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. Overview

Increased low-density lipoprotein (LDL) cholesterol is widely recognized as a risl{sector
for atherosclerotic disease, specifically coronary atherosclerosis. Diminished or ab 22
N

LDL cholesterol may be a cause of polyneuropathy. \
@
Il. Method Principle {@
The method consists of 2 distinct reaction steps: < ’{ *
>

P

1. Cholesterol esterase and cholesterol oxidase eliminate ch cﬁ%@-‘er than from low

density lipoprotein. The action of catalase removes the peroxi uced by the oxidase.
Cholesterol

Cholesterol Ester ~_ESI"SE_ chojesterol + Fatty Acid

Cholesterol
Oxidase
s e———

A

Cholesterol + O Cholestenone + H302

2. Specific measurement of L
Reagent 2. Catalase in step 1.i ibiéd by sodium az \

the quinoneimine producedd der reaction is ¢ ‘oportional to the cholesterol
concentration when me, at,596 nm.

., 3
%%@ by detergent in

erol is made
ids ih Reagent 2. The intensity of

Cholesterol

Esterase
cmemiassasae B

Cholesterol Ester Cholesterol + Fatty Acid

Cholesterof

Cholesterol + 0,  _OXd8S8_ cholestenone + Ho0p

H307 + 4-Aminoantipyrine + Toos ~ Feroxidase  quinoneimine + 4H,0

Where TOOS = N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline
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lll. Definitions and Abbreviations

The following definitions and abbreviations are used in this document and relate

documents and attachments:

a. Accuracy: Accuracy is defined by CLSI as the closeness of agreement
result and an accepted reference value. Method accuracy is used in a
by the American Association of Pharmaceutical Scientists where l’vis’\e ?
percent relative error (%RE). Trueness, a related CLSI term, 1541;:: lose
agreement between the average of a number of replicate
and a reference quantity value.

d\\

est
nse

ed as
ss of

?f’a@ﬂ}mmy values

b. Analyte: Component represented in the name om e quantltv The closely

related term measurand is defined as the particul

c. Analytical sensitivity: There are several a}f@&t

1ve uses of this term. Most

tlky subject to measurement.

commonly, and for the purposes of this iﬁo}l Plan, it is usedg‘lterchangeably

with limit of detection. It is also used
assess small variations of the co
calibration curve (IUPAC).

¢ the abili

alytical method to
o of an analyte, s\f&th% slope of the

d. Analytical specificity: @Etest or pro t Sﬁrecﬂy identify or quantify
an entity, 1nclud1ng i ce of mterfe ce(s) or phenomena.

e. CalibrationsS
relatlonsbrﬁ), h\“ﬁu

meas

materi e correspondmg values realized by standards. Under CLIA,
cahbratlon reférs to the process of testing and adjusting an instrument, kit, or test
system, to provide a known relationship between the measurement response and the
value of the substance being measured by the test procedure (42 CFR 493.1217).

tlons that establish, under spe01ﬁed conditions, the
es of quantities indicated by a measuring instrument or
r values represented by a material measure or a reference

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

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.
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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 .

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

k. Interfering substance: A substance or quantity thereof that is not the
that affects the result of the measurement. {,{’{
1. TUPAC: International Union of Pure and Applied Cheml§t\ry K

m. LDT: Laboratory —developed Test.

n. Linearity: Linearity is the ability of a quantltatle\xg?x & method to provide
t

results that are directly proportlonal to the concent of an analyte in test
samples, within a given measuring interval,- s an imfportant parameter to confirm
when evaluating an analytical method becz(ggeat verifies correct interpolation of

results between points. <
p ( (3 O
o. LMR: Lower end of the measugﬁ(\ &1s the lowest ] }La\wg'c defined
conditions, including all sta nstxc of the met,

p. LoB: Limit of Blank 15@ st value in a s@ﬁ Its on a sample that

contains no analyte ~
q. LeD: Li 1s the lowest amount of analyte in a sample that can be

detecte ta \d/probablhty, although perhaps not quantified as an exact value.

r. LoQ: Whe ed without a prefix, the Limit of Quantitation is the lowest actual
concentraion at which an analyte is reliably detected and at which uncertainty of the
test result is less than or equal to the goal set by the manufacturer or laboratory. The
term may also be used with prefixes L for lower (LLOQ) and U for upper (ULOQ),
respectively. Note: LoB < LoD < LoQ.

s. 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 upper
numeric values for which a method can produce quantitative results suitable fi
clinical use. Where applicable, a linearity study is frequently used to establish x\\
verify the measuring interval that can be reported for a measurement metho %
Alternatively, the lower limit of the measuring interval may be assigned (D/@Q
(LLOQ). B fasbv

("".'( <s Q

u. Precision: Precision is the closeness of agreement between indjeafiqns oi*measured
quantity values obtained by replicate measurements on thz\sagﬁ ‘siivfilar objects
under specified conditions. It is usually expressed numc{jcaﬁii\mjerms of standard
deviation (SD) or percent Coefficient of Variation (%SZV}Y"\)

v. Reference interval: The interval between and iNu 1 “two reference limits. It is
common practice to define a reference limit so a statedfraction of the reference
values is less than or equal, or greater than(c’)@;%qﬂal, to the respective upper or lower
limit, /m\ué" A

(j ‘ /‘.‘ "t

w. SOP: Standard Operating Proced&fe‘.\@f \\ N \\\

X. Spectrophotometry: The mﬁé‘@e measureme ‘@’f smission (or
reflection) properties ofé‘ tefial’as a functioé (C\\?:e@gth

y. Testing System: e eh ‘h;éty of the testing pro s, 4 cluding instrument, sample,
reagents, suppli cg;icedures. Personnel are sometimes included in the
definitiop C

PN QO
{/\\ \V
O
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V. Pre-clinical Validation

a. Analytical Measurement Range /\
i. Limits of Blank, Detection and Quantitation ff\ |

The limits of blank, detection, and quantitation were determined to be 0
2.69 mg/dL, and 34.29 mg/dL (86% recovery), respectively.

Limit of blank
CLSI guidetine EP17-A section 4.3 1

@“
Vg

Number of
Level samples N Mean sD
Blank 1 20 0.01 0.02
Alpha 5%
Pearametric LoB 0.04

Limit of detection
CLS! guideline EP17-A section 4.3 2

- Number of N
Level  samples N Pooled SD  ~
Low 1 20 1.59
Beta 5%
Parametfric LoD 288

A P SRR R
Limit of quantitation
CLSI guidsiine EP17-A section 5.1

Number of
Level samples N ,
Low 1 20
Bias: 5.71
Pooled imprecision - 158
95% total error -8.82
Allowable error -
LoQ 269
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Assigned
Level Sample n value Mean Median 8D cv
Blank : 1 20 0 0.01 0.00 0.02 447.2%
Low 1 20 40 34.20 34.90 1.50 4.6%

G
ii. Linearity {f\ (%

The Analytical Measurement Range (AMR) including linear mea: interval
has been determined by Siemens. Refer to the Analytical Ra@ tion of the
manufacturer product information insert for additional de\%ﬂ&'

b. Analytical Specificity gdfx\\/%

The analytical specificity for this assay was dete’/\ i ‘.\6)bserving the effect of
bilirubin (10 mg/dL) on the recovery of LDL cholesterol’(99.1 mg/dL) in a spiked
plasma sample. No significant interference,@SI%was determined if the mean analyte
concentration of an interferent-spiked s Jﬂ@{ep rted within IOE&/%\of the mean

analyte concentration of an un-spiked ~Recovery <<L & olesterol in the
low). \

presence of bilirubin was 100% Qee
Analyte: m o¥ferent: \f:"/f-‘s\/
ey

\

LDL Cholesterol (mg/ bin (mg/dk ‘{-'\‘qc very
99.1 NN\ 10 T\E,Dmo*
* NSI observed at@f gatlevel tested. N\
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¢. Precision

Level=11
Number of cbservations 80
Number of runs 40
Number of days 20
Runs per day 2
Replicates per run 2
Mean 4940
SD 95% Ci

Repeatability 134 1.10t0 1.71
Between-run 0.00
Between-day 1.00

Within-laboratory 1.67 1410205

~Un)
Level=12

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

el

N

@\x

>

/

s

2.7%
0.0%
2.0%
34%

CLS! guideline EP05-A2 section 10.4 recommends a minimum of 40 runs:

Mean 9265
SD 95% Cli
Repeatabiity 1.18 0.97 {0 1.51
Between-nun 0.00
Between-day 225
Within-laboratory 254 20010 3.47

1.3%
0.0%
24%
27%
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fleveli=03
Number of ebservations 80
Number of uns 40 /\\
Number of days 20 \X
Runs per day 2 ‘e N\
Replicates pernn 2 ~ 0
Mean 13586 >\>
SD 95% Cl cv
Repeatability 208 17210 268 1.5%
Between-run 0.61 05%
Between-day 222 1.6%
WithinHaboratory 31 25710395 2.3%

N
V. Clinical Validation \['B@ Q\QQ\C\)
e

a. Method Comparison with@ﬁ (Accurayleem@ljty)

To test the accuracy of s@b{l the Ther. o%} 40 unique patient samples
were screened on th ] , j

method. Using the

level of 130(thg/dl:

icate method (Sieme

and on the Theranos

&' method twenty three (23) values were below the decision
eventeen (17) were above. Based on the results of the data
simple linear regression or alternative procedures were used to

examingtion, ithe
estiméte-expected{average) bias and the confidence interval of expected bias at the

desired medical decision level(s) as per CLSI guidance EP09-A2. StatisPro was used
for bias calculations. These estimates were compared with internal criteria to judge
the acceptability of the Theranos method. Each sample was run in duplicate on the
predicate, and the average used for comparison to the Theranos method. Some
samples were stored before analysis on both methods. If the confidence interval for
the predicted bias includes the defined acceptable bias or if the acceptable bias is
greater than the higher limit of the confidence interval of the predicted bias, then the
data do not show that the bias of the Theranos method is different from the acceptable
bias or there is a high probability (97%) that the predicated bias is acceptable,
respectively. The acceptable bias at each medical decision level was determined
based on the total allowable error (TEa) minus the measured precision at the level
closest to that decision level. Total allowable error (TEa) was taken from American
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Proficiency Institute (API) peer proficiency testing criteria or CLIA proficiency
testing criteria for acceptable analytical performance, as printed in the Federal
Register February 28, 1992;57(40):7002-186, when available. The TEa for LR

Cholesterol is 30%. The table below shows the allowable bias and precision a\Q\b

levels (values shown in parentheses) and the corresponding closest medical
limits.

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

/&>

Medical Desirable Levels <130.0 (92.7) 4\/\ @f}(135.9)
(mg/dL) 2 &,\
N, N
Precision (%) 23 OB 1.6
\>\/
Allowable Bias (%) 27.7/{_;7/\ 284
o) )
e
((";\\ ~ /\&\
V Mathod Comparison, r*2 = 0.94
&1 : .o T
g . L . N
s "_"'"B‘&%*{?¥"@ """""""""""""""""""""""""""
§ g u._ﬁ__,_,wg' o0 h
R
2 - oo ”
& !;Kl 180 3‘!1
Fredzate Cone

Flguns/} @ra}ﬂu}howmg Theranos method versus Predicate Method (Siemens

vy

Simple linear regression was used to establish a slope, intercept and an r2. The slope,

intercept and clinical correlation were determined to be 1.16, -7.27 and 0.94

respectively.
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Comparability
CLS! gungeine EFCI-AZIR section 7
Allowable
Level D Value Difference SE 95% Ci difference
140.0 1522 1.400 12370 18.06 37.66
200.0 2493 3561 17.691032.16 5380

Difference is [ess than allowable bias: 26.9%.

The difference between the two methods is not greater than the > dlfference

<

b. and Verification of Reference Interval (V en()}s\) w

WO\ N
Reference interval for this analyte has been repla\aﬁ\g&cmon limits therefore

Lipoprotein Cholesterol. Thirty two (32) n mr)mal venous samples were tested, 31

verifying venous sample reference ranges %;Q;req ired for Low Density

(96.9%) reported values below the decision}i
a value above. R

&

. AN
¢. Verification of Referenc @anﬂl Fmgel’('Sﬁek m

it'of 130 mg/dL and 1 (3.1%) reported

. . ple reference rangesk)\:négred for Low Density
Lipoproteln Chole teﬁ% enty (20) new venous natched finger sticks samples

mg/dI/
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VI.  Stability N
.\ )
a. Reagents \
On-board Reagent Stability
System Stability @
ADVIA 1200 14 days @ 9
ADVIA 1650/1800 14 days 4\’> =
ADVIA 2400 14 days \,
RN
For all systems, unopened reagents are stable unth\%} 1rat10n date printed on the

product label when stored at 2° - 8°C. Do @ze agents,

For complete details, refer to the Met! ction section gf'the system-specific

Operator’s Guide. Q\
b. Sample /\\x /f-\ \s’

Plasma samples for LDWC stable fo (“L Qt <8 °C, or at least 90 days
at -20 °C.

. oy \\/‘
¢. Calibrators 4

The Siemént Cholesterol Calibrator should be stored at 2-8 °C. Unopened
the calibrafor idsipble until the expiration date on the vial label. After reconstitution
the caﬁﬁﬁig\}s stable for 3 days.
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