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I. Overview

Bilirubin is one of the most commonly tested analytes to assess liver function.
Approximately 85% of the total bilirubin produced is derived from the heme moie
hemoglobin, while the remaining 15% is produced from the red blood cell prec
destroyed in the bone marrow and from the catabolism of other heme-contajsi
After production in peripheral tissues, bilirubin is rapidly taken up by he
it is conjugated with glucuronic acid to produce mono- and dlglucuroqr %
excreted in the bile.

the production, uptake, storage, metabolism, and excrenggf'f ﬂu}ibm B111rub1nemla isa

A number of inherited and acquired diseases affect one or m re eps mvolvcd in
frequent and direct result of these disturbances.

Jaundice can occur as a result of problems at each step e metabohc pathway.
Disorders may be classified as those due to 1n bilirubin production (eg, hemolysis

and ineffective erythropoiesis), decreased cretion (eg, 0 ction and
hepatitis), and abnormal bilirubin metabo 1@( g, heredltary & tal jaundice).

The most commonly occurring fo \g@bnjugated hyperbili emia is that seen in
i jaundice
the neonatal period may result il damage (kgrnd reatment options are

low or absep,t@s ivi
activity igfe a ent, the excretion rate of bilirubin is greatly reduced and the serum
concentrat on conjugated bilirubin is greatly increased. Patients with this disease
may die in mfan& owing to the development of kernicterus.

The increased production of bilirubin that accompanies the premature breakdown of
erythrocytes and ineffective erythropoiesis results in hyperbilirubinemia in the absence of
any liver abnormality. In hepatobiliary diseases of various causes, bilirubin uptake,
storage, and excretion are impaired to varying degrees. Thus, both conjugated and
unconjugated bilirubin is retained and a wide range of abnormal serum concentrations of
each form of bilirubin may be observed. Both conjugated and unconjugated bilirubin are

' Theranos Confidential Page 3 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

Confidential THPFMO0005704541




Theranos Total Bilirubin Assay Rev:

LDT Validation
theranes | "'ro: CL RPT-14054 1

— Validation Report for Modified Siemens Assay of Total Bilirubin in Lithium
Description Heparin Plasma

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

increased in hepatitis and space-occupying lesions of the liver; and obstructive lesions
such as carcinoma of the head of the pancreas, common bile duct, or ampulla of Vater.

Il. Method Principle \k

The bilirubin is oxidized by vanadate at about pH 2.9 to produce biliverdin. @
presence of the detergent and the vanadate both conjugated (dlrect) and

of the yellow color, whlch is specific to bilirubin. The decrease in gptk a
451/545 nm is proportional to the total bilirubin concentration, in ﬂl%
concentration is measured as an endpoint reaction. -

Reaction Equation NK
Bilirubin + Surfactant + V0; ——3 Biliverdin

- v
.f
/’-"‘

lll.  Definitions and Abbreviations . . V

The following definitions and abbre;?megsi/ used in this \g}tXnd related

documents and attachments: Pt \\ ) )

2%2@ i
a. Accuracy: Accuracy is LSI as th >t‘égreement between a test
result and an accepted alue. Metho a gutacy is used in a different sense
by the American A » of Pharmaceutical Scientists where it is expressed as
percent relative & &RE). Trueness, a related CLSI term, is the closeness of
agreemewwyvemge of a number of replicate measured quantity values

t

and a peferénc ity value.

b. Analyte: Comfponent represented in the name of a measurable quantity. The closely
related term measurand is defined as the particular quantity subject to measurement.

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 method to
assess small variations of the concentration of an analyte, such as the slope of the
calibration curve (IUPAC).

d. Analytical specificity: Ability of a test or procedure to correctly identify or quantify
an entity, including in the presence of interfering substance(s) or phenomena.
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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 O\

material, and the corresponding values realized by standards. Under CLIA, O\
calibration refers to the process of testing and adjusting an instrument, kit, st;\\)
system, to provide a known relationship between the measurement resp e
value of the substance being measured by the test procedure (42 CF()

4

f. Calibrator: A substance, material, or article intended to be usgd—no& blsh the
measurement relationships of a diagnostic medical devic '\< C»’CZ)

g. CLIA: Clinical Laboratory Improvement Amendmen \§9 Congressional
legislation that defined and requires specific q\u%) e practices in clinical
v

laboratories.

h. CLSI: Clinical and Laboratory Standards @me.

P,
i. Coefficient of Variation: The ratio o t{@
multiplied by 100 and expressed dercentage,

j- Colerimetry: A technique ?X{H\{\ €rmine the con of ¥olored
compound(s) in solution,¢ @}
<& v

that affects ;hgfex\
FaN

>

I TUPACYT Ena\%\sﬁ Union of Pure and Applied Chemistry

average, often
oG V.

m. LDT: Laborafory —developed Test.

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 confirm
when evaluating an analytical method because it verifies correct interpolation of
results between points.

0. LMR: Lower end of the measuring range is the lowest level at which defined
conditions, including all stated characteristic of the method, are met.
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p. LoB: Limit of Blank is the highest value in a series of results on a sample that
contains no analyte.

q. LoD: Limit of Detection is the lowest amount of analyte in a sample that can I}/&\
detected with stated probability, although perhaps not quantified as an exac &5

r. LoQ: When used without a prefix, the Limit of Quantitation is the loy(ve/m\
concentration at which an analyte is reliably detected and at whichg%%
t

>

test result is less than or equal to the goal set by the manufacturer ¢ 0

ory. The

term may also be used with prefixes L for lower (LLOQ) d@@? er (ULOQ),
respectively. Note: LoB < LoD <LoQ. ° S

s. Matrix: All components of a material system, exsgpt : \y{e. A specimen matrix
is the biological milieu in which an analyte exist&s\(f\.g. la¥ma, serum, urine, or other
body fluids). \\/

A measuring interval consists of all nyngesi ues between e&wer and upper
numeric values for which a metho, produce quantitafiy S\suitable for
clinical use. Where applicable, ity study is freq edtg establish or

verify the measuring interv. ﬂ\a&\ ment method.
Alternatively, the lower lify

(LLOQ). A
4 o PAN
u. Precision: PﬁC,iSiQ(q lﬂﬂ closeness of agreement between indications or measured

quantity yal) te\niféﬂiby replicate measurements on the same or similar objects
under specified.conditions. It is usually expressed numerically in terms of standard
deviation ($ D) or percent Coefficient of Variation (2CV).

fg[,\
t. Measuring Interval (reportable rang;:,a%zﬁl:al measuremgx{t range or AMR):

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
values is less than or equal, 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.
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y. Testing System: The entirety of the testing process, including instrument, sample,
reagents, supplies, and procedures. Personnel are sometimes included in the

definition. O\
IV. Pre-clinical Validation ?\\B
(&
)
a. Analytical Measurement Range A

i. Limits of Blank, Detection and Quantitation <i\>

The limits of blank, detection, and quantitation determin @k‘rﬁg/dh 0.00
mg/dL, and 0.20 mg/dL (100% recovery), respectively. o~

Limit of blank
CLSI guideline EFP17-A section 4.3.1

EaN

Number of
Level samples N Mean so
Blank 1 20 0.00 0.00
Alpha 5%
Parametric LoB 0.00
N A Y

Limit of detection
CLSI guidehne EP17-A sechion 4.3.2

Number of
Level samples N Pooled SD
Low 1 19 0.00
Beta 5%
Paramefric LoD 0.00
N
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Limit of quantitation
CLSI guidefine EP17-A section 5.1

Nurmnber of /\
Level samples N \\/
Low 1 19 C’@
Bias 0.00 /J

Pooled imprecision 0.00 <}\(>\>
95% total error 0.00 P @ >
W

Allowable error - %N
LoQ 0.00 \ /
N2
Assigned
Level Sample n value Mean Median SD cV
Blank 1 20 0 0.00 0.00 0.00 -
Low 1 19 0.2 0.20 0.20 0.00 0.0%
el
ii. Linearity A O SX
The Analytical Measurement-Ra Q( R) includin, ement interval
has been determined by Siefp Refer to the Ana \Rd"nge section of the
manufacturer product igfo insert for additjonal Yetails

for this assay was determined by observing the effects of
dL) and triglycerides (400 mg/dL) on the recovery of total

0\5;51 dL) in spiked plasma samples. No significant interference (NSI)
was determined if the mean analyte concentration of an interferent-spiked sample
reported within 10% of the mean analyte concentration of an un-spiked sample.
Recoveries of total bilirubin in the presence of hemoglobin and triglycerides were
each 100% (see table below).

Analyte: % Recovery in the presence of each interferent:
N Hemoglobin Triglycerides
Total Bilirubin (mg/dL) (100 mg/dL) ‘ (400 mg/dL)
0.5 | 100 | 100*

* NS| observed at interferent level tested.
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¢. Precision

Level=1L1
Number of observations 78
Number of uns 39
Number of nins excluded 1
Number of days 20
% of days with 1 un 5%
Runs per day 2
Replicates per run 2

CLSI guideline EP05-A2 section 10.4 recommends a minimum of 40 runs

Mean 0.879

8D
Repeatability 0.028
Between-run 0.000
Between-day 0.136
Within-{aboratory 0.139

AN
level=12

Number of cbservations 80
Number of uins 40
Number of days 20
Rums per day 2
Replicates per un 2
Mean 2.184

SD
Repeatability 0.030
Between-run 0.00D
Between-day 0.103
Within-laboratory 0.107

95% CI cv
0.023t0 0.036 3.2%
0.0%
15.5%
0.107 10.0.201 15.9%

e N N

95% Cl cv
0.024 t00.038 14%
0.6%
4.7%
0.082100.153 4.9%
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Level=L3

Number of observations
Number of runs

Number of runs excluded
Number of days

% of days with 1 un
Runs per day

Replicates per nin

78
39
1

N
: %>

: N

CLSI guideline EF05-A2 secticn 16.4 recommends a minimum of 4@ runs.

Mean

Repeatability
Between-run
Between-day
Within-laboratory

6.630

sSD 95% Cl Ccv
0.107 0.088 t0 0.137 1.6%
0.000 0.0%
0.064 1.0%
0.124 0.106 to 0.150 1.9%

AN

&
S "
Clinical Valé'@a;@

with Predicate (Accuracy/Comparability)

a. Methy/@m@
To testthie abguricy of the assay on the Theranos System, 37 unique patient samples

WETE SCrecn

on the predicate method (Siemens, Advia) and on the Theranos

method. Using the predicate method twenty (27) values were within the reference
range (0.3— 1.2 mg/dL), none were below the reference range, and ten (10) 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

| Theranos Confidential
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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 acgeptable
bias or there is a high probability (97%) that the predicated bias is acceptable, \
respectively. The acceptable bias at each medical decision level was dete u}e X
based on the total allowable error (TEa) minus the measured precision at-the e gr/
can

eYe eral

closest to that decision level. Total allowable error (TEa) was taken
Proficiency Institute (API) peer proficiency testing criteria or CL
testing criteria for acceptable analytical performance, as printe
Register February 28, 1992;57(40):7002-186, when avallr@ a for Total
| Bilirubin is 20%. The table below shows the allowable bjas¢ cision at 2 levels
| (values shown in parentheses) and the correspor;iiflg V\L\m&iical decision limits.
Table 1. Allowable Bias and Precision at the Me\&éi\;gion Levels

Medical Decision Levels @.9) 2.52.2)
(mg/dL) PN O\
RS) A
Precision (%) ', G’\\J 155 5}\\) 4.7
RS AN
Allowable Bias (2 >v’ ﬁ/\<‘ \ %\') 15.3

&
N

V Method Comparison, r*2 = 0.83

O

5z ] e oo T
g 2q i . gnmnemr
-
R I o S S
as 1 18 20 28 20
Predazte Cong
Figure 1. Graph showing Theranos method versus Predicate Method (Siemens Advia).
Simple linear regression was used to establish a slope, intercept and an 12. The slope,
intercept and clinical correlation were determined to be 0.971, 0.062 and 0.99
respectively.
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Comparability
CLS! guideline EROS-AZ-IR section 7
Allowabls i\\
LeveliD Value Difference SE 95% Ci difference A
14 0.02 0013 0.0110 0.05 018 \X
25 001 0.025 0.06100.04 031 '
200 051 0287 -1.0910 0.08 251

Difference is less than allowable bias: 12.55%.

The difference between the two methods is not greater than the aa}ﬂé/(iiffe:rence.
The performance requirement is verified. A ,\ Q\)j
S

<

V\‘/\,
\W,
b. Transference and Verification of Reference Infte g@!&hons)

upper reference limits of existing reference al to generate a new reference
range. New reference ranges were verjfred.with venous samples-ysing twenty eight
(28) new normal subjects. For a referg ange to pass yeti % , 95% of values
should fall within the upper and lgwenreference limits an%% er values fall
outside of the upper and lowerreference limits. For ve igation 27 (96.4%)
values fell within the new r¢ferensdrange and 6 &i‘iues fell outside the new
reference range. See gr: eley for venous

mﬁﬁl%s)r\eﬁﬁcaﬁon.
N N

P-TBIL RefRange V

Reference ranges were modified by applyin%e{%smn equation to the lower and

] 18 20 28 30

Thecwnos Cans
2
i
o}
o
1

...........................

y T T T T T
o8 10 15 28 23 38

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

twenty six (26) new normal subjects. For finger stick verification 26 (100%)

New reference ranges were also verified with venous matched finger sticks fro
valu
fell within the new reference range and 0 (0%) values fell outside the new r %

range. See graphs below for finger stick samples verification. /(/ f>
P-TBIL Ref Range FS
BE
R S
C TN T O SO
as 1 18 28 2 :
Predieate Cons
Figure 3. Graph showing Finger stick san(/’)r@ference range verification.
(o, ,\\\
- ng\Réfp’rence Range (mg/d() e ence Range (mg/dL)
Theranos.Analyte Anti- coagulant< ~Referénce Referenc %ﬁw Transfered RR
(Ra e {low) Ran%éx\ (high)
Total Bilirubin Hepagn(7 . N~ 0.3 1.2
V(L/
The new reference ger stick Total was determined to be 0.4 —
1.2 mg/dL
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VI.  Stability

a. Reagents

On-board Reagent Stability
System Stability
ADVIA 1200 60 days
ADVIA 1650/1800 60 days
ADVIA 2400 60 days

f&“‘;»

For all systems, unopened reagents are stable until th

@

product label when stored at 2° - 35°C. Do not ﬁ‘eze\

tu?n date printed on the

For complete details, refer to the Methods Introdué\q&sectlon of the system-specific

Operator’s Guide.

b. Sample

least 90 days at -20 °C

¢

ators should be stored at 2-8 °C, protected from light, and

| ¢. Calibrators

: Siemens Cheg
‘ are sta t
|

AN

»

0::\

protected ffo

; N
Plasma samples for Total @ alysis are oweks at2-8 °C, or

.

at

iration date on the vial label. Opened calibrators are stable for
48 hoius;ag’ eptfor total and direct, which are stable for 8 hours.
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