To: Daniel Young[dyoung@theranos.com}; Adam Rosendorfflarosendorff@theranos.com}; Elizabeth
Holmes[eholmes@theranos.com}

Cc: Sharada Sivaraman|[ssivaraman@theranos.com]

From: Surekha Gangakhedkar

Sent: Sat 8/24/2013 3:52:45 AM

Importance: Normal
Subject: Assay documents for review
Received: Sat 8/24/2013 3:52:49 AM

TSH Master Validation Plan for ELISA Assays on Theranos devices-08-23-13.docx
Theranos In house TPSA scfv 5D5A5 Assay Development Report.doc
Theranos TSH Assay Development Report 4-4-11.doc

Hi Daniel & Adam,
Attached are the development reports for TSH and TPSA and the validation plan for TSH.

As discussed in a meeting with Elizabeth, please review the data in the development reports for usability towards validation and
propose what will be needed for verification for the 3.5 system with the pre-dilutions.

Thanks,

Surekha
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1 PURPOSE

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

2 SCOPE

21

2.2

as appllcable
2.21 Calibration
2.2.2 Quality Control
2.2.3 Precision
2.2.4 Analytical Sensitivity (Limit of Detection) |
2.2.5 Analytical Specificity (including mterfermg substa
2.26 Accuracy “
227 Reportable Range (measurin _anal m_;easurement range)
2.2.8 Reference Interval |

2.2.9 lements required for test performance (e.g., carryover,

, proficiency testing, and correlation with clinical findings)

stablllty

3 DEFINITIONS AND ABBREVIATIONS | |
The following definitions and,””abnbre ion: are used in this document and related documents and attachments:

3.1 Accuracy: Accuracy is defiried by CLSI as the closeness of agreement between a test result and an
accepted reference value. Method accuracy is used in a different sense by the American Association of
Pharmaceutical Scientists where it 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 quantity value.

3.2 Analyte: Component represented in the name of a measurable quantity. The closely related term
measurand is defined as the particular quantity 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 relationshipf,bnetween values of

procedure (42 CFR 493.1217).

3.6 Calibrator: A substance, material, or article intended to be used to establis
of a diagnostic medical device.

3.7 CLIA: Clinical Laboratory Improvement Amendments of 1988. Congres on n that'defined and

requires specific quality assurance practices in clinical laboratories. -
3.8 CLSI: Clinical and Laboratory Standards Institute.

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

‘to the average;-oftep multiplied by 100 and

Interfering substance: A substance o
of the measurement.

important parameter to oh i en “‘véﬂluatmg an analytical method because it verifies correct mterpolahon

of results between poir

3.15 LMR: Lower end of the me,é"synrig range is the lowest level at which defined conditions, including all stated
characteristic of the method are met.

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 of the measurand.

3.20

of the measuring interval may be assigned as the LoQ (LLOQ).

3.21 Precision: Precision is the closeness of agreement between indications of
obtained by replicate measurements on the same or similar objects under sp
expressed numerically in terms of standard deviation (SD) or percent Coeffic

3.22
the respective upper or lower limit.

3.23 SOP: Standard Operating Procedure.

3.24 t, sample, reagents, supplies, and

4 RESPONSIBILITIES

Itis the responsibility of the Laborato )

4.1 énst e"'t’-i)at the ELISA assays indicated in attachment CL-
h anos’systems in accordance with the qualification plan
4.2 ) ! 4 CLIA laboratory to follow the steps indicated in this
Master Validatio atl, ‘spe alidatio s developed for individual analytes indicated in attachment
CL-PLN-14002-A1 sociat Ps:
5 PRINCIPLE

51 ELISAinvolves at least one bincier (typically an antibody) with specificity for a particular analyte/antigen. The
sample with an unknown amount of analyte/antigen is immobilized on a solid support phase (such as
polystyrene) either non-specifically (via adsorption to the surface) or specifically (via capture by another
binder (such as an antibody) specific 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 cartridges that contain all
the chemicals required to perform the assays on that cartridge. The system can be operated W|th mmlmal
training and performs multlple tests on a variety of sample types, such as whole blood ser” i

photomultlpllertube

7 SAFETY
71

7.2
validations.

8 TRAINING AND PROFICIENCY

8.1 Individuals conducting the evaluations must be tramed
demonstrate acceptable proficiency. 7

9 PREVENTATIVE MAINTENANCE
9.1  The instruments used during the validati be _,aint}ained according to manufacturer’s instructions.

10 STANDARDIZATION

10.1 Methods wiII,..b' d ce method which uses reference materials, such as from
echnology (NIST) or a comparable entity as appropriate to the
ied:values of the calibrators and controls will either be traceable to this
standardization c the manufacturer.

11 CALIBRATION

11.1 The Theranos systems are ihitially calibrated by the manufacturer at the factory.

11.2 In 42 CFR Part 493.1255, it is required 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. Calibrators will be made in depleted
serum with a purified native human TSH analyte. A total of 8 calibrator levels will be used to cover the
reportable range from 50.0 ulU/mL to 0.1 ulU/mL. Expected LLOQ is 0.1 ulU/mL and expected ULOQ is 50.0
ulu/mL.

11.5 For the purposes of this Validation Plan, calibration will be carried out for each new. Iot of ¢
11.5.1 At each level 3 cartridge replicates will be tested.

11.5.2 A calibration curve should consist of a blank or zero sample (matrix
internal standard or a buffer without internal standard) and six to eigh:

values of the total
)% (100 + 25% at
e standard

LLOQ and ULOQ standards) of their nominal vai:_ :
concentrations must be within the assay range.

12 QUALITY CONTROL

edit m"‘.and QC high), as appropriate to
axperiment during the validation. QC
C levels are not included when

12.1 Two to four level quality control samples (e.g., LLOQ, QC
the assay, will be analyzed in each run on each instrument

levels: High = 20 ulU/mL Mid = 2 ulU/mL Low
generating the calibration curve.

13 PRECISION o

13.1 Precision will be evaluated.a rd EP5 A2, Evaluation of Precision Performance of

Quantitative M 3

ent,. : ilable specimens are preferred by CLSI. At a minimum,
evaluate high“afid low con i1 leyels that span a significant portion of the measuring interval of the
procedure. Typlcally, the | C .ample should be within 3x the LLOQ, one QC is near the middle of the
standard curve range;.and the gh-QC is near the upper boundary of the standard curve (approximately 75-
80% of the highest calibration standard). If possible, include another level near a medical decision value. If
levels exhibit large dlfferences in precision based on manufacturer’s data or preliminary experiments (see
below), add additional intermediate level(s). Alternatively, multi-level QC materials may be used if the
aforementioned sample types are not available.

13.2 Individual, pooled

13.3 Preface the full precision experiment with a protocol familiarization period to train personnel and to detect
any serious problems. It is 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).
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13.4.1 During each of the testing days, 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).

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 oon5|dera on, then.four
samples at each level will be analyzed as two sets of pairs, under’ repeatablhty cond
times during the day. The paired results will be treated the same as two.restilts”
run.

13.4.3 In addition to the test samples, at least one quality control sam

13.44

13.4.5

14 ANALYTICAL SENSITIVITY

14.1 The LoD is often called the analytical se .
can be detected with a stated probability, although it
_'ow.eVer, it is usually not used to define the low limit of

may not necessarily be quantlfled as a
the measurmg interval becaus >

14.2

14.2.1 Specimens ..hqu'ldagncjug ‘blanks and low positive samples similar to the specimens used in clinical

testing.
14.2.2 Minimum of 60 measurements of a blank material

14.2.3 Minimum of 60 measurements on samples with a low concentration similar to the manufacturer’s
claim, if known.

14.2.4 Evaluate claims over several days.

14.2.5 The time period will include 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
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14.3.3 LoB and LoD summary tables containing the study results and conclusions.

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 uéing ”""'am

levels across the assay range will be spiked into matrix and back- calculated
back-calculated concentrations will be compared to the nominal values of the

15.2 Cross reactivity will be tested for structurally related analytes: FSH at
at 10,000 ng/mL.

16 ACCURACY/ TRUENESS/ COMPARABILITY

16.1 Depending on the assay, a method accuracy (AAPS) ext

16.1.1

16.1.2 “stibsequi ntlybe used for FDA submission) at 3 sample

ays-are- absolute mean bias (%RE) < 20% (< 25% at
d.absolute %RE) < 30% (<40% at the LLOQ)

16.2 evaluated, trueness is best established by comparing results
yilable. A list of approved reference measurement procedures is
ft Committee for Traceability in Laboratory Medicine (JCTLM):
im/" ]. If a reference measurement procedure is not available, a best-
y-be. used with the following caveat. If the comparative method is not a

ally establishing the comparability rather than the trueness of the test

displayed at _t__he fe
[ HYPERLINK:"fitt
available comparative
reference method, one
method.

16.3 To establish the trueness or comparability of two procedures, the following guidelines will be followed:

16.3.1 40 patient samples will be tested on the predicate method and the test method. (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.
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16.3.5 Spread the collection of patient data over a number of days and runs. Store the samples as
appropriate and in the same manner for both procedures. However, analysis of individual samples
by the two methods should occur within a time span consistent with the analyte stablllty, generally not
to exceed two hours.

16.4 The analysis in the report will contain the following elements:
16.4.1 Repeatability plots, difference plots, and/or scatter plots

16.4.2 The result of an adequate range test (linear fit with r value) to ensﬁ:x"
measuring interval

16.4.3 The results of the calculations for the predicted bias (or differenc es
intervals

16.4.4 Statement of performance claims

17 REPORTABLE RANGE (MEASURING INTERVAL)

17.1 The measuring interval (CLSI term) is also calleel
chemistry term) or “reportable range” (CLIA term) Lab rato:_

! rementrange” (AMR; common
' veio '_ng test methods need to establish

A measuring interval consists of all fur
method can produce quantitative.res

17.3

within a given measuring interval. It is an important parameter
linical laboratory method because it verifies correct interpolation
dy is used to establish or verify the measuring interval that can be

17.4 ideli y. : Howed to establish the measuring interval by performing a linearity study:

17.4.1 Assay a minimum of two to four replicates at seven to eleven concentrations spanning the anticipated
linear measuring interval.

17.4.1.1 Use specimens with known concentrations or known concentration relationships (relative
values). In some instances it may be possible to create midlevel samples by mixing various
proportions of high- and low-level samples.

17.4.1.2 Minimum concentration will be at or near the lower limit of the linear measuring interval.

17.4.1.3 Intermediate values will include concentrations throughout the measuring interval.

17.4.1.4 Maximum concentration will be at or near the upper limit of the linear measuring interval.
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17.4.1.5 Obtain all results for a single analyte on the same day.

17.4.2 Due to the nature of many immunoassays, the range of quantification of the standard curve may be
quite narrow. If so, it may be necessary to show that the analyte of interest, when present in
concentrations above the ULOQ can be diluted to bnng it back into the valldatedw arnge Depending

correctly reported above the ULOQ.
17.4.3 The analysis in the report will contain the following elements:
17.4.3.1 A scatter plot

17.4.3.2 Repeatability summary table showing the repeatablllt :
evaluated

17.4.3.3 Linearity summary table including the value obt
nonlinear fit.

17.4.3.4 Conclusion regarding the measuring.m
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18 REFERENCE INTERVALS

18.1 Areference interval is the interval between and including two reference limits, which are estimated to
enclose a given proportion of the values for a population from which the reference subjects are drawn The
selection crlterla for reference individuals are de5|gned to exclude pathologlcal conditions. kn’ow ‘to-affect the

Examples of partitioning parameters include sex, age, race, or a clinical condltlon suc
test result is compared to the reference interval to make a meaningful medical diagriosi

18.2

Laboratory will be followed:

18.2.1 When establishing, as opposed to vern‘ymg a re_ference intefvalat’

18.2.2

18.2.3 Carefully define subject prepar:at-iq‘:h:_,_ sa d processing, the analytical method, and

18.2.5 Include d in routine testing.

18.3 The analysfié___in the report will.contain the following elements:
18.3.1 A frequency histogra
18.3.2 An outlier box p

18.3.3 A table summarizing the data from each partition, including the range of values, mean, median, and
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 system from one test
into subsequent test(s), thereby erroneously affecting test results. Since the Theranos systems v:rtually
eliminate sample carryover by using a new pipette tip for each sample, sample carryover-is-hi
improbable. Nonetheless, in certain experiments, a blank will be run immediately after runri
out carryover. Analysis shall be carried out as described in CLSI guideline EP1D=A3

19.2 Due to the design of the devices and the fact that the reagents are in smgle use cartrudge
is not applicable. .

20 STABILITY

20.1 Stability of Reagent Cartridges
20.1.1 Cartridge stability will be evaluated at 4°C, nomii;?al (rang
20.1.2 A four point standard curve will be used.... |

20.1.3

initial validation report may be issued

2014 _
rted in a revision or addendum.

20.2

yuld.be used as the reference for comparison of the stability samples.
iquoted, freeze and thaw stability after three cycles is not applicable.

curve and Q sampl
Since specimens.

20.2.3 Stability for venipunciure samples used in method comparisons will be as described by
manufacturer's recommendations or as verified in the Theranos CLIA laboratory.

21 CALCULATIONS AND STATISTICAL ANALYSES
21.1 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 unique features of the Theranos systems, traditional Proficiency Testing programs are not
expected to be applicable. .

22.2 Instead, an alternative assessment program (AAP) will be developed as described in CLSI gu
A2. Briefly, P

22.2.1 Acceptable methods include comparison with a reference method, blind ':retés

22.2.2 Define the acceptability limits for each assay in advance (e.g., use th

22.2.3 Perform AAP for each assay twice yearly

23 OPERATIONAL TIMELINE FOR VALIDATION OF THE L.DTs

23.2.2

Identrfy which reagents and spemmens

2323

2324

23.2.5

23.2.6 Develop approprra maintenance and control methods to properly control all aspects of the test

system
23.2.7 |If applicable developb a protocol 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

Theranos Confidential Page [ PAGE ] of [ NUMPAGES |

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.

FOIA Confidential Treatment Requested by Theranos THER-2060238
Fed. R Crim P. 6(e) material

Trial Exh. 1031 Page 0015



Standard Operating Procedure Document Number:

iftfﬁmﬁﬁﬁ Revision: A

sdde fiming hewlbhoore CLIA Laboratory Effective Date: 08/23/13

MASTER VALIDATION PLAN FOR ELISA ASSAYS ON THERANOS DEVICES

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 approved
Director ;

23.7 Document training of all appropriate personnel as required
24 RECORDS

241 All study source data, analyses, and approved documentation will be of the'tests plus two

years.
25 ATTACHMENTS

CL PLN-14002-A1 List of Approved ELISA Assays f

26 REFERENCES

26.1 Code of Federal Regulations, Title 42, Chapte
493.1253, and 493.1255.

26.2
20:1885-1900.

26.3 Guidance for.tnch
Food and Drug A

26.4
Fourth Edltlon Saunde

26.5 I/LA21-A2, Clinical Evaluation of Immunoassays Approved Guideline - Second Edition, 2008, Clinical and
Laboratory Standards Institite, Wayne, PA.

26.6 I/LA23-A, Immunoassay Systems: Radicimmunoassays and Enzyme, Fluorescence, and Luminescence
Immunoassays; Approved Guideline, 2004, Clinical and Laboratory Standards Institute, Wayne, PA.

26.7 R (version 2.13.1). The R Foundation for Statistical Computing, 07/08/2011.
26.8 StatisPro (version 1.13.00). Clinical and Laboratory and Standards Institute, Wayne, PA. 07/14/2011.
26.9 Dexter-immunoassay (version1.0), Theranos, Inc., 2009.

26.10 EP10-A3, Preliminary Evaluation of Quantitative Clinical Laboratory Measurement Procedures; Approved
Guideline—Third Edition, 2006, Clinical and Laboratory Standards Institute, Wayne, PA.
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26.11 EP15-A2, User Verification of Performance for Precision and Trueness; Approved Guideline—Second
Edition. 2005, Clinical and Laboratory Standards Institute, Wayne, PA.

26.12 EP09-A2-IR, Method Comparison and Bias Estimation Using Patient Samples; Approved.Guideline—Second
Edition (Interim Revision), 2010, Clinical and Laboratory Standards Institute, Wayne, PA

26.13 EP05-A2, Evaluation of Precision Performance of Quantitative Measurement Methods; Approve:
Guideline—Second Edition, 2004, Clinical and Laboratory Standards Institute, \Zyay

26.15 C28-A3c, Defining, Establishing, and Verifying Reference Intervals in the
Guideline—Third Edition, 2008, Clinical and Laboratory Standards Institu

26.16 EP17-A, Protocols for Determination of Limits of Detection and Li
2005, Clinical and Laboratory Standards Institute, Wayn'_ 5

26.17 EP7-A2, Interference Testing in Clinical Chemisirs

v: Appr
Laboratory Standards Institute, Wayne, PA.

Clin Chem 1976; 22 176- 83
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