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I. Overview

Bicarbonate comprises the second largest fraction of the total anion pool in plasmg’

Included in this fraction are the bicarbonate (HCO3") and carbonate (CO3%") ions (c
dioxide in physical solutions), as well as carbamino compounds. At the physio
of blood, the concentration of bicarbonate is 1000-times greater than that o 4
The carbamino compounds are also present in such low quantities that th g ally

not monitored specifically. &
P
Il. Method Principle (2 DO

PEPC catalyzes the first reaction which generates oxaloac ate:, Mifie presence of MDH,
the NADH analog is oxidizied by oxaloacetate to ni¢ctinamine
(NAD+) analog. The oxidation of NADH analogue
absorbance at 410/478 nm, which is proproational to

astiged by the decreased
amount of CO; in the sample.

Reaction Equation f\u(:/a )

PEPC + Mg* )
Phosphoenolipyruvate + HCO —  Oxaloacetate + Hzpo '

A

MDH
Oxaloacetate + NADH analog + H* —————  Malate + NAD * analog

>N S/

Hi. Definition $ eviations
ons and abbreviations are used in this document and related

The follo
documen chments:

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 of
agreement between the average of a number of replicate measured quantity values
and a reference quantity value.

b. Analyte: Component represented in the name of a measurable quantity. The closely
related term measurand is defined as the particular quantity subject to measurement.
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c. Analytical sensitivity: There are several alternative uses of this term. Most
commonly, and for the purposes of this Validation Plan, it is used interchangeably
with limit of detection. It is also used to describe the ability of an analytical mgthod to
assess small variations of the concentration of an analyte, such as the slope :f%
calibration curve (IUPAC).

d. Analytical specificity: Ability of a test or procedure to correctly ideng
an entity, including in the presence of interfering substance(s) or p&aé,:é r

e. Calibration: Set of operations that establish, under specified ¢ , the
relationship between values of quantities indicated by a rjeagui strument or
measuring system, or values represented by a material sg ‘pr a reference
material, and the corresponding values realized nder CLIA,

calibration refers to the process of testing and adjustt an instrument, kit, or test
system, to provide a known relationship between thegieasurement response and the
value of the substance being measured by procedure (42 CFR 493.1217).

f. Calibrator: A substance, material, or %fended to us {Q establish the
measurement relationships of a 91{‘ \ edical devices

g. CLIA: Clinical Laboratory ent Amen ongressmnal
legislation that defined @eﬁ specific q ce practlces in clinical
laboratories.

h. CLSI: Clinj atory Standards Institute.

i. Coeffieie tion: The ratio of the standard deviation to the average, often
multiplie b 1 and expressed as a percentage, abbreviated as %CV.

j. Colonmetry 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 measurand but
that affects the result of the measurement.

1. TUPAC: International Union of Pure and Applied Chemistry

m. LDT: Laboratory —developed Test.

| Theranos Confidential | Page 4 of 15 |

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

THPFM0005702223




| DT Validation Theranos Bicarbonate Assay Rev:

theranes "'roo CL-RPT-XXXX 1

- Validation Report for Modified Siemens Assay of Bicarbonate in Lithium
Description Heparin Plasma

Originator: Curtis Schneider | Date: 09/24/2013

n. Linearity: Linearity is the ability of a quantitative analytical method to provide
results that are directly proportional to the concentrations of an analyte in test
samples, within a given measuring interval. It is an important parameter to cox@
when evaluating an analytical method because it verifies correct interpolation of,
results between points. V%

0]
o. LMR: Lower end of the measuring range is the lowest level at which @

conditions, including all stated characteristic of the method, are mpﬁ({

A\

e le that

o

q. LeD: Limit of Detection is the lowest amount o §’a}mple that can be
detected with stated probability, although perhaps.n ified as an exact value.

r. LoQ: When used without a prefix, the Li

concentration at which an analyte is reli
test result is less than or equal to the

p- LeB: Limit of Blank is the highest value in a series of results
contains no analyte. Zﬁi

uanfitation is the lowest actual
uncertainty of the

term may also be used with prefi \ wer (LLOQ) ryupper (ULOQ),
respectively. Note: LoB < LoD £ S

s. Matrix: All components ﬁ@?\}h%l system, ¢ 73 \‘v yte. A specimen matrix
is the biological milig_l: an analyte exil y.,/plasma, serum, urine, or other
body fluids). 'O\

t. Measuri m ¢portable range; analytical measurement range or AMR):
A me Z%%E eryal consists of all numeric values between the lower and upper
numeri s 10r which a method can produce quantitative results suitable for
clinical use."Where applicable, a linearity study is frequently used to establish or
verify the measuring interval that can be reported for a measurement method.
Alternatively, the lower limit of the measuring interval may be assigned as the LoQ
(LLOQ).

u. Precision: Precision is the closeness of agreement between indications or measured
quantity values obtained by replicate measurements on the same or similar objects
under specified conditions. It is usually expressed numerically in terms of standard
deviation (SD) or percent Coefficient of Variation (%CV).
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v. Reference interval: The interval between and including two reference limits. It is
common practice to define a reference limit so a stated fraction of the reference

limit.

w. SOP: Standard Operating Procedure.

X. Spectrophotometry: The quantitative measurement of the transm(;@
reflection) properties of a material as a function of Wavelength

y. Testing System: The entirety of the testing process, 1nc
reagents, supplies, and procedures. Personnel are someti

definition.

IV. Pre-clinical Validation
a. Analytical Measurement Range
i. Limits of Blank, Detectl
The limits of blank, detection, an
mM and 2.2 mM respectlvely

Limit of blank
CLSI guideline EP17-A section 4.3 1

Number of
Level samples

Blank 1

Alpha 5%
Parametric LoB 164

Limit of detection
CLSI guideline EP17-A sechon 4 3 2

Number of
Level samples

Low 1

Beta 5%
Parametric LoD 2.19

values is less than or equal, or greater than or equal, to the respective upper or..l’og

,ﬁ\')'

tltatlon
were dete

%XeIMmM 2.19

20 1.03 0.38

N Pooled SD
20 0.33
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Limit of quantitation
Murribar of
Lavel  samples

i...ﬁ“?s‘ 1

Bias -0.21

Paoled impregision 333

5% tolal erre -(.85

Altowabls grror 1.8

Lot 2.1%
SH% fobsd srroy 18 esg than alowabis

Lol has beoon extablishetd

i

20

QT

ii. Linearity

\

The Analytical Measurer )&mt Ra§€ {AMR) mcludvmg\i\né‘;}* rhedsurement interval

has been determined fof gl}:&l‘bﬁn&tc in plasta. ”T\h\s m\eﬁwd is lincar from 12.6
53.7 mmol/L withing fhe iO% allowable nom-iixmarm’ in this interval.

Ressrtr s G023 Dumaidy

LR
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Nanfinear it
{2rul ordey aftowsble
Lgved piesn Lingarfit pulynnrdall  Mondineanty  nonlinsarily
1 1284 1281 12.4% -3.48 142
2 254 2308 2338 330 215
2 2280 3378 337 41 32
4 44.45 3483 4471 (e ] £ .36
5 53.74 5413 5373 <438 528

B ponineniiy
fiod ovey i

Analytical Specificity

The analytical specificity for this assay was dciermm@dx ; estr/w the effect of
hemoglobin (100 mg/dL), bilirubin (11 mg/dL) 1&11‘1&1}«@11{&95 393 mg/dL) on
plaqma samples spiked with the interferents and theq compared with un-spiked
controls. Bicarbonate concentration at whieli the interference testing was performed
was at 23 mM. Non-interference was &c,fm«eé“ as the mean result f:rom testing of
spiked samples within 10% of the ma,an»ef 3 anws;mked ﬂamp\k% Recovcms were
within 95% to 99% (see table bt,ig.w}.,,\\ ;

™,
ES

Table 1. Interference Festmg F/ Exea\sbonate

{

e, Recovery
Analyte {(mM) | TN Interferent
R }E?K?ui\ain Hemoglokin
b {2hg/dl (109 me/dy {395 mg/di)
Bicarbonate {23 \ N 7 95 9 99

No si gﬁ’iﬁc{aﬂ{\in’férference was observed.
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Level= 11
MNurber of chgervalions 78 )

Nurabar of runs 3% ™

Mumber of runs exluded 1 S
Number of daes 30
% of davs with Y run 5%
Huns per day 2
Replicates per nin e

Mean 16,14
SO 45% U HRY
Repeatabdiny 67 BRSIR FIE 0 4. 8%
Betwean-run B.o0 40%
Betwasan-day 474 4 5%
Within-laboratory 100 %} B2 128 §.2%
T, Vi N, "\‘\%\ Ty
o ", P N !
Lovel =123
Nurnber of shiserations T8
Mumber of ning 34
Mumber of runs sachuded H
Munber of davs 24
% of days with ¥ run 5%
Huns per day 2
Fegphcates parrun 2

Kean 2174
S 9585 1 o
Repeatabiity 841 §3w0083 1%
Betesennm D00 & 0%
Bedwern-day 313 DA%
Wihwn-labwratory 443 837 1 6.5 & 0%
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Lovel= 13
Mumber of observations i
Misrber of nmg 44
Mumber of days s
Runs per day 2
Rephcales per run 2
Mean 2t 45
=D G5% 04 oY

Repeatabibty 13531 HRZIS RN 2%

Betwaen-rum G.00 2.0%

Betwsen-day 1.76 5.4%

Within-laboratory 187 1AL o 354 £.8%
\\‘ o

Where CV's are reported as zeros in the preélsim{a summarv output this is most likely
a consequence of rounding values in Stqu:,i’w,

;‘/ N \<

V. Clinical Validation

a. Method Camparxson th . ]ix:ed;cate (Accuracyi(:om;:garahmty}

To test the auura{,y f;f sassay on the Theranos-System, forty one (41) unique
patient samples were E ereened on the predicate method (Siemens, Advia) and on the
Therano)s methc){i sing the predicate method twenty eight (28) values were within
the refercnu, fé‘}lw 20 — 34 mmol/L), six (6) were below the reference range, and
seven (7) \cm above the reference range. Based on the results of the data
examination; €ither 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 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,
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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 Amer’rcdn
Proficiency Institute (API) peer proficiency testing criteria or CLIA proﬁcwne
testing criteria for acceptable analytical performance, as printed in the F cduraix \
Register February 28, 1992:57(40):7002-186, when available. The TEa. L{x‘f{ \»/
Bicarbonate is 10%. The table below shows the allowable bias and prea:

levels (values shown in parentheses) and the corresponding closes m&ﬁ@ deusmn
limits, .

Table 2. Allowable Bias and Precision at the Medical Bé@zsfg_ﬁl}%wfivé}s

// -\ )
Medical 6.0 (16.1) zo’\(zf'/}\\ C33(27.5)
Decision Levels RN
(mg/dL)

Precision (%)

Allowable Bias
(%)

y-
%
‘4*\
-

Fpmciaee Do

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

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

intercept and clinical correlation were determined to be 0.99, -0.43 and 0.95
respectively.
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b. Transference and Verification of Reference Interval (Venous)

Not determined. Established predicate reference range 20 — 34 mmol/L will be &sed
for lithium venous plasma samples.

¢. Venous versus Finger Stick Comparison

¥ T g t
N 3 E ~ i
b4 5 f;«"" '
" $ R i
-....».-'-mv.n-w-{ ——————————————— ;"‘/tr.rw-\"l-‘ §
P ] o i v
# - : p,w"’ i i ’
ot o [ @ [l 2
i v e g e 2 ; i
& g ! - » 2 ' ;
5 B ? P o % 1 5
£ 4 ~ B Ta @ = ! H
= P R g 3 =~ X :
[red [ o8 ? 3 §
oA 5%
R T, 5,»4‘\ ..... ,..;..‘_.-.. - 1 i
s 3 H
e } g o ¢ 2 ¢
[ o ' ¥ - : £ & s X i
= ‘ % ® ‘ ‘. R e g -
.
¥ ¥ ¥ ¥ ¥ . t T T T T
HH @ & b 3 . bee 5 3 %% 43
SemRng RN
BE: THRARE
S
e’ B)

Figure 2. P%{so -mnafched venous versus finger stick bicarbonate results without A)
bias wrrécﬁ(m cmci B“) with bias correction.

\..x"
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To normalize finger stick to venous a correction factor needs to be applied to ﬁnger\stlck
results. The following correction is used:

d. Establishment of Reference Interval with Finger btwk\‘a\amp?es

AR
A new reference range was established for bicar! Om_‘&: m tithium heparin according
to CLSI guideline C28-A3 by testing finger stick 8 pkes from 219 healthy subjects.

ST

Frseqm 8wy ﬁssmg*am

Fromwsssy {5

ey bs'xsie‘w&:‘f it

Figure 3. [Frequency histogram showing distribution of finger stick values for
reference range establishment.
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Reference intesvs!

o
e
[y
wa
=3
o5
i

&
1724
73

15 12 1% 1] % W s

Piowrbonats (OO} immeidl}

Laset refersnos Hmit Uppes referanse imit

Cornputstion method 855 reference inderva 4% T 9% 21
Manpsrametic RREAS NS 12621 1501 2450 2740

For bicarbonate in lithium heparin pla§ma', :
in finger stick samples is: 13.7 ~ 257:&{1};&)\[?&

\w/

Vi

Stability

&

a. Reagents .
On-board Reggent Stability
Bysten Salility
ATWIA 1200 14 days
ADVIA 1650/1800 30 days
AL 2400 20 days
For all systems. unopened reagents are stable until the expiration date printed on the
product label when stored at 2° - 8°C. Do not freeze reagents.
For complete details, refer to the Methods Introduction section of the system-specific
Operator’s Guide.
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b. Samples
Plasma samples for Bicarbonate analysis are stable sealed for 2 weeks at 2-8 °C.,

O\

c. Calibrators R

The Siemens CQO» Calibrator/Diluent should be stored at 2-8 °C. (}ﬁobmc\d

Calibrator/Diluent is stable until the expiration date on the V1aI iabéf (}pened
Calibrator/Diluent is stable for 30 days. ;
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