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I. Overview

Creatinine is a breakdown product of creatine. Measurement of creatinine levels igytised
as one indicator of kidney function. Serum Creatinine is a waste product of the /_\\
dehydration of Creatine. Most of the body Creatine is present in muscle tissue. 1(1;[7 \>
represents an important alternative energy source for the body. The primary,sat éf ;f>
energy for the body is the conversion of ATP to ADP by breaking a high
phosphate bond and releasing energy that can be used. Creatine is im

efficient energy source used to covert ADP back to ATP.
@ “
2
N\

is an

li. Method Principle 4\/\

Creatinine is converted to creatine by the action of e@aﬂ@%ﬂw creatine formed is
hydrolyzed by creatinase to produce sarcosine, which\%( posed by sarcosine
oxidase to form glycine, formaldehyde, and hydrogen perekide. In the presence of
peroxidase, the hydrogen peroxide formed yield

condensation with N-(3-sulfopropyl)-3-m g
aminoantipyrine. The creatinine concentra

ue pigment by quantitative oxidative
5-methylaniline S) and 4-

ing the absorbance
oncentration.

Creatinase
———p Sarcosine + Urea

o Sarcosine Oxidase
N osine + HyO + Oy —_— Glycine + Formaldehyde + HyO3

H>05 + 4—Ammoantzpyrzne + HMMPS Peroxidase Blue Pigment

Hi. Definitions and Abbreviations

The following definitions and abbreviations are used in this document and related
documents and attachments:

| Theranos Confidential Page 3 of 16 |

Any retransmissions, reproductions, dissemination or other use of these materials by persons or entities other than the intended recipient
is prohibited. This document supersedes all earlier or previous documents unless approved in writing.

TMP-00009 Rev. A, Released 08/01/13

Confidential THPFMO0005702295




Theranos Creatinine Assay Rev:

LDT Validation
theranes oo CL RPT-14048 1

— Validation Report for Modified Siemens Assay for Creatinine in Lithium
Description Heparin Plasma

Originator: Curtis Schneider | Date: 09/25/2013

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 expressed-as
percent relative error (%RE). Trueness, a related CLSI term, is the closeness?\
agreement between the average of a number of replicate measured quantity ¥aluds’
and a reference quantity value.

"

™,
b. Analyte: Component represented in the name of a measurable quz}at" % Closely
related term measurand is defined as the particular quantity subjeel{o edsurement.

o
c. Analytical sensitivity: There are several alternative use }f ig ferh. Most
is

commonly, and for the purposes of this Validation P1 interchangeably
with limit of detection. It is also used to describg-the@bil an analytical method to
assess small variations of the concentration of a& exstich as the slope of the
calibration curve (IUPAC). AN

d. Analytical specificity: Ability of a testor. &u.re to correctlyddentify or quantify
an entity, including in the presence offi f ing subStan%eQ&Qgp‘Kenomena.

™, SN
e. Calibration: Set of operations t\i;a@@blish, under speet ¢ @j})ns, the
S

relationship between value% a fieasyring instrument or
measuring system, or va epresented by a jal\medsure or a reference
material, and the correst ingvalues realize:gb)“ ards. Under CLIA,
calibration refers tq't the ss of testing and a ing an instrument, kit, or test
system, {0 pravi 1\ relationship between the measurement response and the
value of ey %Q/ eing measured by the test procedure (42 CFR 493.1217).

f. Calibrat \Q ;ﬁstance, material, or article intended to be used to establish the
measurementtelationships 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.

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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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 measurmn

that affects the result of the measurement. \/
l. IUPAC: International Union of Pure and Applied Chemistry ®
m. LDT: Laboratory —developed Test. /j% 8
/ ™
n. Linearity: Linearity is the ability of a quantitative analyﬂ%}gixeoﬁ@ to provide
results that are directly proportional to the concentratio % alyte in test
samples, within a given measuring interval. It is aq i arameter to confirm
when evaluating an analytical method because if\Ke ifigs\cofrect interpolation of
results between points. \\> '
0. LMR: Lower end of the measuring range %\l}awest level at which defined
conditions, including all stated charac ég’} “the method, are fngt.
S Q&
p. LoB: Limit of Blank is the highe ugin a series of r ymple that

contains no analyte. (\p p

q. LoD: Limit of Detectiofi i
detected with state.

fwest amount @ il a sample that can be
tlity, although perha t quantified as an exact value.

7) -

t a prefix, the Limit of Quantitation is the lowest actual
concentrationat whi *h an analyte is reliably detected and at which uncertainty of the
testr is\ess\than or equal to the goal set by the manufacturer or laboratory. The
term may ‘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

verify the measuring interval that can be reported for a measurement metho
Alternatively, the lower limit of the measuring interval may be assigned

(LLOQ).

u. Precision: Precision is the closeness of agreement between ind'
quantity values obtained by replicate measurements on t
under specified conditions. It is usually expressed nume icallyi

deviation (SD) or percent Coefficient of Varlatlon (YoCVH N J

v. Reference interval: The interval between and 1N

@f@

“swo reference limits. It is

common practice to define a reference limit 50 a statedfraction of the reference

values is less than or equal, or greater than

Q‘C

limit.

w. SOP: Standard Operating Proced

al, to the respective upper or lower

X. Spectrophotometry: The measure
reflection) properties of 3as a functlo
\e,‘?y of the testing p cludmg instrument, sample,

y. Testing System.
reagents, su

deﬁmtmy/\

</\\

cedures. Personnel are sometunes included in the
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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.

0.028 mg/dL and 0.028 mg/dL respectively. FaS
Limit of blank
CLSi guideline EP17-A saction 4.3.1
Number of
_Level  samples N  Mean S0
Blank 1 20 0.000 0.000
Alpha 5%
Parametric LoB 0.000
lelt of detection )
CLSI guideline EP17-A section 4.3.2
Number of
Level samples N Pooled SD >
Low 1 20 0.017
Beta 5%
Parametric LoD 0.028
Limit of guantitation

SLS! guisieine EFYT-4A section 5.7

Mumber of

Lewvel samples N
Low 1 20
Bilas 0.040
Pooled imprecision 0017
a5%5 total error 0.073
Afllowable error 0.10
Lo 0.028

95% total error is less than allowabie error: 30%.
Lo has been established.
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. Analytical Specificity @
S0

ii. Linearity
The Analytical Measurement Range (AMR) including linear measurement interval
has been determined by Siemens. Refer to the Analytical Range section of ﬂr’i\
manufacturer product information insert for additional details. N
AN
f

The analytical specificity for this assay was determined by observin
bilirubin (10 mg/dL), hemoglobin (100 mg/dL), and triglycerides €4 ) on the
recovery of creatinine (1.2 mg/dL) in spiked plasma samples. ignificant
interference (NSI) was determined if the mean analyte ¢ % of an interferent-
spiked sample reported within 10% of the mean analyte {h}-aﬁ/on of an un-spiked

sample. Recoveries of creatinine in the presence of b'% moglobin, and
triglycerides were 97%, 95.9%, and 99.6%, resﬁe%\ﬁw\ table below).

“u
% Recovery in the-gfesence of each interferent:

- Bilirubin . hlobin Triglycerides
Creatinine (mg/dL) | (40 mo/dL) /J:\m@mg/du (480 ng/dL)

1.2 | o7 ~\IP/) 99 < QQS\Q
* NSI observed at interferent leve gs@ )

Analyte:

<
v

AN
V\\ %
. \/’,
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level=L1
Number of observations 78
Number of uns 33
Number of runs excluded 1
Number of days 20
% of days with 1 un 5%
Runs per day 2
Replicates per un 2

N
Jo”
>

CLSI guideline EP85-A2 section 10.4 recommends a minimum of 40 runs

Mean 09
SD 95% Cl cv
Repeatabifity 00 0000 3I2%
Between-run 00 0.0%
Between-day 0.1 15.5%
Within-laboratory 0.1 0.1t002 15.9%
—~\ N 2ON& A
fevel=12
Number of observations 80
Number of nuns 40
Number of days 20
Runs per day 2
Replicates per un 2
Mean 22
sD 95% Ci cv
Repeatability 00 0000 14%
Belween-run 60 0.0%
Between-day 6.1 4.7%
Within-laboratory 0.1 011002 4.9%
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Level =13
Number of observations 78

Number of runs 39 ,/\

Number of runs excluded 1 \ .
Number of days 20 U

% of days with 1 run 5% O
Rums per day 2 %
Replicates per un 2 >

CLSI guideline EP05-A2 section 10.4 recommands & minimum of 40 runs,

Mean 6.6
SD 95% Cli cv
Repeatability 0.1 0.1t 0.1 1.6%
Between-run 00 0.0%
Between-day 0.1 1.0%
Within-laboratory 0.1 01002 1.9%

most likely a

The percent CV reported as zerds in théxabove precision's

consequence of rounding v@} tisPro. /\ <\
&*,/'

TN
V. Clinical Validati n?/ﬁ >
~—
a. Method arisg: with Predicate (Accuracy/Comparability)
To test thi cy‘ef the assay on the Theranos System, 53 unique patient samples were

screened on thé-pgedicate method (Siemens, Advia) and on the Theranos method. Using
the predicate method thirty eight (38) values were within the reference range (Males: 0.5
— 1.2 mg/dL; Female: 0.4 — 1.1 mg/dL), one (1) was below the reference range, and three
(3) were above the reference range. Based on the results of the data examination, either a
simple linear regression or alternative procedures were used to estimate 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
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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 accep

bias at each medical decision level was determined based on the total allowable e

proficiency testing criteria or CLIA proficiency testing criteria for accept,

performance, as printed in the Federal Register February 28, 1992; 57@0
when available. The TEa for Creatinine is 15%. The table below

bias and precision at 2 levels (values shown in parentheses) ag’dk/e@??r}:
N/

medical decision limits.

Table 1. Allowable Bias and Precision at the Medu@ @evels

BN

e Ilowable
onding closest

AN
Medical Decision 0.6 (0.9) —, 1.6Q2) 6.0 (6.6)
Levels (mg/dL) ( C’;/’;‘ )
{,:H 7 =
Precision (%) 15.5 ,,\( \>> 4.7 <\Q:\\ 1.0
AN SN
Allowable Bias (%) 0 103 M 14.0
N7 O £~ NS

Figure 1. Graph showing Theranos method versus Predicate Method (Siemens Advia)

Simple linear regression was used to establish a slope, intercept and an r2. The slope,
intercept and clinical correlation were determined to be 0.97, 0.02 and 1.00

respectively.
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Comparability
CLS/ guigelne EPO8-A2-IRsection?
Allowable
LevetiD Value Difference SE 95% Ci difference
0.60 0.005 0.0091 -0.013 t0 0.023 0.061
1.60 -0.025 0.0085 0.042 t0 -0.008 0.164
6.00 -0.457 0.0088 -0.177 t0 -0.137 0.614

Difference is less than allowable bias: 10.24%.

The performance requirement is verified.

The difference between the two methods is not greater than ﬂ‘@a e difference.
AL
£

QV\E’}
b. Transference and Verification of Reference Ir @wus)

Reference ranges were modified by applyl regr ssion equation to the lower and
upper reference limits of existing refere al to generate ew reference
range. New reference ranges were ve@émg a m1n1rn<\m t\ix(enty (20) new

. \ \\\

normal subjects ‘>
New reference ranges were xdgxs nga total of mq(\tﬁ‘x

57) new normal subjects
samples. For a referen
the upper and lowe, @fe ¢
and lower re rence |

limits and 5% or

e 36 and female
us and finger sticks

vervalues fall outside of the upper
. For venous verification with the male population group 36
n the new reference range and 0 (0%) values fell outside the

(100%) v,
new referefice - For the female population group 57 (100%) values fell within
the ne\W’rege%lce range and 0 (0%) values fell outside the new reference range See

graphs belowfor male and female venous samples verification.
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P—Crea M Ref Range V
P S
|

Precicate Coms
Figure 2. Graph showing male & female \‘@J sample referexCe range verification.

¢. Verification of Reference I Qh Finger Stlc\ ples

N

New reference ranges enﬁed with yefou ed finger sticks (Lithium
heparin) from ato ﬁve (39 males ales) new normal subjects.
The finger stlck S re collected in a Theranos blood collection device (BCD)
conﬁgure Lithium heparin and EDTA vessels. For finger stick
venﬁc o 3 N (97.4%) for the male group and 56 values (100%) for female

e new reference range and 1 (2.6%) values for the male group fell
out51de the reference range. See graphs below for finger stick samples
verification.

P-Crea 8 Ref Range FS
g N
. - énjz::::::::::::::::::::::Z:::----.---.._---...........-Z:‘.’::::'.;::::::::::::::::::::::Z:::::::::::::::::’.':::::::::::::
[} 8 o 0 %]
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P-Crea F Ref Range FS

Figure 3. Graph showing male & female Finger s@hk\

verification.

S\,

aé% reference range

Existing Reference Ra\ge} mg/dL) | New Reference Range {mg/dL)
Theranos.Analyte Anti-coagulant Refe Reference |Transfered RR| Transfered RR
Rangea\(l \ Range nggh) {low) {high)
Creatinine {Male) Heparin / 0. - A h,s 1.2
Creatinine (Female) Hepann \ \.d4) 1_1 ("\/\Q\OX 1.1
The new reference range fo \'\uc Creatlww dtobe 0.5-1.2
mg/dL (male) & 0.4 -1, ()} emale)
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VI.  Stability

d. Reagents /\
On-board Reagent Stability \§>>

System Reagent On Board Stability <\‘

ADVIA 1200 Systems G0days [Ny U
ADVIA 1650/1800 Systems 60 days
ADVIA 2400 Systems 60 g (g\

Unopened creatinine reagents are stable at @C \ﬂ "the expiration date printed on

the product label. Do not freeze reagents.

a. Sample
Plasma samples for Creatinine @e stable for 2 C, or at least 90

days at -20 °C.

b. Calibrators

Siemens Cherms N
are stable upts

)
rs should be stored\a&%‘Q °C, protected from light, and

ion date on the vial label. Opened calibrators are stable for
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