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I. Overview

Alkaline phosphatase (ALP) is present in a number of tissues including liver, bo
intestine, and placenta. Serum ALP is of interest in the diagnosis of 2 main gro %
conditions-hepatobiliary disease and bone disease associated with increased “p}

activity.

A rise in ALP activity occurs with all forms of cholestasis, particul bstructlve
jaundice. The response of the liver to any form of biliary tree obgtruction s to synthesize
more ALP. The main site of new enzyme synthesis is the h: jacent to the
biliary canaliculi.

hyperactivity and bone remodeling, such as Paget's yperparathyroidism rickets
and osteomalacia, fractures, and malignant iderable rise in alkaline
phosphatase activity caused by increased ostz t act1v1ty followmg accelerated bone
growth is sometimes seen in children an S,

ll. Method Principle , \B

res éxe P -mtrophen ‘form p-nitrophenol. The
elric measureme T2 of formation of the p-

: L, which is proportlo o e alkaline phosphatase activity.
== ol (AMP) buffer is used to maintain the reaction pH at the
gi{h} zinc ions are added to the AMP buffer to activate and

ALP also is elevated in disorders of the skeletal sy%@olve osteoblast

A 2-amino-2-
10.3-10.4.
stabilize tHe

Reaction E}éﬁon

ALP, Mg?*, Zn?*
R e

PNPP + AMP P-Nitrophenol + P-AMP

lll. Definitions and Abbreviations

The following definitions and abbreviations are used in this document and related
documents and attachments:
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a. Accuracy: Accuracy is defined by CLSI as the closeness of agreement between a test
result and an accepted reference value. Method accuracy is used in a different sense
by the American Association of Pharmaceutical Scientists where it is expres /fi\as
percent relative error (%RE). Trueness, a related CLSI term, is the closenes%
agreement between the average of a number of replicate measured quantxt&)}%
and a reference quantity value.

b. Analyte: Component represented in the name of a measurable q\@g&;ﬁ?}le closely

related term measurand is defined as the particular quantlty S o measurement.

c. Analytical sensitivity: There are several alternative use% rm Most
commonly, and for the purposes of this Validatign JQs ed interchangeably
with limit of detection. It is also used to describe the\ability of an analytical method to
assess small variations of the concentration of an , such as the slope of the
calibration curve (IUPAC). Vi

Iy

d. Analytical specificity: Ability of a t%\?}ﬁcedure to correct{fhidentify or quantify

an entity, including in the presen of ering substan\e\ f)henomena

e. Calibration: Set of operations\g;bhsh uzn\il_gtg( ‘d\g;oﬂdf%lons the
relatlonshlp between valugs @ tities indi f:n unng instrument or
measuring system, or represented by al nfate asure or a reference
material, and the ¢ ing values realize M dards. Under CLIA,
calibration refers olth¢ Hrocess of testing and adjusting an instrument, Kit, or test
system, @ﬁv own relationship between the measurement response and the
Value/e‘f %e ce being measured by the test procedure (42 CFR 493.1217).

et ™

f. Calibratox: A substance, material, or article intended to be used to establish the
measurement relationships of a diagnostic medical device.

<8{o

g. CLIA: Clinical Laboratory Improvement Amendments of 1988. Congressional
legislation that defined and requires specific quality assurance practices in clinical
laboratories.

h. CLSI: Clinical and Laboratory Standards Institute.

i. Coefficient of Variation: The ratio of the standard deviation to the average, often
multiplied by 100 and expressed as a percentage, abbreviated as %CV .
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. LDT: Laboratory —developed Test.
. Linearity: Linearity is the ability of a quantitative anal}ngil ﬁ

. LoB: Limit of Blank is the hi

. LeD: Limit of Detecti

Colorimetry: A technique used to determine the concentration of colored
compound(s) in solution.

that affects the result of the measurement.

. Interfering substance: A substance or quantity thereof that is not the mea; ﬂ% t
O

IUPAC: International Union of Pure and Applied Chemistry w

od to provide
results that are dlrectly proportlonal to the concentratfo analyte in test

g t parameter to confirm
¢y correct interpolation of

samples, within a given measuring interval. It i3n
when evaluating an analytical method because 1N<’
results between points.

. LMR: Lower end of the measuring qowest level a aty hlch defined

conditions, including all stated char: @c of the met

{
v & \Q/\/}

AN
§ lowest amoun o@ghl e in a sample that can be
hability, although perha t quantified as an exact value.

LoQ: /\% out a prefix, the Limit of Quantitation is the lowest actual
concgtr ﬁbﬂ ich an analyte is reliably detected and at which uncertainty of the
test r sdlt\;séess than or equal to the goal set by the manufacturer or laboratory. The

term may al€o be used with prefixes L for lower (LLOQ) and U for upper (ULOQ),
respectively. Note: LoB < LoD <LoQ.

ample that

contains no analyte.

detected with stat¢d(prel

Matrix: All components of a material system, except the analyte. A specimen matrix
is the biological milieu in which an analyte exists (e.g., plasma, serum, urine, or other
body fluids).
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t. Measuring Interval (reportable range; analytical measurement range or AMR):
A measuring interval consists of all numeric values between the lower and up er
numeric values for which a method can produce quantitative results sultable
clinical use. Where applicable, a linearity study is frequently used to establish.
verify the measuring interval that can be reported for a measurement methg ;
Alternatively, the lower limit of the measuring interval may be asmg?gﬁ'\ as,

(LLOQ). Q

u. Precision: Precision is the closeness of agreement between i or measured
quantity values obtained by replicate measurements on t/similar objects
under specified conditions. It is usually expressed n il terms of standard
deviation (SD) or percent Coefficient of Vana’c/o{l

v. Reference interval: The interval between and ﬁo%étwo reference limits. It is
common practice to define a reference li stated fraction of the reference
values is less than or equal, or greater th ‘o/\ciyual, to the respectlve upper or lower

limit. (\
Qf Q )\ \
w. SOP: Standard Operating Pro \
X. Spectrophotometry: T f\tive measurzfﬁ"?m ghé\transrmsswn (or
reflection) properties a> al as a functi nkof\ya ngth.

y. Testing System' ( D? ety of the testing pro\ces’ including instrument, sample,

reagents rocedures. Personnel are sometimes included in the

deﬁm \ SB
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IV. Pre-clinical Validation

a. Analytical Measurement Range
i. Limits of Blank, Detection and Quantitation

The limits of blank, detection and quantitation were determined to be 0.4 @B
\v.
>

U/L and 17.1 U/L (85.5% recovery) respectively. [fr: .

Limit of blank
CLS! guideiine EP17-A section 4 3.1

Number of
Level samples N Mean SD
Blank 1 20 0.1 0.2
Alpha 5%
Parametric LoB 04
Limit of detection
CLS! guidefine EP17-A section 432 o \
Number of Ny
Level samples N Pooled SD
Low 1 20 1.0
Beta 5%
Parametric LoD 2.1
Limit of quantitation
CLS! guideline EP17-A section 51
Number of
Level samples N
Low 1 20
Bias -2.8
Pooled imprecision 1.0
85% total ervor -4.9
Allowable error -
LoQ 2.1
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Assigned
level Sample n value Mean Median SD cv
Blank 1 20 0 01 00 02 447 2%
Low 1 20 20 171 170 10 6.0%
5 \:\/}
ii. Linearity \C@ I
The Analytical Measurement Range (AMR) including linear meas Q}thterval

has been determined by Siemens. Refer to the Analytical Range&e¢ ti\o
manufacturer product information insert for additional detailf{'(;) )
'AVN 7

A
H

b. Analytical Specificity

e
The analytical specificity for this assay has begn\(\leﬁﬁ;\}g y Siemens. Refer to the

Interference section of the manufacturer produc mg ion insert for additional

details. !
¢. Precision ,,\k_,/g\
/ ~ \4 ~ \/\
Level = L1
Number of observations 80
Number of runs 40
Number of days 20
Runs per day 2
Replicates per un 2
Mean 312
sD 95% Cl cv
Repeatabifity 09 07t 11 2.8% |
Between-run 00 0.0% |
Between-day 05 1.5%
Within-laboratory 10 09t 12 32%
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Level=12
Number of cbservations a0
Number of uns 40 “
Number of days 20 NS
Runs per day 2 CO Oj>/
Replicates per run 2 . Q
Mean 167.4 >
SO 95% Ci cv
Repeatability 162 133t020.7 9.7%
Between-run 27 1.6%
Between-day 20 12%
Within-laboratory 16.6 14310196 9.9%
Level = L3 k
Number of observations 78
Number of runs 39
Number of runs excluded 1
Number of days 20
% of days with 1 run 5%
Runs per day 2
Replicates per run 2

CLSI guideline EPJ5-A2 section 10.4 recommenids a minimum of 40 suns,

Mean 3073
§D 95% Cl cv
Repeatabifity 42 351054 1.4%
Between-run 09 0.3%
Between-day 1.9 0.6%
Within-laboratory 47 4.1to57 1.5%
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V. Clinical Validation

a. Method Comparison with Predicate (Accuracy/Comparability) %
ipl

To test the accuracy of the assay on the Theranos System, 39 unique patie
were screened on the predicate method (Siemens, Advia) and on the Ther:

simple linear regression or alternative procedures were ysed fo/e ¢ expected
(average) bias and the confidence interval of expected as i desired medical
decision level(s) as per CLSI guidance EP09-A2. S used for bias
calculations. These estimates were compared crltena to judge the

acceptability of the Theranos method. Each sa;hpl run in duplicate on the
predicate, and the average used for comparison to th\/Theranos method. Some
samples were stored before analysis on b hods. Ifthe confidence interval for
the predicted bias includes the define ¢ bias or if the acceptable bias is
greater than the higher limit of the ¢ nf 1de ¢e interval o ?t&ffe /a&cted bias, then the
data do not show that the bias o, os method is t §om the acceptable
bias or there is a high probablh M) that the predl\c(r/fe i3s i cceptable,
respectively. The accept cach medjcal-dseis vel was determined
based on the total alloy#l e( (TEa) minu Ssured precision at the level
closest to that decisien} otal allowable & a) was taken from American
Proficiency Instinéw peer proficiency testingcriteria or CLIA proficiency
testing crit¢iigto table analytical performance, as printed in the Federal
Reglst/er/E} , 1992;57(40):7002-186, when available. The TEa for ALP is
30% bl‘&below shows the allowable bias and precision at 2 levels (values
shown in pargntheses) and the corresponding closest medical decision limits.

Table 1. Allowable Bias and Precision at the Medical Decision Levels

Medical Decision Levels 50.0 (31.2) 150.0 (167.4)
(UL)
Precision (%) 1.5 1.2
Allowable Bias (%) 28.5 28.8
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V¥ Method Comparison, 12 = 1.00

000 1500
i

Themnes Canc
809
1

Fredoate Cono

Figure 1. Graph showing Theranos method versus PredWSiemens Advia).

Simple linear regression was used to establish ¢ J(ntercept and an r2. The slope,
intercept and clinical correlation were determjr}eqog‘b@. 8, -4.72 and 1.00
N\

respectively. . A
Comparability

SLS! guidelng EF02-A2-1F section 7

Allowable
Level ID Valus Difference SE 85% Cl difference

50 -0.8 1.98 481032 138
150 75 182 38to 112 405
400 282 178 24610318 108.0

Difference is [ess than allowable bias: 27%.

The difference be : %ﬁé)two methods is not Er?ﬁ:r than the allowable difference.
The perford & uirement is verified.

b. Transferenge and Verification of Reference Interval (Venous)

Reference ranges were modified by applying the regression equation to the lower and
upper reference limits of existing reference interval to generate a new reference
range. New reference ranges were verified with venous samples using forty eight
(48) new normal subjects. For a reference range to pass verification, 95% of values
should fall within the upper and lower reference limits and 5% or fewer values fall
outside of the upper and lower reference limits. For venous verification 48 (100%)
values fell within the new reference range and 0 (0%) values fell outside the new
reference range. See graphs below for venous samples verification.
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Figure 2. Graph showing venous sample reference range Ve

¢. Verification of Reference Interval with FmeleS

New reference ranges were also verified w. venousnatched finger sticks from forty
five (45) new normal subjects. For finger( vsem'ﬁcation 44 (97.8%) values fell
within the new reference range and 1 42; alues fell outside’the new reference

Thenas Cane
809 000 1800
i 1

Presicats Cone

O ST . e s
FigWﬁn\ﬁ'zgﬁomng Finger stick sample reference range verification.
¥

Existing Reference Range (RR) (U/L)] New Reference Range (U/L)
Theranos.Analyte Anti-coagulant Reference Reference  |Transfered RR| Transfered RR
Range (low) Range ({High) {low) {high)
Alkaline Phosphatase Lithium Heparin 35 120 44.0 135.0

The new reference range for finger stick Alkaline Phosphatase was determined to be
44 —-135 U/L.
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VI. Stability
a. Reagents | “
On-board Reagent Stability ‘\/‘;
System Stability &
ADVIA 1200 7 days (Q S
ADVIA 1650/1800 10 days SN
MG
ADVIA 2400 10 days QKA
PPN
For all systems, unopened reagents are stable 'Waﬁon date printed on the
product label when stored at 2° - 8°C. Do not freéze r¢agents
For complete details, refer to the Method %@cuon section of the system-specific
Operator’s Guide. @
b. Sample \>’
Plasma samples for ALP \"s\a;e stable for or at least 90 days
at -20°C.
¢. Calibrators
Siemens Cbi?as% rators should be stored at 2-8 °C, protected from light, and
are stabjentil the €Xpiration date on the vial label. Opened calibrators are stable for
48 hovrs,exc r total and direct, which are stable for 8 hours.
REVISION HISTORY
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