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Overview

the mucosal cells as Fe(IIl)-ferritin. Ferritin provides a soluble protein shell to

Ingested iron is absorbed primarily from the intestinal tract and is temporarily StO\ in
encapsulate a complex of insoluble ferric hydroxide-ferric phosphate. On dem Y

released into the blood and transported as Fe(II)-transferrin. ( 1
Transferrin is the primary plasma iron transport protein, which binds i y at
physiological pH. Transferrin is generally only 25% to 30% saturgted with i¥6n. The
additional amount of iron that can be bound is the unsaturated. irof ing capacity. The
total ion binding capacity (TIBC) can be indirectly determin sum of serum
iron (Total Iron) and UIBC. Knowing the molecular wei 'the fransferrin and that

each molecule of transferring can bind 2 atoms of LE({\\ transferrin

concentration is interconvertible.

Percent saturation (100 x serum iron/TIBC) is (@@&Er normal or increased in persons
who are iron deficient, pregnant, or are taking contraceptive medications. Person
with chronic inflammatory processes, he@; atosis or i

AN

display low transferrin.

I. Method Principle { @>\> , @
The Siemens Total Iron Bindj g;t‘l'ifnacity (TIBC)
sequential process that(l%J red spectrophotometri
Step 1 /\Qgg\f

3

a. The @%ﬁiﬁly \a{gent R1, an acidic buffer containing an iron-binding dye
0

(ChromoazuxolB) and ferric chloride to the plasma sample.

b. The low pH'0f R1 releases iron from transferrin

¢. The iron forms a colored complex with the dye at the end of this first step. The
colored complex represents both the plasma iron and excess iron already present in R1.

Step 2
a. The system then adds Reagent R2, a neutral buffer.
b. The pH shifts, resulting in a large increase in affinity of transferrin for iron
¢. The plasma transferrin rapidly binds the iron by abstracting it from the dye-iron
complex.
d. The observed decrease in absorbance of the color dye-iron complex is directly
proportional to the total iron-binding capacity of the plasma sample.
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Reaction Equation

Fe2 + Chromazurol B + Fe-Chromazurol B +

H+

Fe-Transferrin ey 1TANSTEITIN
Fe-Chromazurol B + Neutral pH Fe-Transferrin + @\\\/
Transferrin — F@-Chromazurol 8
. .. Q
ll. Definitions and Abbreviations <

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

a. Accuracy: Accuracy is defined by CLSI as the 8(}6;\‘ agreement between a test
result and an accepted reference value. Truenes d CLSI term, is the
closeness of agreement between the avera er of replicate measured
quantity values and a reference quantity V.

#

b. Analyte: Component represented e of a measufable. ity. The closely
related term measurand is define: tht; particular quangity sukjecs tp measurement,

¢. Analytical sensitivity: eral alte -
commonly, and for the this Vahda it'is used interchangeably
with limit of detect . lso used to describ ility of an analytical method to
assess small varj e concentration of an analyte, such as the slope of the
A\l

calibrati}n\

d. Anal%éiﬂeity: Ability of a test or procedure to correctly identify or quantify

an entity, ingluding in 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
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).

f. Calibrator: A substance, material, or article intended to be used to establish the
measurement relationships of a diagnostic medical device.
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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.

multiplied by 100 and cxpressed as a percentage, abbreviated as %

i. Coefficient of Variation: The ratio of the standard deviation to th;;{@

j. Colorimetry: A technique used to determine the concen atl \k)}ed
compound(s) in solution.

k. Interfering substance: A substance or quantity
that affects the result of the measurement.

z,ih

1. TUPAC: International Union of Pure and A;g@hed C\e{mstry

m. LDT: Laboratory —developed Test. ( Q}C

n. Linearity: Linearity is the ablhgﬂ

results that are dlrectly prop: 0

results between poipts; ™

p- LoB:i(u}ﬂ\o »Blank is the highest value in a series of results on a sample that
contains no analyte.

~the‘ measuring range is the lowest level at which defined

uaﬁtltatlve analyti¢
e concentrati

samples, within a give terval It igan
when evaluating an amq% thod because 1t@ﬁ

“all stated characteristic of the method, are met.

\/

({t@m{ot the measurand but

to provide

e in test
parameter to confirm
s €orrect interpolation of

q. 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.

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 (ULOQ),
respectively. Note: LoB < LoD <LoQ.
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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). &
\\

t. Measurmg Interval (reportable range; analytlcal measurement range o
A measunng interval consists of all numeric values between the lower and v - s
numeric values for which a method can produce quantitative results sy %

clinical use. Where applicable, a linearity study is frequently used
Alternatively, the lower limit of the measuring interval mg%' b é@ggm as the LoQ

verify the measuring interval that can be reported for a measur

(LLOQ).
L N

u. Precision: Precision is the closeness of agreem ications or measured
quantity values obtained by replicate measuremehis same or similar objects
under specified conditions. It is usually expressed m@}encally in terms of standard
deviation (SD) or percent Coefficient of V (%CV).

v. Reference interval: The interval be ‘éjmcludmg nce limits. Itis
common practice to define a refey nc‘e so a stated fr ¢ reference
values is less than or equal, or gk a or equal, to e upper or lower
limit.

:Q)///} O\
w. SOP: Standard Oper: oeedure.
X. Spectropho 4{3 quantitative measurement of the transmission (or

reﬂectlo/na"g e@\/\f’a material as a function of wavelength.

y. Testi \‘/The entirety of the testing process, including instrument, sample,
reagents, supplies, and procedures. Personnel are sometimes included in the

definition.

ll. 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 38.7 pg/dL,
51.8 pg/dL and 58.7 pg/dL respectively.
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Limit of blank

CLE!

guideline EP17-4 section 3.7

Number of

Level samples M Kean 5D \\>
Blank 1 20 23.0 86 -
Alpha 5%
ParametriclLoB 387
_ Limit of detection ‘ -
CLE! guidsling ERP1T-A section 4.3.2
MNumber of
Level samples N Paoled SD
Low 1 20 79
Beta 5%%
Parametric LoD 518
o NV
The lower limit o i n has been es

f quafiti
97.8% recovery),—. %\
(9
N\%
NS

AN
N

iil. Linearity

Yrss
@ at' 58.7 pg/dL (13.5% CV and

The Analytical Measurement Range (AMR) including linear measurement interval
has been determined for TIBC in plasma. This method is linear from 26.0 — 594.0
ug/dL within the 10% allowable non-linearity in this interval.
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200
100
. [
8 60 125 288 857 694
Known valus (pg/dl)
AN AN x N7
Alinear reiationship fils the data better than a nonlinear relationship over the measuring interval.
Allowable
Level hean Linearfit  Nonlinearfit Nonlinearity nonlinearily

1 26.0 282 - - 28
2 60.0 60.2 - - 6.0
3 1254 1252 - - 125
4 269.8 2693 - - 269
5 557.4 557.5 - - 557
[ 584 4 5945 - - 594

A linear relationship fits the data befter than a nonlinear relationship over the measuting interval.

Nonlinearity is less than allowable ronlinearity: 10% upto 600pg/dL then 10%.

Performance requirement verified over the measuring interval.

K@
b. Anal

ica
The an kX:kspemﬁcr[y for this assay was determined by testing the effect of
hemoglobm 00 mg/dL), bilirubin (10 mg/dL) and triglycerides (200 mg/dL) on
plasma samples spiked with the interferents and then compared with un-spiked
controls. TIBC interference testing was performed at 502 pg/dL. Non-interference
was defined as the mean result from testing of spiked samples within 10% of the
mean of the un-spiked samples. Recoveries were within 99.0% to 101.0% (see table
below).

Table 1. Interference Testing For Total Iron Binding Capacity.
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% Recovery
Analvte dL Interferent
vt (“g/ ) Bilirubin Hemoglobin Triglycerides
(10 mg/dL} {100 mg/dy) {400 mg/dL)
TIBC 99 100.0 101.0

*N/A NotApplicable

No significant interference was observed.

¢. Precision . N !
IR

N
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Level=Level 1
Number of observations 80
Number of runs 40 (\\

Number of days 20
Rung per day 2 \\
Replicates per run 2 C A 9

Mean 2482 “;\>
Allowable 5
SD 95% Ci CV Total SD
Repeatability 0.0 0.0t 0.0 0.0% -
Between-run 51 2.1% -
Between-day 24 0.8% -
Within-laboratory 56 451072 22% 486

Imprecision is less than allowable total imprecision: 20% upto 500ug/dl. then 20%.

Level=Level 2
Number of observations B0
Number of runs 40
Number of days 20
Runs per day 2
Repiicates per run 2
Mean 3249
Allowable
sD 85% Ci Ccv Total SD
Repeatabliity 0.0 001t 0.0 0.0% -
Between-run 8.0 25% -
Between-day 33 1.0% -
Within-laboratory 87 7ito 112 27% 65.0

imprecision is {ess than allowable total imprecision: 20% upto 500ug/dL then 20%.

o
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Level=Level3

Number of observations 80

Number of runs 40 \\.‘_
Number of days 20 \x
Runs per day 2 g
Replicates per run 2 >
Mean 4008
Allowable
sD 95% Cl cv Total SD
Repeatabliity 0.0 001000 0.0% -
Between-run 44 1.1% -
Between-day 40 1.0% -
Within-laboratory 59 481079 1.5% 802

Imprecision is less than allowable total imprecision: 20% upto 580y g/dlL then 30%.

The percent CV reported as zeros in t ecision summagf are most likely a

consequence of rounding the vallj? atisPro. %§>
&;55 S
IV. Clinical Validatigin>, \>

a. Method €or ison with Predicate (Accuracy/Comparability)
cul of the assay on the Theranos System, forty four (44) unique

To test the
patient saﬁk&l were screened on the predicate method (Siemens, Advia) and on the
Theranos method. One (1) sample was excluded as an outlier (mean absolute
difference greater than 4). Using the predicate method fifteen (15) values were within
the reference range (250 - 450 pg/dL) and twenty eight (28) 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
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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 probalgiﬁ’gy
(97%) that the predicated bias is acceptable, respectively. The acceptable bias‘ag ™
each medical decision level was determined based on the total allowable e dlp,( >
minus the measured precision at the level closest to that decision level. 0
allowable error (TEa) was taken from American Proficiency Institute
proficiency testing criteria or CLIA proficiency testing criteria foraceenta
analytical performance, as printed in the Federal Register Feb ,
1992;57(40):7002-186, when available. The TEa for To @ apacity is
20%. The table below shows the allowable bias and pre:% evels (values
shown in parentheses) and the corresponding closest 5&1&\ ision limits.

NG\
Table 2. Allowable Bias and Precision at the Medical De‘b’beQ Levels
N
s
N7

0.8~ &/} 1.0 /gQi‘)\ 1.0
B L

A N2
NS
Method comp ormed with un-spiked (normal) and spiked samples. A
comparison Pl Siemens-Advia (predicate) and the Theranos method shows
spiked saé) s'having a better agreement between the two methods as demonstrated by
the distributic%th ta along the identity line. The un-spiked (normal) samples show a
distinctive positive bias with the Theranos method suggesting that the normal samples

respond differently between the two methods. In order to estimate the magnitude of the
systematic error twenty new normal samples were tested by the two methods. See graph

Medical Decision
Levels (pg/dL)

240 (248) 500 (401)

Precision (%)

Allowable Bias (%) a\

below showing a method comparison with normal samples (figure 1.).
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TiIBC Method Comparion with
normal {un-spiked) soraples

yu LA¥12%
Lot #8322

Trapeanns, TIBC fvencus) pg/dl

i 100 2850 300 3040 500
Siemeny Ndvis, TIRC feenows) ugfdt

~, \v

I‘redxcate method iqeenmw 'Xd\m) A tota of
was excluded as an ontlier).

.

.A

The range of values obtained for nommi" samples with the }medmﬁt& and Theranos test

mcthuda were ’737 43’7 pg;' ) :g

_w‘§6 - ‘»36 g.w'dL i‘espwfi\w “Using the method
! a wrremon {sl@pc i 1/}
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o
&=
&

RECH
Sl

fsan THEC p-probacol Semens Al (ugidl)

Mean Raference {ugidll

Figure 2. Q%‘?&Qﬁfgﬁ‘g&?ﬁé
Advia),” f AN

A

Theranos method versus Predicate Method (Siemens

l".\'\ &~ . N - - g
Simple linedrregression was used to establish a slope, intercept and an r*. The slope.

intercept and clinical correlation were determined to be 1.02, -3.95 and 0.99

respectively,
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Lomparabiity

Leved i

Differencs 1o 555 AR 4

Walg
240.000000
322 OH0H00
S00.000000

Diffwrence

-Q.0357048
13827518
£.2188590

Aiswable

855 1 sffarense
HBRIRR 482000000
IR20THE 544000000

2

RI4ED40 000000000

weable Dias: #9% aplo S0pg

Siemens ‘"Aé a mdhad Serum %amplca were used as n,fsvzmuy ’\&ﬁd}ed serum gznd
plasma sdn\i;‘.xies were drawn and tested from each healthy volunteers and plasma
recoveries were compared to the corresponding serum recoveries for each donor.
Matched serum and plasma spiked samples were also included fo fully cover the
measuring range. A total of fifty three samples were tested.
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petibe 2= 938

BO0

2t

% Theros

t { * T T H g
ey Licy 0% R2ey 73 B3y

¥ Ferrens

Figure 3. Graph showing method mmp‘gxmon of matched w&um versus plasma

samples with the Predicate Mcﬁmﬁ (Sw\iem -Advia).
N \

=
.
g <,

N

bc* 1,00, 4.50 and 0.99

3

mterwpt and chmcaﬁ C
respectively,

P }*cﬂzpt zmd an 1. The slope,
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¢. Transference and Verification of Reference Interval (Venous)

Reference ranges were modified by applying the regression equation to the iowsg and

upper reference limits of existing reference interval to generate a new reference:
range. New reference ranges were verified with venous samples using twenty.{ 205
new normal subjects. For a reference range to pass verification, 95% of va hf@’ she

fall within the upper and lower reference limits and 3% or fewer va ug@ faﬁ @msida of
the upper and lower reference limits (CLSI-C28A3). For venous v mmangn 20
{100%) values fell within the new reference range and 0 (0%) »alu@s i&,il “Gutside the
new reference range. See graphs (figure 4.) below for venous %’{ﬁ}p}{zx erification.

P-TIBC , x: 620, v (20 = 0.00%

k=

P T B 0 SO OO DU
i

A5G

% Treranug
3HG
5

kirsd

253

e (,-"'" ™ N N * 2 «rs -y
d. Verifieation of Reference Interval with Finger Stick Samples

AN

New referenieé ranges were also verified with venous matched finger sticks (Lithium
heparin} from a total of twenty (20} new normal subjects. The finger stick samples
were collected in a Theranos blood collection device (BCD) configured with two
separate Lithium heparin vessels, For finger stick verification 20 values (100 %) fell

within the new reference range and no value (

range. See graphs (figure 3.) below for finger stick samples verification.

%) fell outside the new reference
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Figure 3. Graph showing Finger stick sample refofen
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To determine the corrected TIBC ( Themnof;,}f;oncezfmﬁmn the following correction
will be required for samples < 536 pg/dL: { mcasured Theranos value/slope (1.17).

Y PR A .
ptalliron binding capadity was determined to
3§ AN

The new reference range for finger stig
be 251.0 - 455.0 pg/dL.
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VI. Stability

a. Reagents
. OONg
On-board Reagent |

Kystem Srability with Reagent Containey nserts®
ADVIA 1200 7 days
ADNA 165011800 ¥ days
ALWIA 2400 ¥ days

For all systems, unopened reagents are stable until the expiration date printed on the
product label when stored at 2°C - 8°C. Do not freeze the reagents.

For additional details, refer to the Methods Introduction section of the system-specific
{perator’s Guide,
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b. Sample

Plasma samples for total iron binding capacity analysis are stable for 2 weeks at2 2-8

°C, or at least 90 days at -20 °C.
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