Additional files: DNA damage response in breast cancer and its significant role in guiding novel precise therapies
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Supplementary Table 1. Clinical trials of monotherapies targeting DNA damage repair pathways in breast cancer

Initiation
Target Country Phase Clinical trials Name Conditions Drugs BC sample (n)
year
USA & NCT04053673 RBN-2397 (PARP7
PAPR 2010 . I . HR deficient BC L 130 (total)
Spain (recruiting) inhibitor)
NCT01078662
2010 multi I (active, not gBRCA1/2m BC olaparib 298
recruiting)
USA & NCT01286987 advanced gBRCA1/2m
2011 I talazoparib 12
UK (completed) [ BC
NCT03955640 BC with chest wall olaparib + hyperthermia 3
2019 USA I B )
(recruiting) recurrences treatment (estimated)
NCTO04041128
2019 USA I . BC olaparib 14
(recruiting)
NCTO03911453
2019 USA I (active, not stage I-1II TNBC rucaparib 20
recruiting)
NCT05002868
Czechia & locally advanced or
2021 I (active, not RP12146 23
Poland metastatic BC
recruiting)
locally advanced or
North NCT05564377 metastatic BC through )
2023 I ComboMATCH olaparib 2900 (total)
America (recruiting) ComboMATCH
screening
E7449 (+ temozolomide /
NCT04644068
2012 UK g . TNBC carboplatin and 41
(recruiting) )
paclitaxel)
NCT01989546
2014 USA 11 advanced BRCAm BC talazoparib 9
(completed) !
NCT03343054 pretreated advanced or
2017 Japan 11 talazoparib 19

(active, not

metastatic gBRCA1/2m


https://clinicaltrials.gov/ct2/show/NCT04053673
https://clinicaltrials.gov/ct2/show/NCT03955640
https://clinicaltrials.gov/ct2/show/NCT04041128
https://clinicaltrials.gov/ct2/show/NCT03911453
https://clinicaltrials.gov/ct2/show/NCT05002868
https://clinicaltrials.gov/ct2/show/NCT03343054

Initiation

Target Country Phase Clinical trials Name Conditions Drugs BC sample (n)
year
recruiting) BC
NCT03805399 refractory TNBC
2017 China 11 (umbrella, FUTURE (basal-like PARP inhibitor 4
recruiting) ! immune-suppressed)
NCT04503265
advanced or metastatic 122
2020 USA I (active, not ATLAS-101 AMXT - 5001 )
. BC (estimated)
recruiting)
gBRCA1/2m BC or
USA & NCT04672460 ) )
2020 11 somatic BRCA1/2 talazoparib 73 (total)
Australia (completed) )
mutations
NCT00494234 )
2007 UK 1I ICEBERG 1 advanced BRCAm BC olaparib 54
(completed) ™!
NCT00679783 .
2008 Canada 1I TNBC olaparib 26
(completed) P!
EudraCT
2014 UK I 2014-003319-12 RIO TNBC rucaparib 43
(completed) !
pretreated advanced
HER2- BC with
NCT02401347
2015 USA 1I TBB HRR-related gene talazoparib 13
(completed) "] )
mutations except
BRCAI/2
NCT02624973
2016 Norway 1I (active, not PETREMAC TNBC olaparib 32
recruiting) [
NCT02505048 BRCAwt TNBC, )
2016 France 1I RUBY rucaparib 41

(completed) !

pretreated advanced


https://clinicaltrials.gov/ct2/show/NCT04503265
https://clinicaltrials.gov/ct2/show/NCT04672460
https://clinicaltrials.gov/ct2/show/NCT00494234
https://clinicaltrials.gov/ct2/show/NCT00679783
https://clinicaltrials.gov/ct2/show/NCT02401347

Initiation

Target Country Phase Clinical trials Name Conditions Drugs BC sample (n)
year
gBRCAwt HER2- BC,
HRD BC with
BRCAness profile or
BRCA somatic
mutation
metastatic BC with
NCT03344965 (s)BRCA1/2 mutations
2018 USA 1I (active, not TBCRC 048 or g/s mutations in olaparib 54
recruiting) 11 HR-related genes other
than BRCA1/2
BRCAwt HRD
NCT03367689 ) )
2018 USA 1I NOBROLA metastatic breast olaparib 7
(terminated)
cancer
NCT03562832 metastatic BC selected 30
2018 Denmark 1I (active, not by drug response 2X-121 )
. o (estimated)
recruiting) prediction
advanced tumors with
NCT03967938 ) ) 540
2019 Belgium 1I 1-2018 BSMO HRR gene mutations olaparib )
(recruiting) (estimated)
except BRCA1/2
NCT03990896 somatic BRCA mutant 30
2021 USA 1I . . talazoparib .
(recruiting) metastatic BC (estimated)
BC with deleterious
NCT04171700 ) 83
2020 USA 1I LOBESTAR mutations in HRR rucaparib
(terminated) (total)
genes except BRCA1/2
stage III-IV BC with
NCT04550494 ) .
2021 USA 1I o DDR-related gene talazoparib 36 (estimated)
(recruiting) )
mutations
NCT05232006 advanced metastatic ) ) 12
2022 France 1I o ) ) niraparib )
(not yet recruiting) BC with germline (estimated)


https://clinicaltrials.gov/ct2/show/NCT03967938
https://clinicaltrials.gov/ct2/show/NCT03990896
https://clinicaltrials.gov/ct2/show/NCT04171700
https://clinicaltrials.gov/ct2/show/NCT04550494

Initiation

Target Country Phase Clinical trials Name Conditions Drugs BC sample (n)
year
PALB?2 mutations
NCT01945775 advanced and/or
2013 multi 111 EMBRACA . talazoparib 431
(completed) (1 metastatic BRCAm BC
USA & NCT01905592 HER2- gBRCA1/2m
2014 I ) BRAVO niraparib 216
Europe (terminated) BC
NCT02000622
metastatic gBRCA1/2m
2014 multi I (active, not OlympiAD olaparib 302
HER2- BC
recruiting) 1!
NCT03286842 germline or somatic
2018 multi I LUCY olaparib 253;3
(completed) (3] BRCAm HER2- BC
NCT03329001
locally advanced or 83
2017 USA I (active, not niraparib
metastatic BC (total)
recruiting)
USA & NCT02157792
ATR 2012 I advanced BC VX-970/M6620 1
UK (completed) ['41
NCT05898399 advanced or metastatic 250
2023 USA /1L ART6043
(recruiting) HER2- BRCAm BC (estimated)
NCT05787587 advanced gBRCAI/2m .
PARG 2023 USA I B IDEAYA IDE-161 68 (estimated)
(recruiting) BC

BC, breast cancer; TNBC, triple negative breast cancer; HER2, Human Epidermal Growth Factor Receptor 2; BRCAm, BRCA 1/2 mutationgBRCA1/2m, germline BRCA1/2 mutation; gBRCAwt, germline BRCA1/2
wildtype; PARP, poly ADP-ribose polymerase; po, orally; qd, once daily; bid, twice daily; iv, intravenously.


https://clinicaltrials.gov/ct2/show/NCT01905592
https://clinicaltrials.gov/ct2/show/NCT02000622
https://clinicaltrials.gov/ct2/show/NCT03329001

Supplementary Table 2. Clinical trials of therapies targeting DNA damage repair pathways combined with (neo)adjuvant chemotherapy in breast cancer

Initiation BC sample
Target Country Phase Clinical trials Name Conditions Drugs
Year (n)
NCT00526617 41
PARP 2007 USA I advanced BC veliparib + temozolomide
(completed) (total)
NCTO01445418 BRCA1/2m BC;
2008 USA I ) AZD2281 + carboplatin 103
(completed) sporadic TNBC
ER-/HER2-/PR-/male veliparib
NCTO01145430 ) 45
2010 USA I recurrent BC; stage + pegylated liposomal
(completed) o (total)
IV BC; TNBC doxorubicin
NCTO01237067 recurrent or refractory
2011 USA I olaparib + carboplatin 77 (total)
(completed) BC
veliparib
USA & NCT02033551 (+ carboplatin/paclitaxel
2013 I advanced BC . ) 47 (total)
Europe (completed) + fluorouracil, leucovorin
and irinotecan)
NCT00516724
olaparib +
2017 Europe I (active, not BC 12
. carboplatin/paclitaxel
recruiting) 1%
NCT03641755
2018 USA I (active, not BRCA1/2m BC olaparib + sapacitabine 10
recruiting)
E7449
NCT04644068
2012 UK i . TNBC (+ temozolomide 41
(recruiting) ) )
/ carboplatin and paclitaxel)
NCT04644068 AZDS5305 840
2020 multi il PETRA advanced BC
(recruiting) 116 (+ other chemotherapies) (total)
NCT05417594 AZD9574 (+ other 490
2022 multi g . advanced BC .
(recruiting) chemotherapies) (total)
Initiation BC sample
Target Country Phase Clinical trials Name Conditions Drugs
Year (n)



https://clinicaltrials.gov/ct2/show/NCT00516724

NCT05252390 NUV-868 (CDK4/61) 657
2022 multi il NUV-868-01 advanced BC
(recruiting) (+ olaparib + enzalutamide) (total)
NCTO00813956 TNBC, HER2- BC, iniparib + irinotecan +
2008 USA II PrECOG 0105 ) 80
(completed) "] BRCAm BC carboplatin
NCT01009788 metastatic BC
2009 USA 11 (active, not with(out) veliparib + temozolomide 41
recruiting) gBRCAI/2m
NCT01074970
2010 USA 11 BRCAm TNBC rucaparib + (cisplatin) 135
(completed)
NCT01173497 TNBC brain
2010 USA 11 TBCRC 018 iniparib + irinotecan 34
(completed) 18] metastasis
North NCTO01306032 ABT-888 +
2011 ) I TNBC ) 124
America (completed) cyclophosphamide
NCT02595905 metastatic or recurrent
2016 USA 11 (active, not S1416 TNBC or veliparib + cisplatin 320
recruiting) 1) gBRCA1/2m BC
NCT06201234 advanced or niraparib + elacestrant 176
2024 Germany II (not yet metastatic hormone (selective estrogen receptor )
.. (estimated)
recruiting) receptor+/HER2- BC degrader)
pretreated veliparib
NCT02163694
2014 multi il BROCADE3 gBRCAI/2m + carboplatin 513
(completed) 2% .
advanced HER2- BC or paclitaxel
Initiation o . . BC sample
Target Country Phase Clinical trials Name Conditions Drugs
Year (n)
paclitaxel
) NCT02032277 ) vs. paclitaxel + carboplatin
2014 multi il BrighTNess stage 1I-IIIl TNBC 634

(completed) 2!

vs. paclitaxel +

carboplatin + veliparib


https://clinicaltrials.gov/ct2/show/NCT01009788
https://clinicaltrials.gov/ct2/show/NCT02595905
https://clinicaltrials.gov/ct2/show/NCT02163694

neoadjuvant olaparib +

NCTO03150576
2016 UK il o PARTNER gBRCAwt TNBC paclitaxel/carboplatin + 559
(recruiting) 2
anthracycline
doxorubicin +
NCT02810743
) stage 111, HER2- cyclophosphamide-carboplat 174
2017 Europe I (active, not SUBITO
o BRCA1I-like BC in/paclitaxel-olaparib; (estimated)
recruiting)
ddAC-mini CTC
TAK-228 (TORC1/2
NCTO03193853
NHEJ 2017 USA II PIKTOR TNBC inhibitor) and TAK-117 10
(completed) 23! o
(PI3Ka inhibitor)
USA & NCT02157792 VX-970/M6620
ATR 2012 I advanced BC 1
UK (completed) 24 + carboplatin
USA & NCT01359696
CHEK 2011 I refractory TNBC GDC-0425 + gemcitabine 5
France (completed)

BC, breast cancer; TNBC, triple negative breast cancer, HR, hormone receptor; HER2, Human Epidermal Growth Factor Receptor 2; BRCAm, BRCA1/2 mutationgBRCA1/2m, germline BRCA1/2 mutation;
gBRCAwt, germline BRCA1/2 wildtype; PARP, poly ADP-ribose polymerase; po, orally; qd, once daily; bid, twice daily; q3w, every 3 weeks; iv, intravenously.


https://clinicaltrials.gov/ct2/show/NCT03150576

Supplementary Table 3. Clinical trials of therapies targeting DNA damage repair pathways combined with immunotherapy in breast cancer

Initiation

Pha

.. . . BC sample
Country Clinical trials Name Conditions Drugs
Year se (n)
NCT02484404 olaparib + durvalumab +
PARP 2015 USA TNBC 1
(recruiting) 12° cediranib (VEGFR1)
NCT03101280 ) )
2017 Europe TNBC rucaparib + atezolizumab 29
(completed)
recurrent /refractory
NCTO03061188
2017 USA unresectable stage IV veliparib + nivolumab 15 (total)
(unknown status)
BC
niraparib, TSR-022
NCT03307785
) ) (anti-TIM3), bevacizumab,
2017 USA I (active, not IOLite advanced BC 8
o platinum based-chemotherapy
recruiting) 27
+ TSR-042 (anti-PD-1)
NCT03544125
2018 USA metastatic TNBC olaparib + durvalumab 3
(completed)
NCT03772561 advanced or metastatic olaparib + durvalumab + 40
2018 Singapore
(unknown status) BC AZD5363 (estimated)
advanced BC with
germline or somatic
DDR mutations:
NCT03842228 BARDI, BRCAI/2, )
olaparib, durvalumab, and 108
2019 USA I (active, not BRIPI, FANCA, NBN, . L .
copanlisib (PI3K inhibitor) (estimated)
recruiting) PALB2, RAD51,
RADS51B/C/D; PTEN
mutations, or hotspot
mutations in PIK3CA
Initiation Pha o . . BC sample
Target Country Clinical trials Name Conditions Drugs
Year se (n)
NCT04673448 unresectable or niraparib + TSR-042 18
2021 USA
(recruiting) metastatic BRCAm BC (dostarlimab) (estimated)


https://clinicaltrials.gov/ct2/show/NCT02484404
https://clinicaltrials.gov/ct2/show/NCT04673448

2016

2016

2017

2018

2022

2023

2010

2017

2017

2018

2018

2018

multi

USA

multi

South

Korea

multi

China

USA

USA

USA

USA

multi

USA &

1L

1L

1L

1L

1L

1L

1I

1I

1I

1I

1I

1I

NCT02734004
(active, not

recruiting) 28]

NCT02657889
(completed) 2!

NCT03330405

(terminated) (3%

NCT03594396
(unknown status)
NCT05252390
(recruiting)
NCT06078670
(not yet
recruiting)
NCT01042379
(recruiting) 1
NCT03025035
(recruiting)
NCT02849496
(active, not

recruiting)

NCT03801369

(recruiting)

NCT03167619
(completed)
NCT03565991

MEDIOLA

TOPACIO/
KEYNOTE
-162

JAVELIN
PARP
Medley

NUV-868-0
1

I-SPY2

DORA

JAVELIN

10

metastatic BRCAm BC

advanced/metastatic
TNBC with(out)
BRCAm or PD-L1
expression
TNBC; hormone
receptor+, HER2-,
DDR+ BC
(BRCA/ATMm)
stage II-1I1 TNBC or
low ER+BC

advanced BC

advanced TNBC

non-pretreated stage
II-111 BC
advanced BC
gBRCA1/2m or HRD

HRD advanced or
metastatic HER2- BC

metastatic TNBC
with(out) gBRCAI/2m

platinum-pretreated
advanced TNBC

locally advanced or

olaparib + durvalumab

niraparib + pembrolizumab

avelumab + talazoparib

olaparib + durvalumab

NUV-868 (CDK4/6i) (+

olaparib + enzalutamide)
CVL218 + toripalimab +
paclitaxel

olaparib (+ durvalumab)

olaparib + pembrolizumab

olaparib (+ atezolizumab)

olaparib + durvalumab,
selumetinib/capivasertib, or

ceralasertib monotherapy
olaparib (+ durvalumab)

talazoparib + avelumab

34

55

22;23;1

54

657 (total)

96
(total)
950

18

(estimated)
20

(estimated)

132

(estimated)

45

57


https://clinicaltrials.gov/ct2/show/NCT02734004
https://clinicaltrials.gov/ct2/show/NCT02657889
https://clinicaltrials.gov/ct2/show/NCT03025035
https://clinicaltrials.gov/ct2/show/NCT03801369
https://clinicaltrials.gov/ct2/show/NCT03167619

Europe (terminated) % BRCA/AT metastatic BC with
M BRCA/ATMm
NCT0419113 unresectable locally
KEYLYNK
2019 multi 1I (active, not 009 recurrent or metastatic olaparib + pembrolizumab 462
recruiting) % TNBC
ER+ HER2- locally
NCT04053322 advanced or metastatic olaparib + durvalumab + 173
2019 France 1I DOLAF
(recruiting) BC with HRR genes fulvestrant (estimated)
alterations or MSI
NCT03931551 HER2+ BC
2019 Spain 1I OPHELIA olaparib + trastuzumab 5
(terminated) gBRCA1/2m or HRD
NCT04508803 metastatic gBRCA1/2m  HXO008 (PD-11) + niraparib (+ 37
2020 China I
(recruiting) BC trastuzumab/ pyrrolitinib) (estimated)
breast cancer with
NCT04584255 62
2020 USA 1I . BRCAI1/2 and PALB2 niraparib + dostarlimab .
(recruiting) ) (estimated)
mutations
metastatic, PD-L1- or
NCT04837209 niraparib + radiotherapy + 32
2021 USA 1I o NADiR immunotherapy-refracto ) )
(recruiting) dostarlimab (estimated)
ry TNBC
hormone fluzoparib + dalpiciclib
NCT05759546 200
2023 China 1I . receptor+/HER2- (CDK4/61) + fulvestrant/Al .
(recruiting) ) (estimated)
advanced BC (endocrinetherapy)
neoadjuvant
PARP + NCT03740893 ) (neo)adjuvant olaparib + 81
2019 UK 1I PHOENIX chemotherapy resistant
ATR (recruiting) durvalumab + AZD6738 (estimated)
residual TNBC
NCT03761914
) galinpepimut-S + 15
WTI 2019 USA g (active, not TNBC ) )
pembrolizumab (estimated)

recruiting)

BC, breast cancer; TNBC, triple negative breast cancer; HER2, Human Epidermal Growth Factor Receptor 2; ER, estrogen receptor; BRCAm, BRCA1/2 mutation; gBRCAI/2m, germline BRCA1/2 mutation;

gBRCAwt, germline BRCA1/2 wildtype; PARP, poly ADP-ribose polymerase; po, orally; qd, once daily; bid, twice daily; q3w, every 3 weeks; iv, intravenously.

11


https://clinicaltrials.gov/ct2/show/NCT04837209

Supplementary Table 4. Clinical trials of therapies targeting DNA damage repair pathways (PARPi and ATRi) combined with radiotherapies in breast cancer

Breast cancer

Target Initiation Year Country Phase Clinical trials Name Conditions Drugs
sample (n)
inflammatory,
NCT03109080 loco-regionally advanced, or
PARP 2017 France I RadioPARP ) olaparib + radiotherapy 24
(completed) B4 metastatic TNBC; operated
TNBC with residual disease.
NCT03945721 20
2019 USA I o UNITY TNBC niraparib + radiotherapy )
(recruiting) (estimated)
North NCT03598257 300
2019 ) 11 o inflammatory BC olaparib (+ radiotherapy) )
America (recruiting) (estimated)
metastatic, PD-L1- or
NCT04837209 ) ) niraparib + radiotherapy + 32
2021 USA 11 NADiR immunotherapy-refractory
(recruiting) dostarlimab (estimated)
TNBC
NCT04052555 42
ATR 2020 USA I (active, not HER2- BC berzosertib + radiotherapy )
. (estimated)
recruiting)

BC, breast cancer; TNBC, triple negative breast cancer; HER2, Human Epidermal Growth Factor Receptor 2; PD-L1, programmed cell death protein ligand 1. PARP, poly ADP-ribose polymerase; po, orally; qd,

once daily; bid, twice daily; q3w, every 3 weeks; iv, intravenously.

12


https://clinicaltrials.gov/ct2/show/NCT03945721
https://clinicaltrials.gov/ct2/show/NCT03598257
https://clinicaltrials.gov/ct2/show/NCT04837209

Supplementary Table 5. Clinical trials of therapies targeting DNA damage repair pathways (PARP1) combined with targeted therapy in breast cancer

Initiation
Country  Phase Clinical trials Conditions Drugs (PARP1) BC sample (n)
Year
NCT03075462
2017 USA I TNBC fluzoparib + apatinib (VEGFR1) 22
(completed)
NCT02898207 olaparib + onalespib (Hsp90
2017 USA I recurrent TNBC o 28
(completed) inhibitor)
NCT03057145
2017 USA I advanced BC olaparib + LY2606368 (CHEK1i) 29 (total)
(completed)
NCT03742245 relapsed/refractory and/or
2019 USA I olaparib + vorinostat (HDAC1) 28
(recruiting) metastatic BC
NCT04703920 25
2021 USA I metastatic BC talazoparib + belinostat (HDAC1)
(recruiting) (estimated)
NCT06130254 52
2024 USA I KRAS G12C mutated BC ~ olaparib + adagrasib (KRAS G12Ci) )
(recruiting) (estimated)
NCT01623349 olaparib + BKM120 or BYL719
2012 USA /11 recurrent TNBC ) 34,17
(completed) (PI3Ki)
NCT02208375
olaparib + vistusertib
2014 USA 1L (active, not TNBC 159
(mTORC1/2i) / capivasertib (AKTi)
recruiting)
NCT03368729 40
2019 USA 1L metastatic HER2+ BC niraparib + trastuzumab
(recruiting) (estimated)
NCTO1116648
North olaparib + cediranib maleate 180
2010 1L (active, not recurrent TNBC
America (VEGFRi) (estimated)
recruiting)
NCT04039230
talazoparib + antibody-drug 75
2019 USA 1L (active, not metastatic BC ]
conjugate sacituzumab goviteca (estimated)

recruiting)

13


https://clinicaltrials.gov/ct2/show/NCT02898207
https://clinicaltrials.gov/ct2/show/NCT03742245
https://clinicaltrials.gov/ct2/show/NCT04703920
https://clinicaltrials.gov/ct2/show/NCT03368729
https://clinicaltrials.gov/ct2/show/NCT04039230

Initiation

Country  Phase Clinical trials Conditions Drugs (PARP1) BC sample (n)
Year
NCT04991480
USA & ART4215 (Polf inhibitor) (+ 390
2021 1L (active, not advanced or metastatic BC
UK olaparib/talazoparib) (estimated)
recruiting)
NCT05898399 advanced or metastatic ART6043 (Polf inhibitor) (+ 250
2023 USA 1L
(recruiting) HER2- BRCA1/2m BC olaparib or talazoparib) (estimated)
NCT06065059 140
2023 USA 1L BRCA1/2m or HRD BC TNG348 (+ olaparib)
(recruiting) (estimated)
NCT02498613
North unresectable or metastatic 122
2016 1I (active, not olaparib + cediranib (VEGFR1i)
America TNBC; stage I1I-IV BC (total)
recruiting)
NCT03330847
TNBC with(out) HR-related olaparib (+ ceralasertib
2018 multi 1I (active, not VIOLETTE 273
gene mutations (ATRi) or adavosertib (WEE1i))
recruiting)
NCT04090567 advanced or metastatic 60
2020 USA 1I olaparib + cediranib (VEGFR1i)
(recruiting) gBRCAI1/2m BC (estimated)
NCT04586335
2020 multi 1I advanced BC olaparib + CYH33 (PI3Kai) 24
(terminated)

BC, breast cancer; TNBC, triple negative breast cancer; HER2, Human Epidermal Growth Factor Receptor 2; BRCAm, BRCA /2 mutation; gBRCA1/2m, germline BRCA 1/2 mutation; gBRCAwt, germline
BRCA1/2 wildtype; PARP, poly ADP-ribose polymerase; HRR, homogenous recombination repair; po, orally; qd, once daily; bid, twice daily; q3w, every 3 weeks; iv, intravenously.

14


https://clinicaltrials.gov/ct2/show/NCT04090567
https://clinicaltrials.gov/ct2/show/NCT04586335

Supplementary Table 6. Clinical trials in breast cancer measuring or stratified by HRD assessment

nitia
clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample
settings ry se mple size response
year
MyChoice ORR: 31% (4/13), CBR:
CDx assay: 54% (7/13); All patients
genome scar HRD score FFPE with germline mutated
pretreated
TAI+LOH PALB2 had
NCT0240134 advanced HER2-
+LST >42 treatment-associated
2015 USA II 7 (completed) TBB BC HRR-related talazoparib 100.0% (13)
tumor regression, ctDNA
i gene mutations
‘BRCAness’ HRD scores predicted
except BRCAI1/2 plasma
gene mutation NGS treatment outcomes and
ctDNA
signature increased gPALB2m
tumors
genomic LOH CBR: 13.5%;
genome scar
score > 18% 2 LOH-high patients
HRD as
without somatic BRCA1/2
inclusion
mutation presented
criteria
high LOH: complete and durable
87.5% response (12 and 28.5
(35/40); months),
NCT0250504
Franc HRD BC except HRDetect: HRDetect associated with
2016 II 8 (completed) RUBY rucaparib ‘BRCAness’ FFP
e gBRCAI1/2m 85% (34/40); rucaparib response;
] gene mutation HRDetect
BCby LOH: @ 220/711 metastatic breast
signature
30.9% cancer,
(220/711) high LOH without
gBRCA1/2m benefit from

PARP inhibitors; LOH
alone not fully represent

HRD

15



initia

clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample
settings ry se mple size response
year
MyChoice
CDx assay:
HRD TNBC higher pCR
paclitaxel +olaparib vs. genome scar HRD score
62% HRD (olaparib arm: 56.0% vs.
Germ NCT02789332 paclitaxel / carboplatin TAI+LOH
2016 11 GeparOLA  HER2- HRD BC FFPE not 52.0%; carboplatin arm:
any (completed) B! —sepirubicin/ +LST > 42
BRCA1/2m 59.3% vs. 20.0%) vs.
cyclophosphamide ‘BRCAness’
) s/gBRCAI1/2 HRP
gene mutation
mutations
signature
HRD: neoadjuvant
BRCA1/2m or HRD not
paclitaxel/eribulin + MyChoice HRD 64.7%
UMINO000023 statistically associated
carboplatin followed by CDx assay: (33/51);
162 with any immune cell
2017 Japan 1I JBCRG 22 TNBC anthracycline; HRP: genome scar HRD score FFPE BRCA1/2m
(completed) density; high HRD or g
neoadjuvant eribulin + TAI+LOH 21.8%
136] BRCA1/2m suggest
cyclophosphamide/capecitabi +LST > 42 (12/55)
higher pCR
ne
recurrent or
NCTO0306118 ‘BRCAness’
refractory genomic
2017  USA I 8 (unknown veliparib + nivolumab gene mutation tumor 15 NA
unresectable profiling
status) signature
stage IV BC
87% PALB2, sBRCAI/2,
metastatic BC HRR 20-gene ATM, or CHEK2;
with panel (ATM, tumor 87% (47/54) ORR: gPALB2m 82%, s
NCT0334496 ‘BRCAness’
(s)YBRCA1/2m or ATR, CDK12, or HRRm BRCA1/2 50%;
2018 USA II 5 (active, not TBCRC 048 olaparib gene mutation
g/s HRR FANCA, blood except mPFS: gPALB?m 13.3
recruiting) 7] signature
mutations except PALB?2, ctDNA BRCAL/2 months;
BRCAL/2 RADS0, etc.) SBRCA1/2 6.3 months;
No responses in ATM or
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initia

clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample
settings ry se mple size response
year
CHEK?2 mutations alone.
‘BRCAness’
NCT0336768 BRCA1/2wt Foundation
2018 USA II NOBROLA olaparib gene mutation FFPE 7 NA
9 (terminated) HRD BC One assay
signature
NCT0333084 TNBC with(out) olaparib (+ ceralasertib ‘BRCAness’
HRR gene 54.4% HRD not predictive of
2018 multi  II 7 (active, not VIOLETTE HRR-related (ATRI) or adavosertib gene mutation FFPE
panel (123/226) DDR combined response
recruiting) B*] gene mutations (WEELi)) signature
g/sDDRm BC
(BRCA1/2,FAN
NCT0384222 ‘BRCAness’ pretreat
CA,PALB2,RAD copanlisib + olaparib (+ molecular
2019 USA I 8 (active, not gene mutation ment 108 NA
51,PTEN etc.; durvalumab) profiling
recruiting) signature biopsy
PTEN, PIK3CA
mutations,
HRR/‘BRCAn
NCTO0380539 FUSCC 500+
Chin ess’ gene gBRCAI/2m:
2017 /I 9 (umbrella, FUTURE TNBC PARPi NGS gene blood NA
a mutation 2.1% (3/141)
recruiting) %) panel testing
signature
doxorubicin + HRR/‘BRCAn
NCT0281074 BRCAI-like
Euro stage III, HER2-  cyclophosphamide-carboplati ess’ gene
2017 I 3 (active, not SUBITO MLPA assay tumor 174 NA
pe BRCA1-like BC n/paclitaxel-olaparib; mutation
recruiting) test
ddAC-mini-CTC signature
ER+ HER2- HRR 19-gene
locally HRR/‘BRCAn  panel (ATM,
tumor
Franc NCT0405332 advanced/metast olaparib + durvalumab + ess’ gene ATR, CDK12,
2019 II DOLAF or 173 NA
e 2 (recruiting) atic BC with fulvestrant mutation FANCA, Swd]
00
HRR genes signature PALB?2,
alterations or RADS0, etc.)
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initia

clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample
settings ry se mple size response
year
MSI
HRR/‘BRCAn
HER2+ BC
NCT0393155 ess’ gene
2019 Spain II OPHELIA gBRCAI1/2m or olaparib + trastuzumab HRDetect FFPE 5 NA
1 (terminated) mutation
HRD
signature
54.5% RR in
gBRCA1/2m; BRCA-like
gBRCAI1/2wt genomic instability
NCTO0048322 HRD-LST/H
TNBC: signature
2007 USA I 3 (completed) = TBCRC 009 TNBC cisplatin or carboplatin genome scar RD-LOH tumor
48.5% (HRD-LOH/HRD-LST
[40] assay
(32/66) score) predict response;
HRD predictive of
platinum response
high
HRD-TAI HRD-TAIL HRD represent better
genome scar tumor
NCT0058033 assay 57.3% cisplatin response (RCB
post-hoc stage 11/I11 neoadjuvant cisplatin
2007 USA I 3 (completed)  Cisplatinl/2 (51/89) 0/T and pCR), especially
TNBC (+bevacizumab)
(41 high HRD in BRCA1/2 nonmutated
genome scar HRD score FFPE score >10: tumors
54% (26/48)
high
HRD-LOH>1 higher HRD-LOH
pretreat
NCTO0081395 0: TNBC (without gBRCA1/2m)
iniparib + irinotecan + HRD-LOH ment
2008 USA II  6(completed) PrECOG 0105 TNBC genome scar 76.9% represent better PARP
carboplatin assay core
171 (50/65); inhibitor response (pCR
biopsy
gBRCAI1/2wt 42% vs 10%)
75.5%
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initia

clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample
settings se mple size response
year
(37/49)
high HRD
score>42:
genome scar HRD score FFPE
TNBC 71%
(48/68)
MyChoice
CDx assay:
genome scar HRD score
TAI+LOH BRCA1/2m TNBC higher
+LST >42 ORRs (68.0% vs 33.3%)
disulfate pretreat and improved PFS (6.8 vs
NCTO0053272
carboplatin + mechanistically sequencing ment 43.8% 4.4 months); but HRD
2008 UK I 7 (unknown TNT TNBC BRCAI
distinct docetaxel and BRCAI biopsy; (86/196) TNBC not demonstrate
status) (4?1 methylation
mRNA blood statistically better ORR
expression (38.2% vs 40.4%) and
HRR/‘BRCAn PFS
gBRCAIL/2
ess’ gene
mutations
mutation
MLPA
signature
MyChoice
CDx assay: HRD 70.5%
genome scar HRD score (136/193), HRD represent better
NCT0142688 carboplatin +
Germ II/1 TAI+LOH 60.3% pCR; HRD: adding
2011 0 (completed) GeparSixto TNBC anthracycline/taxane-based FFPE
any +LST >42 (82/136) carboplatin increase pCR
(431 neoadjuvant chemotherapy
HRR/‘BRCAn without 33.9%t0 63.5%
s/gBRCAI1/2
ess’ gene BRCA1/2m
mutations
mutation
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clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample ]
settings se mple size response
year
signature
MyChoice
CDx assay:
genome scar HRD score
NCT0137257 TAI+LOH HRD predictive of
neoadjuvant carboplatin + 46.2%
2011 USA II 9 (unknown TNBC +LST >42 FFPE neoadjuvant carboplatin +
eribulin (12/26) -
status) (44 HRR/‘BRCAn eribulin response
ess’ gene s/gBRCAI1/2
mutation mutations
signature
HRR 12-gene 25.4%
HRR/‘BRCAn  panel (BRCA, (120/472) (66
NCTO121611
Chin paclitaxel + carboplatin vs. ess’ gene ATM, ATR, BRCA1/2m, HRRm better DFS with
2011 I 1 (recruited) PATTERN TNBC blood
a 5] anthracyclines + docetaxel mutation FANCA, 54 paclitaxel + carboplatin
signature PALB2, non-BRCA1/2
RADS50, etc.) m)
HRR/‘BRCAn pretreat
NCT0158342 mutational
Germ neoadjuvant ess’ gene ment 48.4% HRD predictive of better
2012 I 6 (completed) GeparSepto BC signatures S3
any nab-paclitaxel/paclitaxel mutation core (120/248) pCR
46l WES
signature FFPE
HRD predictive of
platinum and PARP1
NCT0162334 HRD score:
olaparib + BKM120 or response; not HR
2012 USA I/II 9 (completed) recurrent TNBC genome scar TAI+LOH FFPE NA
BYL719 (PI3Ki) deficiency did not
471 +LST
correlate with immune
activity
2014 USA II  NCTO0198244 TBCRC 030 TNBC neoadjuvant cisplatin + genome scar MyChoice FFPE 71.1% HRD not predictive of
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initia

clinical count frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample
settings mple size response
year
8 (completed) paclitaxel CDx assay: (74/104) pCR
[48] HRD score
TAI+LOH
+LST >33
HRR/‘BRCAn
ess’ gene
) HRDetect FFPE HRD as accurate
EudraCT mutation
. indicator of PARP
2014-003319- signature
69.2% inhibitor response with
2014 UK 12 RIO TNBC rucaparib BRCAI and
(18/26) HRDetect; HRDetect
(completed) RADS5IC PCR tumor
more specific than HRD
(261 methylation
scores
functional
RADS51 THC FFPE
HRD assay
HRR/‘BRCAn HR mutation:
ess’ gene 360-gene TNBC 34.4%
OR: olaparib (18/32,
mutation panel; MLPA (11/32),
56.3%);
signature gBRCAI1/2wt
HRD (HR mutation
methylation-s 22.2% (6/27);
BRCAI and/or BRCA1
pecific HR mutation
NCT0262497 promoter pre-and methylation, even without
Norw quantitative and/or
2016 3 (active,not ~ PETREMAC TNBC olaparib methylation post- gBRCA1/2m): 16/18,
ay PCR BRCAI
recruiting) [ biopsy 88.9% vs. 4/14
methylation:
non-responders; low
TNBC 62.5%
RADS5]1 scores, high TIL,
functional RADS51 (11/32),
high PD-L1 correlated to
HRD assay scores BRCAness
olaparib response
signature
positive:
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clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample ]
settings ry se mple size response
year
56.3%
HRD score:
allele-specific
copy number no significant association
genome scar HRD 69.8%
NCT0315474 neoadjuvant and TAI pretreat (3043) between BRCA1/2m and
Chin ;
2016 II 9 (completed) NeoCART TNBC carboplatin-based LOH, LST ment pCR; higher HRD scores
a . BRCAI/2m
(4] chemotherapy (high>38) biopsy have docetaxel +
18.6% (8/43)
‘BRCAness’ carboplatin pCR
s/gBRCAI1/2
gene mutation
mutations
signature
40-gene panel
‘BRCAness’
BROCA-HR
gene mutation
(except
signature
BRCA1/2) improved PFS in
BRCAI gBRCA1/2wt HRD
NCT0259590
gBRCAI1/2wt promoter PCR 48.1% TNBC with veliparib vs
2016 USA II 5 (active, not S1416 veliparib + cisplatin FFPE
TNBC methylation (101/257) placebo adding to
recruiting) [*] . .
MyChoice cisplatin (mPFS 5.9 vs
CDx assay: 4.2 months)
genome scar HRD score
TAI+LOH
+LST >42
BRCA-like
Euro NCTO0310128
2017 I TNBC rucaparib + atezolizumab genome scar molecular FFPE 29 NA
pe 0 (completed) )
signature
NCT0319385 TAK-228 (TORC1/2 HRR/‘BRCAn  SBS signature  pre-and patients could gain HRD
2017 USA II PIKTOR TNBC 10.0% (1/10)
3 (completed) inhibitor) and TAK-117 ess’ gene 3 post- feature after TORC1/2
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initia

clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample ]
settings ry se mple size response
year
(231 (PI3Ka inhibitor) mutation biopsy inhibitor and PI3Ka
signature inhibitor treatment
cells
NCT0305714 olaparib + LY2606368 functional YH2AX and from
2017  USA I BC ) 29 NA
5 (completed) (CHEK11) DDR assay comet assay biopsy
tissues
functional
RADS51 foci biopsy
HRD assay
NCTO0395564
BC with chest olaparib + hyperthermia cells
2019 USA I 0 (recruiting) 3 NA
(501 wall recurrences treatment functional YH2AX and from
DDR assay comet assay biopsy
tissues
MyChoice
67%
CDx assay:
(254/379)
genome scar HRD score HRD-positive status was
NCTO0089672 HRD (27%
TAI+LOH associated with a better
2006 USA NA 7 (completed) SWOG S9313 stage I-1II BC NA FFPE BRCA1/2m,
+LST >42 DES and non-significant
[51] 40% only
BRCAI trend towards better OS
HRD
not promoter PCR
) score >42)
interventi methylation
onal BRCAI high
promoter @ HRDetect: high HRDetect has better
PCR
Swed NCT0230609 hypermethylat FFPE; 59% outcomes on adjuvant
we
2010 NA 6 (recruiting) SCAN-B TNBC NA ion frozen (150/254); chemotherapy regardless
en
[52] HRR/‘BRCAn tumors  hypermethyla of epigenetic/genomic
ess’ gene HRDetect tion: 21.3% underlying mechanism
mutation (50/235)
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initia
clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials BC conditions interventions biomarkers measurement  sample ]
settings ry se mple size response
year
signature
HRR/‘BRCAn
ess’ gene
NGS
mutation
signature
HRD-Mean
TNBC has highest HRD
score or
) FFPE; scores; HRD score
optimal HRD
2014 USA NA NA B3 BC NA frozen 215 correlated with BRCA1/2
genome scar model score .
tumors deficiency regardless of
of TAL LOH,
breast cancer subtypes
LST (SNP
copy number)
BRCAI
promoter PCR; NGS
methylation
HRR/‘BRCAn
Euro ess’ gene 22.1%
2017 NA NA B4 BC NA HRDetect FFPE
pe mutation (124/560)
signature
BRCAI BC: 31.9%
methylation-s
promoter ) (45/141);
pecific
neoadjuvant paclitaxel hypermethylat TNBC: HRD associated with
) real-time PCR
followed by fluorouracil, on 60.5%; high histological grade,
2019  Japan NA NAB BC FFPE
epirubicin, MyChoice luminal A Ki-67, PR-. HRD TNBC
cyclophosphamide CDx assay: (5.3%), associated with low pCR
genome scar )
HRD score luminal B
TAI+LOH (HER2-)
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clinical count pha frequency/sa prognosis & therapeutic
tion clinical trials name BC conditions interventions biomarkers measurement  sample ]
settings se mple size response
year
+LST>42 (28.8%),
luminal B
(HER2+)
(31.6%)
BC: 25.0%
(30/120);
MyChoice TNBC 66.7%  HRD TNBC associated
CDx assay: (10/15); with low pCR; luminal
HRD score luminal HRD associated with
2020 Japan NA NADS neoadjuvant therapy genome scar TAI+LOH FFPE 16.4% favorable response to
+LST>42 (10/61), neoadjuvant paclitaxel,
(WES instead luminal-HER = 5-fluorouracil/epirubicin/
of SNP) 221.7% cyclophosphamide.
(5/23); HER2
23.8% (5/21)
BRCA-like
Euro NCTO0310128
2017 I TNBC rucaparib + atezolizumab genome scar molecular FFPE 29 NA
pe 0 (completed) )
signature

BC, breast cancer; TNBC, triple negative breast cancer; ER, estrogen receptor HER2, Human Epidermal Growth Factor Receptor 2; HRR, homogenous recombination repair; HRD,

homogenous recombination deficiency; HRP, homogenous recombination proficiency; DDR, DNA damage repair; TAL telomeric allelic imbalance; LOH: loss of heterozygosity; LST:

large-scale state transition; germline BRCAI/2 mutation; gBRCAI1/2wt, germline BRCAI/2 wildtype; HRRm, homogenous recombination repair-related gene mutations; PARP, poly

ADP-ribose polymerase. PCR, polymerase chain reaction; IHC, immunohistochemistry; NGS, next-generation sequencing; ctDNA: circulating tumor DNA; FFPE, formalin fixed

paraffin-embedded; ORR, overall response rate; (m)PFS: (median) progression free survival; CBR: clinical benefit rate; pCR, pathological complete response; NA: not applicable.
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Supplementary Table 7. Studies on MSI-H/dMMR or related to mismatch repair in BC in recent 20 years.

Authors Year Country median BC population measurements MSI-H dMMR percentage of each BC subtype histological Ki-67
diagnosis frequency frequency MMR protein and stage high
age (yrs) genes

Muller et al.! 2002 USA ND LS-related BC PCR 0% (0/27) ND ND
Murata et al.? 2002 USA ND BC IHC, PCR 20% (6/30) 16.7% 60% reduced hMLH]1 ND
(5/30) expression, 80%
reduced hMSH2
expression
Adem et al3 2003 USA ND hereditary / IHC, PCR 0% (0/40) BC, 0% (0/30), ND ND
sporadic BC hereditary BC
de Leeuw et al.* 2003 The 43.9 LS-related BC PCR 63.6% (7/11) ND ND
Netherlands
Kuligina et al.> 2007 Russia ND primary/secondary PCR 0% (0/52) primary, 10% ND ND
/contralateral BC (6/60) contralateral
Blokhuis et al.® 2008 South 46 BC with(out) IHC, PCR 5.8% (4/69) ND ND
Africa hMLHI ¢.C1528T
mutation
Shanley et al.” 2009 UK 65.5 LS-related BC HC 80% (4/5) 75% (3) hWMLH1, 25% ND I or IIT ND
(1) hMSH2 mutation
Walsh et al.® 2010 Australia 57.5 BC from CRC IHC, PCR 17% (18/107) 83.3% loss of 42% ER+, 33% PR+, 60% I1I ND
families MSH2&MSH6 100% HER2-
proteins, 27.7%
MLH1&PMS2, 5.6%
MSH6; 27.8% MLH],
90.9% MSH2, 5.6%
MSH6 mutation
Jensen et al.’ 2010 Denmark 50 LS-related BC IHC, PCR 10% (2/20) 43.8% 57.1% loss of ND
(7/16) MSH2$MSH6
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Authors

Year

Country

median
diagnosis

age (yrs)

BC population

measurements

MSI-H dMMR

frequency frequency

percentage of each
MMR protein and

genes

BC subtype histological

stage

Ki-67
high

Buerki et al.'®

Kamat et al.!!

Lotsari et al.!?

Grandval et al."?

Wen et al.'4

2012

2012

2012

2012
2012

Switzerland

Sweden

Finland

France

USA

56.5

ND

56

53.5
57.5

LS-related BC
with MLH1/MSH?2
germline
mutations
BC receiving

chemotherapy

LS-related BC

LS-related BC
TNBC or
non-TNBC

IHC, PCR

HC, PCR

HC, PCR

HC, PCR
HC, PCR

85.7% (6/7)

18.6% (23/123)

34.8% 65%
(8/23) (13/20)

0% (0/14)
0.5% 1.8%
(1/226) (4/226)
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MSHS6, 14.3% MSH2;
50% MSH2, 50%
MSH6 mutation
50% MLH1, 50%
MSH?2 mutation

39.1% Tp53-Alu,
31.0% Mfd41; Mfd28
25.3%; 4.6% Bat-26,

0% Bat-40;
treatment-dependent
loss of protein 29.3%
hMLHI, 25.2% P53

and 18.7% hMSH2
47.8% MLHI, 21.7%
MSH?2, 30.4% MSH6
mutation carriers; 40%
MLH, 15% MSH2,
25% MSHS6 protein
loss
ND
75% lost
MLH1&PMS2, 25%
lost MSH2&MSHG6
protein (no
MSI-H/dMMR in
non-TNBC)

ND

ND 54% 111, 30%
IL 11% 1, 5%
VI

ER+90.9%, PR 68.2%, ND
HER2+ 15%

ND
TNBC 11

ND

ND



Authors Year Country median BC population measurements MSI-H dMMR percentage of each BC subtype histological Ki-67
diagnosis frequency frequency MMR protein and stage high
age (yrs) genes

Crucianelli etal.’> 2014 Italy 67 BC in MLH1 IHC, PCR 1 MSI-H + loss of MLH1 protein BC ND

negative tumors
Grindedal et al.'® 2014 Norway ND BC with PMS2 THC, PCR 33.3% (1/3)  100% (3/3) ND ND
founder mutation
c.989-1G>T
Hirotsu et al.!” 2015 Japan ND BC and hereditary PCR, NGS, 1.9% (3/144) ND ND
breast and ovarian Sanger
cancer sequencing
Hamm et al.'® 2016 USA ND Inflammatory BC NGS 25% PMS2, 16.7% MSH?2, 16.7% MSH6, 8.3% MLH1 85.7% HER2+ ND
mutation
Hause et al.”® 2016 / ND BC* NGS (mSINGS) ND ND ND
Scott et al.?0 2016 Australia ND Early-onset BC PCR 0% (0/35) ND ND
(<40 yrs at
diagnosis)
Bonneville et al.?! 2017 / ND BC* WES (MANTIS) 1.5% (16/1044) ND ND
Cortes-Ciriano et 2017 / ND BC* WES 1.7% (16/922) ND ND
al.”?
Davies et al.? 2017 UK ND BC IHC, WGS, WES 18.2% germline mutation (1 MLHI, 1 PSM2); 27.3% 45.5% ER+, 90.9% ND
somatic mutation (2 MLHI, 1 MSH?2) HER2+
Espenschied et 2017 USA 52.9 MMRm BC IHC, PCR, NGS 23.5% (124/528) had BC; 47.6% PMS2, 30.2% ND
al. 4 MSH6, 11.1% MSH2/EPCAM, 11.1% MLHI mutation
Halpern et al.? 2017 Israel 61.7 MSI-H BC IHC, PCR 100% (11/11) 45.5% germline MMR 55% ER+, 100% 44.5% 111, ND
mutation HER2-. 22% TNBC 44.5% 1, 11%
I

Le et al. 26 2017 USA ND BC THC, PCR <1% ND ND

Mills et al.?’ 2018 USA ND TNBC & HER2+ HC 0.04% 33.3% loss of 1 TNBC, 2 ER+ 1L 1151 I ND
BC MSH2&MSHS6 protein, metastases
66.7% MLH1&MSH?2;
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Authors Year Country median BC population measurements MSI-H dMMR percentage of each BC subtype histological Ki-67
diagnosis frequency frequency MMR protein and stage high
age (yrs) genes

2.9% demonstrated any
mutation in at least one
of 4 MMR genes (963
in TCGA)
Fusco et al.?® 2018 Italy 65 BC IHC, PCR 0.2% 17% 55%, 73%, 32%, 28% 28% Luminal A, 59% 8% I; 43% II; 57%
(1/444) (75/444) MLH1, MSH2, MSH6,  Luminal B, 1% HER2-, 49% I11
PMS2 protein loss in 12% TNBC
75 dAMMR
Goodman et al.? 2018 / ND BC* NGS 0% (0/5838) ND ND
Kanaya et al.* 2018 Japan 63 LS-related BC IHC, PCR 66.7% (2/3) 66.7% had loss of ER+ 83.3%, PR+ 33% 1, 50%
MLH1&PMS2 protein;  83.3%, HER2+ 16.7% 1IA; 7% 11B
66.7% MLH1, 66.7%
MSH?2 mutation
Nguyen et al.?! 2018 Belgium ND BC diagnosed WGS ND 37.1% BCP associated with signature ND
during pregnancy 20 attributable to dIMMR (loss of
MSH2)
Roberts et al.3? 2018 USA 50.2 LS-related BC NGS ND 33.1% MSH6, 29.3% ND
with (likely) PMS2,22.2% MSH?2,
pathogenic 15.4% MLHI mutation
germline variants
Saita et al.?* 2018 Japan 66 LS-related BC IHC ND lo+G28:H29ss of ND
MLH1&PMS?2 protein
Vanderwalde et 2018 / ND BC* IHC, PCR, NGS 0.6% (6/1024) ND ND
al.3
Barroso-Sousa et 2019 / ND hypermutated BC* WES, NGS signature 6, 15, and 20 ND
al.»
Beca et al.3 2019 UK 42 acinic cell WES 33.3% (1/3) MSIsensor score ER-HER2- I ND
carcinomas of the (MSIsensor) 10.93% (threshold
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Authors Year Country median BC population measurements MSI-H dMMR percentage of each BC subtype histological Ki-67
diagnosis frequency frequency MMR protein and stage high
age (yrs) genes

breast 3.5%) with a
pathogenic MLH1
germline mutation
(c.790+2dupT)
Cheng et al.’’ 2019 USA 64.5%=50 BC IHC 25 loss of single MMR biomarker (35.5% PMS2, Luminal A, 38.7% 80.6% 111, 55.6%
32.3% MLHI, 9.7% MSHS6, 3.2% MSH2); 6 paired Luminal B, 6.5% 19.4% 1&11  Ki-67=
losses (12.9% MLH1&PMS2, 6.5% MSH2&MSH6) HERZ2E, 12.9% TNBC 14%
Gupta et al.*® 2019 USA ND BC NGS 0% (0/34) ND ND
(MSlIsensor)
Hou et al.* 2019 USA 455 TNBC & HER2+ HC ND 4.4% 61.5% loss of 53.8% TNBC, 46.2% 84.6% III ND
BC (13/298) MLH1&PMS2, 15.4% HER2+ BC
PMS?2 loss, 23.1%
MSH6; 1 TNBC
complete loss of
MLH1&PMS?2 on
whole tissue, the other
12 partial loss
Jang et al. %0 2019 / ND BC*; Luminal single-cell RNA ND ND ND ND
B+TNBC sequencing
metastatic LN
Latham et al.*! 2019 USA ND BC THC, PCR 0% (0/2371) 42.9% MSHG6, 42.9% ND
PMS2, 14.2% MLHI
mutation but all MSS
Lee et al.# 2019 South ND HER2+ luminal B PCR; [HC& 0% (0/7) germline mutations of ND
Korea BC MLH1 Sanger MLH]1 V384D in

sequencing
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Authors Year Country median BC population measurements MSI-H dMMR percentage of each BC subtype histological Ki-67
diagnosis frequency frequency MMR protein and stage high
age (yrs) genes

Luetal® 2019 USA ND BC WES 0.4% (29/7601) MSH6 mutation 20% ER+PR+HER2-, ND
3.1% ER-PR-HERH+,
10.8% TNBC
Staaf et al.* 2019 USA > 60 TNBC HC ND loss of MLH1&PMS2 TNBC I or IIT 100%
expression
Trabucco et al.*? 2019 / ND BC* NGS 0.3% (24/7084) ND ND
Vranic et al 46 2019 Italy ND cancers metastatic NGS 0% (0/14) ND ND
to the breast
Zang et al.¥’ 2019 China ND BC WES 0.7% 6.7% ND HER2- BC exhibited ND
(1/151) (10/151) 8.2% dMMR than 5.9%
of HER2+
Falco et al.# 2020 Italy ND BC NGS (FICDX 0% (0/7) ND ND
assay)
Horimoto et al.* 2020 Japan 71 high density of IHC, PCR 0% (0/101) 2.0% 1 TIL-high TNBC case 1 TNBC 1 luminal 1L 1A ND
tumor-infiltrating (2/101) complete loss of HER2-
lymphocytes MLH1&PMS2, 1
(TILs) 63 TNBC; MedCa loss of PMS2
38 Medullary expression
carcinomas
(MedCa)
Huang et al.>° 2020 China ND TNBC IHC, PCR 0% (0/22) 1 MSH3 mutation ND
Kurata et al.>! 2020 Japan 77 TNBC HC 0.9% (2/228) BAT-26, NR21, TNBC I 100%
BAT-25 +
Long et al.> 2020 / ND BC* NGS, WGS 5.5% (53/962) ND ND
Lopez et al.* 2020 Italy ND BC IHC ND 55.6%, 64.2%, 49.4%, 27.2% luminal A, More 1I/111 fewer
18.5% loss of MLHI1, 60.5% luminal B, than I than
MSH2, MSH6, PMS2 14.8% HER2, 11.1% pMMR
protein TNBC
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Authors Year Country median BC population measurements MSI-H dMMR percentage of each BC subtype histological Ki-67
diagnosis frequency frequency MMR protein and stage high
age (yrs) genes

Nikitin et al.>* 2020 Russia 48.4 hereditary NGS 4.5% (32/711) LS-related 31.3% MLHI, 15.6% TNBC 22%; HER2+ ND
/sporadic BC pathologic mutations MSH?2, 59.4% MSHG, 34%;
43.8% PMS2, 9.4% ER+PR+HER2-25%
EPCAM mutations
Porkka et al. 2020 Finland 53 LS-related BC IHC, PCR, NGS  30% (6/20) 65% 66.7% MLH1, 33.3% 83.3% ER+; 83.3% ND
(11/20) MSH?2 mutation; 63.6% HER2-
MLHI, 18.2% MSH2,
18.2% MSHG6 protein
loss
Sheehan et al. 3 2020 USA 46.7 LS-related BC ND 27%, 3%, 4%, 9% PMS2, MLH1, MSH2, MSH6 LS ND
patients had BC
Sivapiragasam et 2020 USA ND metastatic BC NGS 0.2% (7/3831); ER+HER2-:0.2% (2/1237); 71.4% ER-, 71.4% ND
al.y’ ER-HER2+: 0.1% (2/1953); TNBC: 0.4% (4/641) HER2-
Castaneda et al.™® 2021 Peru ND male BC IHC 15.4% (4/26) MMR protein paired loss ND
Chen et al.¥ 2021 China ND BC NGS 0% (0/36) ND ND
Ferrer-Avargues et~ 2021 Spain 55 LS-related BC NGS, Sanger all the 2 had MLH]I pathogenic mutation ND
al.®0 sequencing
‘Ozcan et al.’! 2021 Denmark ND TNBC IHC ND 8.3% MLHI, 11.1% TNBC ND
MSH2, 8.3% MSHo,
5.6% PMS2
Parvathareddy, et 2021 Saudi ND BC, TNBC IHC ND ND BC ND
al.®? Arabia
Ren et al.% 2021 China 68 TNBC IHC, PCR,NGS 0% (0/440) 0.2% loss of MSH2 alone TNBC ND 35%
(1/440) and MSI-L; a possible
EPCAM deletion
Schwartz et al. ¢ 2021 USA 49.8 LS-related BC IHC, PCR, NGS 36.4% 41.7% 60% MSH6, 40% 80% ER+, 60% PR+, 60% 11, 40% ND
4/11) (5/12) MLH]1, 40% PMS2, 80% HER2- I
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Authors Year Country median BC population measurements MSI-H dMMR percentage of each BC subtype histological Ki-67

diagnosis frequency frequency MMR protein and stage high
age (yrs) genes

20% MSH?2 protein

loss in dMMR BC;

45% MSH6, 27%
MLHI, 18% PMS2, 9%
MSH?2 mutation in BC
Talbot et al.% 2021 Ireland 51 LS-related BC ND 22.0% (9/41) carrying pathological 22.2% ND
MSI-related mutations MLHI, 44.4% MSH?2,
22.2% MSH6, 0 PSM2,
11.1% EPCAM

mutation
Venetis et al.% 2021 Italy ND BC ND 2% (35/1807) MMRm ; 0.6%&7% MLHI; ND
19% (363/1904) MMR 0.4%&4% MSH2;
mRNA mutations 0.8%&8% MSHO6;
0.3%&6% PSM2
Wu et al.®’ 2021 China ND TNBC THC, PCR 0% (0/74) ND TNBC ND
Klouch et al.%® 2022 USA ND BC THC, PCR 1.8% (6/380) 66.7% loss of ND
(drop-oft droplet MLH1&PMS2
digital PCR), expression
NGS
Vidula et al.% 2022 USA 61 MBC NGS (cfDNA) 42/6718 (0.63%) ND 36% TNBC and 64% ND
hormone
receptor+/HER2-

ND, no data; LS, lynch syndrome; MSI-H, microsatellite instability high; AMMR, mismatch repair deficiency; BC*, breast cancer from public dataset (TCGA, etc.); MBC, metastatic breast cancer; TNBC, triple
negative breast cancer; ER, estrogen receptor; PR, progestogen receptor; HER2, Human Epidermal Growth Factor Receptor 2; IHC, immunohistochemistry; PCR, polymerase chain reaction; NGS, next generation

sequencing; TILs, tumor-infiltrating lymphocytes; cfDNA: cell-free DNA.
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