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I. Overview

Sodium is the primary extracellular cation. Sodium is responsible for almost one the

osmolality of the plasma and therefore plays a central role in maintaining the norrllﬁ\

distribution of water and the osmotic pressure in the extracellular fluid compartent

amount of sodium in the body is a reflection of the balance between sodi and
R

output

. a>
Hypoatremia is a predictable consequence of decreased intake of spditm, parficularly that
precipitated or complicated by unusual losses of sodium fro the%g» intestinal tract
(e.g., vomiting and diarrhea), kidneys or sweat glands Renaf%) be caused by
inappropriate choice, dose or use of diuretics, by primary gf sé¢an deficiency of
aldosterone and other mineralocorticoids, or by sevefegalyulaplt is common in
metabolic acidosis. Hyponatremia also occurs in neﬁ’tr\o syndrome, hypoproteinemia,
primary and secondary adrenocortical insufficiency andeghgestive heart failure.
Symptoms of hyponatremia are a result of br%cééi)lmg and range from weakness to
seizures, coma and death. f" yari

Hypernatremia is often attributable }qf&& loss of sodiut

Hyperatremia is often associate . rcalcemia and mig/and is seen in
urns, and esmal¢ diuresis. Other causes
1uret1c ho or desreased tubular sensitivity to

liver disease, cardiac failure,

include decreased producti

the hormone (i.e., diabe ipd o formas of parenteral therapy with
saline solutions, W e without corresponding intake of water. Hypernatremia
occurs in dehy; n, sed renal sodium conservation in hyperaldosternism,
Cushing's S)’&Q& - diabetic acidosis. Severe hypernatremia may be associated with
volume cdntractionNactic acidosis and increased hematocrit. Symptoms of
hypernatremia e from thirst to confusion, irritability, seizures, coma and death.

ll. Method Principle

The sample is mixed with ISE buffer, thereby providing a constant pH and a constant
ionic strength solution. As the buffered sample is moved through the ion selective
electrode, changes in the electrical potential take place. These electrical potential changes
are measured against the potential of a reference electrode in order to derive the correct
analog value for that sample. This assay has been modified from its original test method
by pre-diluting the sample (3.5 fold) prior to performing the test. The pre-dilution occurs
on the Tecan liquid handling robot. While the Tecan has very high precision, its
accuracy can drift over time. Therefore, controls are run with each set of samples to

| Theranos Confidential I Page 30f15 |

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 ' ' THPFMO005704512




.. k LDT Validation Theranos Sodium Assay Rev:
- [theranes | 'z CL-RPT-14045 1

Description \F{ﬂ:i:calon Report for Modified Siemens Assay of Sodium in Lithium Heparin

Originator: Curtis Schneider | Date: 09/26/2013

correct for any volumetric drift. Namely, two low QC levels and two high QC levels also
pre-diluted in parallel with the samples to be analyzed. A linear fit is applied to the QC
control data and is used to correct the results from the sample analysis. \

Hlll. Definitions and Abbreviations

The following definitions and abbreviations are used in this document an, w
documents and attachments:

a. Accuraey: Accuracy is defined by CLSI as the closeness etween a test
result and an accepted reference value. Method accuracy a%dlffcrem sense
by the American Association of Pharmaceutical Sc1 1t is expressed as
percent relative error (%RE). Trueness, a relat 1s the closeness of
agreement between the average of a number of re 11 casured quantity values
and a reference quantity value.

b. Analyte: Component represented in th égl)a measurable tity. The closely
related term measurand is defined as ej\)}r} ar quantlg\ j&ct to measurement.

,

c. Analytical sensitivity: There laltematlve useg this, term. Most
y¥ed interchangeably

i

| commonly, and for the p is Vahdatlo n-Pldn, @

| with limit of detection {Zﬁ ed to descn e a ity of an analytical method to
! assess small variatio centration of 4

|

|

|

e, such as the slope of the
calibration curve (

d. Analyﬁytlép@ﬂbility of a test or procedure to correctly identify or quantify
includirg in

an enti the presence of interfering substance(s) or phenomena.

e. Calibration:Set of operations that establish, under specified conditions, the
relationship between values of quantities indicated by a measuring instrument or
measuring system, or values represented by a material measure or a reference
material, and the corresponding values realized by standards. Under CLIA,
calibration refers to the process of testing and adjusting an instrument, kit, or test
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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).

e
f. Calibrator: A substance, material, or article intended to be used to establish t%\
N\

measurement relationships of a diagnostic medical device.

g. CLIA: Clinical Laboratory Improvement Amendments of 1988. Con, i
legislation that defined and requires specific quality assurance pragr; g\é i

laboratories.

(>

h. CLSI: Clinical and Laboratory Standards Institute. Q’ K, \ﬂ

i. Coefficient of Variation: The ratio of the standar%@\tgﬂle average, often
V

multiplied by 100 and expressed as a percentage&

j. Colorimetry: A technique used to det
compound(s) in solution.

k. Interfering substance: A substan ((

that affects the result of the measg

1. TUPAC: International Uni

m. LDT: Laboratory

y proportional to the concentrations of an analyte in test
iven measuring interval. It is an important parameter to confirm

rigted as %CV .

emu'ng}hg contentration of colored

(

O

~P)
\{\mﬁty thereof thats gt the measurand but
\:\?and Appli Q®

e ability of a quantitative analytical method to provide

@,
n. Linearity; art @
results ¢ }
samp&wi%i;l :

when eval g an analytical method because it verifies correct interpolation of
results between points.

. LMR: Lower end of the measuring range is the lowest level at which defined

conditions, including all stated characteristic of the method, are met.

. LoB: Limit of Blank is the highest value in a series of results on a sample that

contains no analyte.

. LoD: Limit of Detection is the lowest amount of analyte in a sample that can be

detected with stated probability, although perhaps not quantified as an exact value.
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r. LoQ: When used without a prefix, the Limit of Quantitation is the lowest actual
concentration 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 (UL
respectively. Note: LoB < LoD < LoQ.

s. Matrix: All components of a material system, except the analyte. A s
is the biological milieu in which an analyte exists (e.g., plasma, segi%
body fluids).

t. Measuring Interval (reportable range; analytical measur: Wamge or AMR):
A measurmg interval consists of all numeric values be lower and upper

numeric values for which a method can produce v results suitable for
clinical use. Where applicable, a linearity study% y used to establish or
verify the measuring interval that can be reported {6 easurement method.

Alternatively, the lower limit of the meas terval may be assigned as the LoQ

quantity values obtained by re %c\@asurements ilar objects

under specified conditions. ly expressg n erisally”in terms of standard
deviation (SD) or perce /?t@ nt of Vana N

(LLOQ) NS
u. Precision: Precision is the (ﬁ@{?g)emem betwegn\\?éﬁi/ ns or measured

v. Reference interva ‘/\ :

rval between and ire ’ g two reference limits. Itis
QJ e a reference limit so a stated fraction of the reference
values is J€ unal, or greater than or equal, to the respective upper or lower

limit.
w. SOP: Standard Operating Procedure.

X. Spectrophotometry: The quantitative measurement of the transmission (or
reflection) properties of a material as a function of wavelength.

y. Testing System: The entirety of the testing process, including instrument, sample,
reagents, supplies, and procedures. Personnel are sometimes included in the
definition.

IV. Pre-clinical Validation

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

The analytical range 100 — 200 mmol/L for Sodium in plasma has been

determined by Siemens. The precision and bias verified at 115.9 mmol/L

2.9 % and 1.7% (n=80) respectively.

ii. Linearity

The Analytical Measurement Range (AMR) including linear mea.

has been determined for Sodium in plasma. This method is 100.5 —
199.4 mmol/L within the 5% allowable non-linearity in thl}lﬂf\
o -
180
180
170
180
£
g 180
140
130
120
110
160
101 128 180 174 199
3 Known value{mhf) A
QA \O)Y
SN \
Noniinear fit
(3rd order Allowable
Level Mean Linearfit  polynomial) Nonlinearity noniinearity
) /; 1 10050 100.64 100.51 0.13 505
2 125.00 124.85 12496 0.11 625
3 150.10 150.06 150.16 0.10 750
4 17430 174.27 17426 -0.01 870
5 199.40 199.48 100.41 -0.07 985
Nonlinearity is less than allowable nonlinearity: 5%.
Performance reguirement verified over the measuring interval.
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b. Analytical Specificity

The analytical specificity for this assay was determined by testing the effect of\
hemoglobin (100 mg/dL), bilirubin (15 mg/dL) and triglycerides (438 mg/ )7()}\\)

plasma samples spiked with the interferents and then compared with un.
controls. Sodium concentration at which the interference testing w

at 119 mM. Non-interference was defined as the mean result from,gfé
samples within 10% of the mean of the un-spiked samples. Re

92% to 95% (see table below).

Cx\/ﬂ

Table 1. Interference Testing For Sodium

% Recovery\\\t}v
Interferent )
Anal M ent ~N
nalyte (mM) Bilirubin Hemog( bjﬁ’“ Triglycerides
(15 mg/dL) /{438 mg/di)
Sodium (119) 92 ; 2\

No significant interference was 6% €

¢. Precision

The CV wa;
(Liquid

levels, @\S‘\
The préci

WC

,@@\

(@

ggOf

was

‘ spiked
ere within

t three levels using low, mid and high (level 3) QC controls
iquals) with 1 run per day over multiple days. The precision

110.1 mM (level 1), 140.4 mM (level 2) and 158.0 mM (level 3).

data for all levels are summarized below.
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Levei=1
Number of observations 48
Numnber of runs 24
Numbaer of runs excluded 1
Mumnber of days 24
Runs per day 1
Repilicates perrun 2

CLSI guideline EP05.-A2 section 10.4 recommends a minimum of 30 runs, with 2 replicates per rum; or 20 runs, with 3 or
more replicates per run,

Mean 1122064156

sD 85% Ci cv
Repeatabiiity 2.33552387R323643377 to 3.249068 2.1%
Between-day 1476160315 1.3%
Within-laboratory 2.762018018 282588687 to 3.501155 2.5%

AN

Level=2
Number of observations 48
Number of runs 24
Number of runs excluded 1
Number of days 24
Runs per day 1
Replicates per run 2

CL Si guideline EP05-A2 section 10.4 recommends a minimum of 30 runs, with 2 replicates per run; or 20 runs, with 3 or
more replicates per run.

Mean 1419242891

D 95% ClI cv
Repeatabillty 2.493908712347314675 to 3.469406 1.8%
Between-day 0.867764892 0.6%
Within-faboratory 2.640567472195151171t0 3.314443 19%
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Level=3
Number of observations 50
Number of runs 25
Number of days 25
Runs per day 1
Replicates perrun 2

CLSi guideling EP85-A2 section 10.4 recommends a minimum of 30 runs, with 2 replicates per run; or 20 runs, with 3 or
more replicates per run.

Mean 1588173671

sD 85% Cl cv
Ropeatabilily 2.26610811%.77721192210 3.128155 1.4%
Between-day 1.571187590 1.0%
Within-iaboratory 2.757512727.281860607 to 3.485527 17%

V. Clinical Validation

a. Method Comparison with Predita

To test the accuracy of the as; N\

were screened on the predigal gn d (Siemens;
method. Using the predica
range (132.0— 146 '

simple lingg
(avera; {

o

racy/Comparabil

od twenty (2 )@L}e
en (10) were below the-teference range, and ten (10)

N
@

Sion-0r alternative procedures were used to estimate expected
the confidence interval of expected bias at the desired medical
as per CLSI guidance EP09-A2. StatisPro was used for bias

decis'Qn'“ic\?gli(};‘sh

calculation$,_Fhese 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
Proficiency Institute (API) peer proficiency testing criteria or CLIA proficiency
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testing criteria for acceptable analytical performance, as printed in the Federal
Register February 28, 1992;57(40):7002-186, when available. The TEa for Sodium is

shown in parentheses) and the corresponding closest medical decision limits.

4 mM. The table below shows the allowable bias and precision at 3 levels (vaﬁes\

Table 2. Allowable Bias and Precision at the Medical Decision Levels

/).
~

Medical Decision 115.0 (112.2) 135 (141.9) 0%

Levels (mM) SN
R4
Precision (%) 5.0 3.8 {\} ﬁ 3.4
AN
Allowable Bias 15 m\"' QD 0.9
%) AW
N
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Scatter piot
CLS! guidelne EPU2-AZ2-IR sectivn 4.2

210

180

180 4

170 4

160

Mean Theranos (mi)

150 -
140

130 4

120 -

110 v r T v T T Y Y ! v
110 120 130 140 150 160 170 180 180 260 210
Mean Reference (mM)

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, 3.68 and 0.99
respectively.
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Trueness
CLS! puigeine EFUS-A2-IR section 7

Aliowable
LevellD Value Bias Sk 85% Cl bias
L 115.0000000 -0.08829640 0.493980016°.08830665to0 0.511713 0.8800000
M 135.0000000 -0.74438358 0331885265 41625828 to -0.07250 1.16100000
H 150.0000000 -1.23644898 0.295819799°.835304861t0 -0.63759 1.280000600

Bias is less than allowable bias: 0.86%.

The difference between the two methods is not greater th%nmthéaMable difference.

The performance requirement is verified. (\\}
>

b. Transference and Verification of Refere@ewal (Venous
L '

to the lower and
upper reference limits of existi

Ceferen reference
range. New reference rangeswerp.verified with VCHO‘{R@QG‘ ifg twenty four
(24) new normal subjectsE4F a roférence ran tfication, 95% of values

should fall within the u and fower referende 5% or fewer values fall
outside of the uppe r reference limits. ium heparin venous
verification 24 Yalues fell within the new reference range and 0 (0.0%) values
fell outsi tence range. See graph below for venous samples
verifi%?

VNN

V_Theranos
i

138
i

'
'
]
'
'
————
i

Figure 2. Graph showing venous sample reference range verification.
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¢. Verification of Reference Interval with Finger Stick Samples

Finger stick reference range was also verified with venous matched finger stlcks\
(lithium heparin) samples from twenty four (24) new normal subjects. The fin|

stick samples were also collected in a Theranos blood collection devices (B Qe\x
configured with Lithium heparin vessel only. For finger stick venﬁcatlo /o)
values fell within the new reference range and 1 (4.2%) values fell o

reference range. See graphs below for finger stick samples verific @

Na . x:0/24, y: 1724

148
Lot

HFS_Therames

138
4

Figure 3. Finger stick sample referen@ﬂnﬁcanon
The Lithium hepann finger stick reference @\@fm’ Sodium wa % obe 132.0 -

TS
/®®

Vi. Stability

a. Reagents
On-board Reagent Stability
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System Stability
ADVIA 1200 30 days
ADVIA 1650/1800 30 days
ADVIA 2400 30 days

For all systems, unopened reagents are stable until the expiration (\}on the
product label when stored at 5° - 25°C. Do not freeze reagents

For complete details, refer to the Methods Introduction sébﬁ\q\ e system-spemﬁc

Operator’s Guide.

b. Sample

AR

Plasma samples for Sodium analysis are sta for\2>eks at 2-8 °C, or at least 90

days at -20 °C.

¢. Calibrators

Sodium calibrator is stable at 2- {% least 6 mont f manufacture.
Q \)
& \\/
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