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R testing
R low

R low and therapy



Estrogen receptor o (ERat)

A family of nuclear hormone receptor that act as

ligand for activated transcription factors Patients receiving any endocrine therapy (n =777)
Binding of estrogen to ER leads to expression of 0. i Scoce 5 padent)
genes involved in cell growth, differentiation and  8(58%)

' 08 —» 7(19.8%)
survival . 2 —
Expressed in 75-80% of breast cancers - %3}}?;";;

ER expression determined by IHC with 1% cutoff £ N ::i:?
. . . S — 2(2.1%) | g
ER+ cancers derive substantial benefit from Bl 0(14.7%) | T negaive
. . . 48
endocrine therapy but are associated with poorer &
Chemothera py res ponse 024 Best CU[p()ln[ [HC score >2 (p(OOOOl)
Higher level of ER expression predicts greater 0
benefit from endocrine therapy, reduced cancer 0 12 24 3 48 60 7
related mortality and recurrence Time (months)

Harvey JM et al 1999 J Clin Oncol 17:1474



ER testing: Optimal algorithm

ER/PR positive: 1-100% tumor nuclei positive
* ER Low positive: 1-10% immunoreactivity
ER/PR negative: <1% or 0% tumor nuclei positive
Uninterpretable:
* inadequate sample (insufficient tumor or severe artifacts present)
* external and internal controls do not stain appropriately
* pre-analytic variables have interfered
* specimen has been decalcified using strong acids
Specimen shows an ER-PR+ phenotype
* need to rule out false ER- / PR+
If sample is a cytology specimen, at least 100 cells should be counted

Allison K et al 2020 Arch Path Lab Med



Correlation of ER staining with histology

Table 3. Invasive Breast Cancer Histopathologic Concordance With ER Staining

Highly Unusual ER-Negative Results Highly Unusual ER-Positive Results
Low-grade invasive carcinomas of no special type Metaplastic carcinomas of all subtypes
(also known as invasive ductal carcinoma)
Lobular carcinomas (classic type) Adenoid cystic carcinomas and other salivary gland-like carcinomas of the breast
Pure tubular, cribriform, or mucinous carcinomas Secretory carcinoma
Encapsulated papillary and solid papillary carcinomas Carcinomas with apocrine differentiation

NOTE. If a result is considered highly unusual/discordant, additional steps should be taken to check the accuracy of the histologic type or grade as
well as the preanalytic and analytic testing factors. This workup may include second reviews and repeat testing. If all results appear valid, the result
can be reported with a comment noting that the findings are highly unusual and testing of additional samples may be of value to confirm the findings.

Abbreviation: ER, estrogen receptor.

Allison K et al 2020 Arch Path Lab Med



Internal controls present and stain appropriately

v

Recommendation for
ER scoring

No cancer cells staining (0%)

< 1% or 1-10% of cells with any staining

> 10% of cells staining (but weak)

Allison K et al 2020 Arch Path Lab Med

Report as ER Negative
(report that 0% of cells
stained positive and that
internal positive controls
were adequate)

Obtain a second review by another qualified

pathologist or validated digital image analysis

(if not initially performed) on percent of cells
staining and adjudicate result

< 1% of cells staining

l

Report as ER Negative (<1%)
with comment about second

review or DIA being
performed and that internal
positive controls were
adequate

Report as ER Positive
(include comment that
internal positive controls
were adequate)

#Take steps to confirm/ adjudicate result
per lab-specific SOP and correlate with
histological result

1-10% of cells staining

l

Report as: ER Low Positive
Add recommended comment*
(reported data elements
should include percentage of
cells staining, intensity, and
status of controls**)

*Comment on ER low expression: There are limited data on the
overall benefit of endocrine therapies with these result, but they
currently suggest possible benefit, so patients are considered
eligible for endocrine treatment. There are data that suggest
invasive cancers with these results were heterogeneous in both
behavior and biology and often have gene expression profiles more
similar to ER negative cancers.

**|f test result are either ER negative or low and no internal controls
are present, but external controls are appropriately positive. If
needed, testing another specimen that contains internal controls
may be warranted for confirmation of ER status.



Internal controls present and stain appropriately

v

No cancer cells staining (0%)

< 1% or 1-10% of cells with any staining\

> 10% of cells staining (but weak)

Report as ER Negative
(report that 0% of cells
stained positive and that
internal positive controls
were adequate)

Obtain a second review by another qualified

pathologist or validated digital image analysis

(if not initially performed) on percent of cells
staining and adjudicate result

|

Report as ER Positive

(include comment that

internal positive controls
\ were adequate)

< 1% of cells staining 1-10% of cells staining

\

l

adequate

Report as ER Nggative (<1%)
with comment ajout second
review or DIA bei
performed and that\internal
positive controls wer

Recommendation for
ER scoring

Allison K et al 2020 Arch Path Lab Med

#Take steps to confirm/ adjudicate result
per lab-specific SOP and correlate with
histological result

*Comment on ER low expression: There are limited data on the
overall benefit of endocrine therapies with these result, but they
currently suggest possible benefit, so patients are considered
eligible for endocrine treatment. There are data that suggest
invasive cancers with these results were heterogeneous in both
behavior and biology and often have gene expression profiles more
similar to ER negative cancers.

**|f test result are either ER negative or low and no internal controls
are present, but external controls are appropriately positive. If
needed, testing another specimen that contains internal controls
may be warranted for confirmation of ER status.
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ER low

Molecular evidence

Molecular subtypes and ER low
Oncotype Dx and RS

Cut off 9% or 10%



ER low positive

1-9% weakly positive cells

Accounts for 6% of all breast cancers

Compared to ER high cancers, ER low cases were
associated with younger age, higher stage, higher
grade and HER2 positivity

Showed more similar clinico-pathologic
associations to ER negative cancers

24% ER low cases are ESR1 mRNA positive (vs 67%
and 92% for 10% and >10% ER positive),
potentially endocrine sensitive

Incidence of germline BRCA mutations in breast
cancers with 1%-9% ER and/or PR was comparable
to HR(-) group (36.1% vs 39.5%)
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Immunohistochemistry Group

Iwamoto T et al 2012 J Clin Oncol 30:729
Deyarmin B et al 2013 Ann Surg Oncol 20:87
Sanford RA et al 2015 Cancer 121:3422



PAMS5O classification (ER low-positive)

IHC (6F11) om CNB Molecular Subtypes by PAM50
No. of HER2
IHC Level (%) Patients Luminal A Luminal B Amplified Basal Normal
0 183 2 (1%) 1(1%) 51 (28%) 111 (60%) 18 (10%)
1-9 25 0 2 (8%) 8 (32%) 12 (48%) 3 (12%)
10 6 2 (33%) 1(16%) 1(16%) 1(16%) 1(16%)
> 10 251 120 (48%) 61 (24%) 38 (15%) 16 (6%) 16 (6%)

Iwamoto T et al 2012 J Clin Oncol 30:729

Another study evaluated the molecular subtypes of HER2(-) ER-low breast cancers from

two neoadjuvant trials (GeparQuinto and GeparSepto) by RNAseq showed
e 86.8% basal

* 10.5% HER2

o .
e 2.6% normal like Villegas SL et al 2021 Eur J Cancer 148:159



Table 1. Correlation of ER expression with clinicopathologic features and biomarkers.

ER p-value
MNegative Low High Total All Neg vs lo Lo vs hi
Clinicopathologic features
Age 0.014 0.005 0.004
Median 52 47 52 51
IQR 45-61 44-54 45-62 45-61
Range 23-101 22-82 27-97
Tumour size <0.001 0.782 0.003
Median 25 25 2.1 23
IQR 20-35 2.1-6.7 1.5-3.0 1.6-33
Grade <0.001 0.014 <0.001
1 13 (2.6%) 3 (5.6%) 228 (18.0%) 244 (13.4%)
2 99 (19.7%) 17 (31.5%) 641 (50.6%) 757 (41.5%)
3 391 (77.7%) 34 (63.0%) 398 (31.4%) 823 (45.1%)
Total 503 54 1267 1824
I <0.001 0.282 <0.001
Neg 270 (54.9%) 32 (62.7%) 1082 (87.8%) 1384 (77.9%)
Pos 222 (45.1%) 19 (373%) 151 (12.2%) 392 (22.1%)
Total 492 51 1233 1776
LvI 0.040 0.024 0.011
Neg 355 (74.3%) 31 (59.6%) 913 (75.3%) 1299 (74.5%)
Pos 123 (25.7%) 21 (40.4%) 300 (24.7%) 444 (25.5%)
Total 478 52 1213 1743
sTIL <0.001 0.738 0.001
Low (>20%) 278 (68.0%) 32 (71.1%) 958 (89.3%) 1268 (83.0%)
High (=20%%) 131 (32.0%) 13 (28.9%) 115 (10.7%) 259 (17.0%)
Total 409 45 1073 1527

* ERlow category (1-10%) showed a more similar
clinico-pathologic and biomarker profile to ER negative
than ER high cases

e younger age, larger tumor, higher proliferation, HER2

and basal marker expression

ER p-value
Negative Low High Total All Neg vs lo Lo vs hi
CK5/6° <0.001 0.005 0.039
Neg 343 (68.9%) 47 (87.0%) 1176 (94.0%) 1566 (86.9%)
Pos 155 (31.1%) 7 (13.0%) 75 (6.0%) 237 (13.1%)
Total 498 54 1251 1803
CK14° <0.001 0.005 1.00
Neg 424 (85.0%) 52 (98.1%) 1220 (97.4%) 1696 (94.0%)
Pos 75 (15.0%) 1(1.9%) 33 (2.6%) 109 (6.09%)
Total 499 53 1253 1805
AR? <0.001 0.146 <0.001
Neg 240 (75.2%) 31 (86.1%) 323 (41.7%) 594 (52.6%)
Pos 79 (24.8%) 5 (13.9%) 451 (58.3%) 535 (47.4%)
Total 319 36 774 1129
Ki67 <0.001 0.329 0.004
Low (<209%) 224 (44.9%) 28 (51.9%) 875 (69.6%) 1127 (62.6%)
High (=20%) 275 (55.1%) 26 (48.1%) 383 (30.4%) 674 (37.4%)
499 54 1258 1801
HER2P <0.001 0.358 <0.001
Neg 321 (64.1%) 38 (70.4%) 1134 (90.1%) 1493 (82.3%)
Pos 180 (35.9%) 16 (29.6%) 125 (9.9%) 321 (17.7%)
Total 501 54 1259 1814
EGFR® <0.001 0.118 <0.001
Neg 442 (88.8%) 44 (81.5%) 1238 (98.8%) 1724 (95.5%)
Pos 56 (11.2%) 10 (18.5%) 15 (1.2%) 81 (4.5%)
498 54 1253 1805
PR <0.001 <0.001 <0.001
Neg 409 (82.1%) 13 (25.0%) 156 (12.4%) 578 (32.0%)
1-20% 54 (10.9%) 15 (28.8%) 175 (13.9%) 244 (13.5%)
>20% 35 (7.0%) 24 (46.2%) 928 (73.7%) 987 (54.6%)
Total 498 52 1259 1809
<0.001 0.133 0.227
Neg 384 (77.1%) 44 (86.3%) 1141 (91.2%) 1569 (87.2%)
Pos 114 (22.9%) 7 (13.7%) 110 (8.8%) 231 (12.8%)
Total 498 51 1251 1800
P63° <0.001 0.787 0.229
Neg 459 (92.2%) 50 (94.3%) 1216 (97.0%) 1725 (95.6%)
Pos 39 (7.8%) 3 (5.7%) 38 (3.09%) 80 (4.4%)
Total 498 53 1254 1805
Poon IK et al 2020 Br J Cancer 123:1223




. P Negative High Total All Negvslo LoVshi
ER low cases in AJCC 8th mm==
_ 97 (20.5%) 8(16.0%) 346 (29.3%) 451 (26.5%)
St a I n D 2(04%)  1(20%)  15(13%)  18(1.1%)
g g _ 172 10 (20.0%) 385 (32.7%) 567 (33.3%)
(36.4%)
_ 79 (16.7%) 15(30.0%) 188 (15.9%) 282 (16.6%)
_ 62(13.1%) 11(22.0%) 153 (13.0%) 226 (13.3%)
. I 13(2.7%) 0 (0%) 11 (0.9%) 24 (1.4%)
* ER low expression were staged as ER 48(101%) 5(100%) 81(6.9% 134 (7.9%)
[ Total YA 50 1179 1702
pPOS 'pps | <001 <001 .003
51(10.8%) 15 (30.6%) 635 (54.0%) 701 (41.3%)
* Many ER low cases were down-staged _
. y . . . & _ 54 (11.4%) 12 (24.5%) 241(20.5%) 307 (18.1%)
in pathological prognostic staging - S S —
(compared to anatomical staging) in _ may | L o
I 20(85%) 9(18.4%) 69 (5.9% 118 (7.0%
AJCCS8 N 74 (15.7%) 2 (4.1%) 57 (4.9%)  133(7.8%)
. . . N 31 (6.6%) 4 (8.2%) 44 (3.7%) 79 (4.7%)
* Down-staging as per AJCC guideline 55(117%) 0(0%)  11(0.9%)  66(3.9%)
for ER low category may incur a real OFS BCSS
possibility of risk underestimation o — . .
= s neg
and under treatment ER low
3, 3o hi
PPSIA z § ER hi
go Lo Hi §° Lo Hi
° Neg  Chisq 1817  .003 Neg  Chisq 057  .803
iie— o] P 812 370
1 Lo chisg 3.849 lo  Chisq 791
I P 050 1 p 374
Poon IK et al 2020 Br J Cancer 123:1223 - B  T—"
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Recurrence Score according to ER expression

* Approximately one-third and none of the ER 1-10% in NCDB and DFBCCDB cohort,
respectively, had an RS <26
e ER1-10% tumors would benefit from chemotherapy

National Cancer Database cohort (2018—2019) Dana-Farber Brigham Cancer Center Database (2016—2021)

B w0

28%

RS<26

......

Higgins T et al 2024 Ann Surg Oncol 31:2244



Molecular subtypes according to ER expression level

% of patients

Luminal A IHC HER2 neg BLIA
Luminal B BLIS
m Basal-ike e Mesenchymal
mm HER2 enriched p <0.00001 . AR p < 0.00001
e 19% 100
32% 90
80+
81% 2 70+
= 9
S
30- 23%
20+ 8%
104 15%, 12%
0 T T L)
ERO%  ER1.9% ER10-50% ER51-99% ER100% E'fw’ ER_"”" em_o ot
n=33 n=13 n=17 n=31  n=42 =38 n=r =

e Proportion of basal-like tumors decreased with
increased ER level :

* 0% (91%), 1-9% (54%), 10-50% (12%), 51-99%
(3%), 100% (0%) Voorwerk L et al 2023 NPJ Breast Cancer

e Tumors with a BLIA TNBC subtype were restricted to
ER expression of 50% or lower




Variables in model Patients (M) Events (N) Model 1 Model 2

HE (o ) P HE [95% 1) 055 (]

ER status

ER-low (ER 1-9%) 468 101 ref. ref.

ER-negative (ER 0%) 4260 1018 113 0.01-139 111 0.90-136
Histological subtype

Duwctal 3928 051 ref. ref.

Lobular 100 35 110 077-1.58 104 0.72-1.48

Mixed 700 113 0.83 0.69-1.00 0.83 0.69-1.00
Grade (NHG)

[ 0g 16 ref. ref.

Il 038 197 123 074-2.06 136 0.81-2.28

1l 3601 006 1.47 0.89-2.42 176 1.07-2.90
TMM stage (clin/path)®

[ 1950 258 ref. ref.

Il 2252 L5/ 1.85 1.59-215 196 1.68-2.28

1l 526 304 525 4.41-6.25 5.79 4.86-6.90
Chemaotherapy

No 1547 636 Mot incl

Yes 3181 483 Mot incl 0.50 0.43-0.58
Age

<40 378 L ref. ref.

40-49 JO5 13 114 0.83-1.57 111 0.80-1.53

§0-64 1487 214 1.04 078-1.41 101 0.75-136

6579 1596 391 202 1.52-2.68 180 1.35-2.39

>80 562 341 549 4.11-7.32 333 2.44-4.53
Year of diagnosis

2008-2011 006 331 ref. ref.

2012-2016 1667 461 1.02 0.87-1.18 128 1.09-1.51

2017-2 020 2155 327 1.06 0.90-126 138 115-166

Model 1: adjusted for ER-status, histological subtype, grade, stage, age and year of diagnosis. Model 2: adjusted for ER-status, histological subtype, grade, stage, age, year

of diagnosks and chemotherapy. *cT and dNfpN wene used for patients with necadjuvant treatment.

Table 3: Multivariable Cox regression analysis of prognostic factors associated with overall survival in a poulation-based cohort of 4728 women with

ER-negative or ER-low primary breast cancer diagnosed between 2008 and 2020.

IHC HER2 neg
TNBC by IHC (10% cut off)

* No association between ER-status
and OS in the multivariable
analysis

* Model 1 : adjustment for stage,
age, grade and year of diagnosis

* Model 2 : adjustment also for
chemotherapy

ER low outcome similar to ER neg

Acs B et al 2024 Lancet Reg Health -Eur
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Probability of Survival

Probability of Survival () | |

ER 10% as ER-low or ER-positive?

ER 1-9%

-
.
-

-

&

ER ne;.w,ativc

P=0.3

Distant metastasis free intreval (months)

ER 1-9%

Disease free interval (months)

ER n;éa}i\'c

P=0.2

Probability of Survival

Probability of Survival ()

ol T -10%
\ b ER 1-10%
\\‘—&
ER ncgati\'c

P=0.03

Distant metastasis free interval (months)

V{<\—\_L| ER

1-10%

ER negative

Disease free interval (months)

P=0.02

Patients with ER 1-10%
had both longer DMFS
and DFS compared with
ER neg patients

ER 1-9% : no difference
with ER neg

Makhlouf S et al 2023 Mod Pathol



ER 10% as ER-low or
ER-positive?

* ER 10% cancers had significantly lower
grade, better NPI, and more PR
positivity than tumors with ER 1-9%,
but did not show any significant
difference from tumors with ER 11-
30%

* ER-low 1-9% were similar to the ER
neg tumors but showed significant
differences compared with ER pos
tumors (210%) in most
clinicopathologic parameters

Makhlouf S et al 2023 Mod Pathol

Characteristics

ER IHC expression in needle core biopsies

ER 10% ER 1-9% x2 (p-value) ER 11-30% | x? (p-value) b
f%f)‘“ diagnosis (years) 13 (28%) 41 (33%) 0.5 (0.4) 52 (43%) 3.5 (0.06)
=50 34 (72%) 82 (67%) 68 (57%)
Tumour size (cm)
<2 34 (72%) 58 (47%) 8.7 (0.003) 70 (58%) 2.8 (0.09)
=2 13 (28%) 65 (53%) 50 (42%)
Tumour grade
1 4 (89%) 4 (3%) 13.8 (0.001) 13 (11%) 3.9 (0.1)
2 21 (46%) 23 (20%) 35 (29%)
3 21 (469) 88 (77%) 72 (60%)
Mitotic count
1 18 (39%) 19 (16%) 12 (0.002) 38 (32%) 4.8 (0.08)
2 15 (33%) 34 (30%) 26 (22%)
3 13 (28%) 62 (54%) 56 (46%)
Nuclear pleomorphism
1 0 2 (2%) 4(0.1) 0 0.4 (0.5)
2 9 (20%) 11 (9%) 29 (24%)
3 37 (80%) 102 (89%) 91 (76%)
Tubule formation
1 4 (9%) 2 (2%) 4.9 (0.08) 9 (7%) 0.11 (0.9)
2 11 (24%) 21 (18%) 31(26%)
3 31 (61%) 92 (80%) 80 (67%)
Nottingham Prognostic
Index
Good Prognostic Group 11 (25%) 10 (9%) 7 (0.03) 32 (27%) 0.9 (0.6)
Moderate Prognostic 26 (59%) 82 (73%) 62 (52%)
Group
Poor Prognostic Group 7 (16%9%) 20 (18%) 26 (21%)
Histological types
No special type (NST) 33 (72%) 100 (87%) 5 (0.1) 90 (75%) 0.2 (0.9)
Lobular 4 (9%) 4 (3%) 8 (7%)
Other special types 3 (6%) 3(3%) 7 (6%)
Mixed NST and other 6 (13%) 8 (7%) 15(12%)
tumour types
Axillary nodal status
Negative 25 (569) 74 (66%) 1.3 (0.2) 74 (62%) 0.5 (0.4)
Positive 20 (44%) 39 (34%) 46 (38%)
Lymph node stage
1 (Negative) 25 (569) 74 (65%) 1.4 (0.4) 74 (62%) 1.5 (0.4)
2 (1-3 positive) 15 (33%) 28 (25%) 29 (24%)
3 (>3 positive) 5 (11%) 11 (10%) 17 (14%)
Lymphovascular
Invasion
Negative 36 (80%) 94 (83%) 0.22 (0.6) 87 (73%) 0.97 (0.3)
Positive 9 (20%) 19 (17%) 33 (27%)
Progesterone receptor
Negative 26 (58%) 82 (82%) 9.5 (0.002) 55 (47%) 1.4 (0.2)
Positive 19 (42%) 18 (18%) 61 (53%)
HER2
Negative 27 (60%) 72 (69%) 1.2 (0.2) 81 (70%) 1.6 (0.2)
Positive 18 (40%) 33 (31%) 34 (30%)
Ki67 index
Low (<14%) 6 (46%) 3 (14%) 4.1 (0.049) 19 (35%) 0.53 (0.3)
High (>149%) 7 (549) 18 (86%) 35 (65%)

*ER 10% vs ER 1-9%

PER 10% vs ER 11-30%




PAMS5O0 classification : ER 1-9% and ER 10%

IHC Level (%)
0
1-9
10
> 10

IHC

No. of
Patients

183
25
6
251

Luminal A
2 (1%)
0
2 (33%)
120 (48%)

Luminal B

1(1%)
2 (8%)
1(16%)
61 (24%)

Molecular Subtypes by PAM50
HER2
Amplified Basal Normal
51 (28%) 111 (60%) 18 (10%)
8 (32%) 12 (48%) 3 (12%)
1 (16%) 1(16%) 1(16%)
38 (15%) 16 (6%) 16 (6%)

Iwamoto T et al 2012 J Clin Oncol 30:729
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ER low and endocrine therapy

Six retrospective studies with 16,606 patients, including
patients of ER low ( 1-9%), ER neg and ER high (>10%) (N = 834,

4176, 11596 respectively)

e Patients with ER high - significantly better prognosis
* ER low with HT had a slightly better prognosis than ER neg

group
* 5year DFS pooled OR 1.47

 5year OS pooled OR 1.23

* No significant differences in RFS
* No significant differences in 5 year OS for ER low patients

with or without endocrine therapy

ER low biologically similar to ER neg

Chen T et al 2018 Clin Breast Cancer 18:1

AR
[[s]

DFS: Low ER with HT vs ER-

Events, Events, ER %

OR(95% Cl) ER1-9% negative  Weight

Wiale (2007) 2.11 (0.90-4.92) 33M4 ITIE3 36.78
Ogawa (2004) 1.50 (0.48-4.69) 15720 42063 2445
Balduzzi (2013) 0.95 (0.35-2.56) 42/51 49/59 3876

Overall (l-squared = 0.0%, P = .490) @

Test for effect size P = .145

1.51 (0.87-2.63) 90115 128M185 100.00

& suo DFS: Low ER with HT vs ER>10% Events,ER Events, ER %
] OR (95% Cl)  1-9% 10-100%  Weight
Ogawa (2004) —_— 0.51(0.15-1.71) 15/20 5969 26.41
viale (2007) - 0.53(0.27.1.05) 3344 2966/3489  73.50
Overall (I-squared = 0.0%, P = .956) <> 0.52 (0.29.0.95) 48/64 3025/3558 100.00

Test for effect size P = .034

Events, Evenis, %

OS: Low ER with vs without HT

OR (85% Cl) Treaimeni Conirol Weighi

M.Yi (2014)

—.—l—I ‘.
Overall (-squared = 41.8%, P'=_190) <:>

Test for effec! size P = 684

1.65 (0.48-5.69) 47051 6473 24.58

0.61 (0.26-1.41) 42551 176199 7542

087 (0.43-1.73) 88102 2400272 100.00




HR-low breast cancer: HER2(-) and HER2(+) cohorts

e 15 year cohort
e Tumor characteristics between the HR low (N=861)
compared to HR high (N=32837) or HR neg (N=4862)
groups were similar irrespective to HER2 status
* In the HER2 neg cohort prognosis of HR low positive
tumors was similar to that of HR neg tumors and
differed significantly with HR high tumors
e OS hazard ratio for HR high : 0.66 (95% Cl 0.55-
0.78)
* In the HER2 pos cohort, the differences between HR
low/neg and HR high were less pronounced
* HR expression have a lower impact on outcome
* may be due to anti-HER2 therapy
* Patients with HR low tumors seem to benefit only
slightly from endocrine therapy, but this difference
was not statistically different

different HR level

A OS HER2- (n = 33 366)

Survival probability (%)

: HR<1% n=3364 m|%} Log-rank test P= 0.4493
207 HR1%9% n=553 1.7% |- Log-rank test P < 0.0001

104 HR=10% n=2944988.3%
O ey g p————
0 3 6 9 12 15 Years
Patients at risk (censored)
HR<1% 3364 (0) 2175(628) 1364 (1226) 768(1740) 303(2168) 32 (2432)
HR1%-9% 553(0) 383 (96) 257 (178) 154 (262) 75 (333)

HR =10% 29449 (0) 22053 (5768) 14 861 (11 360) 8608 (16 485) 3422 (21 062) 344 (23 966)

B 0S HER2+ (n=5194)

Survival probability (%)
g

: HR<1% n=1498 28 a%} Log-rank test P = 0.3720
201 HR1%9% n=308 59% }- Log-rank test P=0.0100
104 HR=210% n=3388 652%

0-
0 3 6 9 12 15 Years

Patients at risk (censored)

HR<1% 3364 (0) 2175(628) 1364 (1226) 768(1740) 303(2168) 32 (2432)
HR1%-9% 553(0) 383 (96) 257 (178) 154 (262) 75(333)

HR =10% 20449 (0) 22053 (5768) 14 861 (11 360) 8608 (16 485) 422 (21 062) 344 (23 966)

HR-low with/without endocrine therapy

A 0S low HR+/HER2- (n = 553)

Log-rank test P=0.0651
adj. hazard ratio” ET versus no ET 0.78 (0.55-1.11)
“adjusted for age, stage, grading, histology, chemotherapy

20 NoET n=295 53.3% }—
ET n=258 46.7%

o 3 6 9 12 15 Years
Patients at risk (censored)
No ET 205 (0) 204 (40) 155 (66) 101 (107) 47 (156)
ET 258 (0) 179 (56) 102 (112) 53 (155) 28(177)
B 0S low HR+/HER2+ (n = 308)
100
90
80
— 70
&
Z 60
]
2
2 s0
5
2 40
4
@
30
20 — %
NOETno178 57.5% }_ Log-rank test P= 0.1453
10 adj. hazard ratio” ET versus no ET 1.04 (0.59-1.83)
ET  n=130 422% “adjusted for age, stage, grading, histology, chemotherapy
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Schrodi S et al 2021 Ann Oncol 32:1410



ER zero Vs ER low HER2 neg Breast Cancer (chemo)

Swedish population-based cohort study
5655 ER(<10%) HER2-ve tumors, around 10% ER-low and 90% ER-zero
ER-low showed fewer grade Il tumor (69.4% vs 80.8%), lower median Ki67 (60% vs 63%), more HER2 2+ (21.9% vs
13.6%) and more lobular BC (6.8% vs 1.6%) than ER-zero HER2-ve BC
* No differences in tumor size, nodal status and treatment received (except endocrine therapy)
ER-low HER2-ve had similar prognosis for patients with chemotherapy
* In women given chemotherapy, there was no difference in OS (HR 1.06, 95% CI 0.82—-1.36)
* In women not given chemotherapy, those with ER-low tumor had a statistically significantly better OS than
those with ER-zero disease (HR 0.65, 95% Cl 0.52—0.82)
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ER-low vs ER-zero in neoadjuvant chemotherapy

Age (continuous)
Grades
G1-G2
G3
Ki67 baseline (continuous)
Stages
|

1l
ER expression (continuous)
ER expression

<1%

1-9%

iRFS
Univariate

HR (95% CI)

1.01 (0.99-1.03)

Ref
1.00 (0.54-1.86)
1.00 (0.99-1.01)

Ref

1.93 (1.07-3.47)
4,59 (2.45-8.60)
1.00 (0.78-1.28)

Ref
120 (0.62-2.32)

Multivariate

HR (95% Cl)

Ref
1.93 (1.07-3.48)
4,60 (2.44-8.65)

Ref
0.98 (0.51-191)

DRFS
Univariate
HR (95% CI)

1.02 (1.00-1.04)

Ref
1.08 (0.55-2.11)
0.99 (0.98-1.00)

Ref

145 (0.79-2.67)
401 (2.12-757)
1.04 (0.80-1.34)

Ref
126 (0.63-2.52)

Multivariate
HR (95% CI)

103 (1.01-1.04)

Ref
1.67 (0.90-3.09)
473 (248-9.0)

Ref
121 (0.59-247)

0s
Univariate
HR (95% CI)

1.02 (1.00-1.04)

Ref
1.65 (0.70-3.85)
1.00 (0.99-1.01)

Ref

133 (0.70-2551)
3.02 (1.53-5.99)
1.02 (0.77-1.36)

Ref

1.10 (0.50-2.40)

Multivariate
HR (95% Cl)

1.03 (1.01-1.04)

Ref
1.53 (0.81-2.93)
3.59 (1.79-7.21)

Ref
1.06 (0.48-2.36)

Invasive Relapse-free Survival %

100

Primary breast cancers with ER1-9% shows similar outcome to ER<1% with NAC
PCR rate (ER-low vs —neg): 44% vs 38% (reported pCR rate for ER-pos: 7-16%)
5-yr OS : 82.3% vs 76.7%; 5-yr invasive RFS : 74.0% vs 73.1%
Median FU of 54 months
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TILs density in different ER status

Table 1. Correlation of ER expression with clinicopathologic features and biomarkers.

ER p-value
Negative Low High Total All Neg vs lo Lo vs hi
Uinicopathologic features
Age 0.014 0.005 0.004
Median 52 47 52 51
1QR 45-61 44-54 45-62 45-61
Range 23-101 22-82 27-97
Turmour size <0.001 0.782 0.003
Median 25 25 21 23
1QR 2.0-35 2.1-6.7 1.5-3.0 16-33
Range 0.1-13.0 1.1-8.0 0.1-10.2
Grade <0.001 0.014 <0.001
1 13 (2.6%) 3 (5.6%) 228 (18.0%) 244 (13.4%)
2 99 (19.7%) 17 (31.5%) 641 (50.6%) 757 (41.5%)
3 391 (77.7%) 34 (63.0%) 398 (31.4%) 823 (45.1%)
Total 503 54 1267 1824
Necrosis <0.001 0.282 <0.001
MNeg 270 (54.9%) 32 (62.7%) 1082 (87.8%) 1384 (77.9%)
Pos 222 (45.1%) 19 (37.3%) 151 (12.2%) 392 (22.1%)
Total 492 51 1233 1776
LVI 0.040 0.024 0.011
MNeg 355 (74.3%) 31 (59.6%) 913 (75.3%) 1299 (74.5%)
Pos 123 (25.7%) 21 (40.4%) 300 (24.7%) 444 (25.5%)
Total 478 22 1213 1743
sTIL <0.001 0.738 0.001
Low (>20%) 278 (68.0%) 32 (71.1%) 958 (89.3%) 1268 (83.0%)
High (=20%) 131 (32.0%) 13 (28.9%) 115 (10.7%) 259 (17.0%)
Total 409 45 1073 1527

ER low category showed
higher TIL than ER high BC

Poon IK et al 2020 Br J Cancer 123:1223



Tis (%)

TILs density in different ER status

TILs were similar in ER-neg and ER-low (1-9%) (median[IQR] 10% [5-30] vs 15% [5-30]); but significantly
higher than ER-int (10-50%)

The differences with ER-int mainly found in those with ER 31-50

EER-int subgroup (10-30%) showed no significant difference compared with ER-neg and ER-low tumors
Similar proportions of patients with high TILs (>30%) were observed in ER-neg and ER-low groups (28.4%
vs 26.1%), but a lower proportion in ER-int patients (11.2%) 8

g 71.6% 73.9% 88.8%
8 —
o T - F
n=647 n=119 n=80
0 TiLs <30% 0 ™s <20% 0 Tis <30%
0 Tius =230% 0 s 230% B mus 230%

Massa D et al 2024 INCI



Immune landscape of ER-low breast cancer

ER-negative
ER-low

[ CxCLe m ER-intermediate
cozy

* ER-low and ER-neg tumors showed little differences
* Only 3 of 766 genes were differentially expressed
in ER low compared with ER neg tumors, showing
upregulation of GATA3 and downregulation of
EDN1 and PROM1
* No significant differences in 164 immune-related
gene (antigen presentation, cytokine / chemokine
signaling, immune infiltration, TGF-beta signaling
or the characterization of immune cells)
* ER low has a distinct expression pattern compared
with ER int tumors
* ER int tumors displayed a distinct immune profile -
increased expression of some mast cell-related genes.
* MCs showed to hinder activation of cMET and
promote expression and activation of ER and
other luminal markers
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PD-L1 expression according to ER level

ER-low (1-9%) are comparable to ER-negative tumors in terms of PD-L1 expression

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
0

* PD-L1 clone SP142
e Positivity defined by any PD-L1 expression
in immune cells (IC)

PD-L1CPS 0
PD-L1CPS 19
m PD-L1CPS=10 p<0.0001

9
80- 57% 42%
70-

£ 60
50+ 38% 29%
a0 | 33% 48%
30- 32%
204 24%

10

HNeg M Pos 100+

% of patients

Proportion of PD-L1 IC +ve cancer

1t09 11to50  50t099 100 10- 13% 5
% ER expression in tumor 0 T T T T T
ER 0% ER 1-9% | ER 10-50% ER 51-99% ER 100%
n=45 n=16 n=21 n=37 n =250
Tse G et al unpublished data Voorwerk L et al 2023 NPJ Breast Cancer

 PD-L1 clone 22C3
e CPS = [the number of PD-L1+ve cells (tumor cells and

immune cells)/ total number of tumor cells] *100



PD-L1 expression in TNBC profiling subtypes

% of patients

-
BLIA Aok
8LIS o *
m Mesenchymal 8 100~ *
m LAR p < 0.00001 w90~ (W
100- S 80+
90+ '% 70~ o o
80- 8 60- - o
o T 50+ ofe o
60+ S % 404
o g 304
40- iy o S 204
304 : 10+ . —
20+ a 0 —L—&—
104 i - o BLIA BLIS Mesenchymal
: ER 0% ER1-9% ER10-50% Median  22.5% 3% 3% 1%
n=233 n=13 n=17 N 18 11 12 94

PD-L1 expression was highest in the BLIA tumors and associated with response to ICB

Voorwerk L et al 2023 NPJ Breast Cancer



Neg Pos

TNBC
p-value Neg Pos p-value Neg Pos p-value

:) D L 1 . - Neg Pos Total = p-value
- EX p ression on m 1 207 25 232 <001 - - - 1 0 456 7 0 <.001
mmune Ce”S In - 2 551 176 727 - - 17 12 33 14
- 3 394 399 793 s . 67 66 79 126
um I Na | B G 3 tu mors n Absent 823 459 1282 016 9% 121 <001 63 67 072 80 101 390
- - Present 317 133 450 61 31 20 10 39 39
m Absent 934 397 1331 <001 108 102 396 47 38 403 71 65 005
- Present 190 192 382 a1 50 36 38 46 75
In h |gh—g rade luminal B , - Low 934 397 1331 <001 103 40 <.001 46 9 <001 80 43 <001
PD_Ll_'C expreSSion was - High 185 190 375 26 88 18 53 24 76
. - . m Negative 978 435 1413 <001 118 104 034 - - - 118 139 -
associated positively with B ...
Positive 167 162 329 35 53 85 78
hlg h STIL, HER2 , CKS/ 6 , - Negative 1024 484 1508 <001 145 134 .008 65 66 175 83 74 004
CK14’ HVEM’ H LAS and - Positve 112 112 224 8 22 18 27 35 66
- Negative 1092 546 1638 <001 149 144 031 84 77 1.00 9% 107 336
PD1+TIL B ...
Positive 46 52 98 3 12 1 1 22 33
- Negative 1016 517 1533  .011 131 137 779 67 61 829 106 117 185
- Positive 98 75 173 20 19 16 17 10 19
Negative ~ 677 316 993  <.001 86 72 .001 53 46 031 68 66 001
- Positive 13 52 65 2 16 1 7 0 11
- Negative 563 276 839  .001 70 60 .002 25 26 1.00 50 56 970
- Positive 48 49 97 1 12 20 19 10 11
m Alllow 378 115 493 <001 46 2 <.001 29 15 041 34 20 <.001
Ni Y et al 2022 Oncologist - Mixed 205 147 352 23 39 15 21 23 26
- Allhigh 68 116 184 11 28 9 18 9 37




PD-L1 expression on Immune cells and outcome
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pCR, %

Neoadj ICB plus chemo in early BC (ER neg)

Addition of ICB therapy — improved pCR rate in TNBC and HR+HER2- tumors, but not HER2+ cancers

(For TNBC, the benefit is similar in PD-L1 +ve and —ve tumors)

In HR+/HER2- tumors, adding ICB improved the overall pCR rate from 14.8% to 24.6% (95% Cl, 1.49-2.36)
(Greater benefit in patients with PD-L1+ tumors (pCR rates increased from 19.7% to 31.9% vs 6.8% to
10.9% in PD-L1-negative disease))

Meta-analysis involving 5114
T 2| HRe/ERBE- Froee T e patients from 9 RCTs
ICI No ICls
109 100 109 : TNBC : GeparNuevo 2019;
a0 a0 . KEYNOTE-522 2020;
_— IMpassion031 2020; NeoTRIP
601 | 604 ] 601 pum 2022)
o 4 ] HER2+ : IMpassion050 2022;
40+ ] = 40 T « ‘ APTneo 2023
I ER+(HR+) HER2- : I-SPY2 2020;
20 20 | I 20 CheckMate7FL 2023
i L H m |,
ITT PD-L1+ PD-L1- ITT PD-L1+ PD-L1- ITT PD-L1+ PD-L1-
(n=2075) (n=1421) (n=520) (n=1924) (n=1143) (n=645) (n=1115) (n=218) (n=236)
Villacampa G et al 2024 JAMA Oncol




ER-low validation

Table2. Comparison of the initial and repeated ER immunohistochemical expression

* Only % remained as ER-low on repeated
Initial core biopsy Repeated ER staining Tortal | H C

Negative (<1%) Low-positive (1%-9%) Positive (210%) ° CaSGS that were ER—negative fO”OWing

ER 1%-9% 30 (47%) 16 (25%) 18 (28%) 64 repeat ER staining were PR negative
ER 10% 3(30%) 2 (20%) 5 (50%) 10
ER 11%-30% 11 (38%) 4(14%) 14 (48%) 29

Table3. Comparison of the initial and repeated ER immunohistochemical expression,
RNAscope, and RT-PCR

* RNAscope and RT-gPCR results agreed

Initial core biopsy RNAscope Total RT-qPCR Wlth rEStalnlng

Negative Positive Negative Positive Total

ER 1%-9% and ER-negative on repeat 9(82%)  2(18%) 11 9(82%) 2(18%) 11

ER 1%-9% and ER-positive on repeat 1(7%) 14(93%) 15 4(36%) 7(64%) 1
ER 10%-30% and ER-negative on repeat 2(67%) 1(33%) 3 3(100%) O 3
ER 10%-30% and ER-positive on repeat 0 10(100%) 10 2(20%) 8(80%) 10

Makhlouf S et al 2023 Mod Pathol




Summary

ER testing
ER low

ER low and therapy



Selected Safety Information for KEYTRUDA (pembrolizumab)

Selected Safety Information for KEYTRUDA (pembrolizumab):

Contraindications: None Precautions: eImmune-mediated pneumonitis eImmunemediated colitis eImmune-
mediated hepatitis and hepatotoxicity eImmune-mediated endocrinopathies eImmune-mediated nephritis and
renal dysfunction elmmune-mediated Dermatologic Adverse Reactions eOther immune-mediated adverse
reactions eInfusion-related reactions (including hypersensitivity and anaphylaxis) eComplications of allogeneic
HSCT in patients after or prior to treatment with KEYTRUDA treatment eIncreased mortality in patients with
multiple myeloma when KEYTRUDA is added to a thalidomide analogue and dexamethasone eEmbryo-fetal
toxicity Adverse Events: Most common adverse reactions (reported in 220% of patients) were: eKeytruda as a
single agent fatigue, musculoskeletal pain, rash, diarrhea, pyrexia, cough, decreased appetite, pruritus, dyspnea,
constipation, pain, abdominal pain, nausea and hypothyroidism. eKeytruda in combination with chemotherapy
and bevacizumab: peripheral neuropathy, alopecia, anemia, fatigue/asthenia, nausea, neutropenia, diarrhea,
hypertension, thrombocytopenia, constipation, arthralgia, vomiting, urinary tract infection, rash, leukopenia,
hypothyroidism , and decreased appetite. ®Keytruda in combination with axitinib: diarrhea, fatigue/asthenia,
hypertension, hepatotoxicity, hypothyroidism, decreased appetite, palmar-plantar erythrodysesthesia, nausea,
stomatitis/mucosal inflammation, dysphonia, rash, cough, and constipation *KEYTRUDA in combination with
lenvatinib: hypothyroidism, hypertension, fatigue, diarrhea, vomiting, stomatitis, weight loss, abdominal pain,
urinary tract infection, proteinuria, constipation, headache, hemorrhagic events, palmar-plantar
erythrodysesthesia, dysphonia, rash, hepatotoxicity, and acute kidney injury.

For detailed precautions and adverse events, please consult the full prescribing information.

The information is provided as a professional service by Merck Sharp & Dohme (Asia) Itd. The views expressed in the slide / publication reflects
the experience and opinions of the authors. For any product mentioned in this publication, the prescribing information from the company
(manufacturer) should be consulted prior to prescribing.




