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Low Grade High Grade

Polarized groups of cells ‘No tubular structures
that form tubular *‘Nuclear pleomorphism
or duct-like structures ‘Mitotic activity+++



Low Grade

Positively correlated
to ER + status:

PGR
TFF1
CDH1
DSP
MDM2
NME1
CCND1
TIP1. ..

High Grade

Positively correlated
to ER - status:

CDKNZ2A
CCNE
EGFR
ERBB2
SERPINE1
PLAU

HXB
CDH3. ..

Lacroix et al, ERC 2004



Low Grade DCIS ngh Grade DCIS

Tumor Markers:
p53, erbb2, Ki-67,
ER, PR, bcl-2,
angiogenesis

Low Grade DC High Grade DC
‘No_marker was clearly

associated
with progression

-Correlation with grade

DCIS » ID occurs independently

of tumor grade
Warnberg et al, BJC 2001
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Aberrations

Low grade ID carcinoma

High grade ID carcinoma
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65% of grade 1 tumors Ios1' the

i
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long arm of Chromosome 16

compared with only 16% of grade 3 tumors

Roylance et al, Cancer Research 1999



% Survival

Grade 1

Grade 1
Grade 3

Grade 3

a
201
recurrence
| | | | | | 1
0 ¢4 5 8 10 12 14 16
Time {years)
342 238 108 a3z Grade |
632 385 165 41 Grade If
857 360 123 48 Grade il
Elston

Figure 3. Relationship between
histological grade (O=1; ¢ =1
8= [ll} and overall survival in
1830 patients with primary
carcinoma of the breast;
yre=198.06, 2 d/: P<0.0001,

and Ellis, Histopathology 1991



LOW AND HIGH GRADE
TUMORS

TWO DISTINCT DISEASES

U

Distinct cell type of origin?




Histological Grade

PROBLEMS

Poor inter
observer
reproducibility

Difficult treatment
decision making:
under- or over-
treatment likely




Can we better characterize
histological grade?

Histologic Genomic
Grade Grade




Gene Expression Profiling in Breast Cancer: Understanding the

Molecular Basis of Histologic Grade To Improve Prognosis

Christos Sofiriou, Pratvaksha Wirapati, Sherene Loi, Adrian Harris, Steve Fox,

Johanna Smeds, Hans Nordgren, Pierre Farmer, Viviane Praz, Benjamin Haibe-Kains,
Christine Desmedt, Denis Larsimont, Fatima Cardoso, Hans Peterse, Dimitry Nuyten,
Mare Buyse, Marc J. Van de Vijver, Jonas Bergh, Martine Piccart, Mauro Delorenzi

J Natl Cancer Inst. 2006 Feb 15;98(4):262-72

Table 1. Microarray datasets used mn this study

No. of Grade ratio® ER ratioc*  Systemic Microarray
Identifier Institution samples (1/2/3) %o Grade 2 (=) treatment platform Reference
EIX64 Uppsala 24 11/0/13 ] 024 Yest Affymetrix U133A  Training set (this
study)
John Radcliffe 40 22/0/18 0 0/40
KI125 Uppsala 64 26/28/10 +4 13/54 No Affymetriz U133A  Validation set
(this study)
John Radcliffe 61 B/18/18 41 2432
NCI John Radcliffe 00 16/38/45 38 34/65 Yesi cDONA (NCT) Sotiriou et al (14}
STNO Stanford 83§ 0/33/33 +4 18/56 Yesi cOONA (Stanford) Sorlieetal (12)
NEKI2|| Nederlands Kanker 165 (untreated) 40/49/76 30 43/122 No Agilent Van de Vijver
Institunt etal (15)
35/52/43Y 40 26/104 Yes#
Total
No. of patients in 34/218/225 38 158/433

validation set®*




Developing Genomic Grade 1In the training set

Identify genes

correlated with grade

1 vs grade 3

Grade 1 Grade 3

128 probe sets of
“grade signature”
(97 genes)
FDC>0

UBE2C RACGAP1 C100rf3 KPNA2
PTTG1 KIF4A TPX2 FOXM1 KIF20A
STK6 STK6 DLG7 DDX39 MELK CCNA2
MYBL2 KIAA0186 BIRC5 NUDT1 KPNA2
KIF2C KIFC1 SPAG5 ASPM CDC20 FEN1
TIMELESS ESPL1 CENPA MCM2
DONSON CDC2 CCNB1 CDCAS8 KIF11
DKFZp762E1312 MCM10 CDKN3 MARS
CENPA CCNB2 TRIP13 LMNB1 CDC2
TROAP AURKB FLJ20641 BUB1B
CENPE CCNE2 CDC2 FSHPRH1 BRRN1
HMMR POLQ PMSCL1 MKI67 GTSE1
ZWINT GMPS TMPO RRM2 KLIP1 FEN1
MKI67 KIF2C PLK1 BLM BUB1
LOC146909 OIP5 K-ALPHA-1 SHMT2
DC13 H2AFZ MCM4 UBE2S TUBAG TTK
FLJ10156 C200rf24 MARS RRM2 MKI67
CENPF PRC1 BM039 K-ALPHA-1
CDC25A NUSAP1 KNTC2 EXO1 MCM4
BIRC5 MAD2L1 UBE2N MGC5528 CDK2
ESPL1 HCAP-G CCT5 SLC7A5 CDCA3
ORMDL2 KIF14 PTDSR K-ALPHA-1
BIRC5 RNASEH2A HIST1H4B HMGB3
NEK2 KNSL7 SNRPC MKI67 EZH2
DNAJC9 DC12 TPRT COX7B MRPS17
SIL FBXO5 HCAP-G HN1 POLR2K
NUTF2 MCM6 MCM4 VRK1 PKMYT1
RAD51 ...

Define GGI score
(gene-expression
grade index):

GGI = scale ij. - ij — offset

jeGy JjeG

-Concordance with
histological grade

‘Prognostic value
of GGI



Genomic Grade (GG) 1n the Validation Set N=125

Grade 1 Grade 2 Grade 3 ...

GGl vs grade 1 or 3: p = nan (i-test)

] 15
Lt L “1o
............... _1 _
Tl N 1
""""""""""""""""""""""""""" ' - -1 [
------------ ] -2
— .
m. I =
] 15
[ Lo B
« B, _._9&
[ ] F15
« relapse = censored -
||



Consistent Distribution of GG 1n Different
Populations and Microarray Platforms

Sorlie et a/. PNAS 2001

L
dataset: STNO, n=85, r‘ﬁ probes = 46 [9 + 37]

Van de Vijver et a/. NETM 2002
Central Pathology Review!

Sotiriou et a/. PNAS 2003

dataset:NCl, n=99, no.probes = Gy[5 + 59

4
- ____-*"‘—' 3
T
— '-‘_-—='—_7 DI
b i
0
N o T e . AW L TC T es T, 5,7,
BTN T LA AT AL IO M St ls
“~ e, . v te . 10
15
20

-
ot }3
B ™ easseseeettt b
ettt | esssssseeet 1 @
3 0
..... 2
0
.
&
5 I%
. E 3
. “ b=l
0 2
lapse ensared

Gal

allow-up

follow-
(year)



a)
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relapse-free suvival (%)

number at risk

HG1
HG2
HG3
total

dataset

KJ125

NKI2(U)

NKI2(T)

STNO

NCI

total

B0

404

Histological Grade

Grade 2
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A

GG1
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HG3 vs. HG1: 1 HG2/GG3 vs. HG2/GG :
HR = 3.18 [Cl 2.1 — 4.8] HR = 3.61 [Cl 2.25— 5.78]
p < 0.0001 (logrank) p < 0.0001 (logrank) G G 3
0
0 25 5 75 10 125 15 17§ 0 25 5 75 10 125 15 175
time (years) time (years)
number at risk
é?é :_2!3 13; gg ig 13 é ; HG2/GG1 124 108 91 55 28 13 5 1
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220 137 102 67 35 20 6 2 total 216 174 136 B0 40 16 ] 1
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Genomic Grade
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GG3 vs. GG1: GGB
HR = 2.83[Cl213-377]
p < 0.0001 (logrank)
0-
0 25 5 75 10 125 15 175
time (years)
number at risk
GG1 279 243 206 123 59 26 12 3
GG3 291 191 139 83 39 18 4
total 570 434 345 206 98 44 16 3
dataset n hazard ratio
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Growth Factors Restriction Point

G1 Phase

TGFB
Contact
inhibition

Proteins implicated
incancer ¢




A

“ How Important are

proliferation genes

In prognostic gene
signatures?
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Overall Survival
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Genomic 6rade and Molecular Subtypes
Sotiriou et al. SABCS 2005
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Clinical Outcome

p=0.01

Genomic grade genes
¥
L

survival months
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Is genomic grading killing
histological grading?
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GG3 vs. GG1:
HR = 2.47 [Cl 2.05 - 2.99]
p < 0.001 (logrank test)
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The relationship between ER, grade and prognosis

a) b) <)

1004
counts 60 — ER+
HGL HG2 HG3 | total —ER- %
ER— 8 38 107 153 501 x
= B0
ER+ 123 179 116 418 40 5
] @
total 131 217 223 571 = 2 40
= ; J
8 301 %
2
ercentage 20 21 En- vs. ER-:
p = ] HR = 1,93 [C11.47 — 2.54]
HG1 HG2 HG3 total p < 0.0001 (logrank)
10] "
ER— 14 6.7 18.7 26.8 0 256 5 75 le 125 15 175
time lyears)
ER+ 21.5 31.3 20.3 73.2 0] number at risk
total | 22.9 38.0 39.1 | 100.0 4 -2 0 2 ) i R T
GGl total 580 444 352 211 104 47 18 3
d) e) ER+ subset f} GG3 subssat
1004 100 1004
a0+ 804 a04
5 = 5
% B0 E hiE E GHE
= =1 =
L] wo @
g 8 g
T 404 T 404 T 404
& & &
i i ::
[ 2 [
201 ae3 vs. GG1: 201 EpR./cG3 vs. ER-/GE! : 201 GGIER- vs. GGIER- :
HR =273 [Cl 2.11 — 3.88] HR = 3.44 [Cl 2.46 — 4.82] HR = 1.09[C| 0.784 — 1.51]
p < 0.0001 (logrank) p < 0.0001 (logrank) p = 0.83 {legrank)
U- T T T L] L) T T L) D- T T T T L) T L] L) U- T T T L] L) L) L]
0 25 & 75 10 125 15 175 0 25 & 75 10 125 15 175 0 25 5 75 10 125 15
time (years) time (years) time (years)
number at risk number at risk number at risk
GG 287 251 211 127 64 30 12 3 ER+/GG1 255 229 195 116 56 26 10 2 GGAER- 172 120 85 46 25 12 4
GGa 293 193 141 84 40 17 4 ER+/GG3 172 120 85 46 25 12 4 GGAER- 121 73 56 38 15 5
total 580 444 352 211 104 47 186 3 total 427 349 280 162 81 38 14 2 total 283 193 141 84 40 17 4



70-genes

a) 1004
80+
604

404

distant-metastasis-free survival (%)

20+

poor vs. good :
HR = 4.68 [Cl 2.74 — 8]
p < 0.0001 (logrank)

5-year survival © 58% [Cl 51 — 66%]

94% [CI 89 — 98%)]

number at risk

good
oor
otal

0 2.5 5

115 109 103
180 131 94
295 240 197

7.5 10

time (years)
64 37
56 34
120 71

12.5

19
15
34

15

(o) Noeles]

17.5

[ Rl v

Genomic Grade

b) 1004
80+
60+

404

distant-metastasis-free survival (%)

20+
GGl high vs. GGl low :

HR =3.41[Cl 2.09 — 5.58]
p < 0.0001 (logrank)
o4 S¥yearsurvival : 59% [Cl 52 — 67%)] 92% [Cl 87 —97%]

0 25 5 75 10 12.5 15 17.5
time (years)
number at risk

GGl low 115 108 101 61 34 16 9 2
GGl high 180 132 96 59 37 18 7 1
total 295 240 197 120 71 34 16 3

Based on 113 probe (93 genes) mapped on the Agilent arrays



