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Recommendations for Liquid Chromatography-Mass Spectrometry in the Clinical

Laboratory: Part Il. Method Validation
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The demand for obtaining test results using liquid chromatography-tandem mass spectrometry (LC-MS/MS) for accurate diagnosis in the field of
laboratory medicine is expected to increase, but it is still not easy to introduce diagnostic methods using LC-MS/MS into clinical laboratories for
many reasons. There are many different methods used to evaluate the performance of LC-MS/MS in clinical laboratories, which have not been
standardized to date. Thus, various data have been analyzed and described based on the type of validation method used and the criteria needed to
introduce a new test using LC-MS/MS in a clinical laboratory. Relevant data from home and abroad were reviewed to include the minimum number
of validation items required and methods of implementation. In general, the items required for a full validation of the quantitative test and various
guidelines were used to summarize the following validation items: accuracy, precision, calibration, specificity, ion suppression or improvement,
limit of detection, limit of quantification, stability, reference interval, carryover, and dilution integrity. Among these, the first five items mentioned
beforehand are essential parameters for LC-MS/MS validation and are presented in numerous guidelines. The other parameters are required for
further verification depending on the characteristics of the analysis and the analytes. This recommendation is intended to outline and present the
validation methods that should be carried out when introducing new tests in clinical laboratories using LC-MS/MS with reference to the existing

guidelines and literature containing expert opinions.
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- Guidance for Industry: Bioanalytical Method Validation (2001,
FDA) [1]

- Guideline on Bioanalytical Method Validation (2011, EMEA) [2]

- Mass Spectrometry in the Clinical Laboratory: General Princi-
ples and Guidance C50-A (20074, CLSD (3]

- Liquid Chromatography-Mass Spectrometry Methods C62-A
(20149, CLSD) [4]

- International Conference for Harmonization (ICH) guideline
20054 [5]

- Harmonized Guidelines for Single Laboratory Validation of
Methods of Analysis (2002, TUPAC) [6]

- Standard Practices for Method Validation in Forensic Toxicol-

ogy (20134, SWGTOX) [7]
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- AZ}E (accuracy, trueness)

- A & (precision)

- X A(calibration)

- E0] = (specificity, selectivity, and interference)

- 0] 23} o34 & gFAkGon suppression or enhancement)

- A&3HA|(limit of detection, LOD)2} A& gFA|(limit of quanti-
fication, LOQ)

- 71 9] oA (stability), Fal4t7 (reference interval), 2F& (car-

Table 1. Validation parameters specified in each guideline
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2. LC-MS/MSZIAL = A| HBE=
1) M= (Accuracy and trueness) (Table 2)

A S EAEE gkl tigk 784 o
ness of agreemen)® A=, &3] 2k}
ZOE e WELEQ HAR(bias) & A,
= W82 3)<=&(recovery) = AHE-3HCE
517] fleiMe sU8 o= deiRl #EEdo

F= 22 National Institute of Standards and Technology (NIST)

] {L%‘jl:._(close—

Aol 3

Parameter FDA, 2001 EMEA, 201 CLSI C50, 2007 CLSI C62, 2014 ICH, 2005 |UPAC, 2002 SWGTOX, 2013 KFDA, 2010
Accuracy 0 0 o (bias and trueness) o (trueness) 0 o (trueness) o (bias) o (Hahy)
Precision 0 0 0 o (imprecision) o 0 0 o (MLY)
Calibration 0 0 o (standard curve, o (assay calibra- o (linearity) o (calibration and 0 o (2FM)
AMR, and CRR) tion and linearity) linearity, and range)
Selectivity/specificity 0 0 0 0 o (specificity) 0 o (interference o (E0l4)
studies)
lon suppression, o (matrix effect) o (minimizingion o (matrix effect) 0 (matrix variation) 0 o (MIA=ZF
enhancement suppression)
LOD, LOQ o (LOQ) o (LOQ) 0 o (LOD, LLMI) 0 0 0 o (BIX=EFstA)
Stability 0 0 0 0 o (PFHY)
Reference interval 0
Carryover 0 0 o 0 o (Rtg)
Dilution integrity 0 0 0

Parameters with a separate topic and detailed specification were designated as ‘o’ Similar parameters, which are expressed in different terms were described in the parenthesis.
Abbreviations: FDA, Food and Drug Administration; EMEA, European Medicines Agency; CLSI, Clinical and Laboratory Standards Institute; ICH, International Conference for
Harmonization; IUPAC, International Union of Pure and Applied Chemistry; SWGTOX, Scientific Working Group for Forensic Toxicology; LOD, limit of detection; LOQ, limit of
quantification; AMR, analytical measurement range; CRR, clinically reportable range; LLMI, lower limit of measuring interval.
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Table 2. Recommended validation procedures and specifications for the clinical application of LC-MS/MS: Accuracy

Guideline  Parameter Materials Concentrations Practice Specifications
FDA Accuracy - Use certified reference materials if possible - = 3 concentrations =5 determinations per concen- - Bias < 15% at all concentra-
1) Certified reference material (CRM) - Low, middle, and high QC  tration tions except for the LLOQ
2) Commercially supplied reference stan- (3xLLOQ, near the center (< 20%)
dards from reputable commercial source  and near the upper - Include all outliers, but the ex-
3) Other materials of documented purity boundary of the standard clusion of statistically deter-
(synthesized by analytical laboratory or  curve) mined outliers is also accepted

non-commercial establishment)
- Prepared separately from the calibrators

EMEA 1) Within-run - CRM or QC sample (samples spiked with - =4 concentration levels 1) Asingle run, =5 samples per ~ Same as FDA
accuracy known amounts of the analyte) (LLOQ, 3xLLOQ, 30-50% level
2) Between-run - Prepared independently from the calibra- of calibration curve range, 2) =3 runsand = 2 different
accuracy tion standards using separately prepared at least 75% of the upper  days
stock solutions calibration curve range)
CLSIC50 Bias - Same as FDA and EMEA NA 1) Compare with the results from NA
Trueness an established reference meth-
(accuracy of od with known uncertainty
the mean) 2) Analyze sample with a known

concentration and compare
with its true value

CLSIC62 Trueness - Patient specimen > pool of patient 1) Recovery - 3 concentra- 1) 5 replicates if reference materi- - Acceptable criteria: Biological
specimens > biological matrix-based tions als/methods are not available variation, clinical guidelines by
QC>aqueous non-biological solutions 2) Method comparison 2) Preferably = 40 patient sam- expert groups, and local/re-
- Recommend to use more than one 3) Material with assigned ples (EP09) gional regulatory requirements
approach values 3) Each sample measured in
duplicate for 3-5 runs (EP15)
ICH Accuracy - Samples spiked with known amounts of - =3 concentrations - =9 determinations - Percentage recovery or differ-
the analyte ence with confidence intervals
IUPAC  Trueness 1) CRM NA NA - Good recovery is not a guaran-
2) Reference materials tee of trueness; poor recovery
3) Use of reference method is an indication of a lack of
4) Use of spiking/recovery in the absence of trueness
reference materials
SWGTOX  Bias - Pooled fortified matrix samples - =3 concentrations - =3 samples per concentration - Bias within 20% (for some ana-
and =5runs lytes, less bias is required, ex,

blood alcohol within 10%)

Abbreviations: CRM, certified reference material; LLOQ, lower limit of quantification; NA, no applicable descriptions.

L} Joint Committee for Traceability in Laboratory Medicine (JCTLM) o1& A AT wEHd(commutability)o] Q= AESH] 7] Zo]
O 2 RE AlFEE QlFETEH (certified reference material)©] T W 28-S SAsloF st d-F-olle AR A
FHE]H o]ejof EEHAP (reference method)ol] sl 4% 2k Al o5 AAT 718E AHEE 4= Sl vk Ueld 8 Al
= 2= B B 1AV e A ol E o8 o Qlnk Ly Al ol S5 o] ARFstetahe] 20% ol AEE T 7]
AT HEZEES 1517] ofPrhH J|Abol| A stz -83tE & A& A xsko] ARG St QIrH4]L Rhek ek A2 Q1R A=
Zoluf, AgAoA HJE 54 F vt gl 243 A8 WeEAE A =Y, Age A5 AHE 588 Hg
o Qo EAEAY FU #F BES ARSI of"Thd, AL M(stock solution)of| 78] HAEH (calibratona} 7= A5}
7] T2 AGalote] EHE F kvt S A A A ofok gitt
A3 B AEe FlolMe Aoje 374 w0 &3] Fagtd),
JEv dAA o g2 Aoty A2 2 Hoj ¥ ZHassigned value)S A AaFslsigt 1’4 3| A, = AEFRAGERO] 75%0])
2= Ay EdE Az B Ffske] ARSSh= 9T Erk A 100% Akel, St FEE At e o] ek h(E oFE
WO 2 ofe] AAE EikeHpooling B0 AAek 71k o] A o %541 202 49T AL Bk, Bas
FrAREE kel S A Ee A5 E, Al2E oels4, 8 ) ARt w25 7K 4 Qiohzl 24 WS she] 3
I 22 vESH 5L 7] wlehe s gt o9 =S (run)oflA] 5= 3-53] WhHs S Zis AAshHI, 51, of= gt
H7Hspiking)eh wj 7182 7452 2 HAeF FYsfof shA| TS 24 29 oY 7Ithell AA 24 Al ¥ ol Al A
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Table 3. Recommended validation procedures and specifications for the clinical application of LC-MS/MS: Precision

Guideline Parameter Materials

Concentrations Practice

Specifications

FDA Precision - Same as FDA in terms of its

accuracy pa rameter

EMEA 1) Within-run precision

2) Between-run precision accuracy parameter

CLSI'C50 1) Repeatability (within-run - Samples that closely resemble - =3 concentrations NA
- Lower end of the measuring/
therapeutic range

imprecision)
2) Reproducibility (run-to-

true patient samples
- Pooled samples of patients

- Same as FDA in terms of its
accuracy parameter

- Same as EMEA in terms of its  -Same as EMEA in terms of its
accuracy parameter

- CV <15% at all concentra-
tions except for the LLOQ
(<20%)

- Same as EMEA in terms of its - Same as FDA
accuracy parameter

- Same as FDA in terms of its
accuracy parameter

- CV 20% at LOQ

run imprecision) preferably taking a drug, - Upper end of measuring range
- Intermediate point or upper
limit of the therapeutic range
CLSIC62  Precision - Pooled samples and spiking of - Samples at and within +/-25% NA CV <15%, <20% at the LLOQ
the pure standard of the medical decision point
ICH 1) Repeatability NA 1) =6 determinations at 100% - SD, CV, and confidence inter- NA
2) Intermediate precision of the test concentration val

3) Reproducibility

2) Typical variations include days,

analysts, equipment, etc.
3) Inter-laboratory trial

IUPAC 1) Under repeatability - Matrix matched reference
conditions: o, materials
2) Under run-to-run condi- - Difference in the homogeniza-
tions: Gun tion of the CRM, prepared
reference material, and typi-
cal test material

SWGTOX 1) Within-run precision NA
2) Between-run precision

- =3 different samples per
concentration at = 3 different
concentration pools (low,
medium, and high) over =5
different runs

NA Combined precision [6i:=(c:*/n NA

+6m"2)1/2
n=number of the repeat results
averaged within a run

1) Within-run CV (%) = (SD of - CV <20%
asingle run of samples/mean A lower CV is required in
calculated value of a single certain analytes (e.g., blood
run of sample) x100 alcohol CV < 10%)
2) Between-run CV (%) =(SD of - Use ANOVA approach for
a grand mean for each con-  calculating within-run and
centration/grand mean for between-run CV
each concentration) x100 - Largest calculated within-run
% CV for each concentration
will be used

Abbreviations: CRM, certified reference material; LLOQ, lower limit of quantification; LOQ, limit of quantification; CV, coefficient of variation; SD, standard deviation; o, re-

peatability; Giun, between-run imprecision; NA, no applicable descriptions.

ALK 5 ofel el 2A 817 = 1l o) 2] g Fol
ol 1902} 28] 428, 2043} 28] A, 2 33]0] 442 At
5 g 400 9 35W1) W 52 Sha g A4 91570 &
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A & AR 3}1%94 FEg ofg] ¥ ikE A% 4 Q)
ok dlE S, 3709 WhE S A ol °F AAlellA 39
FE2 Uz AFste] A2 3719 &S 3 WM SAsHA,
T HARlA 18] FE5to] A2 Y] 2S5 Al W S5k
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2) HU=(Precision) (Table 3)
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Table 4. Recommended validation procedures and specifications for the clinical application of LC-MS/MS: Calibration

Guideline Parameter Materials Concentrations Practice Specifications
FDA Calibration/stan- - Biological matrix of the sam- - Blank sample (matrix sample - Simplest model - 15% deviation of standards
dard curve ples in the intended study processed without IS) - Selection of weighting and the - 20% deviation in the LLOQ from
prepared by spiking with - Zero sample (matrix sample use of a complex regression nominal concentration
known concentrations of processed with IS) equation - =4 out of 6 non-zero standards
the analyte - 6-8 non-zero samples covering should meet the above criteria,
the expected range, including including the LLOQ and ULOQ
the LLOQ
EMEA Calibration curve - Same as FDA -Same as FDA - Single or replicate per each - Within 15% and within 20% for the
- Preferably prepared using calibration standard LLOQ
freshly spiked samples - Blank and zero samples should not - = 75% of calibration standards with
- Using previously prepared be taken into consideration to = 6 levels must be fulfilled
and stored calibration sam- calculate the calibration - In the case of replicates, = 50% of
ples also available with their - =3 available curves should be the repeats tested per level must be
stability data obtained and reported fulfilled
- The slope and intercept in the linear
fitting should be reported
- If all replicates of the LLOQ or ULOQ
are rejected, the batch should be re-
jected
CLSIC50  Standard curve NA - 6-8 non-zero samples covering - Linear regression - If important values are on the low
the expected range, including end, weighting, the regression line
the LLOQ may be used
CLSIC62  Linearity - CRM, solvent-based calibrator - 9-11 points - 2-4 replicates each NA
ICH 1) Linearity - Drug substance (prepared by - =5 concentrations covering NA - Visual inspection, evaluated using an
2) Range dilution of a standard stock ~ 80-120% of the test concen- appropriate statistical method
solution) tration (up to 70-130% for - Correlation coefficient, y-intercept,

content uniformity)
IUPAC Linearity NA - =6 concentrations

- Duplicate (preferably in triplicate

- Evenly spaced over the concen-  or more), in a random order

tration range

- 0-150 or 50-150% of the

- Test for lack of fit using simple or
weighted regression

concentration
SWGTOX  Calibration - Matrix matched calibration - = 6 different non-zero concen- - =5 replicates per concentration
sample trations, appropriately spaced  in separate runs over =5 runs
- Fewer calibration samples - =4 non-zero calibration points - Simple linear regression using the

(fewer levels or single/fewer  including the lowest and high-  least squares method or weighted -
replicates) may be used for  est levels for routine analysis least squares non-linear model

a routine analysis

slope, and residual sum of squares
NA

-Visually evaluated using standardized

residual plots (to check for statisti-
cally significant outliers)
Cannot be evaluated via the correla-
tion coefficient

Abbreviations: CRM, certified reference material; LLOQ, lower limit of quantification; ULOQ, upper limit of quantification; CV, coefficient of variation; SD, standard deviation;

NA, no applicable descriptions.
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Table 5. Recommended validation procedures and specifications for the clinical application of LC-MS/MS: Selectivity

Guideline  Parameter Materials Concentrations Practice Specifications
FDA Selectivity - Appropriate biological matrix from = 6 sources NA NA - Ensured at the LLOQ
- For tissues of limited availability, use appropriate
proxy matrices
EMEA Selectivity - Same as FDA Blank NA - < 20% of the LLOQ for
- Back-conversions of the metabolite into the parent the analyte and =< 5%
analyte should be evaluated for the IS
CLSIC50  Selectivity - Pure standard material, blank matrix (no material - Blank, lowest possi- - Add analytes and potential interfer- NA

Specificity derived from sample) - Baseline biological material
(specimen with lowest possible analyte concentra-
tion)

- For endogenous analytes, measure the recoveries in a
biological matrix for enrichment with the analyte

relative to the baseline biological matrix

CLSIC62  Specificity - Matrix matched double blank sample (no analyte, no
Selectivity IS)
ICH Specificity - Sample containing analyte

- Sample not containing analyte
- Spiking pure substances with appropriate levels of
impurities
IUPAC Selectivity - Calibration, matrix blank, and same blank spiked with

potential interferences

SWGTOX interference (1) Matrix interference: Blank matrix samples from
studies =10 different sources without the addition of an IS
(2) IS interference: Blank matrix fortified with an IS,
blank matrix fortified with the analyte at the ULOQ
without an IS

- Double blank NA

- Appropriate level NA

- One appropriate
concentration

ble concentration ences

- Background peak <20%
of the peak area for the
analyte at the LLMI, or
< 5% of the IS at the
expected retention time

- Show that the peak is
not attributable to more
than one component

- Selectivity index = ban/bint; ban=Sslope of NA
the calibration plot; bi:=slope of the
response plot with the interferent
- bint is determined in the blank spiked
with the potential interferent in the
absence of the analyte

- Blank and ULOQ of = (2) Monitor signal of the analyte when (2) Below the LOD when
the analyte

fortified with an IS; monitor the IS fortified with the IS

when fortified with the analyte

Abbreviations: CRM, certified reference material; LLOQ, lower limit of quantification; LLMI, lower limit of measurement interval; IS, internal standard; ULOQ, upper limit of

quantification; LOD, limit of detection; NA, no applicable descriptions.
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Table 6. Recommended validation procedures and specifications for the clinical application of LC-MS/MS: lon suppression

Guideline  Parameter Materials Concentrations Practice Specifications

FDA NA NA NA NA - Ensure precision, selectivi-
ty, and sensitivity is not
compromised

EMEA Matrix effect - = 6 lots of the blank matrix obtained from indi- - Low and high level (max - MF: Peak area in the presence of - CV of the IS normalized

vidual donors. 3xLLOQ and close to the  the matrix+peak area in the MF from 6 lots is < 15%
- Pooled matrix should not be used ULOQ) absence of the matrix.
- If the matrix is difficult to obtain, less than 6 - IS normalized MF: MF of the

different lots may be used analyte=MF of the IS

- Blank matrix spiked after extraction with the
analyte (in the presence of the matrix) and a
pure solution of the analyte (in the absence of

the matrix)
CLSIC50  lon suppression - Set 1: Neat standards prepared in a solvent NA - Matrix effect=Set 2/Set 1, - Modify chromatographic
-Set 2: Pure analyte prepared in the blank matrix - Extraction recovery=Set 3/Set 2 conditions so the analyte
extracted from 5 different sources (spiked after - Process efficiency =Set 3/Set 1 elutes in a region where
extraction) ion suppression is not
- Set 3: Pure analyte prepared in the blank matrix observed.

extracted from 5 of the same source (spiked
before extraction)

CLSIC62 Matrix effects (1) Post-extraction: Same as C50. (1) 5 calibration curves (1) % matrix bias, %CV (1) % matrix bias in the
(2) EP7: = 5 native matrix samples are mixed in prepared by spiking the  (2) Linear regression (y=observed context of total allow-
several proportions. analyte post-extraction concentration and x=expected able error, %CV of peak
(3) T-column infusion: Analyte dissolved in sol- in 5 different lots of concentration) area < 15%
vent and extracted matrix sample matrix (3) Analyte or IS in solvent directly  (3) The decrease in the total
infused into the MS using a jon current of the direct
syringe pump and extracted infusion is measured

matrix injected concurrently
from LC via T-column

ICH NA NA NA NA NA
IUPAC Matrix variation Representative set of matrices Appropriate range Spiking and recovery estimation NA
SWGTOX lon suppres- (1) Post-column infusion: = 10 different (1) Analyte solutions at low (1) Same as C62 - Average suppression or
sion/en- processed blank matrix samples. and high concentrations (2) Same as C50 except =6injec-  enhancement < 250,
hancement  (2) Post-extraction addition: Same as C50 except tions to establish the average CV <15%
=10 different sources are required with duplicate extraction

Abbreviations: LLOQ, lower limit of quantification; CV, coefficient of variation; IS, internal standard; ULOQ, upper limit of quantification; NA, no applicable descriptions.
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Table 7. Recommended validation procedures and specifications for the clinical application of LC-MS/MS: LOD and LOQ

Guideline  Parameter Materials Concentrations Practice Specifications
FDA LLoQ 5 samples independent of the stan- LLOQ NA - Analyte response at =5 x LLOQ compared to
dards used the blank sample
- CV < 200%, accuracy 80-120%
EMEA LLOQ NA Same as FDA NA Same as FDA
C50 LOD, LOQ NA NA NA (1) LOD: concentration meets SNR =3
(2) LOQ: meets CV 20% or SNR =10
C62 LLMI 3-5 different samples Close to the predetermined =40 replicatesover =5  Concentration meets the acceptable precision
LOD runs (CV 20%) and trueness (bias 15%) values
ICH LOD, LOQ (1) SNR: Blank samples and samples (1) Blank and known low  (2) SD: calculated using the (1) SNR: 2-3 x LOD and 10 x LOQ
with known low concentrations. concentrations. residual SD of the re-  (2) 3.3 x SD+slope of the calibration curve for the
(2) SD of the response and slope: An  (2) Calibration levels gression line or SD of LOD and 10 x SD=slope for the LOQ
appropriate number of blank sam- the y intercept of the
ples and specific calibration curve regression line
containing the LOD
IUPAC LOD, LOQ  Blank matrix or low level analyte Blank or low level = 6 independent determi- LOD: 3 x SD of the replicates

SWGTOX LOD,LOQ (1) Lowest non-zero calibrator: =3 (1) Lowest calibrator
samples of the lowest calibrator

(2) Background noise: = 3 sources of tions
the blank matrix fortified at de-  (3) Calibration levels
creasing concentrations

(3) Linear calibration curve: =3

calibration curves

(2) Decreasing concentra-

L0Q: CV 10% or 2 x LOD
(1) 3 lowest calibrators per (1) LOD

nations

run, 3 runs (2) Reproducible =3 x background noise signal
(2) 2 separate samples in from the negative sample, or = mean+3.3xSD
=3 runs of signal from the negative samples

(3) 3.3xSD of the y intercept+average slope.
LOQ: Acceptable detection, bias, precision criteria
in all 3 fortified samples

(3) =3 calibration curves
over different runs

Abbreviations: LLOQ, lower limit of quantification; LOD, limit of detection; LOQ, limit of quantification; SD, standard deviation; CV, coefficient of variation; IS, internal stan-

dard; NA, no applicable descriptions.
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