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This Development Report contains Theranos Confidential Information and is being provided
under the parties” Mutual Confidentiality Agreement. Any further dissemination, use or
disclosure of the Report, in whole or in part, is strictly prohibited.
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I. ASSAY INFORMATION

1.1 Assay Specifications

morphme meaning that it is metabohzed Ew the hﬂd}g}mo‘mg
the major metabolites of heroin, 6- monoaéetylmo 1 h’ﬁ ¢ (6~ \’\@APV
Nicomorphine (morphine dinicotinate);-. paildylmarphmé (morphme dipr opmnate)
desomorphme (dl hydro decoxy—nmf» ] ethvldesowhme acetylploplonylmorphme

morphlne

This assay is designed to quamltauvely detecl\cmly 3 semi-opiates (Heroin, 6-AM, and Codeine)
in urine, serum, plaqma &nd wh }Q\' bkmd The assay has a reportable range of IO ng/ml 10
SOOnt/ml This a%say ' §nd

1t1v&\sgnd below 300ng/mL is negame On the other hand the cutoff
25ng/ml. The reported value above 25ng/mL in plasma, serum or whole
bejew ZSn&/ mL is negative.

The followm g com ercial methods were used as comparison methods:
e Neogen Cat #130415 Opiate Group ELISA Kit (urine, whole blood, and Oral fluid)
e Abnova Cat#KA0937 Opiates ELISA KIT (Urine, plasma/serum, and whole blood, but
directions are specified only for urine)
o Advia Chemistry Cat#2011-02 Opiate 2 (urine only)

1.3 Materials and Methods

The Theranos opiate assay format is designed as a competitive immunoassay. An anti-sheep
secondary antibody was coated first on the reaction tips and followed by a primary sheep anti-
heroin antibody. The sample is diluted 100X and combined with an enzyme labeled Heroin-AP
conjugate. This mixture s incubated on the capture surface for 10 minutes. After the incubation,
the surface is washed and substrate is incubated on the surface for 10 minutes, and then the
resulting chemiluminescence is read in Relative Light Units (RLU).
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Figure 1: Opiate assay principle

Opiate Assay (Competitive Format)

Samples/Heroin-AP

anti-Heroin antibody

Goat Anti-sheep IgG

Surface

Table 1: Materials .

Name Supplier Catalog #
Heroiti., L~ Cerilliant H-038
Mkalmq Phosphataq Substrate ’ Theranos T-ALKP-SBO1
Low B@ABlockmg uffer. Sigma (BSA, Fraction | A3059-500G
(0. 03% BSA'in TBS 0.05% Sodium Azide) V, 99% Pure)
Carbonate-bicarbonate buffer Sigma C3041
Sheep polyclonal to'Heroin antibody Abcam ab123991
Heroin-ALP Conjugate YJ Bioscience KO1709
Rabbit anti-sheep IaG (Fc) Fitzgerald 41-R845
THERANCS CONFIDENTIAL Page 6
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2 ASSAY DEVELOPMENT

2.1 Assay Formats Screen

In order to simplify the assay format for easier multiplexing in‘the ﬂmgsp SCI¢
methods (see below) were tested for coating the anti-shee Q\mnnbodv o the
mixing it in solution in a homooenous competltlve assay B.

: lth sample mixture with 20
U.JmL UltraAwdln 10 ug/ mL Blotmylated Antl—Shéep b coated\on the surface

Method 1: 20 ug/mL Anti-Sheep Ab, 20 ng/mL ‘ »"
Method 2: 20 ug/mL UltraAv1dm 10 uglmLf '
Anti-heroin PAb

Table 2: Assay format screen

Cab in solution 1000 390 18.5 260
250 957 4.3 106
25 4209 45 24
0 101399 9.7 1

Cab tip method 1 1000 176 27.1 183
250 526 17.7 61
25 1602 4.2 20
0 32173 11.6 1

Cab tip method 2 1000 330 25.8 128
250 663 23.3 64
25 3296 16.4 13
0 42391 26 1

Figure 2: Assay format screen
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2.3 Capture Antibody Titration

To improve the surface capture of the assay, the capture antibody concentration was further
titrated. The assay was performed using a Generic2 50x_Competitive 10-10 protocol on the
Theranos system. Heroin-AP conjugate final concentration dilution “at1,000,000. The best
response was shown with a capture concentration of 100ng/mlL.. 3

Table 4a: Capture antibody titration #1

Final Heroin-AP 1:1,000,000
dilution

Low BSA

THERANCS CONFIDENTIAL Page 9
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Table 3c: Capture antibody titration #3

letection conjugate concentration were titrated collaboratively
b():th ignal range and modulation. The assay was performed

10060 4279 31 126.51
5000 250 34856 11 15.49

25 64388 21 841

0 541339 32 1.00

1000 18761 23 34.17
10,000 250 45094 20 14.22

25 208762 20 3.07

0 641067 28 1.00
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1000 581 15 238.98
1,500,000 250 1848 11 75.17
25 11369 28 12.22

0 138902 17 1.00

2.5 Sample Dilution

\\

*‘u\on.\ assa\‘y:
A ‘EL;more than adeC;uate sensmwtv

However after further optumze the assay, clinical ample dnd ﬁ;ll stdndard curve was
evaluated, matrix effects were observed To wduce t\l\i& otential miatrix effects in the assay

Table 6: Sample dilution

THERANCS CONFIDENTIAL Page 11
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Cab Concentration| Sample| [ng/mi] Modulation| Mean | TV | Modulation
1000 110 8 93.2 158 2 149.5 143 13
lowBSA| 250 199 16 5.1 325 1 72.8 267 23
b3 679 19 5.1 1635 7 14.5 1876 1l
0 10262 5 1.0 23630 32 1.0 1876 13
1000 136 1 58.5 196 18 70.6 186 5
20mg/mi Urine 750 155 60 52.3 4 17 64.1 419 17
b3 706 H) i % 1413 A 1.1 2340 1
] 8107 19 1.0 15631 15 1.0 12126 17
1000 145 28 174 107 2 218.6 197 22
Serum 50 A3 4 80.0 338 3t 69.3 257 4
b3 656 4 26.2 1615 14 14.5 1446 15
o | 13 1 o W 14 0y 5
Cab Concentration|Sample| [ng/ml] | Mean | €V Mﬁdﬁ!ﬁ%&hﬂiﬁ&aﬁ',__\t‘f‘ﬁ\:ﬂ?\Mﬁdﬁ?aﬁaﬁ Mean| CV Modulation
1000 7 i 0. 411 21 119.2 198 2 58.6
lowBSA| 250 204 17 56.9 592 1 8.1 368 t 3.5
i) 1608 i .5 5156 2 9.5 2567 12 4.5
] 1607 18 1.0 48048 25 1.0 11617 2 1.0
1000 144 5 57.2 24 2 120.8 250 i 60.1
3O/ mi. Urine %0 239 2 3.4 86 16 35.4 566 25
5 1189 15 6.9 5210 13 53 3 b 4.0
¢ 8213 18 1.0 21800 A4 1.0 15018 § 1.0
1000 165 1 £33.2 193 3t 175.4 2 i 63.6
Serum 250 195 16 2.5 548 0 61.8 414 14 33.9
b.3 1051 it 20.9 3058 19 8.3 2442 2 5.1
o | 2%7 2 1.0 33801 14 1.0 14032 1L 1.0
Cab Concentration S‘a?h_&_:e}ﬂ{hg}mi}f‘!\?}%ean €V Modulation| Mean | €V | Modulation| Mean| €V Modulation
1000 86 § 114.6 302 14 017 459 4 58.17
lowBSA| 750 125 12 16.7 611 13 141.3 823 61 32.1
b 839 23 .4 10831 20 83 5214 25 5.2
i 8562 4 1.0 80901 14 1.0 26815 "o 1.0
1000 188 22 112.2 367 22 2.6 453 2 6.1
T00ns/mi Urine %0 306 1 9.0 619 32 88.4 1007 29 4.2
B 1671 2 12.6 10243 A4 I8 5791 N 6.0
0 Hid 18 1.0 81289 12 1.0 34485 23 1.0
1000 238 2 162.7 458 26 275.9 505 3 54.9
Serum 250 356 10 108.6 069 19 130.3 061 f 28.8
b 1543 12 5.4 5703 11 2.1 6052 3 4.6
0 38708 2 1.0 126270 11 1.0 20118 0 1.0

2.6 Assay Diluents

In this experiment, four different assay diluents were tested: assay buffer (low BSA), starting

block, superblock, and low cross buffer.

THERANCS CONFIDENTIAL

Confidential

The protocol is Generic2 50x_Competitive 10-10.
Capture antibody at 100ng/mL. Detection at 1,000,000 dilution in low BSA buffer was used.

Page 12

THPFMO0005444361



 thergnos™

redefining hetlthcare

The results displayed that starting block is yield a high signal, but low BSA assay buffer was

chosen to be the final candidate due to later multiplex the assay with other assays.

Table 7: Assay Diluents

1000 260 22
Starting block 250 663 25
25 6061 11
0 98269 12
1000 279 14
Super block 250 612 5
25 6931 20
0 96739 12
1000 372 23
Low Cross 250 476 26
25 2181 21
0 37139 31

plasma samples

" \screen matrix, a pool of donor’s urine %a,mples and FDTA plasma sampleq

and low BS \ buf’fer were spiked to make a standard curve to determine the response in the
different matrixes. The sample dilution of this screen is 1:50. Plasma and low BSA buffer

matrixes showed very similar dose response. However the urine showed a lower signal.

Qverall

plasma and urine matrixes showed similar modulation, but the low BSA buffer showed high
modulation. Therefore Plasma and Urine calibrators were used seperate for assay optimization.

Table 8: Matrix screen

Plasma EDTA

THERANCS CONFIDENTIAL
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25 28317 27 5.38
5 62963 21 2.42
0 152418 25 1.00
1000 674 23 145.68
500 1404 20 69.94
250 2190 23 44.86
125 3710 23 26.48
Urine 50 8381 27 11.72
25 13760 16 7.14
5 38648 22 2.54
0 88227 19 1.00
1000 870 29 233.14
500 2107 25 96.30
250 2196 21 92.42
Low BSA Buffer 125 6253 23 32.45
50 15539 27 13.06
25 23649 20 8.58
5 59955 15 3.38
202918 14 1.00
Figure 3: Matrix screen
FOO00
60000
50000
40000
2 = Plasivia EDTA
30000 el {1 i1
30000 sabeos LN BSA Buffer
10000
000 050 100 150 200 250 300 350
togC

2.8 Detection Stabilizers

THERANCS CONFIDENTIAL
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To turther optimal the assay, the stabilizing buffer for the Heroin-AP conjugate was evaluated
including Biostab, Stabilzyme and Theranos in-house Small Molecule AP Conjugate Stabilizer
(0.1 mM Zn**, 5 mM Mg"" and 0.03% BSA with 0.05 % Sodium Azide in 50mM TBS pH 8.0).
The protccol is Generic2_competitive-50x_10_10. The capture antibody at 0. lOug/ml and
detectton conjugate was prepared at 1:100, 000 d1]11t10n in 3 d1ﬂ'"e1e‘1 : 7 All three

and was chosen as the final assay condition.

Table 9: Detection stabilizers

1264
1741
22139
168278

Biostab

1143
2061
23412
153027

In-house buffer

efficie tiy \evaluatmg the assay, the effect of shorter reagent incubation times was
tested W1th aampi‘e, deteotlon conjugate, and substrate incubation times respectively of 10_10 and
5 5 minutes. \Assav modulation was excellent at the 10 10 minute incubation times while
modulation fell off sharply at the 5_5 incubation time.

Table 10: Incubation time

Low BSA Buffer

THERANCS CONFIDENTIAL

Confidential

25 494 30 8.13

0 4021 20 1.00

1000 124 11 38.84
Urine 250 314 24 15.33
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25 1253 22 3.84
0 4810 25 1.00
1000 81 14 86.12
Plasma EDTA 250 129 6 5421
25 720 24 9.75
0 7016 21 1.00

2.10 Interfering Matrixes

the Theranos System 3.0. Hemolyzed samples sh
spiked samples recovery was on the acceptable range and éxf)eu d-
Therefore, the assay did show the interference. 4
matrix effect to interference on lipermic an y

Table 11: Interfering Matrixes

=
e

fo hemgl

. N

potential interference.
natrixes and was screened on

Hemolyzed
; 7 37.51 150%
135206 1.08 NA
4396 174.43 58%
5587 12 128.16 86%
Icteric 8503 10 75.7¢6 101%
25 19218 8 25.57 102%
0 137176 19 1.05 NA
300 3858 16 205.37 68%
150 7120 20 95.06 63%
Lipemic 75 11183 19 53.08 71%
25 21194 29 22.30 89%
0 138442 7 1.03 NA

Figure 4: Interfering Matrixes

THERANCS CONFIDENTIAL
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Interfering Matrixes
350,00 - y=0.933x+ 17.937

R? = 0.9882

- 300.00 - - \

& j/& y=0.6662x+ 2.3354]

€ 250.00 - il R? = 0.9962

& e

B 200.00 o //ﬁ y=0.5182%+29.978

2 P | R?=0.9256

= 150.00 - =

-

% 100.00 - % Hemolized

ok e

& 5000 - Blcteric
& Lipemic

0.00 ; : ; .
0 100 200 300 400
Spiked [Heroin] ng/mlL

etérnﬁne the
: he detection

assay range.
1s diluted

The final protocol is
1:100, 000 as a loading

800 2254 25 84.99 745 93
600 2880 26 66.52 591 99
300 4624 16 41.43 375 125

Plasma EDTA 150 14680 24 13.05 105 70
75 19130 20 10.01 74 99
25 32835 27 5.83 34 135
10 68872 22 2.78 91
0 191560 14 1.00 1

Table 13: Standard Curve in Buffer
THERANCS CONFIDENTIAL Page 17
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Low BSA Buffer

800
600
300
150
75
25
10

2099
2350
3594
11514
19626
33920
56552
172732

19
22
25
20
17
26

21

821
679
379
130

103
113
126
87
98
125
94

Table 14: Standard Curve in Whole Blood

800 1754 12 120.35 664 83
600 1986 4 106.29 758 126
300 7887 14 26.76 318 106
150 13350 14 15.81 115 77

Whole Blood 75 15589 7 13.54 84 111
25 25599 27 8.25 30 120
10 50467 26 4.18 10 97
0 211068 19 1.00 #NUM!

N\

800 2136 11 85.80 810 101
600 3173 18 57.77 575 96
300 6050 16 30.30 307 102
150 10783 15 17.00 159 106

Urine 75 21643 4 8.47 63 84
25 35988 16 5.09 29 114
10 66011 9 2.78 10 96
0 183305 15 1.00 1

Figure S: Urine Calibration Curve from Dexter Analysis
THERANCS CONFIDENTIAL Page 18
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Original data and Curve Fit
1000000

100000

10000

RLU

1000

10

100 —

Conc

Original Data

WL ) o
logL0(RLUJ = b1+{b2-b1)/{ 1+(Conc/b3) b4
Gone ({(b2 - b1) / (1og10(RLU) - b)) - 1) A (L / bd)

Model Type
Model Equation

Calibration Equation
bl

ULOQ

LLOQ accu racyx .

LLOQ precision 10.40%
ULOQ accuracy 111%
ULOQ precision 18.60%

Table 16a: Standard Curve in Serum

800 1749 15 98.65 795 99
600 2540 19 67.91 555 93
300 3849 21 44.82 355 118

THERANCS CONFIDENTIAL
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Tod
a8

ey e
e

150

Serum 75
25
10
0

8946 12 19.28 125
12748 11 13.53 77
26608 9 6.48 27
52544 20 3.28

172495 8 1.00

Figure 6: Serum Calibration Curve from Dexter Analysis

Criginal data and Curve Fit

1000000
100000 +§
30000 {
aaad
o

1000 4

100 . M S A

1 10 100 1000
Conc
@ Qriginal Data am— ]t

Model Type 4PL

Model Equation log1O{RLU) = b1+(b2-b1)/{1+(Conc/b3)*b4
Calibration Equation Conc =b3 * ({(b2 - bl) / (loglO{RLU) - b1}) - 1) ~ (1 / b4)
bl 2.668

b2 5.084

b3 208.846

b4 0.660

LLOQ 10ng/mil

uLoQ 800ng/ml

LLOQ accuracy 89%

LLOQ precision 22%

ULOQ accuracy 115%

THERANCS CONFIDENTIAL
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| ULOQ precision

theranos™

| 0.00%

2.12 Normal Sample Screen

Theranos

BRH668180
BRH668181
BRH668182
BRH668183
BRH668184
BRH668185
BRH668186
BRH668187

112622
147561
131721
117908
91976

145130
132612
141092

29%
13%
9%
16%
3%
24%
8%
17%

3.20
1.73
2.25
2.89
4.94
1.80
2.22
1.92

|NEG
I NEG
NG
e
NEG

| nee

M1 144720 24% | 1.74 NeEG  |nee  [nes
M2 148653 26% | 1.63 NEG  |NEG InNEG
M3 148903 3% | 1.62 NEG  |NEG | |NEG
M4 151970 11% | 1.54 NEG |NEG [NEG
F1 121482 20% | 2.66 NEG | NEG NEG
F2 147265 27% | 1.67 NEG  |NEG | NEG
F3 139779 19% | 1.90 NEG | NEG NEG
F4 119376 14% | 2.77 NEG | NEG NEG

THERANCS CONFIDENTIAL
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2.13 Whole Blood and Plasma Spike Recovery

The whole blood and EDTA plasma was spiked at four levels for testing the pike recovery.
the result the spike recovery was great in plasma and less in whole blood.

75% in whole blood.

Table 19: Spike Recovery in Whole Blood and Plasma

As
It was approximately

75%
65 88%
Whole Blood 12 91%
0
350 109%
65 131%
Plasma 12 173%
#DIV/0!
450.00 -
A00.00 - - y=1.1019x
E ac e R = 0.9974
E 35000 - -
B3 7
% 300.00 - rd ¥ =0.75%
€ 250,00 pd B R? = 0.9981
= e /
T 200.00 - o P # Plasma
o f/i ‘,.#"J
g 150.00 - T B whole Biood
o . o /‘/,\"“
g 100.00 - s
g % o
200 200 400
Spiked [Heroin] ng/mi
2.14 Hematocrit Effect
THERANCS CONFIDENTIAL Page 22
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The hematocrit effect was screened by spiking whole blood samples and spun down to separate
plasma and ran it on the Theranos System. The result showed the plasma were approximately
1.69 times higher than the whole blood. The value was expected based on average blood

hematocrit.

Table 20: Hematocrit Effect

Whole Blood

0

350 126%

65 157%
Plasma from whole Blood | 12 131%

0

Figure 8: Hematocrit Effect.

Hematocrit Effect
E 500.00
E
P 450.00 E
£45000 - e
5 400.00 v = 1.6928x
3 350.00 - R? = .9997 g
= 4
[y ; ),»"f/’
k] 300.00 Pl
2 250.00 - 7
g 200,00 - ),.//
£ 150,00 - //"”y
£ 100.00 P
o

£ os000 |
§ o000 &% ; : ‘ ; ’
= 0 50 100 150 200 250

Whole Blood [Heroin] ng/mi

2.15 Cross Reactivity and Interference

To test cross reactivity and interference, different substances due to their structural or synthetic
molecule that could potentially cross react or interfere with opiate assay were tested. The test
levels chosen for each test substance were based on the therapeutic drug levels and an excess of

THERANCS CONFIDENTIAL
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the clinical ranges. The recovery of opiate was calculated on the control standard curve. No cross
reactivity was observed with some substances tested. Other Substances such as dihydrocodeine,
hydrocodone, hydromorphone, and Oxycodone and methotrexate were showed cross
reactivity/interference. The antibody that was used in this assay is cross reacted to the close
rocodeine and

Confidential

Morphine-3-glucuroride 1000 82905
Benzoylecgonine 1000 154636
Flunitrazepam 1000 136406
| Oxycod 48304
Benzodiazepines 1020 120658 20% 0%
DL-AMP 1000 143108 13% 0%
Acetaminophen 1000 148785 21% 0%
Caffeine 1000 134215 12% 0%
Aspirin 1000 123829 20% 0%
LSD 1000 159242 3% 0%
Methadone 1000 154924 4% 0.16 0%
Methamphetamine 1000 104497 23% 1.09 0%
ibuprofen 1000 165103 12% 0.12 0%
Table 22: Percentage of cross reactivity
Cross-Reactivity %
Heroin 155
6-Monoacetylmorphine 100
Codeine 71.3
Morphine 11.2
Dihydrocodeine 9.2
Hydrocodone 3.8
Hydromorphone- <1.55
Morphine 3-glucuronide <1.55
2.16 HAMA and RF Screen
THERANCS CONFIDENTIAL Page 24
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Five HAMA positive serum samples and Five RF positive samples from PromedDx were

analyzed with final assay condition. The cutoff'is 25ng/mL. All samples tested showed negative

in Theranos method. It indicates that HAMA positive and RF positive status didn’t have any

affected on opiate assay.

Table 23: HAMA and RF
HAMA 12 127008 2619% 2.39 NEG Lo
HAMA 13 148787 201% 1.63 N?ﬁf* o
HAMA 14 170228 1759% 1.15 NE”‘: .
HAMA 15 113078 2204% 3.15 - NTEG =
HAMA 16 163528 1202% 1.28 NEG -
RF 13 153215 1502% 1.51 NEG
RF 16 163361 2017% 1.28 NEG S
RF 18 150546 2040% 1.58 NG
RF 21 175551 1237% 1.06 NEG
RF 22 178948 591% 1.01 NEG

2.17 Clinical Samplgs’“

Posmve requltsv re ‘highlighted in pink and negative results are highlighted in green. The

Theranos resulf‘ avreed with the other reference methods.

Theranos Positive Cutoff for opiate:

Plasma cutoff = 25ng/mL

Urine cutoff = 300ng/mL

Table 24: Urine clinical samples

_Sample [Urine] | [ng/ml] | [ng/ml] | In lntefpretatwn

5 200 | 158 ’» ~
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650 693

Heroin 32 35
17 12
5 5
20 26
45 46

6-Acetylmorphine 677 625
10 8
301 335
75 84
10 8

Codeine 15 13
505 538
29 34 o

Biorad C2 (low

opiate) 225

Biorad C3 (low
opiate)

Biorad C1

Biorad C2

Biorad C3

é\i‘a\r,a d;"QN\;\‘

Biorad QP>

Biorad 515" N

Biorad 525 i

Biorad SI1E (low

opiate) 225

Biorad S2E (low

opiate) 375

Biorad S2 2500

Biorad S3 750
350

Heroin 65
12
400

6-Acetylmorphine 80
20
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' Codeine 62 65
5 18 18

Table 25: Plasma clinical samples

sample [Urine] | [ng/mL] | [
650
200
Heroin 17
32
5

20
6-Acetylmorphine | 10

Codeine

Heroin

6-Acetylmorphine

Codeine

2.18 Calibration Verification

To verify the Theranos System calibration, five level urine samples from different drugs, heroin,
6-AM, and codeine were spiked at different levels and measured on the Theranos System and
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CLIA reference methods. The Theranos result also matched with the Advia system result for all

levels.

Table 26: Calibration Verification

10851 150
650 2568 107 535
Heroin 32 31661 110 40
17 58585 171 No Detectable
5 91996 99 No Detectable
20 37645 132 24
45 26611 " 103 55
6-Acetylmorphine | 677 92 563
76 No Detectable
111 256
112 94
84 No Detectable
Codeine 13 89 33
3 538 107 1547
34 118 25
;\\ =
tion: Heroin
Heroin: CLIA VS Theranos
&00 , )
-y y = 1.3456x- 29.583
£ 0 — & R? = 0.9987
£ 600 -
g
& 500 >
= e
g a0 £
g e & Seriesl
o 3 . e ~
g w0 e — Linear (Series 1)
z 200 -
Lt /‘&
= 100 o
[« -
§ o *
g o 100 200 300 400 500 600
CLIA recovered concentration [ng/mL]
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Figure 10: Calibration Verification: 6-Acetylmorphine

6-AM: CLIA VS Theranos
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5 500 §
] e
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Figure 11: Calibration

Codeine: CLIA VS Theranos

600 y=0.3311x+ 26.795
E k4 R?=0.9931
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£ e
g x"f
% 400 i
¥ 300
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[¥ &
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2.19 Stability
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Stability studies are ongoing.

3.0 References
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