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Cancer Death Rates*, for Women, US,

1930-1999
Rate Per 100,000
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*Age-adjusted to the 2000 US standard population.
Source: US Mortality Public Use Data Tapes 1960-1999, US Mortality Volumes 1930-1959,
National Center for Health Statistics, Centers for Disease Control and Prevention, 2002.
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Cancer Incidence Rates* for Women, US,
1973-1999

Rate Per 100,000
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*Age-adjusted to the 2000 US standard population.
Source: Surveillance, Epidemiology, and End Results Program, 1973-1999, Division of Cancer Control and
Population Sciences, National Cancer Institute, 2002.



What | s Breast Cancer?

* Breast cancer isa malignamt (cancerous)
tumor that develops from cellsin the breast.

e Most breast lumps are benign (not
cancerous).

* Early detection is very important becaause
the cancer can spread if not treated at Is
earliest stages.



Symptoms

The most common sign of breast cancer i1sanew
lump or mass.

Other signs include:

-Generalized swelling of part of abreast (even if
no distinct lump isfelt).

-Skin irritation or dimpling.

-Nipple pain or retraction (turning inward).
-Redness or scaliness of the nipple or breast skin.
-Discharge other than breast milk.



Risk factors for breast cancer In

females

A family history of the disease.
Early onset of menstruation.

L ate menopause.

A first child after age 30.

Never had children.

(Estrogen Replacement Therapy)
(Obesity)

“Prevention!!!”
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Risk of developing
breast cancer

Estrogen production

Estrogen production
in breast cancer tissue
(Aromatase)
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Fig. 3 Structures of androstenedione and nine aromatase inhibitors
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Winer, E.P., Hudis, C., Burstein, H.J., Chlebowski, R.T. et al. American Society of Clinical
Oncology technology assessment of the use of aromatase inhibitors as adjuvant therapy for women
with hormone receptor-positive breast cancer: Status report 2002. J. Clin Oncol. 20, 3317-3327

The ATAC Trid

Thetrial isalarge, multinational, double-blind, placebo-
controlled, randomized trial comparing standard adjuvant
therapy of 5 years of tamoxifen versus 5 years of
anastrozole versus 5 years of both agents given in
combination in postmenopausal patients.

9,366 postmenopausal women with hormone receptor-
postive or unknown tumors.

July 1996-March 2000, results were first reported at the
2001 San Antonio Breast Conference.

381 centers, 21 countries



Postmenopausal women with invasive breast cancer

v

Completion of primary therapy*

!

Randomization 1:1:1 for 5 years

Anastrozole 1 mg od
+

Tamoxifen placebo

v

T

Anastrozole placebo
+

Tamoxifen 20 mg od

Anastrozole 1 mg od
+

Tamoxifen 20 mg od

v

Regular follow-up monitoring adverse events

v

Trial endpoints

Fig 1. ATACtrial design. *Sur-
gery = radiotherapy = chemo-
therapy. (Patients may start trial
therapy while still receiving
radiotherapy.)

Disease-free survival (defined as locor egional recurrence, distant recurrence, new primary
breast cancer, or death from any cause) and safety/toler ability.

Secondary end pointsincluded the incidence of second non-breast cancer primaries, timeto distant
recurence, and overall survival.




Table 1. Table of First Events in ITT Population (Based on December
2001 presentation)

No. of Patients

Anastrozole Tamoxifen Combination
(n = 3,125) (n=23,116) (n = 3,125)
First event 317 379 383
Recurrence
Locoregioncﬂ 67 83 81
Distant 156 181 202
Contralateral
Invasive Q 30 23
DCIS 5 3 5
Deaths* - - -

*Approximately 600 total deaths across the three arms, of which approxi-
mately 60% are because of breast cancer. A formal survival analysis has not
been performed (J. Purvis, personcﬂ communication, Apri| 2002).



Table 2. Adverse Events

% of Patients
Anastrozole Tamoxifen F

Hot flashes 34.3 39.7 = 0001
Musculoskeletal disorders 27.8 21.3 = 0001
Fatigue/tiredness (asthenia) 15.6 15.1 5415
Mood disturbances 15.5 15.2 6200
Nausea and vomiting 10.5 10.2 7005
Weight gain® 9.2 11.0 0207
Fractures 5.9 3.7 = 0001

In spine, hip, wrist 2.2 1.5 0299
Vaginal bleeding 4.5 8.2 = .0001
Vaginal discharge 2.8 11.4 = 0001
Endometrial cancer 0.1 0.5 0267
Cataracts 3.5 3.7 5427
Ischemic cardiovascular disease 2.5 1.9 1391
Ischemic cerebrovascular events 1.0 2.1 0006
Venous thromboembolic events 2.1 3.5 0006

DVT events 1.0 1.7 0183

Abbreviation: DVT, deep venous thrombosis.
*Ten percent gain in body weight from baseline to year 2 (non—pre-defined

adverse event).



L etrozole | s M or e Effective Neoadjuvant Endocrine Therapy Than Tamoxifen
for ErbB-1—and/or ErbB-2—Positive, Estr ogen Receptor—Postive Primary
Breast Cancer: Evidence From a Phase |1l Randomized Trial

Elli setal., J. Clin Oncaoal, 19: 3808-3816, 2001

RESULTS: For study biopsy-confirmed ER+ and/or PgR+ cases that received letrozole, 60%
responded and 48% underwent successful breast-conserving surgery. The response to tamoxifen was
inferior (41%, P = .004), and fewer patients underwent breast conservation (36%, P = .036).
Differences in response rates between letrozole and tamoxifen were most marked for tumors that
were positivefor ErbB-1 and/or ErbB-2 and ER (88% v 21%, P = .0004).

CONCLUSION: ER+, ErbB-1+, and/or ErbB-2+ primary breast cancer responded well to letrozole,
but responses to tamoxifen wereinfrequent. This suggests that ErbB-1 and ErbB-2 signaling through
ER is ligand-dependent and that the growth-promoting effects of these receptor tyrosine kinases on
ER+ breast cancer can be inhibited by potent estrogen deprivation therapy.



L etrozole/Neoadjuvant Endocrine
Therapy: Phase |1l Roandomized Trial

A double-blinded, randomized phase 111 nheoadjuvant
endocrine therapy trial to compare 4 months of letrozole
2.5 mg daily with tamoxifen 20 mg dailey for
postmenopausal women with hormone receptor-positive
breast cancer who are ineligible for breast-conserving
surgery.

March 1998 - August 1999

324 patinets; 154 study subjects received letrozole and 170
tamoxifen. From 55 centersin 16 countries.

At months 2 and 3, breast ultrasound; at month 4, surgical
assessment, afinal ultrasound and mammogram.



Table 1. Treatment Response Based on Clinical Measurement According to Study Biopsy Assignment of ER and PgR Expression

in the Two Arms of the Study
Fiarker Respanse Rohe Oidds Ratio for
'En:ﬂ-ngur:,r Ma, of En-spnnd-ur:."Tnh| %] Hesponse 5% Cl F
Latrozole ER+ 72120 A0 &.50 1.76-24.03 L5
ER— s 1%
Pyk+ 54/89 &3 2.41 1.17-4 9% 18
Fyk— 19/46 4]
ER+, PgR+ 54/85 &4 1.55 0.69-3.46 287
ER+, Pgk— 18/34 53
ER—, Pgh+ 2/4 50 — —
ER—, PgR— 1/12 8
Tamexiten ER+ 49/123 40 5.30 1.17-24.07 031
ER— 2/18 T
Fyk 4 34/84 43 1.92 0.93-3.95 JE
PgR 16/57 28
ER+, FgR+ A3/81 41 1.07 0.50-2.32 B55
ER+, Fgk— 14/41 Kie
ER—, PgR+ 2/2 100 — -
ER—, FgR— a6 0

MICTE. The edds rabio for response (marker-poshve v marker-negative) was calculated by unadjusted logistic regression.
Abbraviotion; €I, conhidenca mbarval,



Table 3. Treatment Response Based on Clinical Measurements by ErbB-1 and ErbB-2 Category in the Two Arms of the Study

Basponse Rate Ciekds Botio far
tarkar Cotagony Mo, of Bespondars,/Tatal %) Raspara 95%, 1 P
Latrozele Erb8-2+ 1/1& A 1.%3 0.463-5.88 250
Erb®-2- 64/ 120 53
Erb®-1+ 512 42 .57 0.17-1.89 J55
Erb®-1- 68/122 56
ErbB1/2+ 15/2é 58 1.18 0.50-2.7% 4
ErbB1-2- 58/108 54
ErbB1/2+ ond ER+ 15407 &g &2 1.3&-28 &7 ola
Erb81-2- and ER+ 55/101 54
Erb81/2+ ond ER- 0/9 0 — =
Tomexifen Erb2-2+ 4/23 17 0.2 0.10-0.97 045
ErbB-2- 48/119 40
ErbB-1+ Q7 0 — 051
ErkbB-1- 48/131 37
Erb81/2+ 4/29 14 Q.23 0.07-0.70 210
ErbB1-2- 45/109 41
ErbB1/2+ ond ER+ 419 2] 037 0I1-1.1% L
ErbB1-2— ond ER- 427100 42
Erb81/2+ ond ER- /10 0 — —

MOTE. The edds rafio for respanse (marker-pesitive v marker-negative) was caleulated by unadjusted logistic regression. ErbB1/2+, ErbB-1 and/or ErbB-2

expressed; ErbB1 -2 beth receptors not expressed.

By Fisher's exact test.



Toble 4, Coleulation of Odds Ratio of Clinical Response, Letrozole Versus Tomoxifen, in Subgroups of Palients With Tumors That Were Either ErbB-1+

and/or ErbB-2+ [ErbB-1/2) and ER+ or ErbB-1— and ErbB-2— [ErbB-1-2—) and ER+

Letrozole Tomoodfen
Mo al Responders, Ma. of Respanders,’ Cudels Ratia
Calegory Tokal % Takl * (letrozale v mmaxiken) 5% O F
ErbR-1/2+ 15117 451 28 SO0
ER+ a8 21 4.5-177
Erb8-1-2— 251 42,100 1.7 S ad
ER+ 54 42 0829

MOTE. This analysis ignered PgR status because nene of the ErbB-1/2+ cases was ER—, PgR+.
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Fig 3. A simple model to explain the superior efficacy of letrozole when
ER is coexpressed with ErbB-1 and/or ErbB-2. These tumors are estrogen-
dependent and therefore sensitive to estrogen deprivation. However, ErbB-
1/2-dependent ER phosphorylation (P} prevents tamoxifen (T) from acting as
an antagonist, compromising effectiveness.



Ry, Ry = O : androst-4-ene-3,17-dione chrysin (A) chrysin (B)
R;=H; R, =0OH : testosterone



HO. 8 HO /
6 \ |
Cl)H O
Chrysin 7,8-Dihydroxyflavone
(5,7-Dihydr oxyflavone)
Ki (UM

WT 2.6 0.1 10+ 1
1133Y 0.3:0.1 86 + 25
I395F 0.6 : 0.1 1.3+:0.2
1474Y 0.1:0.0 0.3:0.1
P308F 3.2:0.3 13+ 2
D309A 13+ 3 40 - 21
T310S 1.4+ 0.2 1.7 + 0.5

Kao, Y.-C., Zhou, C., Sherman, M., Laughton, C. A., and Chen, S. Molecular basis of the
inhibition of human aromatase by flavone and isoflavone phytoestrogens. A site-directed
mutagenesis study. Environmental Health Perspectives, 106:85-92, 1998.
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Activity remaining (%)

Chen, S,, Sun, X.-Z., Kao, Y.-C., Kwon, A., Zhou, D., and Eng, E. Suppression of
breast cancer cell growth with grape juice. Pharmaceutical Biol., 36:53-61, 1998.
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Activity remaining (%)
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Cdll culture studies
MCF-7aro - Breast cancer cdll line

Non-receptor -
mediated effects

Aromatase\
- E

Growth factor s+ v

Zhou, D., Pompon, D., and Chen, S.: Stable expression of human aromatase cDNA in
mammalian cells - A useful system for aromatase inhibitor screening. Cancer Res. 50,
6949-6954 (1990).



Tumor Weight (mg)
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% remaining aromatase activity (compared
to control)

Human Placental Microsome Assay Aromatase Inhibition
with White and Red Whole Wines

W Chardonnay
140 - @ Fume blanc
O Sauvignon blanc
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B Fume Blanc (whole wine)
OFume Blanc (dealcoholized)
B Pinot Noir (whole wine)
OPinot Noir (dealcoholized)
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Eng, E.T., Williams, D., Mandava,U., Kirma, N., Tekmal, R.R., and Chen, S. Suppression of
aromatase (estrogen synthetase) by red wine phytochemicals. Breast Cancer Research and Treatment,
67: 133-146, 2001.




% remaining aromatase activity

100

90

80

70

60

50

40

30

20

10

Figure 3

B Merlot Hacienda 97

[1Cabernet sauvignon Glen Ellen 97

B Pinot noir Hacienda 96

10 15

20 25 30 35 40 50

% acetonitrile




In VIVO experiments

Transgenic mouse
e Over- expression of aromatase in mammary tissue
 Three week treatment

e Daily gavage red wine 20% MeCN extract



Ovaries Mammary gland

Uterus

Histological sections of mammary gland, ovary
and uterus of aromatase transgenic mice.

Aromatase Control Red wine extract Letrozole




10 11 12

HPL C (High Performance Liquid Chromatography)




E.T. Eng et al.
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Eng, E. T., Ye, J., Williams, D., Phung, S., Moore, R. E., Young, M. K., Gruntmanis, U.,
Braunstein, G., and Chen, S. Suppression of estrogen biosynthesis by procyanidin dimmersin red
wine and grape seeds. Cancer Res., 63: 8516-8522, 2003.



Mass Spectrometry-
Accurate Mass Determination

100] spec /1:26| Procyanidin B1 standard C30 H27012 o 971177
90 | Theoretical mass: 579.150245 579.150 (18 miz) |
80" Observed mass: 579.1504
- error 0.267ppm
=70 ] 585.2991
e 525 2799 613.3411  |629.3468
3 ] 569.3149 C26H54014Na
z 60 C22H46012Na CoaHs001aNa
S o
50 541.2509
40 |
30 |
20 |
10 |
%OO 530 560 590 620 650
i Mass (m/z) )
100 spec /13:29| HPLC pkl C30 H27012 595.1479 115.0
90 | Theoretical mass: 579.150245
80 Observed mass: 579.1484
o] error 3 ppm
270 £60.3149|  [579.1484] - H20..
c | 525.2873 C24H50013Na (18 m/z)
£ 60 C22H46012Na 613.3411
£ C26H54014Na
X 50|
596.1426 629.2219
40
301 585.2805
541.2436
20|
10 MWWMMW

G500 530 560 Mass (m/z) 590 620 650



Mass spectrometer

elon trap mass spec
*Electrospray ion source: positive ion mode
*Spray induced 900 volts
«Capillary temp 130 °C
«Samples diluted1:1 in
90% acetonitrile

10% water
2% acetic acid



Peak 1
Peak 2
Peak 3
Peak 4
Peak 5
Peak 6

Bl
B2
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ET.Engetal.

OH
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OH
Procyanidin BS
CaoH26012

Mol. Wt.: 578.5
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Animal Protocol
Chemoprevention Model

sacrifice mice:

tumor
Ear tag mice Dailv- uterus
Implant SQ Gavage%nice blood
And+ pellets HISTOLOGY
Athymic 5mg total/60day
release
nude SQ inject 1x107cells/ml
Ovariectomized MCE7aro cells
female mice arrive + matrigel
(5 wks old) in hind flanks
l)l (2) (3) (4) (B) _(6)
Weeks ( >
Expand
M%Zﬁgro Weekly:
Weigh mice ¢

Measure tumors

Mice: Charles River Laboratories, Wilmington, MA
Androstenedione pellets: Innovative Research of America, Sarasota, FL
Matrigel: Collaborative Research, Becton-Dickinson , Franklin Lakes, NJ




Tumor wet weight (mg)
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E.T. Eng et al.



% remaining activity

Aromatase inhibition activity of wine marc extract in vitro

100
90 T
80 l‘
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Concentration (ug/ml)

—-— 1 - 2 A 3 - 4 —% 5

No Name Extraction yield*
1 2002 Chardonnay Pomace 100

2 2002NV CAB 22

3 2002 Zinfandel Pomace 34

4 2002 Cab Sauvignon Pomace 50

5 wineseed

* (mg/g of fresh marc)






