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1 PURPOSE

1.1 Todefine a master Validation Plan for the validation/qualification of ELISA assays.

2 SCOPE

2.1 This document applies to the validation/qualification of ELISA assays on Theranos
regulations by CLIA laboratory personnel.

2.2 Per42 CFR 493.1253 the qualification/validation of the ELISA assays sp§0|f|ed in affal
14002-A1 on the Theranos devices will include the following performanc & i

as applicable:

221 Calibration
222 Quality Control
223 Precision
224  Analytical Sensitivity (Limit of Detection)
225
226 Accuracy

2.2.7 Reportable Range (measur)i/_g} g ¥
228 Reference Interval .

2.2.9

3.1  Accuracy: Accuracy is d f'ﬁed b S bas the closeness of agreement between a test result and an

accepted reference value. "'?hoz\ébcuracy is used in a different sense by the American Association of
Pharmaceutical Scientists wher%::jt 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 guantity value.

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

3.3 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).
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3.4  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.

3.5 Calibration: Set of operations that establish, under specified conditions, the relationship betv\;‘g}"g values of
quantities indicated by a measuring instrument or measuring system, or values represg Nraterial
measure or a reference material, and the corresponding values realized by standard\,s.”’-‘?_i;_;
calibration refers to the process of testing and adjusting an instrument, kit, or test systemy”
relationship between the measurement response and the value of the substance bein

procedure (42 CFR 493.1217).

3.6  Calibrator: A substance, material, or article intended to be used to est%‘?lj, sh the me"ﬁ
of a diagnostic medical device. P :

3.7 CLIA: Clinical Laboratory Improvement Amendments of 1888. Co

3.8 CLSI: Clinical and Laboratory Standards Institute.

3.9 Coefficient of Variation: The ratio of the standard" e
expressed as a percentage, abbreviated as %CV .

3.10 ELISA: Enzyme-linked immunosorbent assay is ag.l
amount of a given analytefantigen in a sample.

3.11 Interfering substance: A substance or
of the measurement.

a2

3.13 LDT: Laboratory&

ical method to provide results that are directly
e\k_g_,_:,/éét samples, within a given measuring interval. [t is an
ating an analytical method because it verifies correct interpolation

3.14 Linearity: E
proportional

3.15 LMR: Lowerend of the m % K ng\'.é is the lowest level at which defined conditions, including all stated
characteristic of the method & f

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

3.17 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.

3.18 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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3.19 Matrix: All components of a material system, except the analyte. A specimen matrix is the biological milieu
in which an analyte exists (e.g., whole blood, plasma, serum, urine, or other body fluids). A matrix effect is
the effect of all the other components of a sample, except for the measurand, on the value ofifhe measurand.

3.20 Measuring Interval (reportable range; analytical measurement range or AMR): A measuring\l
consists of all numeric values between the lower and upper numeric values for which % G
quantitative results suitable for clinical use. Where applicable, a linearity study is freguen ly usg
or verify the measuring interval that can be reported for a measurement method. Alterigtively
of the measuring interval may be assigned as the LoQ (LLOQ).

3.21 Precision: Precision is the closeness of agreement between indication ""?.”g\mea U
obtained by replicate measurements on the same or similar objectg:unde "”g%ci [ied: coR

expressed numerically in terms of standard deviation (SD) or pe (??oef nt

3.22 Reference interval: The interval between and including two referen
a reference limit so a stated fraction of the reference values is less

the respective upper or lower limit.

3.23 SOP: Standard Operating Procedure. ¢ \}
3.24 Testing System: The entirety of the testing process, lﬁ'y"l‘gdingi me mbléi feagents, supplies, and
procedures. Personnel are sometimes included in.the defigition.

4 RESPONSIBILITIES

{ assays indicated in attachment CL-
ems in accordance with the gualification plan

i)

41 ltis the responsibility of the Laboratory<D
PLN-14002-A1 are qualified and v
specified in this document.

4.2 ltis the respo
CL-PLN-14C

5 PRINCIPLE

51 ELISA involves at least 6p

sample with an unknown arQ] unt of ‘arie
polystyrene) either non-specifigally (Via adsorption to the surface) or specifically (via capture by another

binder (such as an antibody) 1;}:)‘Eijt?:iﬁc to the same antigen, as in a "sandwich" ELISA). (Competitive assay
formats may also be used.) After the analyte/antigen is immobilized, a detection antibody is added, forming
a complex with the analyte/antigen. The detection antibody can be covalently linked to an enzyme, or can
itself be detected by a secondary antibody that is linked to an enzyme through bioconjugation. Between each
step, the reaction surface is typically washed with a mild detergent solution to remove any proteins or
antibodies that are not specifically bound. After the final wash step, the reaction surface is developed by
adding an enzymatic substrate to produce a visible signal, which indicates the quantity of analyte/antigen in

the sample.
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6 TESTING SYSTEMS

The Theranos devices and systems consist of an analyzer and multiple single-use cartrldges/\hat contain all
the chemicals required to perform the assays on that cartridge. The system can be operated Wlt‘gzgllmmal

training and performs multiple tests on a variety of sample types, such as whole blooggsgerum, plas_.l,a urine,
feces or respiratory samples. The system enables results in under an hour with prec%"'l-;., COLIEALY

equivalent to traditional clinical laboratory analyzers. The device consists of a touch 'dis
interface, processor and communication systems, and sample processing modules, su¢
pipette, robotics, imaging apparatus, thermal control systems, centrifuge, spectromet

photomultiplier tube.
7 SAFETY
7.1 Universal/ Standard precautions will apply, including the use of ap §;5rl i

7.2 All specific safety precautions spelled out in individual SOPs will be:
validations. _

8 TRAINING AND PROFICIENCY

8.1 Individuals conducting the evaluations must be tramedB :
demonstrate acceptable proficiency.

9 PREVENTATIVE MAINTENANCE

9.1 The instruments used during the validai

the Nation
method, via
standardizatio

11 CALIBRATION

11.1 The Theranos systems are | alibrated by the manufacturer at the factory.

11.2 In42 CFR Part493.1255, itis rehquired to perform calibration procedures with at least the frequency
recommended by the manufacturer, or using criteria specified by the laboratory, or when calibration
verification fails to meet acceptable limits.

11.3 The term “calibration verification,” as used in CLIA, includes:

11.3.1 Confirming that a calibration meets the method manufacturer’'s specifications

11.3.2 Verifying that the calibration is suitable for the entire measuring interval (or "reportable range,” which
is the CLIA term) ’
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11.4 Calibration standards will be provided by the manufacturer (Theranos) within the anticipated assay range in
an appropriate matrix. This may be pooled if using a biological matrix. Anchor points below the LLOQ and

above the ULOQ may be used.

11.5 For the purposes of this Validation Plan, calibration will be carried out for each new Io%ﬂg\f\ reagentcartridges.

11.5.1 At each level 3 cartridge replicates will be tested.

standard), a zero sample (matrix sample processed with internaﬂ@\tandard), ane
samples covering the expected range, including calibration sta H‘qugs at fhe L
range (anchor points).

11.5.3 Acceptance criteria: For each run, a minimum of 75% of t
number of calibration standards in the calibration range sh
LLOQ and ULOQ standards) of their nominal values, and a
concentrations must be within the assay range

12 QUALITY CONTROL

‘-‘:I ' ‘\:\;\
high), as appropriate fo
g the validation.

12.1 Two to four level quality control samples (e.g., LLOQ, Q%]
the assay, will be analyzed in each run on each insttume

3 ér%durin

13 PRECISION

13.1 Precision will be evaluated according toi& 5542, Evaluation of Precision Performance of

13.2 Individual, pooled, patient, o g\‘ ahlé spécitens are preferred by CLSI. At a minimum,
¢! atspan ¢ ,@ﬁﬁﬁcant portion of the measuring interval of the

standard ¢
80% of the hig! 95\ HioR;
levels exhibit large diffgrences
below), add additionakiniter

P

ssible, include another level near a medical decision value. If
$ed on manufacturer’s data or preliminary experiments (see
Kltemaﬁvefy, multi-level QC materials may be used if the

ASEEY
13.3 Preface the full precision exp }mentwith a protocol familiarization period to train personnel and to detect
any serious problems. Itis recommended that a preliminary evaluation of repeatability is performed at the
end of the protocol familiarization period. Analyze 20 aliquots of an appropriate test material in sequence,
ideally at two or more concentration levels. These results will be used during the data analysis of the full
precision experiment to detect outliers. Alternatively, manufacturer’s previously established precision claims

may be used for this purpose.

13.4 A minimum of 20 operating days is recommended for a complete experiment to establish precision (as
opposed to 5 days needed to verify a manufacturer's previously established precision claim).

13.4.1 During each of the testing days, for each of two to three lots, analyze two separate runs with two to
three test samples/replicates at each of at least two levels of analyte concentration (spanning the
measurement interval and at important decision or intermediate levels).
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13.4.1.1 Change the order of analysis of the samples for each run or day.

13.4.1.2 Separate the runs performed each day by a minimum of two hours.

13.4.2 If“runs” do not constitute an aspect of the devices for the assays under considgration, t}eq our

samples at each level will be analyzed as two sets of pairs, under repeatabili '"é:?gn%ditio. 'tferent
obtai ame

times during the day. The paired results will be treated the same as two resul{s.
run.

13.4.3 In addition to the test samples, at least one quality control sam%g\ will be analyzs

13.4.4 The report will include scatter plots, precision summary tqb\l\g:_s andy
performance claim(s) regarding within-run (repeatability) Ween-gaynbe
laboratory precision.

13.4.5 Acceptance criteria: The %CV of replicates at each conce
than 20% (25% at LLOQ and ULOQ) for ELISA assays.

14 ANALYTICAL SENSITIVITY

s

14.1 The LoD is often called the analytical sensitivity (e.g.,CL 19
lowest amount of analyte or measurand in a sampia.that ¢ | h\stgted probability, although it
| t'tised to define the low limit of

may not necessarily be quantified as an.exact vat : ?
it itable:for clinical use. The results

.
ncentrations and ensure that low-

provide an understanding of the level of Uncetts
level samples are interpreted appropriafg £

14.2

14.2.3

claim, if known.
142.4 Evaluate claims over ,,%fra'f'days,
14.2.5 The time period will inclt-J‘ge a change in reagent (cartridge) lot.
14.3 The analysis in the report will contain the following elements:

14.3.1 A frequency histogram

14.3.2 A statistical summary table showing the mean, median, SD, and CV of each concentration level

14.3.3 LoB and LoD summary tables containing the study results and conclusions.
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14.4 Note: The above procedure also may be used to establish the LoQ (ULOQ) if samples similar in
concentration to the manufacturer's LoQ claim are evaluated.

15 ANALYTICAL SPECIFICITY (INCLUDING INTERFERING SUBSTANCES)

15.1  Preliminarily, the effect of expected interfering substances may be examined using sample
hemolyzed, icteric, lipemic or potentially cross-reactant containing (dietary substanceg)dr :
obtained from commercial sources (e.g., Bioreclamation or ProMedDx). Neat samplé‘i" NN
endogenous levels. Two to three analyte concenfration levels across the assay range{_wj {Eels
matrix and back-calculated against the standard curve. The back-calculated conce%{fé‘g_g_;
compared to the nominal values of the spiked samples. X o

15.2 More comprehensive interference testing shall be performed to ga Sty
steps described in CLSI guideline EP7-A2 are summarized as follti ;

16.1 Depending eft the
method developmerit,™

16.1.1 Follow the\p%ed it

%ep' ates

16.1.3 Default acceptance critén?é for immunoassays are absolute mean bias (%RE) = 20% (< 25% at
LLOQ) and total error (sum of the %CV and absolute %RE) = 30% (=40% at the LLOQ)

16.2 When a clinical laboratory-developed method is evaluated, trueness is best established by comparing results
to a reference measurement procedure, if available. A list of approved reference measurement procedures is
displayed at the following website for the Joint Committee for Traceability in Laboratory Medicine (JCTLM): .
http://www.bipm.org/jctim/. If a reference measurement procedure is not available, a best-available
comparative method may be used with the following caveat. If the comparative method is not a reference
method, one is technically establishing the comparability rather than the trueness of the test method.

16.3 CLSI guideline EP09-A2-IR, which describes a protocol for establishing the trueness or comparability of two
procedures, will be followed:
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16.3.1 For method manufacturers, as opposed to clinical laboratories, the CLSI guideline stipulates at least
100 patient samples. (Quality control samples are not suitable because they may not behave the

same as patient samples.)

16.3.2 Sample values must span but not exceed the measuring interval.
16.3.3 At least 50% of samples should be outside the reference interval.
16.3.4 Process each sample in replicates of at least two and preferably three.
16.3.5 Vary the order of the duplicate samples. For example, process '!‘"‘e“irst
sequential order, 1, 2, 3,4, 5,6, 7, 8..., and then reverse { S0

sample, ...8, 7, 6, 5 4 3, 2, 1. Follow fih!S reverse proce
methods. Use different initial sequences for each methods

16.3.6 Spread the collection of patient data over a number of day
appropriate and in the same manner for bo}h efocedureS/f;
by the two methods should occur within a t\ -':span consis
to exceed two hours. '

16.4

measuring interval

16.4.3 The results of the calculati
intervals

16.4.4

17.1 The measuring mterval( S Sl\t ISt
chemistry term) or "repor@ le r ne\’\ ‘A term). Laboratories developing test methods need to establish

the measuring interval. Adgjt %na /3 v verifying the measuring interval, clinical laboratories can ensure that
the calibration of the measurg Z;eQ: tocedure is correctly applicable over the range in which they report
patient results and that the measring interval they are obtaining in their laboratory is comparable to the

interval defined by the manufacturer in the product insert.

17.2 A measuring interval consists of all numeric values between the lower and upper numeric values for which a
method can produce quantitative results suitable for clinical use.

17.3 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 or clinical laboratory method because it verifies correct interpolation
of results between points. A linearity study is used to establish or verify the measuring interval that can be

reported for a measurement method.
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17.4 CLSI guideline EP06-A will be followed to establish the measuring interval by performing a linearity study:

17.4.1 Assay a minimum of two to four replicates at seven fo eleven concentrations spanning\{j; e anticipated

linear measuring interval.

17.4.1.1

17.41.2

17.41.3
17.4.1.4
17.4.1.86
174.1.6

17.4.1.7

17.4.2 Due to the nature of many immunoass:
quite narrow. If so, it may be ne
concentrations above the ULOQ;
on the analyte, a dilutional ex;
level at 2x to 3x the ULO

Use specimens with known concentrations or known concentration rel tem _,h]ps rel
values). In some instances it may be possible fo create midlevel samplgs b}
proportions of high- and low-level samples.

The interval evaluated will initially be 20% to 30% wider tpan the antigjpatec
as nonlinear responses can be omitted after preliminary an sis, if.nee

Obtain all results for a single analyte "

Do not test the samples in the order of the
sequence is random.

o8

Linearity summé;h(_,‘ ble including the values obtained with a linear fit and the best-fitting
nonlinear fit.

Conclusion regarding the measuring interval of the study

Theranos Confidential
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18 REFERENCE INTERVALS

18.1 A reference interval is the interval between and including two reference limits, which are estirﬁa ed to
enclose a given proportion of the values for a population from which the reference subjects arédrawn. The
selection criteria for reference individuals are designed to exclude pathological condltgmg. know \‘*tb:“ffect the
concentration values of the analyte under investigation. Reference individuals should i56.be rfapre ntatlve
of the population served by the laboratory and of possible partitioning parameters tha ’g_ g; e
Examples of partitioning parameters include sex, age, race, or a clinical condition such
test result is compared to the reference interval to make a meanmgful medical diagnog

management decision, or other physiological assessment.

18.2 The reference interval is frequently calculated as the central 95%igite
individuals. CLSI guideline C28-A3, Defining, Establishing, and Yy
Labaratory will be followed:

18.2.2 ly\ \upper limit. If establishing

evaluate 120 samples for

each partition.

18.2.3 Carefully define subject preparate sHmpl ot g : ssing, the analytical method, and
instrumentation. . 3 ¥ 2

18.2.4 Analyze the samples overs

18.3

18.3.3 A table summarizingthe
standard deviation.

18.3.4 A summary and conclusion table for each partition that includes the calculated reference interval
based on the reference level defined during the study design and the confidence intervals of the
lower and upper limits of the interval.
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19 CARRYOVER

19.1 Carryover is defined as a discrete amount of reagent or analyte carried by a measuring systeﬁ from one test

into subsequent test(s), thereby erroneously affecting test results. Since the Theranos system
eliminate sample carryover by using a new pipette tip for each sample, sample carrya::,‘(r
improbable. Nonetheless, in certain experiments, a blank will be run immediately aftg
out carryover. Analysis shall be carried out as described in CLSI guideline EP10-A33

19.2 Due to the design of the devices and the fact that the reagents are in single use cartri

is

not applicable.

20 STABILITY

20.1 Stability of Reagent Carlridges

20.1.2 A four point standard curve will be used.
20.1.3 Time points to be tested include 0, 1, 2, 4, 8

20.1.4 Once the other experiments in the vallda‘g;_gg\
including stability to that point; extendged

20.2 Sample Stability

20.2.1 The Theranos systems are{£o

20.

specimens

2.3 Stability for venlpun —t‘ure‘
manufacturer's reco

21 CALCULATIONS AND STATISTICAL ANALYSES

S réd and handled. A freshly prepared standard calibrator
as the reference for comparison of the stability samples.
eeze and thaw stability after three cycles is not applicable.

is high

A, &s used in method comparisons will be as described by
& endations or as verified in the Theranos CLIA laboratory.

211 Necessary calculations will be performed by the Theranos Operating System.

21.2 Statistical analyses will performed using Excel, R, Dexter, and/or StatisPro, as appropriate. Traditional
descriptive statistics will be performed in Excel or R. Calibration statistics will be performed using the
version/module of Dexter (Theranos developed) appropriate to the assay format. StatisPro will be used to
establish performance claims according to applicable CLIA and CLSI guidelines.
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22 ALTERNATIVE ASSESSMENT PROCEDURE

22.1 Because of the unigue features of the Theranos systems, traditional Proficiency Testing progeams are not
expected to be applicable.

22.2 Instead, an alternative assessment program {AAP) will be developed as described in,
A2. Briefly,

22.2.3 Perform AAP for each assay twice yearly

23 OPERATIONAL TIMELINE FOR VALIDATION OF THE LDTs

23.2.1 Determine applicable test performance sg)’
%

23.2.2 ldentify which reagents and speclmeﬂ Wi
expiration specifications

23.2.3 Determine if validation nee
yes, develop study protogo:

23.2.4 Establish’ Q‘ét}ent spé

A

23.2.5 Deg

te fgin %‘J]d‘ control methods to properly control all aspects of the test

23.2.6 Develop appro%.
system

23.2.7 If applicable develop 1%@)’(00@! to establish reference ranges (i.e. normal values)

23.2.8 Develop an alternative testing protocol since traditional “proficiency testing” is not available to
independently assess test accuracy after approval to test and report patient results (can be done

post-validation)
23.2.9 Establish a review and approval process for method validation studies

23.2.10 If test system uses one or more Analyte Specific Reagents (ASR’s), the final report must include an
FDA-mandated qualifier

23.2.11 Establish a format for final reporting of test results
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23.3 Conduct studies to generate performance specification data

23.4 Analyze study data and determine performance specifications

23.5 Document review and approval of test validation study

23.6 Ensure that the test procedure and effective start date for the new procedure are app‘i}m‘
Director :

23.7 Document training of all appropriate personnel as required

24 RECORDS

24.1 All study source data, analyses, and approved documentation wil
years.
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