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3 Schematic overview of the two commonly used methods to assess

matrix effects in LC-MS/MMS. (a) The post-column infusion method.

The dashed

line represents the signat of the analyte. The full line is

obtained when injecting blank matrix. The arrow indicates the region

of ion suppression; (b) the post-extraction spike method. The dashed

peak represents the standard in neat solution. The full peak is

obtained with standard spiked in matrix post-extraction. A clear

reduction of

suppression

the peak area is observed, which indicates ion
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hydroxide, 10 — 20 mM with ESI) galunasusnans lussuu LC AMIIUNTA-lLAT84

mobile phase HiA iy +2 giln 1891 pK, T89@1TRAZUEN
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naiAUTYqULY positive 1T negative ﬁqz’lﬁﬁ’cyn&nngezgm Guusnaznaaedly
A19RTANY neat solution niau LLﬁqﬁ@ﬂﬁnﬁﬂluﬁqasi'mfa"?mLﬁ‘ﬂ@nﬂﬁLstnﬂﬂmﬁjﬂqaﬂséu‘L‘t4
shatraiiassd vy Wsiu Weatrlaln failiUsuansnsanin WIRLRTLNAIBEN
Viansnsdagmaninssmusenisdngnsisnaan iy Fansanazneullsiy avnaslsii
Wil sofid phase extraction H‘%ﬂaqﬁ'guﬁﬁm@ﬁfaﬁ'ﬂgu’] Usznau nstaan ionization

asaganlanNasategasting ~OH, acidic compounds azsavlifilsaauaantilazia

T negalive maode (deprolonate osilivesnode————

basic compounds (protonnaled) urgansonadauinuidanisias mode audndamaantd
mode Tun Us11A16174 71 fon source ialifanadimlazqlduaniian duymyismammadnag
1544 1 /1 declustering potential (DP) entrance potential (EP) G9azitnasiadyyiniaed
precursor ion (analyte and IS), collision energy (CE) Wa¥ exit potential (CXP) Faaziltasie
. o 1 ﬂl " u‘: a-:} o 9 a
dysuaniaad product jon N13UTUAYT ion source  Aianuiniiiazintfarsasataiana

(mobile phase) fzing UBEATINEINEN probe UAZARNIINTIVG 484471730 LC 1ig ion

source T AT R mobie phase Toid E"I":iﬁi’m'la‘tﬁuiimiﬂ Dwell time {points
across a peak 10 — 20) 73Lﬂ‘i’l:ﬁﬁm?ﬁ"mﬁwﬁ‘m’mﬁuﬁuﬁhﬁ‘] Wi internal standard
Tuansazaraniaw wilrdlugitinmdiuduaseieli dnmludeouseansdy &
Al lunisnmadaudlng @ns intemal standard AdRANIMENT Al wazRaTaz
Vtmrnaudaiiils ﬂ’n‘ﬁ’]‘ﬁtmﬂ’lﬂ’] SESCOR ErRATERe S
nisdrseiideBundnglimaiia Le-MSMS  aziiould mass analyzer wiy
triple quadrupole Lwmzmmfm?iLﬂ?ﬂzu‘iﬂﬂ’l%'@u'uqamﬂomsﬁﬁaﬁu precursor Qf WAy
product ion Q3 UFudrliliAnageassdygnigagn inliiassadaanrli hosduan
LU 211 famotidine 338.3 —> 188.8 (precursor m/z 338.3 uansalé product ion m/z 188.8)
vidadl adduct NH,", Na', K" %38 HCOO', CI' naiiiand ion product ion limasiden ion #
fina1nn1s loss 161 (-18) st adduct §1in dervatize alaasBanamaiifiaaannas loss of
derivative Wl 1FWAeng 2 ¢ Waldfudunadiuansififinsziag
dquﬂi:nﬂmmLﬁ?!‘mfi’ﬂm@imaqﬁ ﬂsxnauﬁmdquﬁﬁﬁﬁimaqaLﬁmﬂ?xqua:
gaudhnnaliang (U7 1) nsnsadnarsiintemsaadauealuena wasuuunreuansqiy
lanauwailuiana 41491 2 ¢ (Multiple reaction monitoring, MRM) (gﬂﬁ 2) naEnagi

i
wazgnlunimmsesewiazaiinilnaihasuinsguaeianannasg i vle



ansazansnidee wisonliilaanduduegludos 100 lulnsnswiiadang ussqlu
. = =y ey = :/, P . e + ¥ =
nszuananautn 1 dadans uwazinialuily (syringe pump) d5udnsnislva 5 lulnsans/
=f 1 0 ar csl ar ar 3 ar 3 rd' 1
UM ABInusTuuIasATaIRsRdamaluans diuAiwasauaracuanadngyi 1y
¥ o o . e A g ey 2 J TIPS |
m?LLmnLﬁuLaaﬂummuma‘umﬂ:mLwa‘luummLfifmma"rgag'}mqaqm wialidni
wmNzANTEINNTAIIRdARas LA IALAI A L AN 859 a T s R I en AL s ULIN S
uandstdazsiln amsiuzanseaarasvinnaluans Feaesasusdaziuaziino

WANEY ttﬂ::ﬂ"]ﬁmu’lzﬂu‘hm'!ﬁ‘mmuﬂvm?%i’m:_@qmmm%ﬁq%gqgmgﬂq eal

ATMOSPHIEIC PRESURE e FaCtUIA L op
| val
10 o o
n) G rpnnd V- NTY o) = oxp
7 A Foie B [§= fe2] [3] &F T Ldanf A3 £ [+
7 £ y e 2Ton o/ Atm———— | by -‘pv-r-"‘-‘u—-;;}‘ n!-g“"")-; y
: . ek Et Ll o Sl = pulloomeeyian als
=l LA 10N s ’\"'_’" N B D TR L I S o
Lisepusihag \ - " tr
s ] \\ . CAD
e s D
{ e R R
Lvae Cuy

U dulsEnauTasATaIANAATIIANS 1) A lilaanaiadszqran
electrospray &% 1) §9UIANIR Tmﬂqa‘ﬁﬁfﬂ triple quadrupole tandem mass
spectrometer (NMWIMLBNAITNI9AUSH Basic Operation Training to LC-MS-
MS API 4000; Applied Biosystems/MDS SCIEX, CA)
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n) Q1 Q2 Q3
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@ hAETI - DU .
....... .
Precursor ion Fragmontalion Product ion
fixed {CAD} fixad
¥
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L3214
EI47
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554t T
AteT
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F
Fla?
e
1547 -l
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tingt i i
e A J j
gz Ef;_...;?,ass’:rk., i Jil‘.’,,:ze.a.:’ii!:-s_«'.b‘ g2 ey ams sz ilneavdsanis  awrama sl
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£ Abag

317 2 N5ALATIZRNIRTIANARUUY multiple reaction monitoring (MRM) n) gluuy
NSUANAITAIEITULL MRM 1) wansnisuandaaasarsnsduiiviaany
uasnIsiuAandlaaauntyic MRM faasneen famotidine m/z 338.3, MRM1
338.3 — 188.8, MRM2 338.3 — 259.2 amu (31/% 2 n nawanmangsns
BUTH Basic Operation Training to LC-MS-MS APi 4000; Applied Biosystems/
MDS SCIEX, CA)

nmenAdaunIsunIngaadyyrnaindsaatuludaadis (Matrix  Effect

Evaluation)
narnadaunisunsngandygrnndaretulusqedrafluieadadylunig

wnrwilaelimatia LC-MSMS azfinasinld 2 wuu Ther wuindenninaw wazuunida
-y B 4 = i o
B luwundsqunamaclinsiiegiaddienmeidn i lursuulusnsfissuuiams

- Lol [ i 1 H ) < L] i = ;’
Anssiiedei lifiashasdiameiag(plasma blank) dunadtynnuiiiniy



"

{a) blark matie

B: pump}—i fnfectgr}——tco!unlrj

rce |

,I Msmﬂ
I . .

Eyri@éﬁﬁiﬂ_“ﬂ"ﬂifi_e

4% Abundanco
+
i

; "\;"‘ iV

Tire (min_j'

! sample preparation of blank matrix 1

{f qp}kingmmstandar{}

LC pum niﬁﬁ inj—ector ——-1 column onization source MS/MS
PO

% Abundanca

I

Tiune {min)

gﬂﬁ 3 Schematic overview of the two commonly used methods to assess matrix
effects in LC-MS/MS. (a) The post-column infusion method. The dashed line
represents the signal of the analyte. The full iine is obtained when injecting
blank matrix. The arrow indicates the region of ion suppression; (b) the post-
extraction spike method. The dashed peak represents the standard in neat
solution. The full peak is obtained with standard spiked in matrix post-

extraction. A clear reduction of the peak area is observed, which indicates ion

suppression [8]
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mmagdaumsinsnaendarrginaindsiatuludetadaiuans WasGnanst
g o ar ¥ cﬂ‘ [ ar i . <3 ar

azdipssdasludhatantiun1sanands (post-spike) aUALAlWAITAZAY (neat
solution) Aaviuanslugilii 3

dmun1iaTed LC-MS/MS 7l mass analyzer huaiinau Wy Q-TOF nasuliu

¥ =3, o d‘ 174 k74 ] eﬂ’ ar g o n
Asileireuaseslitdunngegalitdnuannglereaaisuazdaunugsamiag
1 =, L] Pt | :5?‘ L
msdnmarwsiiineiramaviinisvagaudsiiasiu

ninsnadaun1mal_araunniieg (accuracy) A21L0U (precision)

AMAEARE I INAADY (selectivity) Aarudiniunigaiifazaraadaly (sensitivity) lu
ITAUAGA (Imit of detection: LOD)  sziusgaiasnndnEniuan (imit of
quantitation:  LOQ) A NlHdIaads i adar siaaiuludsnandaninneiu
(reproducibility) & 4i Tiassdad 3 2/ vasevadielion 3 d1luusazdu gArarm
1 e s H 1 ] = 2 2 e ] 1 =y aal
waly avagneied carry over fanalidting iy Haniwlidiuen wu nanfiadsey s

Bunssiandng vannsaanaznineninede Uiunswubauiacng g matrix effect 114

a ] A aa’ r e oy 2
Reauysaliend mass-Matius-(stabler wazBunamasarprugniimemiiims i
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=y A‘.i s -5 o o
WITHLARTNATIATA AIURIIE DTV LNEUTIRTUs
(Method Validation)

Tinagaunugndiasiesiidiasifatinaneiadng UfRnudesmunnes

& o o CIE T er @ e.!:
AN MITkareltsmAaniganidon (11 uastirdadvuaudenuiludunayluns

asey [6] ‘Luﬁi{@ztﬁunqsmwﬁmm:ﬁﬁqammﬁﬂ LC-MS/MS
namagauAMNgNfata iR Idne il iR
wWirilinesifasedn
1. AINAUNIZLANZAY (Selectivity)
Lﬁumffimi'lzﬁl,ﬁﬂu,amdqmﬁﬂaznﬂuﬁﬂ"uﬁﬂq“luma‘ﬁm%ﬁuﬂmzﬁm 13 £
ﬁqéuj asfuiannrdanada Wi neallalla (phospholipids) 2= lidsnansevusa

a} o L
ANTNREUATIZURN

P o

s limeteamanindntall# e (olank human biological) 41uau 6 au

a - o of o f W e & - A -
HraEiaINITnTsyudan A ane lildy oy e dnumiefi g1 7vte intemal
standard  fiildtyyanisiadliiinnnds 20%  sesdtyginmesnaniniuitgaeddin
M3l (20% LLOQ) #ia 5% 284 IS Wumaiia LC-MS/MS asfiasin matrix effect i#an

Ilhididynnuninaen o Aumiasaziamei

¢ &

2. MTANWINANSZNURIANISAIATIZHASIAaY (internal Standard  and
Analyte Carryover)
Aarsirnudindiugegandonufioniadnedilaiflen (blank) peak area 18418

fiastiaandn 0.1% dmiuanshidiaszif (analyle) peak area Haand 20% 18461 LLOQ

3. anula (Sensitivity)
ARIMNAVRINITAFIATA (Limit of Detection and Quantitation)

3.1 AAAMnNITATIAIA (Limit of Detection: LOD)

o3 s e =5

={ o | < 4 c; 3 1 I
InNANITRTIRRARTTAuAIINEuR WAy ety 3 wingesan

. - I L
igauaasgIu (Signak-to-noise > 3) diadeniiusatiieflaifien (blank biological

2r

matrix) (uanadsdivinuws lidssonbnadBondas

ar
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s
o3

3.2 anuvdindudiganldiinszimBaliun (Lower Limit of Quantitation:
LLOQ)
arudindudngaiiacannsanmadalfilng v wazgniies witeou

AMEiNduigm (LLOQ) Aasied 5 drluduiRend feafluanudufdisidaunanann

&

@ -d' v =l &t L2 bl o © ' o
FYJ’]NL‘IIJJ‘IJH'WI‘HLE]?EJNﬂﬁ"’l?hﬂﬁl?ﬁ']utm‘)']’%ﬁlﬂuﬂ'.]’}NL‘ilJ-!‘ifuLﬂﬂ'Jﬂu AdatuAL e FLE ws

-

tavana (%relative error) Talifiu 20% uaz GV (coefficient of variation) Aa AuUsz@nsuas

ANELLs tesndn 20%

3.3 Anndudugegnaaddinasiiasied (Upper Limit of Quantitation:
ULOQ)
anndindiugegaaninisianaunasgan daesk 5 41 Aunnen

wefidusitianann dasiasndiuiaminiy 15% 9898193 (< 16% deviation from nominal
valug) veEmdiFaian 15% lun1sinssidn (< 15% variation between replicates:

RSD)
[~y L 2
4.anWiutdunsgd (Linearity)

FITIATRAINNIININTINNINIFL (calibration curves) Tnensitanarslifiaany
isdingne ‘luﬁqqﬁ%ﬁ’)nmﬂmmﬁgm isznanidng blank, blank + 1S wazAaMdindy
1197 5~ 7 avandind wienansluinnaisivn funmsf 2 41 et 3 fu dwnoe
dadauaaasisiy internal standard Maunsdunsinannudludunsadanl¥a weighting
AStendlrAnnaadulng 1 (correlation coefficient lipastinandn 0.995) Aruaasdn
aviwdisdurasnanadsdundazArannaiinsguiiaiiy back calculate /TG OREY
Wadhustdndleals 15% (%RE) smLﬁuﬁmmﬁu%ué’;qqmlﬁﬁﬁmLuu'lﬁ 20%

5. AYNLIULAZAMNLTEN {(Accuracy and Precision)

ATINLINLA ZAN UL EN ﬂa‘:Lﬁuﬁnn‘l%m:?mmgmﬁ@ﬁmﬂ:ﬁmtﬁmmlu
Frndng iy wandn 4 Anudini fsay LLOQ QC1 (3BLLOQ), QC2 (mid range), QC3
(75-80% ULOQ) 31As1=if 5 91 fiiaan 3 Fu agauan A luntsiansineluduiiao iy
(infraday) URYAIINKANAIITENITY (interday) T8eAa L 15 %RE wazaouiiesld
%CV faelifiu 15% andu LLoQ By 20%

6. fiaadraAdaLdNdugs (Over Curve Samples)

witenssatsiidiaradadugendimnamunasgiu 2 - 10 wiaesreaduiy

494/ YIN1TAREAN 5 - 20 i1 faardaatneitlifians (blank biclogical matrix) A1ATIEY 5 44
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Auansefiastiannda 15% Watiauindneia uaztiasnds 15% dadauiuniming
(dilution integrity)
7. ﬁﬂﬁ‘lﬁmnmﬂﬁumsmmsg‘maﬂurﬁ"mziw (Recovery)
sziiiuannl¥ QC sample QC1, QC2, QC3 vmmmﬁ]u%’mﬁaﬂﬂ’luﬁmﬂwﬁ
WANMAUANR (pre spiked) waztiuudsdin (post spiked) ﬁ’uﬁag‘},ummzmﬂ neat solution
(100%) Fpsnsi 591 Avhidniudiadld 100% wisiasdinrusiulunisriig

=5 ' oley
8. HANTEVUTAIEITAURABHITILAGIZHR (Matrix Effects)

8.1 UFuaiaszdt (Quantitative)
wrtnagaadlniuAT Qo1 uar QC3 7itds IS aeludqatnaians
310 blank mairix sample amataidiinslalien 6 au (post spiked) WiTaNFAat19A97
Wauduan QC1 uay QC3 Miw 1S avlugnsazana neat solution v FetFauaiils
8.2 AMNIWALA91ZY (Qualitative)
o as . @ el i vrar =t R .
wiraLFaataInatdgynIn i lafue 6 au LATHNANTHRTIINAGN 1S

fradiadiu drsann 10 wihzesnendindiudaan (10 LLOQ) 1141911RT§ NG 1S din

(#3909 MS #9131 infuse Tnerld syringe pump luamsiisaadne blank matrix AEUNTETH
T | . v \ =4 R S G , o
QAUNTIATEINIUNN injection TBHATEY AALYYINATUINRNTY (enhancing) Wi

ARAN (suppression)
9. AMNAIAIIAIRISNARDL (Siability)
8.1 A1TATRIYNIATIIU (Stock  Solution Stability at  Ambient

Temperature)

o !IQI o § =3 o or i
Wingrazaaunsgsulingnmniities 24 31, SiesediiRauiufwie

&t

q{ .:4'

Tyl 3390 lisaneomdadu lugefinnnyan uiamsnm 80 uas 120% Taaaaauidisdi
Wsn 10 3 91 AnitlETiPeauansnglaid 15% aadAaaie
9.2 ms@zms;mmagmtﬁuﬁgmugﬁ 4 °C visa -80 °C (Stock Solution
Stability at Cold Storage)
wiumsazaneuasgliifgamail 4 °C vta -80 °C lunanifmwun wiy

(%4 < - o 4 ) ] c: i
1y wnndassfinauivnedonlud widauaudniuludasfimnnzan uiqwitaud 8o

UaY 120% 189aduidindiuusn i1 3 41 A lditaosuansnglsiifive 15% ansrA1a3g
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9.3 Freeze/Thaw in Bioclogical Matrix, 3 Cycles
1 Qct uaz QC3 ﬁaﬁu‘lw}jaﬁuamuqﬁ -80 °C aragua Az iy 1
cycle mefl’qashqﬁﬂzmﬁuﬁq’lmﬁnﬁanmqﬁ -80 °C uaniwmvintazare udaninlilduly
fiiugrungdl -80 °C it wazate a3 3 3k 11 3 90 ditlETa e iy
16% Fa9R1ATR 1
9.4 Short Term Stability in Biological Matrix
1% QC1 uar QC3 Aiuiignumail 4 °C, frunniivas, 23 °C uar 60 °C

&l lofa) Ainssiindt uaziainanan (1— 24 ) Weunan 1 Taounanslsitiy 15%
9.5 Short Term Stability for Biological Sample Ready for Exfraction (if
Applicable) -
15 Qc1 uer QC3 witendaneada AR e e Tifiansine
U 4~ 24 gy, Rauan draiulibie 15%
9.6  Short Term Stability in Extracted Samples (If Applicable)

T QC1 waz QC3 wirausiaasng sovausie azaranduntusagney

Wl fufalifoandinamm 4 - 24 g asanundusnlu Tadnuen wansingtifiy 15%
8.7  Short Term Stability for Samples Ready to Be Injected Into the LC
1 QC1 waz QC3 winudatudadniiud Misetameifiai
ATUUR 4 — 24 3. dedieuen wansaelinu 15%
9.8  Long Term Stability in Biological Matrix
1% Qc1 uaxr QC3 LﬁuﬁQﬂﬂﬂaﬁfqnmqﬁﬁhqﬁuﬁ -80, -20, +4 °C 5iTeI
uasAtassiidieus wasiiinauaniitnuen 1-6 Bau Jae Genms aansebifiu 15%
LA (Acceptance Criteria During Routine Drug Analysis)
innusfiastofiniiolfusuaitliannnsinnst duldadetmuases FOA
Biological Method Validation [1, 6]
1. ﬂnqazﬁaums@unvmmam (System Suitability Test)
rewsiataazgnitasisiiametes LO-MS nsuBantiaalisen ooy
Imﬂms’%mma‘mmﬁgmﬁmmLﬁu%uwﬁq Uszanm 5 41 AANUANANTe ARSI

T s Lo 2 1 J e 5 i ‘J e‘:
shwrilaitiu 5% viadiaandduiusiinrasasimaaauiiszyly SOP 1l
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2. ns'wlmmsg']u (Calibration Curve)
lunnsiasned nﬂﬂmm?gmazﬁiznauﬁqa blank uaz double blank (blank +
S) LLazmﬂm%u%’Juﬁmj an 6 qa %G‘u?)mmzﬁm‘.;‘mmgquﬁfqzﬁfmmwmmg*mriﬂu
] r ar ] d' e T & [] ar s ] ‘i' =a s
wazsiasassnat i linruaNszuy QC 3 aadindiu wassiafanmatsfiazdimss ia
findae QC 3 andindiu Biredreilinnlil Qe Aunaadingn 1 9a nsssdiuna
nnzg ateiian 75% fesadhunnil LLOQ 20% Araw 15% 2/3 989 QC sample laf

U 15% QG 1/3 aanuan 15% 16 wiluildmanudindiudan sy

3. M43asznda (Repeat Analysis)
mate QC arlfiluinayiuviorfidsuansnasainiaganimaass 1 Qc

bidlwldainausiiiesharaibmiie wianimanvn uazidin

o

4. qm’mﬁﬁﬁmm‘i‘m%’uganfhmﬂﬂmms;g'lu (Outside Calibration Range)
fsndwilanadiviugandidgegn 15% livaninteanuasdamotlug
Tneldifagn4 blank matrix (Judn@asasiaatihe nsEaarewin 10 v W¥naaindiie

4 ﬁfliﬁhﬂ I 1 ] ll\ T a ‘V!I 9 o ﬁl | ﬂ"l'\")EI‘l’H{‘]‘I AT W TaL N E W EaR a2t ata Lol
BNUBNNT 20 Lularand asiidiagsisviviilganeaasiliisaeequy HA 3

ULOQ + 15%
5. Adan (Strange Values)
}/’ ¢J v =y ot ' 3 Cil Y
TurmaafanatlfarnnsiameiliiluldaiuuutenuiaalSn1an &4
k2 2r []
ApUAENT Waseid 2 91 Mr@an Wadn median 2eeAmawazd s
6. ANYBY IS A1 (Low Internal Standard)
9 T o o = = o 1 3 1 as 3 -
017118 AvizaquiuLing 30% feviiprsiiadaisnalng deetiaiay
= 16 R & o R = [ s s 1 = 9
Anredluililianoiunbifesns uazi@asnd 5 widae blank plasma S1frataltias
nd1 50 tulasdns azlibaset
7. N5AATIERARH99 (Incurred Sample Reanalysis)
] L2
hnstiududidiinaseuiianuwivlunininga duiaatnenngasindszs
. A [} L L s E’)’
8#1gaga (C,,) Wastaanswntsadngn Uszann 20 Aaate vise 10% 189791un Nagal
S NS e 2/3 Haalaiifiu 20% asAudin naeseeusaldsuen tinualaiiliig

&

dwietnanaueubiielld dindesunswanitell viamg
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Q ‘\‘3“3' < o @ L oy
ﬂ’l?u'l‘lﬁﬂﬂﬂﬂ@ﬁbl‘l_]'nﬁ?’lz‘lﬂﬁl‘l’ﬂ'El'l\?’ﬂ‘a‘\?
(Analysis of Study Samples)

&

fMagnsindngineniadinmed fewinudiidunsmesenanugniag
=f

4

Hudn TuGasnsiivinmdatdvanssansiamsy niswsausianiie dauaanagat

fameina A HiTh blank, zero sample m&‘ﬁmm?wﬁquhqLﬁﬂﬁ'mmwmmgm uazenatig
QC szdivdniulumunnsiialsi {6

n19vinngWanns v (Calibration Curve)

nﬁwmmg'mﬁmﬁmnm%ﬁ'ﬁmm:ﬁ Tmmﬁumﬁmmﬁl’u%uﬁwj adludnaeg
‘dan sifawarant Wanmwmilausaatiaiiefiasnagey ﬂ’é’mnswﬂmm‘jﬁ'}uﬁﬁué’mmmu

UNR2E (reference standard) 4a% internal standard &nNARALANT MHEasmTautunay

‘wmﬁaﬁﬁ_ﬂmugaﬁmxﬁﬁénmmaﬁu_uﬁiazsﬁqalsjeﬁ-u45%—zﬁq%§%ﬂa%{ém%%%ﬁﬁiﬁﬁﬂi——--
wazlalifiu 20% Asweiis LLOQ uaz 75%tnatayavinaiaarnenasiinediy nadilaem
Uindiud LLoQ vite ULOQ Bitiinmst Arudindiudnldazgninunidlu LLoQ e
uLOQ wawfhetine QC faglnduani flldRes5ur QC msinimasesiRda
Lidndusedimsimadnglul

ArageldanszuL QC samples

Aate QC azlilrniiudaddneal gaatuudurnsnsvinasguazianting
szudnngy fuadhe QC fasil 3 sedmmmaniadu 61 nans g9 QC1 Msnaaudingi 3
Wihaes LLOQ, QC2 Anan ifluprndiniuganatinsmuinsgan uaz QC3 dvge 80%
sasarididugagn (ULOQ) insziuas 2 91 919 s Mumiariautidiassidatiag uaz
flavireiaedng fritswaudethanniifindanaansinmsian 1 gn Al lidu
15% UBIANA3 wazasialing 67% (4/6) Hasssnaet Talenuld 1 aitasudsdwies &1
isiia 2 i Hedaseianlmdiann

naatasIzidnagteda {Incurred Samples Reanalysis: ISR)

lunvsdmsziiaetianedodng uainaiagas Hinaunnsing wiidrane
nageutihulaadainuueuge auwandrafiaannsaetngliiihuiladeaty wiefinas

duiay dumaunisinligniias viesnddnugil metabolite vitesnfuduldsiiu nag
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Fa i AsNen AN uINMadanaATsifatwaiauds Wwariadiiinemsieannsa
Ao ot W ogw e o P RIS o 4 -
usnviauzald Wdhatng 10% Wentmaresiisadnaliifin 1,000 datne wve 5% teil
ARENHINNTT 1,000 warseauaalFuants i ednlEasousn
N19aLAsIERt LU (Reanalysis)

midarziddiasiiuguaniuayu uasimualilugiianisiiemed (SOP) s

o

= [ 4

Awszndisanadtu i nﬂwmms‘gmLmzﬁﬂﬁq'ﬂsﬁq Qc idnmnasinnuus fatn

= = o ' | 2 ar ar . LU G
naadInTugIniaudiEiuranwninegiuasawusioa ludoadian sl

=3 e d; = ar 1 = ' LUIRLE 1 dl
madtasidanans iaresiiadniesszudiaiingedl Tasunlnunsulidladaday dig
Anunibinonadasiudiiaald feasuanwinnasainisdnmeilmifan meeua il g
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Accuracy: The degree of closeness of a concentration determined by the
method to the nominal {theoretical) concentration of the analyte. Accuracy is expressed
as a percenlage relative {o the theoretical concentration.

Accuracy (%) = (Measured concentration/Theoretical concentration) x 100,

Analysis—A—sur iebmofwanalyiieaimproeeﬂuresW-Tromm-samptewprocessing‘"'tO““W”“"""”‘"”“

measurement on an analytical instrument.

Analyte: A specific compound being analyzed. It can be a drug, biomolecule or
its derivative, metabolite, and/or degradation product in a sample,

Analytical run: A set of samples comyprising calibration standards, QC samples,
and study samples. A set of subsequently processed samples, called a batch, is usually

analyzed as a single run without interruption in time and by the same analyst with the

same reagents under the same conditions,

Assay variability: The degree of difference between the duplicate
concentrations determined for a single sample. The difference is expressed as a
percentage relative (o the mean of the two.

Assay variability (%) = [(Concentration in analysis to be compared -
Concentralion in reference analysis)/Mean of the two] x 100.

Blank sample: A matrix sample processed without adding an analyte or internai
standard,

Calibration curve: The relationship between the theoretical concentration and
the response of the analyte. A calibration curve is generated from a blank sample, a zero
sample, and at least 6 concentration levels of calibration standards, including an LLOQ
sample.

Calibration standard: A sample spiked with the analyte of interest to a known
concentration, which is used to generate calibration curves. Calibration standards are
used to generate a calibration curve, from which the concentrations of the analyte in QC

samples and study samples are determined.
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Carry-over: An alteration of the measured concentration due to a leftover
analyte in the analytical instrument used.

Cross validation: A validation performed when two or more analytical methods
are used within the same study or when comparing analytical methods used in different
studies after full or partial validation.

Dilution integrily: Assessment of the sample dilution procedure, when required,

to—confirm—that_the—precedure—dees-net=impact=the=measurcd=cor

analyte.

Full validation: Demonstration of all the validation items i.e., selectivity, lower
fimit of quantification (LLOQ), calibration curve, accuracy, precision, matrix effects,
carry-over, dilution integrity, and stability. Full validation is usually performed when
establishing a new analytical method.

Incurred sample: A study sample thal is obtained from a subject or animal that

was dosed with an active study drug.

Incurred sample reanalysis (ISR): Reanalysis of a portion of the incurred
samples in separate analytical runs on different days (o check whether the originat
analytical results are reproducible.

Internal standard (IS): A compound added to samples for normalization of the
recovery of an analyte during sample processing and the response obtained by the
analytical instrument. A structurally similar analogue or a stable isotope-labeled
compound is used.

Lower limit of quantification (LLOQ): The towest concentration of an analyte at
which the analyte can be quantified with reliable accuracy and precision.

Matrix: Whole blood, ptasma, serum, urine, or other biological fluid or tissue
selected for analysis. A matrix not containing exogenous chemicals {except
anticoagulant) and their metabolites is called blank matrix.

Matrix effect: An alieration of the analyte response due to matrix component(s)

in the sample.
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Matrix factor (MF): The ratio of the analyte response in the presence of matrix to
the response in the absence of matrix.

MF = Analyle response in the presence of matrix/Analyte response in the
absence of matrix.

Partial validation: A validation performed when minor changes are made to an

analytical method thal has already been fully validated. The items in a partial validation

e eeeshedld-berdelermined-according=torthe-extontand-natare-ofthe-changes-made-toihe =

method. [t can range from as litlle as within-run accuracy and precision evaluation to a
. nearty full validation.
Precision:  The degree of closeness between individual concentrations
determined in repeated measurements. Precision is expressed as the coefficient of
variation (CV} or the relative standard deviation (RSD) in percentage.

Precision (%) = (Standard deviation/Mean) % 100.

Processed sample: A sample after processing of a biological specimen, ready
for measurement on an analytical instrument.

Quality control (QC) sample: A sample spiked with the analyte of interest to a
known concentration used fo assess lhe performance and reliability of an anatytical
method. In analytical runs, QC samples are analyzed to assess the validity of the
analytical method used for calibration curve and study sample analysis,

Quantification range: The range of concentration of an analyte in which the
analyte can be quantified with reliable accuracy and precision. Quantification range of a
bioanalytical method is ensured by the range of calibration curve (calibration range) and
the dilution integrity.

Reanalysis: Repetition of a series of analytical procedures from the processing

step on samples that have been analyzed once.
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Recovery: The efficiency at which an analytical method recovers the analyle
through the sample-processing step.

Recovery (%) = (Response in a biological sample that was spiked with the
analyte and processed/Response in a biological bfank sample that was processed and
then spiked with the anatyte) x 100.

Reference matetial (Reference standard): A compound used as the standard in

dantifying-an-analytermainiy-used-toprepareca ibration-standards and QC samples.

Response (Response variable): A fesponse obtained by the detector on an
analytical instrument, usually refers to a peak area (or a peak height) obtained from the
chromatogram generated by conversion of instrument responses into electric signals.

Selectivity: The ability of an analytical method to measure and differentiate the
analyte and the internal standard in the presence of other components in samples.

Selectivily is often used interchangeably with specificity, but some point out that these

two ferms should be distinguished, as specificity is an ultimate form of seleclivity. Based
on this idea, specificity is generally the ability to detect a single component, while
selectivily is defined as the ability to detect a series of subsiances which share certain
characterislics. In other words, seleclivity is the ability to differentiate the analyte and the
internal standard from other components, which could also be detected.

Specificity: See the definition of ‘Selectivity."

Stability: The chemical or biological stability of an analyte in a given solvent or
matrix under specific conditions over given time intervals. Analyte stability is evaluated to
ensure that the analyte concentration is not affected as the samples move through each
step of the process from collection to final analysis,

Stock solution: A non-matrix solution of reference material at the highest
concentration prepared in an appropriate solvent.

Study sample: A biological specimen that is obtained from a toxicokinetic study
or clinical trial for bicanalysis.

Surrogate matrix: A matrix used as an alternative to a matrix of limited

availability (e.g., tissue, cerebrospinai fluid, bile).
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System suitability: Confirmation of optimum instrument performance using a
reference standard solution of the analyte prior to an analytical run.

Tiered approach: A strategy to initially limit the characterization of analytical
method and to gradually expand parameters to be characterized and the extent toward a
futl validation as the development process proceeds. (see Annex)

Validation: Demonstration of adequate reproducibility and reliability of an

iytieak-method-through-various-evaluations:

Working solution: A non-matrix solution prepared by difuling the stock solution
in an appropriate solvent. 1t is mainly added to matrix to prepare calibration standards
and QC samples.

Zero sample: A blank sample spiked with an internal standard.

Reference

Guidetine onbicanalytical mefhod validafion in pharmaceutical development. (2013),

from https:/www.pmda.go.jp/files/000206209. pdf.



MARUIN 4 Method Validation: Parameters and Acceptance Criteria

Parameter to test
Accuracy, Precision, Limit of detection, Limit of quantitation, Selectivity,
Linearity and range, Recovery and matrix effect, Stability

1. Accuracy & Precision Criteria

11 Minimum 3 Quality Control {QC) [evels

- LowQC {about 3x lower limit of quantification LLOQ)
- Middle QC {in middle of calibration curve)
- High QC (about 75 - 80% of the highest calibration point)

1.2 Quantify at least 5 x QC level x 4 days
- = 15% deviation from nominat value at each QC-level

- < 15% between-day variation at each QC-level

= = 1% wittin=day variation at each QC-level
2. Limit of Detection Criteria
Limit of Detection (LOD)
- Peak should be clearly visible and distinguishable from noise
- Noise level is determined in blank biological matrix
- Signal-to-noise > 3
3. Lower Limit of Quantification Criteria
Lower Limit of Quantification (LLOQ)
- £20% deviation from nominal value at each QC-level
- < 20% between-day variation at each QC-level
- < 20% within-day variation at each QC-level
- Noise level is determined in blank biotogical matrix
- Signal-to-noise > 10

LLOQ is often selected as lowest point in a calibration curve.

L]
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4. Upper Limit of Quantification Criteria
Upper Limit of Quantification (ULOQ)
- < 15% deviation from nominal value at each QC-level
- = 15% between-day variation at each QC-level
- < 15% within-day variation at each QC-level
ULOQ is selected as highest point in a calibration curve.

5. Selectivity

O-matrix from six different donors

- Evaluate possible interfering endogenous compounds. Appropriate
separation from analytes must be achieved.

- Al should produce a response < 20% of a standard at LLOQ

6. Possible Interfering Drugs

- Potentially co-administered drug substances? Separation from analytes

should-be-achieved if possible.

- For LC-MS methods, perform post-column infusion experiments to verify
that the drug of interest is unaffected by the presence of co-administered drugs in the
sample.

7. Internal Standard and Analyte Interference

- Evaluate working concentration of internal standard and highest
concentration of analyies

- 1S should produce a response < 20% of a standard at LLOQ for the

analytes

- Analyles should produce a response < 10% of IS at working

concentration
8. Internal Standard and Analyte Carry-Over

- Use working concentration of internal standard and highest concentration
of analyles
- Inject the samples followed by injection of blank injection solvent

- IS carry-over should produce peak area < 1% of the concentration used
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- Analyte carry-over should produce peak area < 20% of a standard at
LLOQ

- O-matrix {Blank) human plasma from six different sources (donors).

- Produced signals should contribute fess than 20% of a standard at 1.1.0Q

- internal standard and analyte carry-over test

- <20% of LLOQ

S—tinearity-and-Range

The concentration range of the curve is based on the expecled range of the
study, should consist of:

- Double blank sample (without internal standard)

- Blank sample (with internal standard)

- Six to eight non-zero samples covering the expected range, including

LLOQ.

TU. Recovery

Recovery: The extraction efficiency of an anaiytical process, reported as a
percentage of tire known amount of an analyle carried through the sample extraction and
processing steps of the method.

Recovery is determined for both Analyte and Internal standard. What you
need:

- References (analyte + IS) in pure solution

- References (analyte + IS) in extracted blank biological matrix i.e. “post-

spiked”.

- Spiked biological matrix

Recovery & matrix effects:

- References (analyte + 1S) in pure solution

- References (analyte + IS) in extracted blank biological matrix i.e. “post-

spiked".

- Spiked biological matrix (Quality Control sample “QC”)

- Recovery 1. QC/Pure ref = % recovery

Recovery 2: QC/Post spiked= % recovery
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Matrix effect: Post spiked/Pure ref
11. Quantitative Matrix Evaluation
Quantitative — matrix factor (QC level high and low)
- Use References (analyte + IS) in extracted blank biological matrix i.e.
post-spiked (Set 1). (blank matrix from af least six different donors = 6 samples)

- Use references (analyte + 1S) in injection solvent (Set 2)

—-Compare-the-response-between-Set-i-and-Sel-2-to-calcuiaie the matix

factor.

- Calculate the relalive malrix factor as analyte matrix facto/IS matrix

factor.

12. Qualitative Matrix Evaluation

Pump - Autosampler
QB
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Qualitative

- Use blank matrix from at least six different donors

Prepare blank injection solvent

Prepare reference (analyte + internal standard) in injection solvent

Post-column infusion experiment:

- Infuse the reference solution post-column and inject the blank injection
solvent and the exiracted blank biological matrix samples

~  Monitor the signal and evaluate suppression

13. Stability

Triplicate samples at each QC level (high & low) are analysed at each
occasion during all stability evaluations.

13.1 Freeze/thaw in biotogical matrix, 3 cycles

- =< 15% deviation between the mean values
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13.2 Short term stability in biclogical matrix
- Samples in biological matrix, Store at about 4 °C, ambient
temperature (i.e. about 23 °C) and about 60 °C (deactivation of viruses, if applicable).
Process immediately and after an appropriate time (i.e. 1 — 24 hours). Compare
responses.
- < 15% deviation between the mean values

13.3_Shord term slability for samples-readylo-be-njected-intothe G

- Prepare and exiract samples. Analyse immediately, after 12 hours
and after 24 hours, Compare responses
- = 15% deviation between the mean values
13.4 Long term stability in biological matrix
- Store at intended temperature (e.g. -86 °C, -20 °C and +4 °C)

- Quantify at preparation and on at least two more occasions.

Andlyse and compare responses,
- < 15% deviation between the mean values
14. Stability (Test If Needed)

14.1  Stock solution stability at ambient ternperature
- Store stock solution at about 23 °C {ambient temperature) and
analyse after an appropriate time (i.e. 1 — 24 hours). Quantify with standards prepared
from a freshly prepared stock solution.
- Use an appropriate dilution and prepare triplicate of standards at
80, 100 and 120% of the nominal concentration after dilution
- < 15% deviation from the nominal concentration
14.2 Stock solution stability during cold storage e.g. 4 °C or -80 °C (if
applicable)
| - Store stock solution at intended temperature and analyse as
appropriate (at least 4 hours at room tempe(ature or wet ice should be evaluated).
Quantify with standards prepared from a freshily prepared stock solution.
- Use an appropriate dilution and prepare triplicates of standards at

80, 100 and 120% of the nominal concentration after dilution
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- < 15% deviation from the nominal concentration
14.3 Short term stability for biological samples ready for exiraction (if
applicable)
- Use QC leveal high and QC level low

Prepare aliquots of samples, extract immediately and after an

appropriate time {i.e. 4 — 24 hours). Compare responses

- < 15% deviation betweenthemeanvales——————

14.4  Short term stability in extracted samples (if applicable}
- Use QC level high and QC level low
- Prepare aliquots and evaporate immediately and after an
appropriaie time (i.6. 4 — 24 hours). Analyse together on LC and compare responses

- < 15% deviation between the mean values
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