.65 % to 25% mobile phase A LLlas 35 % to 75% mobile phase B lu 2.5 wi
3. 25 % to 65% mobile phase A ez 75 % to 35% mobile phase B lu 1.5 w1l

udaz run time 1Faan 3 wd Usumansiltaeluudazasadn 10 L lusauwes
autosampler (WPS-3000TRS, Thermo Scientific) muquqmnﬂﬂ’?ﬁ 4°C ﬁnﬂﬁ?umuazm@n
Iuvlaﬁazgﬂ 3Lﬂi’1$1ﬁmmﬂ%‘ad triple quadrupole mass spectrometer a8 heated-electrospray
ionization (HESI-II) probe wazld spray voltage (3500 ]V); sheath gas pressure (40[]psi);
auxiliary gas pressure (11 arbitrary units); skimmer offset (0[_1V), ion transfer tube temperature
(350°C), vaporizer temperature (400°C); high purity argon (>99.98%) %G‘Lﬁﬂu collision gas
(1.5 /mTorr) Wwanld positive selected reaction monitoring (SRM) mode wazltlysunsu
Xcalibur 2.1 (Thermo Scientific) &I instrument control, data acquisition LAz processing
#1930 parameter Al standard LAREEINTEABAGT AT 7 FIanUITAIHENANTOLEN
mi"l,@i”mzﬁmLLazaflmml*’ﬁmni'ﬂ‘szﬁumua:mmiuvl,aﬁ'lﬁazha%’mauﬁdgﬂﬁ 6 uwazligniy

ﬂ’J%ﬁﬂﬂﬁ’]ﬂ%i’Nﬂ’]E} Eﬂﬁ 7-8



A13199 7: Mass spectrometer for SRM setting
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SRM setting CPT-11 SN38
Precursor ion(m/z) 587.3 393.2
Production(m/z) 167 349.2
Collision energy(volts) 41 26
Entrance potential (volts) 126 100

A eeer
8
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c
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B 23
8
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o
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0
<
(4]
s
I
&
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D oo

Relative Abundance

5107 61 EPI mass s

U

249

124

3932

SN38-G CPT(1S)
569.2 340.1
3932 305.2

40 21
126 109
349
SN-38
Y cpT-11
»s CPT
SN-38G

pectrum Va4 plasma sample luﬁjﬂwuzﬁdﬁﬁvlé’lmyjﬂﬁﬂﬁ%'u
en'lo3Tufiuan180 mg/m’ tuIa 12 wa. (A) SN-38,(B) CPT-11,
(C) CPT ua (D) SN-38G.
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5
B 1.31€3 Time (min)

05 1.0 1.5 20 25 3.0 3.5 40 45 50 55 60 65 7.0 7.5 80 85 9.0 9.5
¢ 23163 B Time (min) cPT

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 85
D 7122 Thow {oain

Rt

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9.0 95
Time (min)

gﬂﬁ 7. Chromatograms 24 blank pooled plasma (A) SN-38, (B) CPT-11, (C) CPT a8z
(D) SN-38G
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A
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71/ii 8. Chromatograms 28IWaNRNKHENTL standard léanuidauduras
(A) SN-38=1 ng/mL(B) CPT-11=10 ng/mL waz (C) CPT=10 ng/mL

Plasma sample preparation a2 validation procedures
Precision and accuracy

MIANEN  precision waz accuracy Ynlagld standard wawlu buffer aNLTNTH
289 CPT-11 1% 1, 100 waz 1000 ng/mL ANNTNTUVDI SN-38 waz CPT tiu 1, 100 waz 500
ng/mL (n=3) Twiuiasaia (intra-day assay) Laz32®319748N 3 % (inter-day assay) 10214
L‘ﬁmm\‘i (precision) fAaandauazuad  coefficient of variation (%CV) fuImaIn %CV=
[SD/Mean] x 100 &9 % CV 189 intra-day assay 8539 0.7-13.8% inter-day assay 9779
0.01-7.8% TuazlBuadi a13197i 8 § WU retention time w84 SN-38, CPT-11 uaz CPT ilu
2.7, 1.88 uaz 2.6 wifianudey uazitasanlaid standard 289 SN-38G Amunsamdeld 5ol4
JaeAlasld UHPLC-MS/MS mode full scan uae SIM lagli parent 1% SN-38G(569.2 m/z)

e lost product 1)) glucuronide (176 m/z) 16 retention time 1{lu 1.5 w# (ﬂmgﬂﬁ 9
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mﬁ‘a"]\‘lﬁ 8 . Precision a8 accuracy ¥8J CPT-11 SN-38 waz CPT
Intra-day (n=3)

Analyte Nominal conc. (ng/ml) Mean £ SD CV (%) Accuracy (%)
CPT-11 10 10.1+1.4 13.8 101.0
100 105.0+9.5 9.0 105.0
1000 1064.1£104.3 9.8 106.4
SN38 1 1.1+0.04 3.6 110.0
100 100.6 +4.7 4.7 100.6
500 490.8 £29.8 6.1 98.2
CPT 10 12.2+0.1 1.1 81.9
100 107.3+0.7 0.7 107.3
500 501.8 £48.9 9.6 100.4

Inter-day (three days)

Analyte Nominal conc. (ng/ml) Mean + SD CV (%) Accuracy (%)

CPT-11 10 10.2+0.8 7.8 102.0
100 105 +0.01 0.01 105.0

1000 1016.7 £ 46.9 4.2 106.1

SN38 1 1.1+£0.04 4.8 110.0
100 98.7+2.4 2.4 98.7

500 488.4+17.9 3.7 97.7

CPT 10 11.1+0.3 2.7 111.0

100 102.4+3.5 3.4 102.0

500 4945+7.0 1.4 98.8

Value are expressed as mean +SD
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31]‘?; 9. Chromatogram a4 plasma sample %é'oﬁ]’m;é/ﬂ’aﬂ@ﬁﬂﬂﬂﬂ‘ﬂ%ﬁ&ﬂ% 180 mg/m2
30 w171 (A) SN38, (B) CPT-11, (C) CPT(IS) uaz (D) SN38-G

Recovery and matrix effects

ANIAIEN recovery U84 CPT-11, SN-38 a2 CPT 3nalatndlunaau vinlalasiaSounas
standard @9nAUNENENIVBIBENENAT 5 A% (n=5) WUINNaT 500 pL A laanuitudun vad
CPT-11 i 1, 100 and 1000 ng/mL, SN-38 uaz CPT 1w 1, 100 W&z 500 ng/mlL INIYNMT
anaznawllsdudas 0.1% formic acid lw methanol U3anm 250 pL vinlivortex 10 Suft a1ntin
il centrifuge # 15000 rpm W% 15 Wl 31 supernatant ananaal83ta199laals Solid
phase extraction L% HyperSep Retain PEP 5 mg/mL (Thermo Scientific, USA), Oasis® HLB
200 mg/6 mL (Waters, Ireland) L@z Oasis® HLB 30 mg/mL (Waters, Ireland) W88 recovery
284 standard nné”;ﬁl"f HyperSep Retain PEP ag/luz14 10-20% , Oasis® HLB 200 mg/6 mL
aglut24 10- 30% waz Oasis® HLB 30 mg/ mLagluzas 66.1-97.5 % auniafenls Oasis®
HLB 30 mg/ mL i solid phase extraction (SPE) #adann&naal8 SPE W& LGN 250 uL
methanol : 0.1 M ammonium acetate (40:60 v/v) ﬁ]’mﬁ?uﬁ@ 10 L YDIENINTALTY LC-MS
WU % recovery 189 CPT-11 agjlut19 66.8-88.6%, SN-38 atluz19 66.1-74.2% uaz CPT agj
lug9 70.5-97.5 % uazdl % CV va9 recovery U84 standard “qn@h $a8ni1 13% 88108069
o397 9 LLazgﬂﬁ 10 \aAnBNA8d matrix  Ynlan1InEy standard luwangaN®&IaINd
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WAIRNIHIY  SPE  WRLASYNONNUUADWNTATINAIDLNIAINANNTI9AY  AZANTIFLNUTN
plasma matrix biANAGETEAU CPT-11, SN-38 way CPT

A1319N 9 Recovery w2y CPT-11, SN-38 sz CPT Tunanaan (n=5)

Analyte Nominal conc. (ng/mL) Recovery (%) CV (%)

CPT-11 10 71.5+5.7 7.9
100 66.8+4.4 6.5

1000 88.6+1.6 1.8

SN-38 1 66.1+8.4 12.7
100 74.2+2.4 3.2

500 63.3+5.2 8.2

CPT 10 70.5+6.7 9.5
100 97.5+119 12.5

500 81.1+8.0 9.8

Value are expressed as mean +SD

Limitation of quantitation(LOQ)

m@h@iﬁq@ﬁmm‘mi’@ standard ¢ las@aann dasuved detector response 284
standard/ detector response 284 noise ag%aL= 3 Szﬁm‘i’lq@"uad CPT-11fmansadalain
1.0 ng/mLi:ﬁm‘iﬁqmaa SN-38 fisnansnsalaiin 0.1 ng/mLLLa:i:é’w‘iwqmaa CPT fignan3n
Ja'leniln 1.0 ng/mL

Lower limit of quantitation (LLOQ)

lFaanudutuued standard Ndnganilen accuracy+15% Waz CV<15% daidudraiu

q

\intudngaves calibration curves AEN113070 Le lael UHPLC-MS/MS

Linearity

fnwlagld standard wanluwanann 500 pLasldanamsinime 5 au laglildana
WNTuwes CPT-11 1w 1, 10, 100, 500, 1000 ng/mL, SN-38 w1, 10, 100, 200 LR/ 300
ng/mL §%5U CPT enududawdu 1, 10, 100, 200, waz 300 ng/mL RAIINNTHINMTLATLY
A88190INEN 13 MEIUBINNTAN S recovery wasnswindainsldiessiiiom

anuaNRwuFuaslasltd least square regression analysis VL@%’Naﬁdg‘iJ 10



24

60000000 y = 55207x- 144055
S0000000 R? = 0.9985
40000000
30000000
20000000
10000000

Relative Abundance

0 S00 1000 1500
Concentration of CPT-11 (ng/mL)

y =19276x-12977
R? = 0.9981

7000000
6000000
5000000
4000000
3000000
2000000 -
1000000

Relative Abundance

0 100 200 300 400
c Concentration of SN-38 (ng/mL)
3500000
3000000 y =9262.2x-53449
2500000 R? = 0.9942
2000000
1500000
1000000
S00000

Relative Abundance

0 100 200 300 400
Concentration of CPT (ng/mL)

31]17; 10: Calibration curves 183 (A) CPT-11, (B) SN-38 iaz (C) CPT

ugadaLdu mean +SD (n=5)

mswamnmIaniasausuaswanlularidis UHPLC MSMS lumsanwndsuit
sunInda CPT-11, SN-38 uax SN-38G ldasauaguizauluwmain wazlanugndauss
Fsass  anvamaeIousained lsutouasnssiium e Aldnaies  awn
i lulglunnIniata CPT-11, SN-38 uaz SN-38G lugthele
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Genotyping study
WAWIITNNTATIIIATIZA genetic polymorphism 28481 UGT1A1 (UGT1A1*6) lauana DNA
WATNAIUIITNNTATIATATIEH genetic polymorphism 2848 UGT1A1 (UGT1A1*6) lagldinadl

Restriction Fragment Length Polymorphism (RFLP)VL@TNaﬁGﬁ

Optimum PCR condition

Substance Volume for 1 reaction (uL)

Distil water 17.5
Q solution 8
10X PCR buffer 4

10 uM primer F/R 2/2
2 mM dNTP 2
MgCl2 1

5 U/uL Tag 0.5
DNA* 3

*Dilution NLWNNZ&UVEI DNA template fia 1:20

Cycling condition

1. Preheat95°C 5 min

2. 35 cycle U483 95°C 15 sec
55°C 30 sec
72°C 10 sec

3. Hold 4° C
'l& PCR product 1#1@ 150 bp f93U#l 11
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M P1 P2 P3

;JSIJ“?I 11: PCR product 284 UGT1A11la#sl M= marker 100 bp ,P1=PCR product madrﬂ’ﬂwﬁﬂ‘ﬁ' 1,

P2=PCR product maaﬁﬂammﬁ 2 L8z P3=PCR product maa@”ﬂmsmﬁ 3

Optimum digestion condition

Substance Volume for 1 reaction (uL)
Distil water 17
10x restriction enzyme buffer 2
Restriction enzyme(Avall) 1
PCR product 10

Incubation time Mllnanzauagi 5 hour  MNUUUENGIL 8 % Acrylamide gel ldwa
a93UN 12



27

zll‘ﬁ 12 : LRGINAYBY PCR product a4 UGT1A1#a431N digestion Iml“?i M= 100 bp DNA

marker, P1=PCR product maag{ﬂw‘nﬂﬁ 1( 140 bp+120 bp ;UGT1A1*6
heterozygote), P2=PCR product ilaﬁ;é'ﬂ’a m’mﬁ 2(150 bp; wild type) uaz P3=PCR

product 283118387 3 (120 bp;UGT1A1*6 homozygote)

2. NAIWITNNIATINIATILH genetic polymorphism vasiis ABCB1(ABCB1*2) lagld condition
MAauwnTIA3729% UGT1AT*6 weaanuuy primer lwsl tWalwld product amwaldlnaiunn awe

13za14 224 bp

Optimum PCR condition

Substance Volume for 1 reaction (uL)

Distil water 17.5
Q solution 8
10X PCR buffer 4
10 uM primer F/R 2/2
2 mM dNTP 2
25 yM MgCI2 1

5 U/uL Tag 0.5
DNA* 3

* Dilution ALWAN=aUUa9 DNA template Ao 1:20

Cycling condition
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1. Denature 95° C 15 min
2. 35 cycle 183 Denaturation 95°C 1 min
Annealing  55°C 1 min
Extension  72°C 1 min
3. Final extension 72°C 10 min
4. Hold 4°C
& PCR product au1a 224 bp

M P1L P2 P3 Pl P2 P3

51N 13 : urkeIIUIAVEI PCR product 183 ABCB1 lag M= 100 bp DNA marker, P1=PCR
product maogﬁjﬂwswﬁ 1, P2=PCR product maa;jﬂmﬁﬂﬁ 2 L8z P3=PCR product

maagﬂammﬁ 3

Optimum digestion condition

Substance Volume for 1 reaction (uL)
Distil water 24.5
10x restriction enzyme buffer 5.0
Restriction enzyme(Ban I) 0.5
PCR product 20

vl,@?waéﬁgﬂﬁ 14
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31]171 14 : LEAIVUI9UBY PCR product 283 ABCB1 lag M= 100 bp DNA marker, P1=PCR
product maa;}jﬂammﬁ 1(wide type; 1/52a1mh 224 bp) , P2=PCR product 184@1l18918
ﬁ 2 (ABCB1*2 heterozygote; U3zanmh 224 bp uaz 198 bp) taz P3=PCR product 284

Qﬂwswﬁ 3(wide type; U3zunmh 224 bp)

a e A o A
Nﬂ“lla\‘]ﬂ'li'JLﬂTlxﬁﬂusluﬁdﬂ']El @3819319N 10

®M1319% 10. Genotypes 183 UGT1A1*6 Waz ABCB1*2 mao;jﬂmmﬁaﬁﬂﬁjlmyﬁhmu 3918

Patient No. UGT1A1*6 ABCB1*2
1 Heterozygote Wild type
2 Wild type Heterozygote
3 Homozygote Wild type

Pharmacokinetic study
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1 vldszanldifudiatiien Sthednnaemenfdranlsweaud biliansidndnmla
39 hisnansnnnlasem e mezﬂmwﬁ%’sﬂﬂﬁmaauﬂs:mmém%’mﬁzlmmslﬁ;&"ﬁm
x P o Ao o = A v A A ' v . & a & a A
Athonandhiddvldizduawznonioesldniadndmldiig Snnsiimadfouudag
wlavnsaslsswenuialwnisitenlasluinan V‘iﬂﬁﬁ‘hmu;‘?ﬂaﬂﬁLiﬁiwimamiﬁh%u"lﬁl,ﬁm 3
71 /i1 blood chemistry 1895t ouaailua1319N 11
@135197 11: Blood chemistry a3thauziTsd 1&g duan 3 e

Patient No.1 Patient No.2 Patient No.3
Characteristics First Second Third First Second Third First Second Third
visit visit visit visit visit visit visit visit visit
Hb (12-18 g/dL) 12.5 13.8 12.0 13.2 13.6 125 12.6 12.6 124
Hct (30-54%) 39 36 33 39 38.9 38.6 38 37.9 375
Neutrophil count (/mms) 4500 2500 1300 6500 5300 2300 7000 5500 4300
AST (15-37 U/L) 35 30 28 54 54 65 30 27 29
ALT (30-65 U/L) 30 45 56 32 32 39 40 56 48
ALP (50-136 U/L) 89 68 97 164 154 186 69 78 105

Hb = haemoglobin, HCT = haematocrit, AST = aspartate aminotransferase; ALT = alanine aminotransferase, ALP = alkaline phosphatase,

nasfithouzSen ldngszeznszangldiunleslufiuauama 180 mgm” laswoams
\WwRaadn  (IV infusion) aelu 1.5 . LLazLﬁuéhazhol,ﬁa@mm;@nm@m6] AU
pharmacokinetic parameter vlﬁmumiwﬁl 12 e plasma profile 283 CPT-11, SN-38 LRz SN-
38G augU 12-14
ﬁﬂaﬂiﬁﬂﬁ1

dAthezelneeny 67 1 simiin 60 Alansy I genotype 1% UGT1A1*6 heterozygote
wae wild type 189 ABCB1 3 AUC w89 CPT-11 11 559.85 ng/mL.hr 526U CPT-11 932U
gagaLilu 405.5 ng/mL waaldTuen 30 w1l A1A3953aue9 CPT-11 1ilu 5.4 3. AUC 299 SN-38
(126.7 ng/mL) §4n Q’ﬂwﬁy‘ﬁ' 2 1800y (115.5 ng/ml) 91w wild type 189 UGT1A1 ud

J2aU
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§IgALaY SN-38 @‘iﬁﬂdwjﬂwmﬂﬁ 2 (40.3 ng/mL)S'fiaLLa@ﬂﬁLﬁudﬁﬁﬂ'ﬁwamaa UGT1A1*6
heterozygote & ldunn :AMIAN®1289 K. Araki uazaucaduNgiNNavad UGT1A1*6
heterozygote z1iutalwiialinTIui UGT1A1*28 donalisze SN-38 qdﬁu (30) faafilu
1319@ SN-38 lquﬂammf':@‘iwdwaiﬁmﬂém%%mm SN-38 817819 81.3 TX. WATWU grade 2

neutropenia WLz grade 2 diarrhea Iuﬁiﬂ’mi’mﬁluﬁﬂmﬁﬁ4 AR lATUEN

é’ﬂ'miwﬁz
Athamelneeny 721 vimiin 55 Alansy § genotype 1 wild type 289 UGT1A1

unz ABCB1*2 heterozygote 3 AUC was CPT-11 1llu 1348.2 ng/mL.hr 3zAUgIgA189 CPT-11
\{w 680.14 ng/mL wasle3uen 120 Wil enessdiauas CPT-11 1flu 7.8 o, JZAUFIFAVI SN-
38 11w 103.1 ng/mL %a@‘i’m’hgﬂ’ammﬁ 3 fitfln UGT1A1*6 homozygote szeiuuas CPT-11 u
;jﬂammf:gammﬁmnﬂ ABCB1*2 heterozygote l%szuun19Ldune1nisuanli 1ia enterohepatic
recirculation léwnTu  1He3edU CPT-11 annfidonalid SN-38 wnde Tewanmisdsonssi
LANENIANIUDSBRS Ji-Youn UaAmefiugasin ABCB1*2 vhlwszauuas SN-38 a0adnie
fin3 efflux 1NTUaN ABCB1*2 (25 ) %ananiin1sfidis=ey CPT-11 gﬂu;jﬂ';mmf:maﬁmu
gNN3zNUAN liver enzyme §9 leBnee (AST= 54-65 U/L, ALT=32-39 U/L and ALP=154-186
U/L) msﬂi:Lﬁuwa%uﬁmmaomwmjﬂuslLﬂumzﬂ%aﬁﬂﬁmLf':amﬁ_iaﬂmﬂﬁ’m 12 T2 lInas

lasuen wazwu grade 1 neutropenia LLaZ grade 2 diarrhea 1%;&’1']’.1515’18‘171,

é’ﬂ'smmﬁ 3
Athemelneeny 65 1 Wmsin 65 Alansy & genotype 1l UGT1A1*6 homozygote

WAz wild type U89 ABCB1 3z6il CPT-11 flaszaugigaiilu 375.2 ng/mL ARILATLEN 120 WA
A139530 7.8 Tw. H32AU SN-38 gagaiiu 231.8 ng/mL %agendﬁﬁﬂammﬁ 2 fifln wild type
9 6 i1 TeonaReandninavas UGT1A1*6 homozygote A lwmIvhonues UGTIAT aaas
vnlwnswasuutas SN-38 Uil SN-38G aaasdsdnamsissilsanndssnunanisedile
vireuwind 1 Bupa3 Y.Ando, E.Rouits uaz S.Hazama 1w (15-17) wa” SN-38 luLﬁaﬂgaLL@i
Atheolinnszdneanyes SN-38 152399 unIms efflux 189 ABCB1 vhlwee3sdiaves
SN-38 agj‘fi 35 mu.%aguﬂ’hgﬂamwﬁ 2 &9fl ABCB1*2 heterozygote a8193n Hihedu
azadafinduitertasanngas 12 °fﬁ‘[m%é’ﬂﬁ%’umrﬁmﬁmﬁugﬂumwﬁ 2 WaTWU grade 1

neutropenia L8z grade 2 diarrhea lugﬂwiwﬁ
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®@13719% 7: Pharmacokinetic parameters U8Jd CPT-11, SN-38 18z SN-38G Iugﬂ’mmﬁaﬁﬂﬁ

Tl
Pharmacokingtic CPT-11 SN38 SN38-G

parameters Patient Patient Patient Patient Patient Patient Patient Patient Patient
No.1 No.2 No.3 No.1 No.2 No.3 No.1 No.2 No.3
AUC (ng/mL.hr) 550.85 13482 4396 1267 1155 4811 185 3111 35
Cmax (ng/mL) 4055 68014 3752 403 1031 2318 18 25.6 2.2
Tmax (hr) 0.5 2.0 20 05 20 40 2.0 40 2.0
Ke(hrt) 013 009 009 0.01 0.13 0.08 0.01 0.08 0.09
Half-life (hr) 5.4 7.8 7.8 81.3 5.4 822 1038 85 74

Clearance (L/hr/kg) 5.4 2.4 6.3 - - - . - .

Volume of distribution

(L/kg)
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Abstract

Irinotecan  (7-ethyl-10-[4-(1-piperidino)-1-piperidinocarbonyloxycamptothecin
(CPT-11) is a widely used for advanced colorectal cancer. It is converted to 7-ethyl-10-
hydroxycamptothecin (SN-38) mediated by UGT1Al to produce SN-38 glucuronide
(SN-38G). Many studies had described a wide range of the drug efficacy and toxicity
focusing on genetic variances especially UGT1A1*28, UGT1A1*6 and ABCB1*2 which
closely related to irinotecan-induced toxicity. Even though the frequencies of UGT1A1*6 and
ABCBI1*2 were higher in Asian than Caucasian, but only few studies had revealed the effect
of concurrence of UGT1A1*6 and ABCB1*2 on irinotecan in patient with advanced
colorectal cancer. To understand the influence of these genetic variances on the drug and its
major metabolites, an analytical method should be sensitive and effective. The purpose of this
study were to validate method by using UHPLC-MS/MS to obtain sensitivity for the low
level of CPT-11 and its metabolites and study the effect of UGT1A1*6 and ABCB1*2 on
pharmacokinetics and toxicity of irinotecan in patients with advanced colorectal cancer. The

Hypersil Gold column (1.9 um, 100 mm x 2.1 mm) was selected and 0.1 % formic acid in



2
water and 100% methanol was used as mobile phase. A positive ion mode and a selected
reaction monitoring were used. The retention time were 1.88, 2.7, 1.5 and 2.6 min for CPT-
11, SN-38, SN-38G, and CPT as internal standard, respectively. The limit of quantification
(LOQ) were 0.1 ng/mL for SN-38 and 1 ng/mL for CPT-11 and CPT. The accuracy and
coefficient of variation of all standards ranged from 81.97-110 % and 0.01-13.3 %,
respectively. The calibration curves of all standards were linear (R>>0.994) over the
concentration ranges from 1-1000 ng/mL for CPT-11 and 1-300 ng/mL for SN-38 and CPT.
This method was applied to three advanced colorectal cancer patients with different
UGT1A1*6 and ABCBI1*2 genotypes. After, 180 mg/m” of irinotecan (FOFLIRI) was
administered by intravenous infusion within 1.5 hr, blood samples were collected for 24
hours. Plasma levels of CPT-11 and its metabolites were measured by UHPLC-MS/MS. Our
results showed that the UGT1A1*6 homozygote seem to associate with the increase of SN-38
plasma level and ABCB1*2 heterozygote may associate with the increase of CPT-11 plasma
level. This analytical method is a rapid and sensitive method for CPT-11 and its metabolites
because of its uncomplicated sample preparation and high sensitivity. This method was first
applied to determine CPT-11 and its metabolites in advanced colorectal cancer patients with

different UGT1A1*6 and ABCB1*2 genotypes.



Introduction

Irinotecan  (7-ethyl-10-[4-(1-piperidino)-1-piperidino]  carbonyloxycamptothecin
(CPT-11) is a topoisomerase I inhibitor widely used for advanced colorectal cancer patient.
The drug is inactivated by cytochrome P450 to produce 7-ethyl-10-[4-N-(5-aminopentanoic
acid)-1 piperidino] carbonyloxycamptothecin (APC) and 7—ethyl—10-(4-amino-1-piperidino)
carbonyloxycamptothecin ~ (NPC). CPT-11 is also activated to  7-ethyl-10-
hydroxycamptothecin (SN-38) which is approximately 100 times more potent than CPT-11.
Then, SN-38 is conjugated with glucuronic acid mediated by UDP-glucuronosyltransferse
IA1(UGT1Al) to produce SN-38 glucuronide (SN-38G) (Figure 1). The side effect of
irinotecan including neutropenia, diarrhea, anemia and bone marrow depression are usually
observed. In addition, severe delay-diarrhea could be found because of its enterohepatic
recirculation. Because the UGT1A1 is an isoform that has been implicated in irinotecan
metabolism, therefore, many studies described the influence of the genetic variances of
UGTI1AL1 especially the polymorphism in the promoter region of UGT1Al gene known as
UGT1A1*28 which closely linked to the side effects or toxicity of CPT-11 and SN-38 (1-6).
Liu X et al. demonstrated that UGT1A1*28 heterozygote was also associated with irinotecan-
induced toxicity(7). However the frequency of UGT1A1*28 was low in Asian and also in
Thai population, while the frequency of UGT1A1*6 allele in Thai population (0.1) was
significantly higher than Caucasians (0.013) (8-9). Previous studies showed the effect of
UGT1A1*6 on the lower UGT activity and significant association with alteration of
pharmacokinetics and toxicity of CPT-11 and SN-38 (10-15). Besides, SN-38 was
metabolized via guculonidation reaction, it was also eliminated by efflux transporter protein
,especially P-glycoprotein. The protein is encoded by the ATP binding cassette gene
B1(ABCBI1) which expressed in several organs such as small intestinal, liver, kidney and

brain (16). There are several polymorphisms of ABCB1 gene including C3435T, C1236T and
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G2677T/A (17-21). The frequency of G2677T polymorphism known as ABCB1*2 was
higher in Asian (0.5) than those in European(0.3)(22). The association between ABCB1*2
and the increase of irinotecan toxicity was reported (23-26). However, there are only few
studies showed the effect of concurrence of the two variances; UGT1A1*6 and ABCB1*2 on
irinotecan. In addition, these studies had done in the different irinotecan-dosage regimens
(27-28). To understand pharmacokinetics and pharmacodynamics of irinotecan in advanced
colorectal cancer patient with different UGTIA1*6 and ABCB1*2, the analytical method
should be sensitive. Several methods had been developed to quantify CPT-11 and its major
metabolites in human plasma such as HPLC, LC MS/MS, but only few could quantify a very
low concentration of SN-38 and SN-38G (29-30). Recently, Elena Marangen et al validated
LC-MS/ MS method which the concentration ranges 10-10000 ng/mL for CPT-Il, 1-500
ng/mL for SN-38 and 1-5000 ng/mL for SN-38G. However the run time was more than 10
min (31). In the year 2012, Xiaohong Chen et al. developed ultra high performance liquid
chromatography mass spectrometry for quantification of CPT-11 and its metabolites which
obtained sensitivity, specificity and faster run time but the sample preparation needed many
steps and time consuming (32). The purpose of this study were to validate method for
irinotecan and its metabolites in human plasma by using ultrahigh performance liquid
chromatography mass spectrometry (UHPLC-MS/MS) and to develop the sample
preparation. This method was also applied for colorectal cancer patients with different

UGT1A1*6 and ABCBI1*2 genotypes.



Material and M ethods

Standar dsand chemicals

Irinotecan  (7-ethyl-10-[4-(1-piperidino)-1-piperidino] carbonyloxy amptothecin;
CPT-11) purity> 99.5%, SN-38 (7-ethyl-10-hydroxycamptothecin) purity>99.0% and
camptothecin (internal standard) purity>95% were purchased from Sigma-Aldrich company
(St.Louis, MO). LC-MS grade methanol, acetonitrile, formic acid and other chemicals were
commercially purchased. All The reagents used for PCR condition were dNTP (From
Amersham pharmacia biotech, USA), 10 x buffer, Q solution, Taq polymerase (Qiagen,
USA), primers for UGT 1A1 (Introgen, USA), primers for UGT ABCB1 (Introgen, USA).
For the restriction fragment length polymorphism, the restriction enzyme were Ban I;
concentration 10000 units/mL(New England Biolabs, USA) and Ava Il; concentration 5000
units/ mL (New England Biolabs, USA).
Preparation of stock solution and standar d

Stock solutions of CPT-11, SN-38 and CPT were prepared in 10%DMSO at a
concentration of 1000 pg/mL. A stock solution was further diluted with methanol to obtain
the different working solution ranging from 100-1000 ng/mL.
Sample prepar ation

The plasma samples were prepared by collection of a pooled venous blood from five
normal volunteers. Plasma was separated by centrifugation at 1700 g for 15 min at 4° C, and
then put into the pooled plasma. The standard CPT-11, SN-38 and CPT were added to the
pooled plasma. An aliquot of 500 pL of spiked plasma is placed into an Eppendorf centrifuge
tube. After vertexed for 10 sec, all samples were incubated at room temperature for 30 min.
Then, 250 pL of 0.1% formic acid in methanol was added in order to precipitate protein. The

mixture is mixed by vortex mixer for 30 sec and subsequently centrifuged at 15,000 rpm for



6
15 min. Then the supernatant was extracted by solid phase extraction and 10 pL of solution
was injected into a LC-MS system.
Method validation

Linearity was evaluated by using spiked calibration curve standard. The calibration
curve was constructed by using 5 standard points ranging of 1, 10, 100, 500, and 1000 ng/mL
for CPT-11: 1, 10, 100, 200 and 300 ng/mL for SN-38 and 1, 10, 100, 200 and 300 ng/mL
for CPT. The sample preparation was mentioned above. The linearity of the instrument for
calibration curves were determined by linear regression analysis and correlation(r).

The precision and accuracy were determined by three times repeat analysis within one
day (intra-day assay) and day to day analysed over period of three days (inter-day assay) with
the samples at concentration of 10, 100 and 1000 ng/mL for CPT-11: 1, 100 and 500 ng/mL
for SN-38 and 10, 100 and 500 ng/mL for CPT. The percentage of coefficient of variation
(%CV) was then calculated which equal [SD/Mean] x 100.

The recovery process used for determines the recovery of standard CPT-11, SN-38 and
CPT in plasma of normal subject was compared with the commercially available CPT-11,
SN-38 and CPT standards in methanol. The CPT-11, SN-38 and CPT were determined
triplicately at the concentrations of 1, 100 and 1000 ng/mL for CPT, 1, 100 and 500 ng/mL
for SN-38 and 10, 100 and 500 ng/mL for CPT. The procedures of collection and extraction
were the same as the sample preparation. Matrix effect was evaluated by adding the

standards into the plasma sample after SPE.

UHPL C-M SYM S conditions

Chromatographic separation was carried out on UHPLC-MS/MS (TSQ Quantum
Access MAX, Thermo Scientific, USA). The analytes were separated using Hypersil Gold
column (2.1 mm % 100 mm, particle size 1.9 um, Thermo Scientific) at 40°C in a temperature-
controlled column compartment (TCC-3000SD, Thermo Scientific). =~ A mobile phase

consisting of 0.1% formic acid in water (mobile phase A) and 100% methanol (mobile phase B)



was operated by binary pump (HPG-3400RS, Thermo Scientific) at a flow rate of 0.4 mL/min.
The linear gradient of mobile phase was mentioned as following:
step 1: the initial condition of 65 % mobile phase A and 35 % mobile phase B for 1
min
step 2: 65 % to 25% mobile phase A and 35 % to 75% mobile phase B for 2.5 min

step 3: 25 % to 65% mobile phase A and 75 % to 35% mobile phase B for 1.5 min
The total run time and injection volume were 3 min and 10 pL, respectively.

The analysis of samples was performed on a triple quadrupole mass spectrometer
equipped with a heated-electrospray ionization (HESI-II) probe. The source-dependent
parameters were as follows: spray voltage (350001V); sheath gas pressure (40[/psi); auxiliary
gas pressure (11 arbitrary units); skimmer offset (0[1V), ion transfer tube temperature
(350°C), vaporizer temperature (400°C); high purity argon (>99.98%) which was used as the
collision gas (1.500mTorr). The mass spectrometer operated in positive selected reaction
monitoring (SRM) mode. The Xcalibur 2.1 (Thermo Scientific) was used for instrument
control, data acquisition, and processing.

Genotyping Study

Patients with advanced colorectal cancer (n=3) were enrolled in genotyping study. The
study protocol was approved by the ethics committee of Phramongkutklao Hospital and all
subjects gave their written informed consent before participating.
Analysis of extracted DNA samples

DNA was extracted from leukocytes using the Genomic DNA mini kit. The quantity of
DNA was determined by spectroflurometer. Concentration of genomic DNA (dilution 1:100)
was calculated after measuring the OD at 260 and 280 nm. It was observed that the
concentration of DNA varied between 1-3 mg/mL. Quality of extracted DNA was determined

by agarose gel electrophoresis.
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PCR procedurefor UGT1A1*6 and ABCB1*2
The 10 ng of genomic DNA was subjected to amplification by polymerase chain

reaction (PCR) using 2 uM of forward primers (S'’AGATACTGTTGATCCCAGTG3') and
reverse primers (S'CTTCAAGGTGTAAAATGGTC 3') for UGT1A1. For ABCBI gene, the
primers used for the PCRs were forward primers (5'TGCAGGCTATAGGTTCCAGG3') and
reverse primers (S TTTAGTTTGACTCACCTTCCC3'). The PCR was performed in 10 uL
volume containing 2 uM of each primers, 0.1 pL 10X buffer (Qiagen), 100 mM dNTP
(Qiagen), 2.6 uL ddH20 and 0.1 U Taqg polymerase (Applied Biosystems). After preheat
with 95°C for five minutes, the PCR was conducted for 40 cycles each of 15 sec at 95°C, 30
sec at 55°C and 10 sec at 72°C. The PCR products from the 5' untranslated region to the 3'
untranslated region covering the whole region were 150 bp and 224 bp for UGT1A1*6 and
ABCB1*2, respectively.
Polyacrylamide gel preparation

The Gibo/BRL V16 vertical gel apparatus (Life Technologies; Gibo-BRL products, MD,
USA) was used. The 19x19.5 cm front glass plate and the 16x19.5 cm back plate were set up
with the 1.5 mm thick Teflon spacers and 20 well-comb. Twenty five mL of 8%
polyacrylamide was prepared by mixing of 6 mL of acrylamide stock (50%), 7.5 mL of
5xTBE, and 22.9 mL of H,O. Polymerization was initiated with 105 mL of ammonium
persulfate and 25 uL. of TEMED. This solution was poured into space of the gel apparatus,
inserted the comb and waited for 30 min for gel polymerization.
Polyacrylamide gel electrophoresis (PAGE)

The 12 uL of PCR product digested with the enzyme was mixed with 3 uL of loading
dye and loaded onto a 8% non-denaturing polyacrylamide gel. The electrophoresis was
performed at constant 240 volts for 1.5 hr. The gel was stained with Syber Safe® and then

scanned with gel documentation system.



Application of method
Three patients with advanced colorectal cancer were participated the study after giving

their written informed consent. All subjects underwent a physical examination, hematological
and biochemical screening prior the study. A catheter was inserted into a forearm vein of the
subjects for blood samplings and flushing of normal saline to prevent blood clotting. A first
cycle of irinotecan (180 mg/mz) was administered intravenously infusion within 1.5 hr
following by 400 mg of 5-fluorouracil and 200 mg of leucovorin (FOLFIRI). Venous blood
samples (3 mL) were collected in EDTA tubes before and at 0.5, 2, 4, 8, 12 and 24 hr after
drug administration. The plasma was separated by centrifugation at 1700 g for 10 minutes at
4° C. The plasma was stored into a tube with tight cap and frozen at -80° C until analysis.
Phar macokinetic determination

The plasma concentration of CPT-11, SN-38 and SN-38G were carried out by a standard
non-compartmental method. The maximum plasma level (Cmax) and time required to reach
the peak(Tmax) were directly obtained from the plasma profile. The area under the plasma
concentration-time curve from time 0 to infinity (AUCy.>,) was determined by the trapezoidal
rule until the last concentration measured and extrapolated to infinity. The terminal slope was
obtained by linear regression of the terminal log plasma concentration data against time. The
elimination rate constant (Ke) was calculated by using terminal slope multiplied by 2.303.
The elimination half-life (t;2) of CPT-11, SN-38 and SN-38G were determined by the
standard formula, t;» equal to 0.693/Ke. The apparent clearance (Cl) was calculated by
equation: Cl equal to Dose/AUC(.~./BW where BW equal to body weight. The apparent
volume of distribution (Vd) was calculated by equation: Vd equal to Cl/Ke. For SN-38G, we
do not have standard to determine the concentration, we therefore calculated SN-38G

concentration with SN-38 concentration.
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Results and discussion
M ass spectrometry

In this study, we used 0.1% formic acid in water and 100% methanol as mobile phase
to produce the highest separation and detector response at the flow rate of 0.4 mL/min. ESI
resource in positive ion mode was used because the drug and its metabolites have several
functional groups. The mass spectrometer for SRM setting was shown in Table 1. Because
there was no commercially available standard of SN-38G, plasma sample of the patient was
used to confirm using full scan and SIM mode to analyze parent (SN-38G) and lost product
(glucuronide). The EPS mass spectrum of CPT-11, SN-38, SN-38G and CPT in plasma
sample collected from the patient was represented in Figure 2.
Plasma sample preparation and validation procedures
Separation and specificity

Pooled plasma was spiked with the standard was compared with blank plasma.

There was no significant interference from the endogenous substances at the same retention
time (Figure 3 and 4). The retention time were 1.88 min for CPT-11, 2.7 min for SN-38, 2.6
for CPT and 1.5 min for SN-38G (Figure 5).
Precision

The precision for intra-day assay and inter-day assay of CPT-11, SN38 and SN-38G
are summarized in Table 2. The standard CPT-11, SN38 and SN-38G were in an acceptable
precision due to the low CV. The CV of intra-day assay was within 0.7-13.8%. and 0.01-
7.8% for inter-day assay .

Limitation of quantitation (LOQ)

The lowest level of standard at ratio of detector response of standard/ detector
response of noise at least 3 was classified as LOQ. The limit of quantitation (LOQ) in the
plasma assay was established at 1 ng/mL of CPT-11 with CV 10-15%, 0.1 ng/mL of SN-38

with CV 13-19% and 1 ng/mL of CPT with CV 3-10 %.
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Recovery

For sample preparation, many different SPE cartridges were evaluated, including
HyperSep Retain PEP 5 mg/mL (Thermo Scientific, USA), Oasise HLB 200 mg/6 mL
(Waters, Ireland) and Oasise HLB 30 mg/1 mL (Waters, Ireland). After SPE, the dried
sample under nitrogen flow with 40 °C, was reconstituted with methanol and 0.1 M
ammonium acetate (40:60 v/v). The recovery of all standards in dried and not dried samples
was not different (10-40%). Furthermore, our results showed that the solution sample added
with 250 pL of methanol and 0.1 M ammonium acetate (40:60 v/v), could produce the sharp
peak and higher detector response. Recovery ranged from 10-20% , 10- 30% and 66-97 %
for HyperSep Retain PEP, Oasise HLB 200 mg/6 mL and Oasise HLB 30 mg/ mL,
respectively. We therefore selected the Oasise HLB 30 mg/ mL for this study.

The efficiency of the procedure as the percentage of recovery was presented in Table
3. The recovery of CPT-11, SN-38 and SN-38G in plasma of healthy subjects (n=5) at 10 100
and 1000 ng/mL of CPT-11: 1, 100 and 500 ng/mL of SN-38 and 10, 100 and 500 ng/mL of
CPT ranged from 66.8-88.6%, 66.1-74.2% and 70.5-97.5 %, respectively. The CV of
recovery of CPT-11, SN-38 and SN-38G were less than 13% . The plasma matrix had low
effect on the quantification of CPT-11 and SN-38 ( data was not shown).
Calibration curve
Lower limit of quantitation (LLOQ)

The lower limit of quantitation or sensitivity used to determine the lowest
concentration of calibration curves, with acceptable precision (CV< 15%) and accuracy
(£15%), can be detected by UHPLC MS/MS.

The linearity of the method was evaluated over each curve with the range 1-1000
ng/mL for CPT-11, 1-300 ng/mL for SN-38 and CPT. The calibration curves of all standards
were linear; R>>0.994 (Figure 6). In this method, only 10 pL of injection volumes was used

to produce the sharper peaks.
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From this method, the result showed that the assay procedure was sensitivity,
precision, specific, reproducible and acceptable recovery. Therefore, this analytical method
was suitable for determining CPT-11, SN-38 and SN-38G concentrations in plasma.
Genotype study

The PCR product of UGT1A1 was 150 bp. After the digestion by Ava Il, the wild type
of UGT1A1 (GG) was found with one band(150 bp), UGT1A1*6 heterozygote (GA) was
found with two band(140 bp and 120 bp) and UGT1A1*6 homozygous of variance (AA)
was found with one band(120 bp). The PCR product of ABCB1 was 224 bp. After the
digestion by Ban I, GG homozygote (wild type) with 224 bp, GT heterozygote with two
bands of 224 bp and 198 bp and TT homozygous of variance with 198 bp were found.
Genotype study was done in three patients with advanced colorectal cancer. The different
UGT1AT1*6 and ABCB1*2 genotypes in the patients were shown in Table.4.
Application

Three advanced colorectal cancer patient were enrooled to the study. The blood

chemistry of the patients were listed in Table 5. After 180 mg/m’ of irinotecan
administration, the plasma profile of CPT-11, SN-38 and SN-38G were shown in Figure 7-9.
The peak of SN-38G was followed those of SN-38 in all patients. The pharmacokinetic
parameters were presented in Table 6.
Patient No 1

A 67-year-old man who weighs 68 kg was enrolled in this study. His genotype was
UGT1A1*6 heterozygote and wild type ABCBI1. The AUC, maximum concentration and
half-life of CPT-11 were 559.85 ng/mL.hr, 405.5 ng/mL and 5.4 hr, respectively. The AUC
of SN-38 (126.7 ng/mL) was higher than that of patient No 2 who had wild type of UGT1A1
(115.5 ng/mL). While the Cmax of SN-38 in this patient (40.3 ng/mL) was lower than that in
patient No 2 (103.1 ng/mL). Previous study demonstrated that the UGT1A1*6 heterozygote

alone could not produce a strong association with the increase of SN-38 but when its
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concurrence with UGT1A1*28, alteration of irinotecan disposition was observed (33). The
patient No.l had the lowest elimination rate constant of SN-38 and SN-38G resulting in
long half-life of both metabolites. Grade 2 neutropenia and diarrhea were observed in this
patient.
Patient No.2

A 72-year-old man who weighs 53 kg was enrolled in this study. His genotype was
wild type of UGT1A1 and ABCB1*2 heterozygote. The AUC, maximum concentration and
half-life of CPT-11 were 1348.2 ng/mL.hr, 680.14 ng/mL and 7.8 hr, respectively. The high
AUC of CPT-11 in this patient may cause from lower efflux activity of ABCBI1*2
heterozygote in gastrointestinal tract. This high CPT-11 concentration in this patient may
lead to high level of SN-38 and SN-38G. The result of this study was in contrast with the
results of Ji-Youn et al which demonstrated that ABCB1*2 trended to influence on lower
SN-38 and SN-38G because of its higher efflux activity in patients with non-small cell lung
cancer (23). However, in their study the lower AUC of CPT-11 was observed, while our
result showed high AUC of CPT-11. In addition, the raise up of liver enzyme observed in this
patient (AST= 54-65 U/L, ALT=32-39 U/L and ALP=154-186 U/L), could affect CPT-11
metabolism. Grade 1 neutropenia and grade 2 diarrhea were found in this patient.
Patient No.3

A 65-year-old man who weighs 63 kg was enrolled in this study. His genotype was
UGT1A1*6 homozygote and wild type of ABCB1. The AUC, maximum concentration and
half-life of CPT-11 were 439.6 ng/mL.hr, 375.2 ng/mL and 7.8 hr, respectively. The high
AUC of SN-38 (481.1 ng/mL.hr) but low AUC of SN-38G (3.5 ng/mL.hr) were observed in
this patient. This result could be explained by lower activity of UGT1A1*6 homozygote.
However, high elimination rate constant (Ke) determined shorter half-life of SN-38 in this

patient. Grade 1 neutropenia and grade 2 diarrhea were observed in this patient.
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This method was successfully applied to the advanced colorectal cancer patients with
different UGT1A1*6 and ABCB1*2 genotype. However, our data had limitation of sample
size. The larger sample size should be further studied.
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Table 1: Mass spectrometer for SRM setting

SRM setting CPT-11 SN38 SN38-G CPT(IS)
Precursor ion(m/z) 587.3 393.2 569.2 340.1
Production(m/z) 167 349.2 393.2 305.2
Collision energy(volts) 41 26 40 21

Entrance potential(volts) 126 100 126 109
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Table 2. Precision and accuracy of CPT-11, SN-38 and CPT.

Intraday (n=3)

Analyte Nominal conc. (ng/ml) Mean + SD CV (%) Accuracy (%)
CPT-11 10 10.1+1.4 13.8 101.0
100 105.0+9.5 9.0 105.0
1000 1064.1 +104.3 9.8 106.4
SN38 1 1.1 +0.04 3.6 110.0
100 100.6 =4.7 4.7 100.6
500 490.8 £29.8 6.1 98.2
CPT 10 12.2+0.1 1.1 81.9
100 107.3+0.7 0.7 107.3
500 501.8 +48.9 9.6 100.4
Interday (three days)
“Analyte  Nominal conc. (ng/ml)  Mean=SD  CV (%)  Accuracy (%)
CPT-11 10 10.2+0.8 7.8 102.0
100 105+ 0.01 0.01 105.0
1000 1016.7 +46.9 4.2 106.1
SN38 1 1.1£0.04 4.8 110.0
100 98.7+2.4 24 98.7
500 488.4+17.9 3.7 97.7
CPT 10 11.1+£0.3 2.7 111.0

100 102.4+3.5 34 102.0
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500 4945+7.0 1.4 98.8

Value are expressed as mean + SD

Table 3. Recovery of CPT-11, SN-38 and CPT in plasma samples (n=5)

Analyte Nominal conc. (ng/ml)  Recovery (%) CV (%)
CPT-11 10 71.5+£5.7 7.9
100 66.8+4.4 6.5
1000 88.6+1.6 1.8
SN-38 1 66.1+84 12.7
100 742+2.4 32
500 63.3+52 8.2
CPT 10 70.5+6.7 9.5
100 97.5+£11.9 12.5
500 81.1+8.0 9.8

Value are expressed as mean +SD

Table 4. Difference genotypes of UGT1A1*6 and ABCBI1*2 in three patients with advanced

colorectal cancer

Patient No. UGT1A1*6 ABCBI1*2

1 Heterozygote Wild type

2 Wild type Heterozygote
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Homozygote

Wild type

Table 5: Blood chemistry of patients with colorectal cancer

Patient No.1 Patient No.2 Patient No.3
Characteristics First Second Third First Second Third First Second Third
visit visit visit visit visit visit visit visit visit
Hb (12-18 g/dL) 12.5 13.8 12.0 13.2 13.6 12.5 12.6 12.6 12.4
Hct (30-54%) 39 36 33 39 38.9 38.6 38 37.9 37.5
Neutrophil count (/mm’) 4500 2500 1300 6500 5300 2300 7000 5500 4300
AST (15-37 U/L) 35 30 28 54 54 65 30 27 29
ALT (30-65 U/L) 30 45 56 32 32 39 40 56 48
ALP (50-136 U/L) 89 68 97 164 154 186 69 78 105

Hb = haemoglobin, HCT = haematocrit, AST = aspartate aminotransferase; ALT = alanine aminotransferase, ALP = alkaline phosphatase,

Table 6. Pharmacokinetic parameters of CPT-11, SN-38 and SN-38G in patients with

colorectal cancer after 180 mg/m” IV infusion of irinotecan.

Pharmacokinetic CPT-11 SN38 SN38-G
parameters Patient Patient Patient Patient Patient Patient Patient Patient Patient
No.1 No.2 No.3 No.1 No.2 No.3 No.1 No.2 No.3
AUC (ng/mL.hr) 559.85 13482 4396 1267 1155  481.1 1.85 311.1 3.5
Cmax (ng/mL) 4055 680.14 3752 40.3 103.1 2318 1.8 25.6 22
Tmax (hr) 0.5 2.0 2.0 0.5 2.0 4.0 2.0 4.0 2.0
Ke (hr'") 013 0.09 0.09 0.01 0.13 0.08 0.01 0.08 0.09
Half-life (hr) 5.4 7.8 7.8 81.3 5.4 8.22 103.8 8.5 7.4
Clearance (L/hr/kg) 54 2.4 6.3 - i, - R
Volume of distribution 41.8 27.4 71.1 - - - -




(L/kg)

A
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Figure 1: Metabolic pathway of irinotecan

NPC
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Figure 2: EPI mass spectrum of the plasma sample of advanced colorectal cancer patient
Collected at 12.00 hr after infusion of 180 mg/m2 of CPT-11 (A) SN-38, (B) CPT-11,

(C) CPT and (D) SN-38G.
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Figure 3. Chromatograms of blank pooled plasma (A) SN-38, (B) CPT-11, (C) CPT and
(D) SN-38G



A

Relative Abundance

Red atives Abundance

Reative Abundames

26

25563
#'I
o s ) o P e
1 - g = g - o~
\ R A T T / e S ra A L% -
\ M o e = . T N
(=5 1] 0.8 os LO 1.2 1.4 - 18 2.0 2 2.4 2.8 8 20 3.2 34 38
1.0ai4 Tirmel {min
CPT-11
e P L -
T s ana L T L ppp SR ey o e
+ K] o LB 0.8 La 1 14 BLE LB 2.0 a2 1.4 2.8 1.8 30 3.2 R 1.8
% 1263 Tirese {min)
y
] CPT
1
.
1
3
3 .rﬂ"-. P - P e T e N
E ’ S i L - -
: e M N el s, 0 LEE T Tm o o_Timm]
4.5 o4 U] 0.8 1o L2 B4 L& L8 .0 I.2 14 1.6 1.8 a0 12 14 3.6

Time i)

Figure 4. Chromatograms of plasma spiked with LLOQ of (A) 1 ng/mL of SN-38, (B)

10 ng/mL of CPT-11, (C) 10 ng/mL of CPT.
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Figure 5. Chromatogram of plasma sample from a patient No 3 at 30 min after
180 mg/m” i.v.infusion of irinotecan (A) SN38, (B) CPT-11, (C) CPT(IS) and

(D) SN38-G
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Figure 6. The calibration curves of (A) CPT-11, (B) SN-38 and (C) CPT.

Value are expressed as mean =SD (n=5)
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Figure 7. Plasma profiles of CPT-11 in patients with advanced colorectal cancer after 180

mg/m” i.v. infusion of irinotecan. Value are expressed as mean +SD
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Figure 8. Plasma profiles of SN-38 in patients with advanced colorectal cancer after 180

2. . . ..
mg/m” i.v. infusion of irinotecan. Value are expressed as mean +SD
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Figure 9. Plasma profiles of SN-38G in patients with advanced colorectal cancer after 180

mg/m” i.v. infusion of irinotecan. Value are expressed as mean +SD
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