Tyler.

Elizabeth forward me this email to respond to your comments.

Before | get into specifics, let me share with you that had this emall come from anyone else in the
ol | Formatted: Highlight

giving you the benefit of doubt that your mtentnons are in the right place, besass SAEN 3nd am
taking the time to respond, even though your tone in this email all the way throug raph is not
seeking to understand, but rather standing at higher perch of morahty an [

71 Comment [EH1]: Stronger — emphasize
what he did first especially in light of my
comment on accuracy below

company. Perhaps this too was not your intent but this clearly comes acri

CVs were due to Daniel
lating CV of the entire
data set for each level. When | asked him why
noise. | was under the impression that'the co
measure of how much noise exists in the da
CV as a metric of assay performance bec
based on median rather than mean, this me
calculating CV and acquiring a patieft result.

Your basic understanding
happen to be running 6six

_..——"1 Formatted: Font: Italic

= of conhdenceg Wby our aigonthmf
: jmbm of %rephrates we chogse o run as well a: ey factors,
T“ns i & pointydy abe s rugvlinv most weideio grasp. Let me further simplify. it is like someone asking
you to count M&M in a bag. Since we really want to be sure, we have 6 people count these instead of
1, even though the answer we give out is still 1 number and therefore in & 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 sharsasithatherspublish that we have 6 people counting and 6 answers
instead of 1. We use internal algorithmes to arrive at the right answer based on whatwase
case. it may pe a simple average of 6, 3 median, or some other algorithm. This is
se of having @ world class computationa] Moescences team to seiect what statistica! model
g;-f%k—éﬁuw i order bo gy ws"i“ Bessdng yst ol e highest confidence
frosms oL wy elemenist, Wha?

sxample, sfach efthese & peapla may in turn emplay Six more peaple 50 they can in turn prowde the 1
right answer that feeds into our algorithm,_which ultimaisly reports sul theb-pleksthe 1 right answer,
Similarly, what goes on inside the device is for internal caloulations and verification purposes. The final
reported result is all that matters, whether internally we runt thison 1 replicate, 2, 6 0r 12. it is
important for us {ie, R&D, internal data generation, future- and the algorithm-_amongst ather
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| areasgenseation) to know tip to tip variance, soave-ean-constanberefineand-dnprove curpraduct-but
not relevant in terms of how we quantify assay precision {C\/) Gamei Yeung went over thss in detai
with you kedera-over 3 sessions, as you were calculating this incorrectly before, and it still seems like
your understanding around this is deficient. Please know these ]
given 1o you saEeEy because ofyeur refationship with Mr. Shultz.
sekings with other junior employess and certemly ¥
nibis-process. Moreover, Daniel and his team’s time s alsa
given the amount of work they do almost 7 days a week. This was a prmiege exter

system to systems of our competitors, the fact that the CV of ous
3% to <20% by movmg from CVof the entire dataset to CV of the

tells me tha a significant
of CV that'must be met in

r less of what the data looks like, we can adjust this zone until we get
t to see. Tellmgly, out of the 247 patients that we tested 66 of whom

were Sypﬁi-l
positive for

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. However, in this case, the impact is that more Comment [EH2}: Add text around recent

patients will need confirmatory testing. But this is a business decision. We make these business AAP and “borderline” performance of

decisions all day long. This is not ignoring data. reference method, especially in equivocal
wone

No 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, QC 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 mors. We ask relevant teams —
sometimes all teams — to identify the root cause of such issues and make changes and repeats our
experiment. THIS IS CALLED PRODUCT DEVELOPMENT THRU ITERATION. In this case when msewg
fearn that our initial experiment was a result of a software bug or algorithms needing further refinement

Trial Exh. 5645 Page 0002

Confidential THPFMO0002089535



and debugging, misalignment of hardware tools or simply erroneous human processes,- we discard that
data in the R&D and product development stage. Nothing works the first time around in product
development, not in startups, net in larger companies and certainly not when you are doing something
extremely novel and unprecedented with limited resources. This is how every product is developed. |

find al appailmg tha& rather than a??k and understand, you claim to bepdgmg smmethmg you don't have
: evelopment
things, wear

and wha& is vaEsdatsm in CLiA, Because of Ear,k of resourcves, we ask peopie to d
mudtiple hats, and sometimeas try to combine multipie steps into oneWe don't
every individual doing the experiments a5 there is 3 more senior, morg expe
crunchmg and decides what expenments torerun. Most;umorE veE &h :

data anai\,sss, This is also why we ac{ded you to the EUSA expen‘;
superior understanding of data analysis but because we neaded s

you. After that session, you shared you unde
broader and grasp even more and your depth

Syphilis test on the market. He said that 1
tests and that if | could find any marketmg

agree with this opinion based on their experiences. When joumahsts who come and experience what we
do say that this is the best way to do lab, thers is no disagresment sround that.

n specific, you mention W3I 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 stuft.” Does the article say Theranos is better than Immulsite running
in 1 fabonl devace? This says more accurate than conventional memade Thm brmgs me to other
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mssmformed cEasma and assertions aga;mt the (vompany, Lei me shed some iaghi for yau.

At this point, Theranos is not selliing any devices. We are 3 high complexity CLIA lahoratory. As such in
general we are compared to other high complexity CLIA laboratories {read the WS) language carefully —
it says conventional methods which in owr case is other Iaboratories and more specifically, the larger
national laboratories that use multiple devices for a given assay in different Iocations se- {owe compare
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apples to apples). When on our web site we site that as s CLIA lab, our CVs are such and such {we enly
make 1 claim on Vitamin D~ more on this {ater}, we are comparing these to other labs. Do you know
what is typical CV for Vitamin-D in other labs? It is usually much higher than 25%. Do you know what is
Vitamin-D CV across different devices and different Labs in even 1 company like Guest and Laboorp? it is
over 40%. Many of hospital and payer partners routinely tell us they have never see Vitamin-D CV from

assays; the CVs for these is usually much higher when you measure it across m

i_reagen‘d fots and different days. For Vitamin D, the CLIA governing body dgesn’te .t Comment [EH3]: Add pro-analytical error
and variance point — this is what W5land
everyone else is talking about by the word
“accuracy”. Second aspectof what they mean
by thatis variability over time. Readthe
articles — they expound on exactly this. This is
our whole point and mission on “actionable
information’” and what we ALWAYS talk about
when talking about accuracy as you can see
from the context around any performance
claim, including on our website and in articles.

vmbmty mm so that we can have a platform that gives us this ca
sdessthe fo aisux(t wehich peoy i-; ghve samles and slsg agy

Add future of personalized medicine point on
trending and associated predictive power.
Other labs and EMR systems cant and caution
against relying on longitudinal data.

as possible and measuring CV on sam-;__ﬁ'i-e; fro
are reported {from cradle to grave). TH‘a.g’s

completion, they o
measure, let alone

:ﬁé'bus, myopic —and still incorrect view —what CV is, let alone what the
what we are going a‘rter The smartest physicians lab directors hospital
far

Again, if you really were seeking to understand and not preach, all of these points would be obvious to
vou and you would be focusing on and would have understood why everyone who understand the
overall laboratory process knows what we do is so much better already and as we build out more
software, processes, controls etc, will only get better with time.

[ MoreoverRegardless of the above more important points, the CV yvou are comparing is from multiple
Theranos devices to 1 competitor device. H you are measuring CVs across muitiple devices and mulitiple
reagent lots from the same vendor the results are horrendous. WSJ article in particular makes no
reference to our RPR method to being the hest and neither do we. This is called an NP-complete
problem, Even when we have data to show we are better than 2 larger labs, we cant prove we are
hatter than every lab. It is logistically impossible. This is why we, Theranos, never make this claim on our
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web site, However, an average person of average intelligence can easily experience and tell you that this
is the case.

We believe that our appmach our mpthodoiagy, our tec hmzk}g,y, our platf@rm is suppﬂar oy other high
complexity CLIA labs.
wrsry samp!e on every day in the hand

- 'E Formatted: Underline

and on our web»-site is vetted by some of the most competent {aw
claims and contrary o vour commaents to Danisi—nnthe §

"t Comment [EH4]: Add point about 10% CV
rotocol at the time) and found that the on 6 tip data and when bias is corrected and

Iculated based on the median of each how CV is calculated — in main range

©d on the entire dataset. Here are scatter

: 't seem to meet the standard we claim on our

§

website for Vitamin D

"1 Comment [EM5]: What data is this? Daniel —
add comments

45 -

Lawzl L {15 i6ng/mi}

- Linear {Level 1 Reported)

1231
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You are wrong here. Median was not used here — gverages are. this is why you are generating wrong
numbers,

For a while I've been {giving our assays the benefit of the doubt until we see how the new 6-Tip

method performs. Here is a comparison of the 7 assays we run on Theranos devices to their predicate
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methods. While we are now performing better than we were with the 2-Tip method, you can see that of

the 7 assays we run on the Theranos system, there is only one level from one assay that shows less

variation than our competitor’s technology.

Immulite 3rd generation TSH

Theranos TSH

total CV

level {ulU/ml)

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

6-Tip,

~27:7%

20.8%

Agamn your number are
off. Our precision numbers
are Instead 8 4%, 3.5% and
4.6%. This is pretty close to
the predicate and betier o
SOTHE CASEs,

Immulite fT:

Theranos fT4

6-Tip

Inter mean

' 7.1% 28.8%  14.5%
6.4% 5.42 11.0% 4.0%
6.0% 6.68 5.2% 3.9%
3.6%
6%
Calculations in the report show
C¥s values of 19.2%, 9.2% and
7.6%.
Immulite TT4 Theranos TT4
level CV total 6-Tip
11.7%
10.8% 16.0% 13.9%
8.5% 16.0% 14.0%
7 6.1% 18.3% 14.6%
8.2 5.6%

Confidential
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_,,,»f-“"j Comment [EH7]: Add single device and pre-

analytic error/variance point again

-=-"1 Comment [EH8]: Add summary comment
on all below is incorrectly taken from

whatever he took it from.
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6.0%
5.6%

Immulite tPSA

"<4.6% for 3 levels of controls”

Level

1.4 (ng/ml)
3.37 {ng/ml)
10.2 (ng/ml)

Values in the
report are 12.4%,
9.4%, and 7.3%.

Diasorin VitD

Level

Theranos HCV

Sensitivity
Specificity

Sensitivity
Specificity

99%
94%

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

9.3%. Definitely
on par with the
raported Immulite
values. though
thatis not the
point here as |
explainad above
since Immulcite
values are

Confidential
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calculated only on
1 devices.

Immulite TST Theranos TST
Level Total CV -Tip

24.3%

152 ng/dL
280 ng/dL
414 ng/dL

300 ne/dlL

Furthermore, ?Fheranos has an inherent advantage in these comparisons due to the way we run our
precision testing. While our competitors conduct their precision testing over 20 days, we do ours in 5.
Accordingly, we can see that our precnsmn experlments are not indlcatlve of Ionger term assay

Comment [EHY]: Add comment — this is
straight out false. Same comment on QC
“failure” — need to explain this, and same

has been done, but we should examine our Dally QC results as |f it were a prolonged precision comment again on AAP

=t Comment [EH10]: Add comment—he i
should not be the one suggesting this and also
incorrect comment i

experiment to more accurately evaluate long-term assay performance. |

y as 8 hours, not 24 hours. We run our precision 20 hours amongst
S Wy in number of calendar days B takes us
i. for the husineas) butasd a!so h

Second, our daily GC control “falure” rate is higher because of how we have constructed our OC tests.
Gther devices in the upstairs lab play tricks with ther QC runs and don’t bubble up all errors inraw
format to the users like we do. Qur GC *failures” are not because of reagent stability like you dlaim.
There is absolutely no data that shows that and it is astonishing you arg Empiying that this is the case
without any data, Our OC "failures” are because of newness of &

we are zmpmvmg every day Aga , if you had started from a place of understandmg and intentionin - Comment [EH11]: Add point here that QC
help, shisisaadnes 5o sapa-bean-diayou would not have made the statements you disd, Also | failure is not failure as per my comment above

kriow that the QC faslures on EdlSOﬂS isare hecause we display all errors to the CLIA technicians so in
these early days, we know more, learn more and catch all possible error conditions no matter what the
root case may be. We are working on automatic QC softwars for CLIA that will mitigate the QC esresd
messages and only give erraes-flags that are relevant to CLIA or to patient sample processing. Uther
davice { vendors have been doing this for decades. We need to write more software to capture and
mitigate these which we are doing this quarter. This is product development, this is how startups are
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built, | find it particularly dis
expiicitiy seid vou wantad o e

i1 4

Let me now address the third point about internal gre
tests were for information gathering and process improvement pur;;ows The U

i WR-WETE 10 tast now processass wie have I3
e processes, SOPs, procedures cmd W'z
3?16 res uEts of these mztsal erns E pre-trial PT runs was Ie

ST

resources.

1 Comment [EH12]: Add comment - to the
contrary, we tested {list all test) showing no
reagent, antibody, cartridge, hardware or
other problem

results that says that our internal reagent, assay or cartridges sta
this debugging process, we questioned everything. All teams worke
proCess manuaily, reran tests, caiibramrs and poured thmugh Gur

impmianﬂy, hia was an

aut. This was the
pUFPOSE of this internal pre-irial test q e : L 1al test data that was
designed to find bugs in o4 s : ¢ aulit iswith assays and
gussiion seagentreagent stability is &

§'E_et me add a final point {o this. | saw an email from nis weekend which you sent in February |
balieve whera you guestionad the Eegahty our PT method and where you cited a reference from CM3
regulations. This b of s gimes to our busi = ot onlv are yoy auestioning o
interrity, but our ioense 1o operate as @ siness, That comment and that accusation based on absolute
ignorance about the integrity of our company and its core team members is so insulting to me thet if
vou were not Mr, Shultz’s grandson, | would have personally thrown you out of this building. Thisis g
privilege you are over abusing — at least at this company. This email from you is the end of this. Only
email on this topic | want 1o see from you is an apology to Daniel and his team and possibly to Elizabeth.
Please ce me on this email so | see that this happened.

T Formatted: Tab stops: 5.68", Left

Your a.ﬁ;umpison of beinv right based on your very limited knowledge and understanding of Math,
Statistics, Laboratory industry, medical device precision methods, data - and now laboratory reguiations
-is a very discouraging news for your own growth in business. Your sense of responsibility may be
commendable but yow lack of d sire {0 seek ag o understanding, accurate information and

oniributs but ratd neyoftelling others what rightis distwrbing.t . -t Comment [EH13]: Tighten/possibly

integrate with intro and earlier comments

I am sorry if this email sounds attacking in any way, | do not intend it to be, | just feel a
responsibility to you to tell you what | see so we can work towards solutions. | am invested in this
company’s long-term vision, and am worried that some of our current practices will prevent us from
reaching our bigger goals. I'm sorry | wasn’t able to catch you for a conversation, | know how busy you
are, but if you would like to discuss anything I've mentioned in person, | would be more than happy to
do so.
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From: Elizabeth Holmes

Sent: Friday, April 11, 2014 4:35 PM

To: Sunny Balwani

Subject: FW: Follow up 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 di
calculating CV based on the median value of éach precision £
data set for each level. When | asked him why':’w"'e.-d this, :
noise. | was under the impression that'the co i
measure of how much noise exists in the dat

_ And because our calculations of CV are
datais entirely ignored both when

based on median rather than mean, this me
calculating CV and acquiring a patient result.

V-based on the medians is relevant for comparing our

While | underslan_d:mha ©a _
) t that the CV of our cutoff level for Syphilis RPR drops from

system to systems of oureg
43% to <20% by moying f
portion of our data is just hgise
order.for.an assay 1o'fiass.prec
each level’s gat

megthét for qualitative assays such as Syphilis RPR, the CV as metric of assay
e rtant than it would be for quantitative assays. | agree with him, at the end of
the day the onlything that’s important is delivering the correct result to our patients. However, given
the high variatién_fiﬁp our dataset, it is not surprising that when using a strict antibody index cutoff value
of 1, our sensitivity was only 65% the first time we tested clinical samples and 80% the second time. The
first issue | have with this is that there is no penalty for repeating an experiment. We repeat and delete
rather than repeat and add. In our validation reports there is never any mention of how many attempts
of precision or comparability testing it took to get the data that’s presented. The second problem that |
have is that our equivocal zone is adjusted and widened until we see the sensitivity and specificity that
we want to report. Almost regardless of what the data looks like, we can adjust this zone until we get
the 95% sensitivity that we want to see. Tellingly, out of the 247 patients that we tested, 66 of whom
were Syphilis positive, more patients fell into our equivocal zone than we correctly diagnosed as being
positive for Syphilis.

| then asked Daniel if he thought our Syphilis test was truly the most accurate and most precise
Syphilis test on the market. He said that Theranos does not claim to have the most accurate or precise

tests, and that if | could find any marketing materials that make such claims that | should forward them
to him. A quick google search yields a handful of articles that explicitly make these claims. Daniel agreed
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that the authors make sweeping statements about our assay performances, but noted that Theranos
never directly made any of these claims. If well-established institutions such as the Wall Street Journal
have published misinformation about Theranos, it seems it would be in our best long-term interest to
correct this information in order to uphold our image of bringing transparency to blood testing.

I then thought back to our previous discussion when | asked about o
for our assays. We checked the Theranos website together and found that we o
Vitamin D. | checked the 2-Tip validation data (we were running 2-tippretocol g
that the CVs for our three levels were 18%, 16%, and 19% when calcu_!ate_d'"ba__ d

claim éf-having <10% CV
his claim for
d found
edian of each

plots of the results from VitD precision testing, they don’t seem t
website for Vitamin D.
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For a while I've been giving our assays the benefit of the doubt until we see how the new 6-Tip
method performs. Here is a comparison of the 7 assays we run on Theranos devices to their predicate
methods. While we are now performing better than we were with the 2-Tip method, you can see that of
the 7 assays we run on the Theranos system, there is only one level from one assay that shows less
variation than our competitor’s technology.
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Immulite 3rd generation TSH

Theranos TSH

total CV

12.5%
0.32 5.3%
4.6%
4.8%
5.1%
4.5%
39 6.4%

Immulite fT4
level CV total
0.51 10.2%
0.85 7.1%
6.4%
6.0%

3.6%

3.6%

Immulite TT4-

Theranos TT4

level

6-Tip

Immulite tPSA

Theranos tPSA

"<4.6% for 3 levels of controls”

6-Tip

Confidential

Level
1.4 {ng/ml) 33.8%  13.0%
3.37 {ng/ml) 17.1% 10.8%
10.2 {ng/ml) 24.1% 11.83%
Diasorin VitD Theranos VitD
Level cv 6-Tip
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5.5%

4.2%
4.0%
2.9%
3.2%
62.7 3.1%
93.6 3.2%
115 4.2%
128 4.8%
Oraquick HCV
Sensitivity 99% 99%
Specificity 100% 94%
Immulite TST
Level Total CV
27.1ng/dL 24.3%
19.4% 11.6%

13.0%"
o

. 152 ng/dL
280 ne/dlL
414 ng/dL

12.5%
17.4% 13.0%

atiour precision experiments are not indicative of longer-term assay
performan’ce_" nc ___ﬁgiﬁ running patient samples; our Daily Quality Control failure rate is far greater
than would bé-predictéd by our QC reference range calculations, and our internal comparison of
Theranos resultsiin‘proficiency testing yielded less than satisfying results. | am not sure if this analysis
has been done, but we should examine our Daily QC results as if it were a prolonged precision
experiment to more accurately evaluate long-term assay performance.

Accordir, W

| am sorry if this email sounds attacking in any way, | do not intend it to be, | just feel a
responsibility to you to tell you what | see so we can work towards solutions. | am invested in this
company’s long-term vision, and am worried that some of our current practices will prevent us from
reaching our bigger goals. I'm sorry | wasn’t able to catch you for a conversation, | know how busy you
are, but if you would like to discuss anything I've mentioned in person, | would be more than happy to
do so.

Thanks,

Tyler
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