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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 pre
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 dlglucurom&

excreted in the bile.

/0\\

A number of inherited and acquired diseases affect one or m re g&l—f‘,}geps involved in
the production, uptake, storage, metabolism, and excretlggfof Hlirgbin. Bilirubinemia is a
frequent and direct result of these disturbances. \'\\ SN

Jaundice can occur as a result of problems at each step\tg)he metabolic pathway.

Disorders may be classified as those due to in
and ineffective erythropoiesis), decreased biti

ji'excretion (eg, 0 ction and

bilirubin production (eg, hemolysis

hepatitis), and abnormal bilirubin metabo@/( g, hereditary n‘tal jaundice).
The most commonly occurring Mnjugated hype e ia is that seen in
newborns and referred to as ph%/m%@

The rare genetigdi
low or absepi/a\e ivi

} damage (k

jaundice &te&‘\ njugated bilirubin in
\)\;Freatment options are

gler—Na_uar syndromes Type I and Type I, are caused by a
ilirubin UDP-glucuronyl-transferase. In Type I, the enzyme

activity igfo absent, the excretion rate of bilirubin is greatly reduced and the serum
concentrationaf tnconjugated bilirubin is greatly increased. Patients with this disease
infan

may die in i

y 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
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1.

il

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.

. -/\
Method Principle

presence of the detergent and the vanadate, both conjugated (direct) is o
oxidation reaction causes the decrease in the optical density of the yel
specific to bilirubin. The decrease in optical density at 451/545 n
total bilirubin concentration in the sample. The concentratlo?\lg
reaction.

S
Reaction Equation VN <(§\/

Bilirubin + Surfactant + vo; ———— 3 Biliverdin

@f\ )

Definitions and Abbreviations AW

The bilirubin is oxidized by vanadate at about pH 3 to produce biliverdin. I:
h1ch is

onal to the
as an endpoint

a. Accuracy: Accuracy is greement between a test

result and an accepted is used in a different sense
al 1€ 1sts where it is expressed as
agreeme average ofa number of replicate measured quantity values
and a yeé ne

v
b. Analyte:éOonnent 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 /\
material, and the corresponding values realized by standards. Under CLIA, )
calibration refers to the process of testing and adjusting an instrument, kit, Kf!tps \
system, to provide a known relationship between the measurement resp
value of the substance being measured by the test procedure (42 CF

f. Calibrator: A substance, material, or article intended to be use é\%b sh the
measurement relationships of a diagnostic medical devic @ )

Z

g. CLIA: Clinical Laboratory Improvement Amendmentsof \3‘8) Congressional
legislation that defined and requires specific qughity ¢ practices in clinical
laboratories. \\

h. CLSI: Clinical and Laboratory Standards @ﬁe

i. Coefficient of Variation: The ratio o d deviatjon Q{J average, often
multiplied by 100 and expressed 3 centage, abbreVKQ oQV.
j- Colorimetry: A technique %x%ptermine the né@\fbf olored
0\l Y
bstance or quantitytheteef that is not the measurand but
iffflic measurement.

that affects

L IUPAg f%e

m. LDT: Laboratory —developed Test.

Union of Pure and Applied Chemistry

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.

o. 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. LeB: Limit of Blank is the highest value in a series of results on a sample that
contains no analyte.

test result is less than or equal to the goal set by the manufac
term may also be used with prefixes L for lower (LLOQ)
respectively. Note: LoB < LoD <LoQ.

s. Matrix: All components of a material system, exse yte A spemmen matrix
is the biological milieu in which an analyte exists ( \g\ \{ma serum, urine, or other

body fluids).
@h\:al measurement range or AMR):

{alues betwe 0 theower and upper

t. Measurmg Interval (reportable rang
A measuring interval consists of all n

numeric values for which a methg oduce quantitafiye S\suitable for
clinical use. Where apphcable i y study is freq edtg establish or
verify the measuring interv. o be reported..fo{ ment method.
Alternatively, the lower )it measunng may be assigned as the LoQ

(LLOQ).

u. Precision: P eCisi @ closeness of agreement between indications or measured
quantity 0@1 by replicate measurements on the same or similar objects
under ,5{’ fedconditions. It is usually expressed numerically in terms of standard
dev1aﬁ0’n‘6§]39 or percent Coefficient of Variation (%CV).

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.

IV. Pre-clinical Validation C@\>

a. Analytical Measurement Range @

i. Limits of Blank, Detection, and Quantitation

The limits of blank, detection, and quantitation detennmczsby mg/dL 0.016
mg/dL, and 0.016 mg/dL respectively.

<.

Limit of blank
CL5! guideine EP17-A section 4.3.1 T
Number of
Level samples N hlean 8D
Blank 1 20 0.0010 0.0020
Alpha 5%
Paramedtric LoB 0.0043

Limit of detection o o )
oLst guma\f'e EP17-A sestrm €32
Mumber of

Level samples N PooledSD

Low 4 20 0.0068

Beta 5%

Parametric LoD 0.0156
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Limit of quantitation
CLS! guideline EP17-4 section 5.1

Number of /\
Level samples N \\
Low 1 20 @&,

",

Bias -0.0340 /(A
Pooled imprecision 0.0068 <\ Q\‘>
95% total ervor -0.0473 > \5
Allowable error - Jj )

LoQ 0.0156

(4
ii. Linearity L A
The Analytical Measurement Rangeg (

< \
))including li ement interval
has been determined by Siemen§x the Analyﬁc;‘lgag&t\ e-segtion of the
<

2 :
manufacturer product infon?ati(\g{ for additiona{% »
o RN\
b. Analytical Specificity VZO/‘/ ' (\3\ N

§ by observing the effects of

The analytical spec .
hemoglobin/(lh% @ and triglycerides (400 mg/dL) on the recovery of direct
bilirubin (852 mg/dh)in'spiked plasma samples. No significant interference (NSI)

° o s S

this assay was det

o

was de ned i thé mean analyte concentration of an interferent-spiked sample
repo ithin 1% of the mean analyte concentration of an un-spiked sample.
Recoveri:sq\,f irect bilirubin in the presence of hemoglobin and triglycerides were
50% and 60%, respectively (see table below). Interference was observed with 0.2
mg/dL direct bilirubin at the interference levels tested. The concentration of direct
bilirubin at which the interference is observed is within the reference range, the
under-recovery will report the result in the normal range and will not affect the

medical decision level at 1.4 mg/dL.
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Analyte: % Recovery in the presence of each interferent:
. I Hemoglobin Triglycerides
Direct Bilirubin (mg/dL) (100 mg/dL) ] (400 mg/dL)
0.2 50 | 60
¢. Precision /(\
AN
Level = L1 (>\/
Number of ohservations 80
Number of runs 40
Number of days 20
Runs per day 2
Replicates per run 2
Mean 040
95% Ci cv
Repeatahility 0.00 00010000 0.0%
Between-run 0.00 0.0%
Between-day 000 0.0%
Within-aboratory 000 000t 000 00%
SSAR\S)d
) N
level=12
Number of cbservations &b
Number of uns 490
Number of days 20
Runs per day 2
Replicates per un 2
Mean 207
95% Cl cv
Repeatabifity 004 003100405 1.9%
Between-run 000 0.0%
Between-day 003 1.5%
Within-laboratory 005 0040006 24%

N
R
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Level=13
Number of observations 78
Number of runs 39 /\\
Number of runs excluded 1 \\
Number of days 20 (/{7 7
% of days with 1 un 5% 0
Runs per day 2
Replicates per run 2 >>

RN
V. CIinica]\i\Z;?%\}

a.

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

Mean 359
sD 95% Ci cv
Repeatability 005 0.04 10 0.06 14%
Between-run 0.01 0.2%
Between-day 0.02 0.5%
Within-laboratory 005 0.05t00.06 1 5%

[4-\\ o

N
For precision level 1 the Siem;§ a\Q}mstrument re@ to 1 decimal
place and therefore all valug§greeported as 0. 4 CV“O) Where

CV’s are reported as zerds {6 precision sunen@ 3tp\u?t thls is most likely a

consequence of roun uey in StatisPro

Method Comparison with Predicate (Accuracy/Comparability)

To test the accuracy of the assay on the Theranos System, 37 unique patient samples
were screened on the predicate method (Siemens, Advia) and on the Theranos
method. Using the predicate method 34 values were within the reference range (< 0.3
mg/dL) and 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
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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

bias or there is a high probability (97%) that the predicated bias is acceptablé
respectively. The acceptable bias at each medical decision level was detert
based on the total allowable error (TEa) minus the measured precisiog at
closest to that decision level. Total allowable error (TEa) was takea'fic
Proficiency Institute (API) peer proficiency testing criteria or £

testing criteria for acceptable analytical performance, as Q‘Zﬁ
blé,

data do not show that the bias of the Theranos method is different from the accé;‘\f}%g
ed

Register February 28, 1992;57(40):7002-186, when avai

¢Federal
Ea for Direct
precision at 2 levels

Bilirubin is 26%. The table below shows the allowab
(values shown in parentheses) and the correspo ‘I%I;\tfmedical decision limits.

Table 1. Allowable Bias and Precision at th;_[’yleMecision Levels

Medical Decision Levels /’“\%&.1) <\ 2.5 (3.6)
(mg/dL) ~O) AN
N 5\. AN \
Precision (%) /,;5\\_ > 15 A (\\ﬁ 0.5
CIRIS™ 7 v

Allowable Bias(@l @J {6@)\\> 25.5
e A S~
V Methor Comparisen, r*2 = .89

g | RS w ,_.....---
g: -i::::‘::'.# """" ?‘" """"" - memon """"'I """"""""""""""" l" """"""""""""" I"""'

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 0.934, 0.108 and 0.99

respectively.
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Comparability
CLS! guitetine EP(9-A2-IR section 7 i T o

Allowable
LevellD  Value Difference SE 9585 Cl difference \
140 0.017 00120  -0.008%0 0.041 0.334 \
250 -0.058 00221  -0.103t0-0.013 0.585 "\\‘\)

20.00 -1.244 02142 -1.681 to -0.807 4.768 ;i()/)

Difference is lass than allowable bias: 23.84%.

The difference between the two methods is not greater than the allé__évéﬁe)ﬁ%erence.
The performance requirement is verified. (’"\ ‘

i~
PA\D)
b. Transference and Verification of Reference Inte l(@on)s)
AN AN
Reference ranges were modified by applying the r PdiOn equation to upper
reference limits of existing reference interv generdte a new reference range. New
reference ranges were verified with vengy;{ les using twenty three (23) new

normal subjects. For a reference ranggfe.pass vérification, 95% of values should fall
within the upper and lower referenes. Jimi d 5% or feﬁ_/'e\\: D all outside of the
upper and lower reference limits, ox vefious verification-2; ( ") values fell
within the new reference rangé %) values fel i e néw reference

range. See graphs below jq Iys samples vﬁb\?ﬁq X

P~DBIL ¥ Reference Range Verification, 0723 =0.00 %

08 18 5 20 28

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

New reference ranges were also verified with venous matched finger sticks frg

twenty (20) new normal subjects. For finger stick verification 20 (100%) valués\\ 1

within the new reference range and 0 (0%) values fell outside the new refer%}
0

range. See graphs below for finger stick samples verification. A~

P-DBH Rsf Range F8

19 183 20 23
.

!

@3
i

Figure 3. Graph showing Finger stick san%pgtefere}/ ¢ range verification.

L) A
Existing Reférenge Range (mg/dL) | New Reférepte Range (mg/dL
Theranos.Analyte Anti- coagulant R ne Reference | TransfaredBR] Transfered RR
e{low) Range {High) | . N Y \(high)
Direct Bilirubin Hepann ,—-\ % <03 ‘N()\\ DK <04

The new reference ran /&& stick Direc b Wwas determined to be < 0.4

Vi. Stabill

a. Reagents

On-board Reagent Stability
System Stability
ADVIA 1200 14 days
ADVIA 1650/1800 30 days
ADVIA 2400 30 days
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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-s}cc c

Operator’s Guide.

b. Sample

Plasma samples for Total Bilirubin analysis are stable for 2 weeks
<:~<<%

pratécted from light, and
calibrators are stable for
48 hours, except for total and direct, which are sta le hours.

least 90 days at -20 °C when stored protected from light.

¢. Calibrators

Siemens Chemistry Calibrators should be stored at2-
are stable until the expiration date on the vial lag ‘\g

‘)

Jor at

. f'/(’?"‘\
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