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Message

From: Sunny Balwani [/O=THERANQOS ORGANIZATION/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=SBALWANI]
Sent: 4/13/2014 11:59:17 PM

To: Daniel Young [dyoung@theranos.com]

CcC: Elizabeth Holmes [eholmes@theranos.com]

Subject: my response to Tyler

Daniel.

Please see attached document. | have added my response and going to add more but first | wanted to get this to you. |
would like for you to verify my comments about data and CV. | want you to be certain that he in fact looked at all tips
(which is what it seems like). Also, there are couple of others comments we want you to respond to.

Thanks.
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Tyler.

Elizabeth forward me this email to respond to your comments.

Before | get into specifics, let me share with you that had this emarl come from anyone elsein the

r CVs were due to Daniel

vas a way to average out the
ant to be, at least in part, a

measure of how much noise exists in the ‘dat
CVasa metric of assay performance becd 2¢

Your basic understanding ¢
happen to he running G5

,,_//{ Formatted: Font: ltalic ]

baseé—whsch iake i Sint the number of %repﬁtaieg we chogse to run as well as other factors.
This is  poin you struggling most with-to grasp. Let me further simplify, it is like someone asking
you to count M&Ms in @ bag. Since we really want 1o be sure, we have 6 people count these instead of
1, even though the answer we give out is stilf 1 number and therefore in a large number of cases our
answer is of higher confidence versus others who may only be counting the bag using 1 person. This
doesn’t mean we have to &haazewm%heesgubﬁsh that we have 6 peopie counting and & answers

lne purpose of havrne a world class ccmpuiaixenai baesr,iencea feam Lo .19{&‘(.1 what statistical model to
pick-teuse in order (o generate givr-gut-the best-most robust dinical data with the highest confidence
from our systens {ossay, hordwaore, softwore — including our algorithms, and other elements). What
ratters is that the answer we provide is something we want-ta-have higher confidence around. Inthis
example, ekach of these 6 people may in turn employ six more people 5o they can in turn provide the 1
right answer that feeds into our algorithm, which ultimately reports out thatpicksthe 1 right answer.
Similarly, what goes on inside the device is for internal calculations and verification purposes. The final
re;}orted result is aii that matters whether intern'riiy we runtthison 1 rep!imtc 2,60r12. ltis

FOIA Confidential Treatment Requested by Theranos TS-1066005



I areasgeneration) to know tip to tip variance, sesse-can-constantiyrefinpand-ireprave-aurpraduct-hut
not refevant in terms of how we guantify assay precision {CV). Daniel Young went over this in detail
with vou befere-over 3 sessions, as you were calculating this incorrectly beforg, and jt_still seems like
your understanding around this is deficient. Pleass know these repeat sessions with Daniel himself were
given to you solely because of your relationship with Mr. Shultz. We don’t share our propristary
methodologies internalweorkings with other junior employees and certainly obawith those that are not
involved with-in 3 giventhis-process. Moreover, Daniel and his team’s time is also | previous
given the amount of work they do almost 7 days a week. This was 3 privsiege exter
courtesy, Not a right.

PR.drdps from
sngmﬁcant

system to systems of our competitors, the fact that the CV of our.

43% to <20% by moving from CV of the entire dataset to CV ofthe
portion of our data is just noise. | believe that we should s 1
order for an assay to pass precision testing; a standard for
each level’s dataset as a whole. !

positive for S ph |

Equivocal zones are commonly used, and expected in such qualitative assays. The approach being used
for setting ours was based on common technigues. That being said, we do know that our equivocal
range is wider than where we would like for some assays. HDW&VS!‘L inn this case, the impact is that more
patients will need confirmatory testing. But this is a business decision. We make these business
decisions all day long. This is not ignoring data.

Mo studies are simply repeated with the original data being ignored. There have been times when the
initial data sets from initial studies may not be good enough because of many factors including the fact
that many of our assays, algorithms, formulas, production methods, OC processes may have been in
early stages. In such case when data suggests that to be the case, we improve our products, assays,
software, algorithms, hardware, manufacturing processes, and more. We ask relevant teams —
sometimes all teams — to identify the root cause of such issues and make changes and repeats our
experiment. THIS I3 CALLED PRODUCT DEVELOPMENT THRU ITERATION. In this case when mav-we
fearn that our initial experiment was a result of a software bug or algorithms needing further refinement
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and debuggmg, misﬂignment of hardware tools or simply 2rrenesus humm processes, we discard that
development, not in startups, not in Earger companies amj (.erlam!y not when you are doing something
extremely novel and unprecedented with limited resources. This is how every product is deveioped. |
find it appailing that rather than seek and understand, you claim to be judging something you don’t have

every mdav:dual doing the experiments as there is a more senior, moig exp'
c:unchmﬁ and decides what experaments to rerun. Most junion Eevei Iab :
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data analy;ia, This is also why we added you to the EL%SA experi
superior understanding of data analysis but because we needed

kmg, o undérs&and Whén
-to spend his time with

5 truly:the most accurate and most precise
imito have the most accurate or precise

I then asked Daniel if he thought
Syphilis test on the market He said that T‘h

.-af'explicitly make these claims. Daniel agreed
ay performances, but noted that Theranos

| saw thesaarticlas stticles claim Theranos is better. | personally agree with that but that is my
opinion just fik m yof these articles are opinions of bloggers and authors. An overwhelming majority
of patients who hgves experienced our method-systems over the last decade, not just at Walgreens,
agree with this opinion based on their experiences. When journalists who come and experience what we
do say that this is the best way to do lab, there is no disagreement around that.

n specific, you mention W5! article. Here is what the author says: “Theranos's processes are faster,
cheaper and more accurate than the conventional methods and require only microscopic biood

[ volumes, not vial after vial of the stuff.” Does the article say Theranos is better than Immuleite running
in 1 lab on 1 device? This says more accurate than conventional methods. This brings me to other

I major point that either vou don’t understand or simply choose to ignore and-in makings your
risinformed claims and assertions against the company. Let me shed some light for you.

l At this peint, Theranos is not selling any devices. We are a high complexity CLIA laboratory. Assuch in
general we are comparead to other high complexity CLIA iaboratories {read the W5 language carefully —
it says conventional methods which in our case is other laboratories and more speciﬁmiiy, he larger
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apples to apples). When on our web site we site that as a CLIA lab, our CVs are such and such {we only
make 1 claim on Vitamin D — more on this later), we are comparing these to other labs. Do you know
what is typical CV for Vitamin-D in other fabs? It is usually much higher than 25%. Do vou know what is
Vitamin-D CV across different devices and different Labs in even 1 company fike Guest and Labcorp? it is
over 409. Many of hospital and payer partners routinely tell us they have never see Vitamin-D OV from
farger Labs lesser than 50% in their lives. The same applies for an overwhelming mber of other
assays; the CVs for these is usually much higher when you measure it 3Cross mu ces, different
|r ':: EI\“C] fots and different days, For Vitamin D, the CLIA governing body-dgesn’teven

acceptable CV {only state of NY doss) because this is one of the mostive
I through the excruciatingly difficult task of calibrating our iots aajd,hatc i
cartridges, plastics, movements inside devices, and other even migre dif

than 2 larger lahs, we cant prove we are beft
Theranos, never make this claim on gy we
can easily experience and tell vou tha

We believe that our appro
complexity CLIA labs 4

] any person when compared to a single reference method
idd, that's o logictiealbdogistically impossible problem 1o prove.

2 Add pre- anaiytlceﬂ arror
and varlance pomt this is what WSJ and
everyone else is talking about by the wor

“accuracy”. Second aspect of what they mean
by that is variability over time. Read the
articles - they expound on exactly this. This is
our whole point and mission on “actionable
information” and what we ALWAYS talk abou
when talking about acedracy ss you can see

conservative + e ask these advisors not just to make sure our claims are correct, but also that
they don't lead o average persen to draw wrong conclusions, We don’t take anything lightly. We run a
very tight ship on these matters.

I then thought back to our previous discussion when | asked about our claim of having <10% CV for our
bssaysi We checked the Theranos website together and found that we only make this claim for Vitamin

—"’{ Formatted: Underline

D. I checked the 2-Tip validation data (we were running 2-tip protocol at the time) and found that the
CVs for our three levels were 18%, 16%, and 19% when calculated based on the median of each
precision run and 23%, 23%, and 25% when calculated based on the entire dataset. Here are scatter
plots of the results from VitD precision testing, they don’t seem to meet the standard we claim on our
website for Vitamin [
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You are wrong here. Medianw a5 gre. this is why you are generating wrong

numbers,

ys the benefit of the doubt until we see how the new 6-Tip
Fthe 7 assays we run on Theranos devices to their predicate

Immulité’ 3rd generation TSH Theranos TSH
level (ulU/ml) total CV 6-Ti

12.5%
5.3%
4.6%
4.8%
5.1%
4.5%
6.4%

34.1%
24.6% 17.9%
27.7% 20.8%

Again your number are
off. Our precision numbers
are instead 8.4%, 5.5% and
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4.6%. This is pretty close to
the predicate and better in
SOTE Cases,

Immulite fT4

Theranos fT4

cv

Level total
10.2

%
7.1%
6.4%
6.0%
3.6%
3.6%

Inter mean

Calcuiations in the report show
CVs values of 18.2%, 8.2% and
7.6%.

Immulite TT4

CVitotal

Theranos tPSA

"<4.6% for.3"levels of controls”

6-Tip
Level
1.4 (ng/ml) 33.8%  13.0%
3.37 {ng/ml) 17.1% 10.8%
10.2 {ng/ml) 24.1% 11.8%
Values in the
report are 12.4%,
9.4%, and 7.3%.
Diasorin VitD Theranos VitD
Level cv 6-Tip
7.2 5.5% Level
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4.2% 18.6% 12.5%
21.7 4.0% 19.1% 9.5%
35 2.9% 12.1%  9.8%
3.2%
62.7 3.1%
93.6 3.2%
115 4.2%
128 4.8%
Oraquick HCV
Sensitivity 99%
Specificity 100%

Values from the
report: 7.5%, 6.2%,
and

9.3%. Definitely
on par with the
reported Immulite
values. though
that is not the
point here as |
explained above
since immuloite
valuesare
tated oni on

Theranos TST

19.4%
12.5%
17.4% 13.0%

than would be predxcted by our QC reference range éalcu!atnons and our internal comparison of
Theranos results in proficiency testing yielded less than satisfying results. | am not sure if this analysis
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You are again wrong here but that is primarily because you seem to starting with the assumption that
everything you read on Google and everything other labs publish is word of truthe. it is not.

Let me address each of your 3 insulting accusations here separatelyw

First, the CLIA regulations define a day as 8 hours, not 24 hours. We run o
muitaplc shifts. This g:ves ussemeaévaﬁ%&g@s an advantgge oniv in numk

There is absolutely no data that shows'th;
without any data. OQur QC “failures” _are biag 3
we are improvmg every dﬂy !Agv g el Starte olis} _pEace of understanding and intention to

help, this ave-deenlikeyn) tﬁ‘d not have made the statements yeu did. AE%O

these early days, we knaw
root case may be. We are

nd catch aii possbee 2r7or candstmns no matter what the
;_;____QC software for CLIA that will mitigate the QC exrertfiag

s Tér decades. We need to write more software o capture and
sarter. This is product development, this is how startups are

ifd point about internal pre-trial PT results. These frstinternal pre-trial PT
gathering and process improvement purposes, The purpose of these pre-trial
runs was-were to, :fest new processes we have been intreducing to the CLIA lab, -highlight where to focus
and improve ous-those processes, SOPs, procedures and where-accordinglyie focus our software
resources. Tethe results of these initial internal pre-trial PT runs was 'less than satisfactory’ hecause we
identified few-a bugs in our algorithms and software besause-afas this process was intended to do. This
was the intent behind this internal pre-trial run. There is absolutely nothing in these internal pre-trial PT
results that says that our internal reagent, assay or cartridges stability is at question. ﬁ
this debugging process, we questionad everything. All teams worked together to reproduce the entire
process manually, reran tests, calibrators, and poured through ouwr code to see where bugs might be. We
found the-a bugs and we are working on fixing the algorithms. Mere-But most importantly, this was an
internal pre-trisd test run that you are making these very serious statements about. This was the

purpose of this internal pre-trial test run — to find bugs. For you to use this internal test date that was
designed to find bugs in our internal the ¥ processes and claim thatthefault iswith assays and

guestion reagent-reagent stability is ddisingenuouseeplydisappointing.
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ot intend it to be, | just feel a
ds solutions. | am invested in this

seént: Friday; Ap)
‘Balw
Subject: FW:fo

p to Previous discussion

From: Tyler Shultz

Sent: Friday, April 11, 2014 3:38 PM

To: Elizabeth Holmes

Subject: RE: Follow up to previous discussion

Hi Elizabeth,

In my meetings with Daniel | found that the discrepancies between our CVs were due to Daniel
calculating CV based on the median value of each precision run, while | was calculating CV of the entire
data set for each level. When | asked him why we do this, he said that it was a way to average out the
noise. | was under the impression that the coefficient of variation was meant to be, at least in part, a
measure of how much noise exists in the data. By averaging out this noise before CV is calculated, the
CV as a metric of assay performance becomes less meaningful. And because our calculations of CV are
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based on median rather than mean, this means that 2/3 of our data is entirely ignored both when
calculating CV and acquiring a patient result.

While | understand that calculating CV based on the medians is relevant for comparing our
system to systems of our competitors, the fact that the CV of our cutoff level for Syphilis RPR drops from
43% to <20% by moving from CV of the entire dataset to CV of the medians tél[s.
portion of our data is just noise. | believe that we should set two standards of C\.
order for an assay to pass precision testing; a standard for the medrans of each g dard for
each level’s dataset as a whole. g

of 1, our sensitivity was only 65% the first time we tested
first issue | have with this is that there is no pénalty for
rather than repeat and add. In our validation ri
of precision or comparability testing it took to.
have is that our equivocal zone is adju"'é'te"
we want to report Almost regardless ofW._

positive for Syphilis.

| then asked D;miéj[
Syphilis test on the mar :

for our assays. We checked the Theranos website together and found that we only make this claim for
Vitamin D. | checked the 2-Tip validation data {we were running 2-tip protocol at the time) and found
that the CVs for our three levels were 18%, 16%, and 19% when calculated based on the median of each
precision run and 23%, 23%, and 25% when calculated based on the entire dataset. Here are scatter
plots of the results from VitD precision testing, they don’t seem to meet the standard we claim on our
website for Vitamin D.
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For a while I've been gi{/in
method performs. Here is a.comp.
methods. While we are.noy

Theranos TSH
6-Tip

Immulite fT4 Theranos fT4
level CV total 6-Tip

0.51 10.2% Inter mean

0.85 7.1% 28.8% 14.5%
6.4% ; 11.0% 4.0%
6.0% 6.68 5.2% 3.9%
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3.6%
3.6%

Immulite TT4

Theranos TT4

CV total

11.7%
10.8%
8.5%
6.1%
5.6%
6.0%
5.6%

Immulite tPSA

"<4.6% for 3 levels of controls" <

Theranos VitD

6-Tip
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62.7 .
93.6 3.2%
115 4.2%
128 4.8%
Oraquick HCV Theranos HCV
Sensitivity 99% Sensitivity 99%
Specificity 100% Specificity 94%
Immulite TST Theranos TST
Level Total CV 6-Tip
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27.1 ng/dL

152 ng/dL

raté is far greater
! rnal comparison of

Theranos results in proficiency testing yielded less than i t ot sure if this analysis

has been done, but we should examine our Dally QC I f

experiment to more accurately evaluate long-té

FOIA Confidential Treatment Requested by Theranos TS-1066019





