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tissue sample of a tumor from a breast cancer patient, determining an ex-
pression level of one or more markers (for example PD-1 and/or PDL1) in
the sample, and providing intensified treatment to the subject based on the
level of (for example) PD-1 and/or PD-L1. The intensified treatment can
be intensified radiotherapy treatment.
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PD-1.1 AS A PREDICTIVE MARKER FOR THERAPY IN CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
[08061] This application claims priorty to U.S. Provisional Application Nos.
63/169517, filed on April 1, 2021, 63/264018, filed on November 12, 2021, and 63/264144,
filed on November 16, 2021, The content of each of these related applications is herein

expressly incorporated by reference in 1ts entirety.

REFERENCE TO SEQUENCE LISTING
[6002] The present application 1s being filed along with a Sequence Listing in
electromic  format. The Sequence Listing 15 provided as a file entitled
PRLUDOCHIWO SegList TXT, which was created and last modified on March 16, 2022, whic
15 15,313 bytes in size. The information in the electronic Sequence Listing 15 hereby

mcorporated by reference in its entirety.

BACKGROUND
[8003] The present technology generally relates to whether or not a subject who
has breast cancer will be responsive to standard {or some other form of) radiotherapy i terms

of recurrence, e.2., local recurrence, of breast cancer,

[0004] There are a variety of markers for the identification of tumors in subjects.
In addition, there are various markers that can be used for the prediction of neoplastic
progression.  For example, U.S. Pat Pub. Nos. 2010/0003189, 2012/0003639, and
20170350895 disclose a variety of markers that when examined m various combinations can
predict the hikelihood that a subject will have DCIS and/or invasive breast cancer.

[8005] Programmed death-1 (PD-1} 13 as so called “immune checkpomnt” of the
mmuane system. PD-1 inlubitory antibodies, such as Keytruda, (Pembrolizumab) 15 a recent
treatment for many cancer forms.

[60086] Programmed death hgand-1 (PD-L1} 15 a higand of PD-1. When PDB-L1

mteracts with PD-1, T-lymphocyte proliferation and killing activity are negatively regulated.

-
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in the context of cancer, PD-1/PD-L1 nteraction leads to the inhibition of tumor cell killing
by the immune system, thus leading to increased tumor cell resistance to pro-apoptotic signals
and immune escape of tumor cells.

SUMMARY

(60071 Provided herem 1s a method for treating breast cancer comprising the steps:
a} obtaining a tissue sample of a tumor from a breast cancer patient, b} determining a level of
protein or mRNA expression of PD-L1 in the sample, ¢} determining that the expression level
is above a threshold level, d} providing intensified treatment as intensified radiotherapy
treatment, intensified systemic therapy or mastectomy to the patient,

[8008] Also provided 1s a PD-LT mRNA-binding nucleotide or a PD-L1 antibody
for use in the diagnosis of breast cancer, where the nucleotide or the antibody 15 used for
quantifying the level of PID-L1 that is expressed in a breast cancer sample, and where high
expression of PD-L1 indicates that the patients belongs to a patient subgroup where intensified
radiotherapy treatment is needed.

[6069] Provided herein 15 a method of diagnosis comprising the steps of a)
obtainung a tissue sample of a tumor from a breast cancer patient, b) determining the expression
level of PD-L1 n the sample, ¢} determuning that the expression level 1s above a threshold
expression level, d) thereby determining that the patient belongs to a group that would benefut
from intensified radiotherapy treatment; and e} optionally providing the intensified
racdiotherapy treatment to the patient.

[8016] Also provided herem 1s a method of treating a subject, the method
comprising: identifying an meremental risk to a subject of a focal or regional recurrence based
on a level of PD-L1 in a sample of an invasive breast cancer in the subject; and admunstering
an mitensified breast cancer therapy to the subject based upon the mceremental risk, wheremn a
higher mncremental nisk will increase: a) a likelihood of an aggressive breast cancer therapy
that 1s at least more than what would be recommended by a guideline, such as, for example,
NCCN, ASTRO, ESMO, ESTRO, Clinical Practice Recommendations Australia, or NICE
guideline; b) the aggressiveness of the aggressive breast cancer; or ¢} both a) and b).

(0011} Further provided herein 15 a method for treating a subject diagnosed with
invasive breast cancer or breast cancer in situ to prevent local or regional recurrence, said

method comprising: providing a cancer tissue sample from a subject who has invasive breast
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cancer; analyzing the cancer tissue sample for a level of PE3-L1; treating the subject with an
mtensified treatment if the cancer tissue sample has a lugh level of PD-L1; and treating the
subject with an alternative to the intensified treatment per a current guideline, such as, for
example, NCCN, ASTRO, ESMO, ESTRO, Clinical Practice Recommendations Australia, or
NICE guideline, if the cancer tissue sample has a low level of PB-L1.

[0012] Also provided 1s a method of ireating a subject, the method comprising:
identifying a subject with invasive breast cancer that has a high level of PD-L1; and
administering an intensified treatment to the invasive breast cancer.

(0013} Provided herein is a method of wWdentifying a subject who will be responsive
to radiation therapy, the method comprising: dentifying a subject with tnvasive breast cancer;
and determining if a cancer tissue sample from the subject has a low level of PD-L1, wherein
it the cancer tissue sample from the subject has a low level of PD-L1, administering a therapy
to the subject, wherein the therapy is not an intensified treatment.

[0014] Provided 1s a method for recommending a treatment to a subject, said
method comprising. analyzing a cancer fissue sarople for a level of PD-L1 from a subject;
recommending that one treat the subject with an ntensified treatroent of the cancer tissue
sample has a high level of PD-L1; and recommending that one treat the subject with an
alternative to the mtensified treatment if the cancer tissue sample has a low level of PD-L1,
wherein the alternative 15 in hine with a current guideline, such as, for example, NCCN,
ASTRO, ESMO, ESTRO, Clinmcal Practice Recommendations Australia, or NICE guidehine.

(0801 5] Also provided 15 a method for preventing an invasive breast cancer
recurtence in 8 subject, the method comprising: providing a cancer tissue sample from a subject
who has mvasive breast cancer; analyzing the cancer tissue sample for a level of PD-LI;
administering an mtensified treatment if the cancer tissue sample has a high level of PD-L1;
and admmistering an alternative to the intensified treatment if the cancer tissue sample has a
low level of PD-L1.

[0016] Provided herein is a method for preventing a local or regional breast cancer
recurrence in a subject diagnosed with early stage breast cancer, the method comprising:
receiving an intensified treatment if a cancer has a high level of PD-L1; or receiving an

alternative 1o the mtensified treatment if a cancer has a low level of PD-L1.
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(6017} Also provided is a2 method of modifying a treatment for a sebject, the
method comprising: dentifying a subject with invasive breast cancer that has a high level of
PD-L1; and admmistering a breast cancer therapy to the subject, wheren the breast cancer
therapy is more aggressive than a traditional breast cancer therapy, wherein the traditional
breast cancer therapy is one recommended for the subject, based on the subject’s risk factors
excluding PD-L1 levels.

[601&] Provided herein 15 a method of treating a subject for local recurrence, the
method comprising: administering an intensified breast cancer therapy to a subject based upon
a PD-L1 and TIL status, wherein a higher incremental risk will increase: a) a hikelihood of an
aggressive breast cancer therapy that 1s at least more than what would be recommended by the
NCCN, ASTRO, ESTRO, ESMO, and/or NICE; b) the ageressiveness of the aggressive breast
cancer; or ¢} both a) and b}, wherein a less than standard breast cancer therapy i1s administered
if: 1) PD-L1 15 low and Tils s hugh, or 1) PD-L1 s tugh and Tils is high if one or more
additional variables indicating that high PD-L1 and/or high TiLs confer a favorable prognosts
are present, wherein a standard radiotherapy 1s adnurustered «f 1) PD-L1 15 tugh and TlLs 13
fow; w) PD-L1 1s low and TILs 1s low, or v) PD-L1 s high and TILs s high if it cannot be
determined based on one or more additional variables that PD-L1 and/or TILs confer a
favorable or unfavorable prognosis, wherein the intensified breast cancer therapy 1s
admunistered i viy PD-L1 15 hugh and Tils 15 high if one or more additional varables
mdicating that PD-L1 and/or TILs confer an unfavorable prognosis are present.

[8019] Also provided is a method of treating a subject for a nisk of recurrence of
breast cancer, the method comprising: adminstering an intensified breast cancer therapy to a
subject based upon a PD-L.1 and TIL status, wherein a ligher meremental risk will increase:
a} a ikelihood of an aggressive breast cancer therapy that 15 at least more than what would be
recommended by the NCCN, ASTRO, ESTRO, ESMQO, and/or NICE; b} the aggressiveness
of the aggressive breast cancer; or ¢} both a) and b}, wherein the mtensified breast cancer
therapy is admunistered ift 1) PD-L1 s high and TlLs is high if one or more additional variables
indicating that PD-L1 and/or TILs confer an unfavorable prognosis are present, wherein a
standard radiotherapy s administered ift 11) PD-L1 is high and TiLs s low; 1) PE-L1 i3 low
and TiLs 13 low; or 1v) PD-L.1 1s high and TILs 1s high if it cannot be determined based on one

or more additional variables that PD-L1 and/or Tils confer a favorable or unfavorable
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prognosis, wherein deintensified breast cancer therapy 1s provided if vy PD-L1 s lowand Tlis
is high; or vi) PDB-L1 1s high and TiLs 1s high if one or more additional vanables indicating
that high PD-L1 and/or high TILs confer a favorable prognosis are present.

[0028] Provided herein is a method of treating a subject for ipsilateral breast tumor
recurrence {local recurrence, IBTR}, the method comprising: administering 3 less intensive
breast cancer therapy to a subject based upon a PD-L1 and CD8.FOXP3 balance, wherein a
higher incremental risk will increase: a} a likelihood of an aggressive breast cancer therapy
that 15 at least more than what would be recommended by the NCCN, ASTRO, ESTRO,
ESMO, and/or NICE; b) the aggressiveness of the aggressive breast cancer; or ¢} both a) and
), wherein the less intensive breast cancer therapy 1s administered if: 1) PD-L1 15 low and the
CDEFOXP3 balance 1s hugh, or 11} the levels of tumor-infiltrating CD8 and FOXP3 cells are
hugh, and the histological grade of the breast cancer is grade HI and/or the breast cancer has
high proliferation, wherein a standard radiotherapy 1s administered if 11} PD-L1 is low and
the CD8FOXP3 balance 1s low, or tv) PD-L1 15 high and the CD8:FOXP3 balance is normal.

(60211 Also provided is a method of treating a subject for a risk of recurrence of
breast cancer, the method comprising: administering a less mtensive breast cancer therapy to
a subject based upon a PD-L1 and CDRFOXP3 balance, wherein a higher incremental risk
will increase: a) a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE; b} the
aggressiveness of the aggressive breast cancer; or ¢} both a} and b}, wherein the less mtensive
breast cancer therapy 1s admumstered if) 1) PD-L1 15 low and the CD& FOXP3 balance 1s high,
wherein a standard radiotherapy 1s administered i 1} PD-L1 5 low and the CD&FOXP3
balance 13 low, or 1) PD-L1 18 lugh and the CD& FOXP3 balance 15 normal.

(6022} Provided herem is a method of selecting whether or not to give a subject a
standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has low PD-
L1 and low TilLs, adnunistering the standard radiotherapy; if the subject has high PD-L1 and
high TiLs, administering the standard radiotherapy; if the subject has low PD-L1 and high
TILs, admimstering the alternative therapy; and if the subject has high PD-L1 and low TlLs,

administering the standard radiotherapy.
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[6023] Also provided is a method of selecting whether or not to give a subject a
standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has low PD-
L1 and high CD8FOXP3 balance, administering the less intense radiotherapy; if the subject
has fow PD-L1 and high CDR.FOXP3 balance, omiiting radiotherapy; else if the subject has
any other combination of PD-L1 status and CD8.FOXP3 balance, administering standard
radiotherapy.

[0024] Provided herein 15 a method of treating a subject, the method comprising:
wentifying a subject with invasive breast cancer that has a high level of PD-L1; determining a
prognostic value of the subject; administering an intensified {reatment to the nvasive breast
cancer if the prognostic value is not favorable.

[0025] Also provided 1s a method for treating breast cancer, comprising a)
obtaining a tssue sample of a tumor from a breast cancer patient; b} determining a level of
protein expression of PD-1 in the sample; ¢) determining a level of protein or mRNA
expression of PD-L1 in the sarople; d) determining that the PD-1 expression level 15 below a
threshold level for PD-1; e} determuning that the PD-L1 expression level i1s above a threshold
level for PD-L1; and {} providing intensified treatment as 1otensified radiotherapy treatment,
mtensified systenmuc therapy or mastectomy to the patient.

[06026] Provided herein 1s a PD-1 antibody for use in the diagnosis of breast cancer,
wherein the antibody 15 used for guantifying the level of PD-1 that 15 expressed in a breast
cancer sample from a patient, and where low expression of PD-1 indicates that the patient
belongs to 3 patient subgroup where mtensified radiotherapy treatment 1s needed.

(080271 Also provided 15 a method of diagnosis, comprising: a) obtaining a tissue
sarople of a tumor from a breast cancer patient; b} determining the expression level of PD-1
the sample; ¢} determining the expression level of PD-L1 in the sample; d} determining that
the PD-1 expression level 1s below a threshold expression level for PD-1; and e} determining
that the PD-L1 expression level 1s above a threshold expression level for PD-L1, thereby
determining that the patient belongs to a group that would benefit from mtensified radiotherapy
treatment, optionally providing the mntensified radiotherapy treatment to the patient.

(6028} Provided herein 18 a method of treating a subject, the method comprising:

identifying an incremental risk to a subject of a local or regional recurrence based on a level
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of PD-1 and/or a level of PD-L.1 in a sample of an invasive breast cancer in the subject; and
admuinistering an intensified breast cancer therapy to the subject based upon the mcremental
risk, wherein a higher incremental risk will increase: a} a likelihood of an aggressive breast
cancer therapy that 1s at least more than what would be recommended by
NCON/ASTRO/ESMO/ESTRO/Clinical Practice  Recommendations  Australia/NICE
cuidelines; or b} the aggressiveness of the aggressive breast cancer; or ¢} both a} and b).

(6029} Also provided 1s a method for treating a subject diagnosed with invasive
breast cancer or breast cancer in situ to prevent local or regional recurrence, said method
comprising: providing a cancer tissue sample from a subject who has invasive breast cancer;
analyzing the cancer tissue sample for a level of PD-1; analyzing the cancer tissue sample for
a tevel of PD-L1; treating the subject with an intensified treatment if the cancer tissue sample
has a low level of PD-1 and a hugh level of PD-L1; and treating the subject with an alternative
to the intensified treatment per current NCUN/ASTRO/ESMO/ESTRO/Clinical Practice
Recommendations Austrahia/NICE guidelines, if the cancer tissue sample has a high level of
PD-1 and a low level of PD-L1.

[6030] Provided herein 15 a method of treating a subject, the method comprising:
wdentifving a subject with invasive breast cancer that has a low level of PD-1 and a hugh level
of PI3-L1; and admumstering an intensified treatment to the invasive breast cancer.

[6031] Also provided 1s a method of wdentifying a subject who will be responsive
to radiation therapy, the method comprising: identifving a subject with invasive breast cancer;
and determining if a cancer tissue sample from the subject has a high level of PD-1;
determuning if the cancer tissue sample from the subject has a low level of PB-L1, wherein if
the cancer tissue sample from the subject has a high level of PD-1 and a low level of PB-L1,
administering a therapy to the subject, and wherein the therapy 13 not an mtensified treatment,

[08032] Provided heremn 1s a method for recommending a treatment to a subject, sad
method comprising: analyzing a cancer tissue sample from a sebject for a level of PD-1 and a
level of PD-L1; recommending treating the subject with an mtensified treatment if the cancer
tissue sample has a low level of PD-1 and a high level of PD-L1; and recommending treating
the subject with an alternative to the intensified treatment if the cancer tissue sample has a high

level of PD-1 and a low level of PD-L1, wherein the alternative i1s in line with current
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NCON/ASTRO/ESMO/ESTRO/Clinical Practice  Recommendations  Australia/NICE
guidelines.

(6033} Also provided s a method for preventing an invasive breast cancer
recurrence in a subject, the method comprising: providing a cancer tissue sample from a subject
who has invasive breast cancer, analyzing the cancer tissue sample for a level of PD:-1;
analyzing the cancer tissue sample for a level of PD-L1; administering an intensified treatment
if the cancer tissue sample has a low level of PD-1 and a high level of PD-L1,; and administering
an alternative to the intensified treatment if the cancer tissue sample has a high level of PD-1
and a low level of PD-L1.

[0034] Provided herein 15 a method for preventing a local or regional breast cancer
recurrence in a subject diagnosed with early stage breast cancer, the method comprising:
receiving an intensified treatment «f a cancer has a low level of PD-1 and a high level of PD-
L1; or receiving an alternative to the intensified treatment if a cancer has a high level of PD-1
and a low level of PD-L1.

[06035] Also provided 5 a method of modifying a treatment for a subject, the
method compuising: identifying a subject with invasive breast cancer that has a low level of
PD-1 and a high level of PD-L1; and administering a breast cancer therapy to the subject,
wherein the breast cancer therapy is more aggressive than a traditional breast cancer therapy,
wherein the traditional breast cancer therapy 1s one reconumended for the subject, based on the
subject’s risk factors exchuding PD-1 and PD-L1T fevels.

[8036] Provided herem 13 a method of treating a sabject for local recurrence, the
method comprising: administering an intensified breast cancer therapy to a subject based upon
a PD-1, PD-L1, and/or TIL status, wherein a higher incremental risk will ncrease: aj a
hikelihood of an aggressive breast cancer therapy that 1s at least more than what would be
recommended by the NCUN, ASTRO, ESTRO, ESMO, and/or NICE guidelines; b} the
aggressiveness of the aggressive breast cancer; or ¢) both a} and b), wheren a less-than-
standard breast cancer therapy is administered if 1) PD-1 18 high, PD-L1 1s low, and Tils s
high, or 1) PD-1 1s high, PD-L1 s high and TILs is high it one or more additional variables
indicating that high PD-1, ligh PD-L1 and/or high Tils confer a favorable prognosis are
present, wherein a standard radiotherapy is admmistered if 1) PD-L1 1s high, and TiLs 15 low,

v} PD-11s high, PD-L1 is fow, and TiLs is low, or v} PD-1 is low, PD-L1 is high, and TiLs 15
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high if 1t cannot be determined based on one or more additional variables that PD-1, PD-L1
and/or TILs confer a favorable or unfavorable prognosis, wherein the mtensified breast cancer
therapy s administered if: vi) PD-1 1s low, PD-L1 1s high and TiLs is high, or vii} PD-1 1s
high, PD-L1 s high and TiLs is hugh if one or more additional variables indicating that PD-1,
PD-L1 and/or TILs confer an unfavorable prognosis are present.

[0037] Provided herein 1s a method of treating a subyect for a risk of recurrence of
breast cancer, the method compnising: administering an intensified breast cancer therapy to a
subject based upon a PD-L1 and TIL status, wherein a higher incremental risk will increase:
a} a likelithood of an aggressive breast cancer therapy that is at least more than what would be
recommended by the NCCN, ASTRQO, ESTRO, ESMO, and/or NICE guidelines; b} the
aggressiveness of the aggressive breast cancer; or ¢} both a} and b), wherein the mtensified
breast cancer therapy is administered ift 1) PD-1 1s low, PD-L1 18 high and TILs 18 high, or 11}
PD-1 1s high, PD-L1 15 high and TiLs 15 high, if one or more additional variables indicating
that high PD-1, PD-L1 and/or high TILs confer an unfavorable prognosis are present, wherein
a standard radiotherapy 5 admimstered it 1) PD-L1 18 hugh, and TIls 1s low, 1w} PD-1 18
fugh, PD-L1 15 low, and TILs 1s low, or v) PD-1 15 low, PD-L1 15 high and TiLs s high it it
cannot be determined based on one or more additional variables that PD-1, PD-L1 and/or TH.s
confer a favorable or unfavorable prognosis, wherein demtensified treatment 1s provided if: vi)
PD-1 15 high, PD-L1 s low and TiLs 18 hagh, vu) PD-L1 15 tugh and TILs 1s high, or viu) PD-
s high, PD-L1 15 high and TILs 15 high if one or more additional variables indicating that
hgh PD-~1, PDLT and/or lugh TiLs confer a favorable prognosis are present.

[6038§] Further provided 1s a method of selecting whether or not to give a subject a
standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has high PD-1
and low Tils and has a genomucally unstable tumor, administering the alternative
racdiotherapy; if the subject has high PD-L1 and low TILs and has a genomically unstable
tumor, administering the standard radiotherapy; if the subject has low PD-1 and low TlLs and
has a genomically unstable tumor, admimstering the standard radiotherapy or the alternative
therapy {optionally intensification); if the subject has low PD-1 and low TlLs and has a
genomically stable tumor, administering the alternative therapy (optionally omussion or de-

escalation of radiotherapy); if the subject has low PD-1 and high TiLs and is a genomucaily
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stable tumor, administering the mtensified therapy; if the subject has high PD-1 and high TiLs
and has a genomically unstable tumor, omitting the standard radiotherapy; and if the subject
has high PD-1 and high TiLs and has a genomically stable tumor, administering the alternative
radiotherapy {optionally intensified radiotherapy), wherein the PD-1 level is a3 PE-1 protein
expression level

[0039] Also provided 1s a method of diagnosis comprising: a) obtaining a tissue
sample of a tumor from a breast cancer patient, wherein the patient has a favorable prognosis
for breast cancer, b} determining expression levels of PD-1 and PD-L1 in the sample, ¢}
determining that the expression level of PD-1 is below a threshold expression level, d)
determining that the expression level of PD-L1 s above a threshold expression level, e} thereby
determining that the patient belongs to a group that would not benefit from standard
radiotherapy treatment; and f} not providing the standard radiotherapy treatment to the patient.

{60401 Provided herein is a method for treating a subject diagnosed with invasive
breast cancer or breast cancer in situ to prevent local or regional recurrence, said method
comprising. providing a cancer tissue sample from a subject who has invasive breast cancer,
wherein the subject has a favorable prognosis for the mvasive breast cancer; analyzing the
cancer tissue sample for levels of PI3-1 and PD-L1; not treating the subject with a radiotherapy
treatment if the cancer tissue sample has a high level of PD-L1; and treating the subject with
an alternative to radiotherapy per at least one of NCCN, ESMO, ESTRO, Chinical Practice
Recommendations Austraha, or NICE guideline,

[0041] Provided herein 13 a method of selecting a treatment for a subject, the
method comprising: comparing 8 level of PD-1 i a subject to a range of PD-1 levels; and
ncreasing a likelihood of administening radictherapy to the subject as an nverse function of
the level of PD-1, wherein a lower PD-1 level indicates a greater benefit of radiotherapy to the
subject, thereby decreasing a risk of local breast cancer recurrence.

(6042} Provided herem 15 a method for treating breast cancer comprising the steps:
a} obtaining a tissue sample of a tumor from a breast cancer patient; b} determuning a level of
protein or mRNA expression of PD-L1 in the sample; ¢} determining that the expression level
is above a threshold level, d) determining a level of genomic instability in the sample; &)
determining that the sample has low or moderate genomic instability; and {} providing

mtensified treatment as intensified radictherapy treatment, intensified systemic therapy or
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mastectomy to the patient based on the determination that the PD-L1 expression level is above
a threshold level and that the sample has low or moderate genomic instability.

0043} Provided herein is a method of selecting whether or not to give a subject a
standard radiotherapy, intensified therapy or an alternative therapy appropriate for one who
will not benefit substantially from standard radiotherapy, the method comprising: if the subject
has low PD-L1 and low TiLs, and if a histological grade of a tumor is grade I or I,
administering the standard radiotherapy; if the subject has low PD-L1 and low Tlls, and if a
histological grade of a tumor 15 grade 1, administering the intensified therapy; if the subject
has high PD-L1 and high TiLs, and if a histological grade of a tumor s grade I or 11,
administering the intensified therapy; if the subject has high PD-L1 and high TikLs, and if a
histological grade of a tumor s grade I, adnmunistering the standard radiotherapy or the
alternative therapy; if the subject has low PD-L1 and high TiLs, administering the alternative
therapy, and if the subject has high PD-L1 and low TiLs, administering the standard
radiotherapy.

[0044] Also provided 1s a method of selecting whether or not to give a subject a
standard radiotherapy, an alternative therapy appropriate for one who will not benefu
substantially from standard radiotherapy, or intensified therapy, the method corprising: if the
subject has low PD-L1 and high CDBFOXP3 balance, administering the less intense
radiotherapy; if the subject has low PD-L1 and high CDSFOXP3 balance, omitting
racdiotherapy; if the subject has high PD-L1 and normal CDB.FOXP3 balance, and the levels
of tomor-infiltrating CD& and FOXP3 cells are high, administering the less intense
racdiotherapy; if the subject has low PI-L1I and normal CDB.FOXP3 balance, the levels of
tumor-infiltrating CD8 and FOXP3 cells are low, and the histological grade of 8 tumor 15 grade
I, administering intensified therapy,; if the subject has low PD-L1 and normal CD&FOXP3
halance, the levels of tumor-infiltrating CD8 and FOXP3 cells are low, and the histological
grade of a tumor 15 grade T or 1T and/or proliferation of the tumor 13 slow, administering the
standard therapy or omitting radiotherapy; else if the subject has any other combination of PD-
L1 status, CD8FOXP3 balance, levels of tumor-infiltrating CD8 and FOXP3 cells,
histological grade and/or proliferation, administering standard radiotherapy.

0045} Also provided is a method of treating a subject, the method comprising:

identifying a subject with invasive breast cancer that has a high level of TiLs; determining a
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prognostic value of the subject; and administering an mtensified treatment to the invasive
breast cancer if the prognostic value is not favorable.

0046} Provided herein 18 a method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has a low level of PD-1 {optionally in the
grade HI context); determining a prognostic value of the subject; administering an intensified
treatment to the invasive breast cancer if the prognostic value is not favorable.

16047} Further provided 15 a method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has high values of CD8&+ T cells in the
context of grade T or grade I, determuning a progunostic value of the subject; adnunistering an
mtensified treatment to the imvasive breast cancer if the prognostic value is not favorable.

(6048} Also provided 15 a method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has high values of FOX¥3+ regulatory T
cells f grade I or grade H; determining a prognostic value of the subject; administering an
mtensified treatment to the imvasive breast cancer if the prognostic value is not favorable.

[6049] Provided 15 a method of treating a subject, the method comprising:
identifying a subject with nvasive breast cancer that has a high level of PD-L1 and a hugh level
of TILs; determining a prognostic value of the subject; adminustering an ntensified treatment
to the invasive breast cancer if the progoostic value 15 not favorable.

[6056] Also provided herem is a method of treating a subject, the method
comprising: identifying a subject with 1nvasive breast cancer that has a low level of PD-1, hugh
level of PD-L1, and high level of TiLg, determining a progonostic value of the subject;
adminstering an miensified treatment to the mvasive breast cancer if the prognostic value 1s
not favorable,

[8051] Provided herein 13 a method for treating breast cancer, comprising: a)
obtaining a tissue sample of a tumor from a breast cancer patient; b) determining a level of
protein expression of PD-1 in the sample; and/or a level of protein or mRNA expression of
PD-L1 in the sample; ¢} determining that the PD-1 expression level is below a threshold level
for PD-1; and/or the PE-L1 expression level is above a threshold level for PD-LI;
d)determuning a level of genomic instability in the sample; ¢) determining that the sample has

high genomic mstability; £} determining a level of tmor-infiltrating lvmphocytes (Tils} in the
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sample; g} determining that the sample has high level of TiLs; and h) providing intensified
treatment as intensified radiotherapy treatment.

(60521 Also provided 1s a method of diagnosis, comprising: obtaining a tissue
sample of a tumor from a breast cancer patient; determining a level of one or more markers in
the sample, wherein the one or more markers comprise one or both of PD-1 and PD-L1;
determining a histological grade and/or level of tumor proliferation i the sample; and
administering one of standard radiotherapy, intensified breast cancer therapy, and de-escalated
radiotherapy to the patient based on the determined level of the one or more markers and the
determined histological grade and/or level of tumor proliferation.

[0053] Provided herein 15 a method of treating a subject for local recurrence, the
method comprising: administering an intensified breast cancer therapy to a subject based upon
a PD-1, PD-L1, and TIL status, wherein a higher incremental risk will increase: a) a likelihood
of an aggressive breast cancer therapy that is at least more than what would be recommended
by the NCCN, ASTRO, ESTRO, ESMQO, and/or NICE guidelines; b} the aggressiveness of
the aggressive breast cancer; or ¢} both a) and b), wherein a less-than-standard breast cancer
therapy 1s adnumistered if: 1) PD-1 s hugh, PD-L1 15 hugh, TILs 1s high, and the breast cancer
has a hustological grade T and/or has high proliferation, 1) PD-1 5 low, PD-L1 15 low TlLs 13
low, and the breast cancer has a histological grade T or I and/or has low probiferation, or 1)
PD-L1 s high, TILs 15 high, and the breast cancer has a histological grade TH and/or has high
proliferation, and if one or more additional vanables indicating that ligh PD-L1 and/or high
TILs confer a favorable prognosis are present, wheremn a standard radiotherapy 1s adminstered
it vy PB-1 1s high, PD-L1 1s low, and TILs 15 low, or v} PB-L.1 1s hugh, TILs 15 low, and the
breast cancer has a histological grade HI and/or has high proliferation and/or 15 genomically
unstable, vi} PD-1 15 low, PD-L1 15 hugh, and TiLs 15 high if 1t cannot be determined based on
one or more additional vanables that PD-1, PD-L1 and/or TiLs confer a favorable or
unfavorable prognosts, wheren the mntensified breast cancer therapy 15 admunistered iff v}
PD-1 s fow, PD-L1T 15 low, TILs 15 fow, and the breast cancer has a histological grade Il and/or
has high proliferation, viu) PB-1 is high, PD-L1 1s hugh, TiLs 13 high, and the breast cancer
has a histological grade 1 or H and/or has low proliferation, or ix) PD-1 1s low, PD-L1 s high,

TiLs s high, and the breast cancer has a histological grade  or I and/or has low proliferation,
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and if one or more additional vanables indicating that PD-1, PD-L1 and/or TILs confer an
unfavorable prognosis are present.

(6054} Also provided 15 a method of treating a subject for a risk of recurrence of
breast cancer, the method comprising: administering an intensified breast cancer therapy to a
subject based upon a PD-L1 and TIL status, wherein a higher incremental risk will increase:
a} a likelihood of an aggressive breast cancer therapy that is at least more than what would be
recommended by the NCCON, ASTRO, ESTRO, ESMO, and/or NICE guidelinegs; b) the
aggressiveness of the aggressive breast cancer; or ¢} both a) and b}, wherein the intensified
breast cancer therapy s administered if: 1) PD-L1 15 high, TILs is low, and the breast cancer
has a histological grade I and/or has high proliferation and/or is genomically unstable, 1) PD-
1 1s low, PD-L1 1s low, TiLs s low, and the breast cancer has a histological grade M and/or
has high proliferation, 1) PD-1 15 hugh or low, PD-L1 1s high, TILs 15 high, and the breast
cancer has a histological grade I or 1T and/or has low proliferation, and if associated with
unfavorable prognostic variables, wherein a standard radiotherapy is administered if! v} PD-1
15 hugh, PD-L1 1s low, TiLs 1s low, and the breast cancer has a histological grade T or Il and/or
has low proliferation, or v} PD-1 5 low, PD-L1 1s high, TiLs 13 high, the breast cancer has a
histological grade 1T and/or has high proliferation and/or s genomically unstable, and f
netther favorable nor unfavorable prognostic variables are present, wherein deintensified
treatment 1s provided ift vi) PD-1 15 hugh, PD-L1 1s low, Tis 15 high, and if the breast cancer
has a histological grade HH and/or has high probiferation and/or is genonucally unstable, vir)
PD-L1 15 lngh, TiLs 15 hugh, and if the breast cancer has a histological grade HI and/or has ligh
proliferation and/or 15 genomically unstable, and if associated with favorable prognostic
vartables, or vin) PD-1 15 low, PD-L1 15 low, TiLs 15 low, and the breast cancer has a
histological grade T or 1T and/or has low proliferation and/or 1s genomically stable and if

assocuated with favorable prognostic vanables.

BRIEF DESCRIPTION OF THE DRAWINGS
[8055] Fig. 1 1s a schematic diagram showing a method for predicting the benefit
from standard of care therapy and/or treating a subject based on the predicted benefit,

according to some non-limiting embodiments of the preseni disclosure.
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[6056] Fig. 2 1s a schematic diagram showing a method for predicting the benefit
from standard of care therapy and recommending a treatment to and/or treating a subject based
on the predicted benefit, according to some non-limiting embodiments of the present
disclosure.

[8057] Figs. 3A and 3B are each an image showing hematoxylin-eosin—stained
breast carcinoma sections, according to some non-imiting embodiments of the present

disclosure.

DETAILED DESCRIPTION

[0058] Methods of characterizing, diagnosing, and/or treating breast cancer are
provided. By identifying subjects who are more or less responsive to various types of therapy,
various embodiments provided herein allow one to idenufy subjects who will be more
receptive to a particular therapeutic approach to cancer, thereby patring a subject with the
appropriate type of breast cancer therapy (e g, low, standard, or intensified radiotherapy
options} for treating various forms of breast cancer. Also provided are compositions or
combinations and kits of detection reagents configured to detect markers of the present
disclosure, that may find use n wdentifying subjects who will be more receptive to a particular
therapeutic approach to cancer. Methods, compositions and kits of the present disclosure can
be used to talor treatient options for a subject with cancer, e.g., breast cancer, relative to the
standard of care treatment, and can thereby reduce overtreatment or underireatment from

admnistration of the standard of care treatment.

Definstions

[8059] The term “and/or” shall be taken to provide explicit support for both
meanings or for either meaning.

[8060] Throughout this specification the word “comprise”, or variations such as
“comprises” or “comprising”, will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other
element, mieger or step, or group of elements, integers or steps.

[8061] The following explanations of terms and methods are provided to better

describe the present disclosure and to guide those of ordinary skill in the art in the practice of
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the present disclosure. The singular forms “a,” “an,” and “the” refer to one or more than one,
unless the context clearly dictates otherwise. For example, the term “comprising a nucleic acid
molecule” includes single or phural nucleic acid molecules and 1s considered equivalent to the

39 r

phrase “comprising at least one nucleic acid molecule” The term “or” refers to a single element
of stated alternative elemenis or a combination of two or more elements, unless the context
clearly mdicates otherwise. As used herein, “comprises” means “includes.” Thus, “comprising
A or B, means “including A, B, or A and B,” without excluding additional elements. Unless
otherwise specified, the definitions provided herein control when the present definitions may
be different from other possible definitions.

[0062] Unless explained otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art to which
this disclosure belongs. All HUGO Gene Nomenclature Commuittee (HGNC) identifiers (IDs)
mentioned herein are mcorporated by reference in their entirety.  Although methods and
materials similar or equivalent o those described herein can be used in the practice or testing
of the present disclosure, suitable methods and roaterials are described below. The materials,
methods, and examples are illustrative only and not intended to be limiting.

[0063] The term “array” denotes an arrangement of molecules, such as biological
macromolecules {such as peptides or nucleic acid molecules) or biological samples (such as
tissue sections), in addressable locations ov or in a substrate. A “rmcroarray” is an array that
1s mumaturized so as to require or be aided by microscopic examination for evaluation or
analysis. Arrays are sometimes called chips or biochips.

[0064] The array of molecules makes 1t possible to carry out a very large number
of analyses on a sample at one time.  In some embodiments, arrays of one or more molecule
(such as an oligonucieotide probe} will occur on the array a plurality of times (such as twice},
for instance to provide internal controls. The number of addressable locations on the array can
vary, for example from at least one, to at least 2, to at least 3, to at least 10, at least 20, at least
30, at least 50, at least 75, at least 100, at least 150, at least 200, at least 300, at least 500, least
550, at least 600, at least 800, at least 1000, at least 10,000, or more. In particular examples,
an array includes nucleic acid molecules, such as oligonucleotide sequences that are at least 15

nucleotides in length, such as about 15-40 nucleotides in length. In particular examples, an
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array includes ohigonuclestide probes or primers which can be used to detect the markers noted
herein, such as PD-L1.

(0065} In some embodiments, within an array, each arrayed sample can be
addressable, in that its location can be reliably and consistently determined within at least two
dimensions of the array. Addressable arrays can be computer readable, in that a computer can
be programmaed to correlate a particular address on the array with information about the sample
at that position (such as hybridization or binding data, including for instance signal intensity).
in some examples of computer readable formats, the individual features n the array are
arranged regularly, for imstance in a Cartesian grid pattern, which can be correlated to address
mformation by a computer.

(0066} As used herein, the term “gene” means nucleic acid in the genome of a
subject capable of being expressed to produce a mRNA in addition to intervening intronic
sequences and 1n addition to regulatory regions that control the expression of the gene, e g., a
promoter or fragment thereof,

[6067] As used heremn, the term “diagnosis”, and varnants thereof, such as, but not
fumuted to “diagnose” or “diagnosing” shall include, but not be limuted to, a primary diagnosis
of a clinical state or any primary diagnosis of a chimcal state. A diagnostic assay described
herein 15 also useful for assessing the remussion of a subject, or monitoring disease recurrence,
or tumor recurrence, such as following surgery, radiation therapy, adjuvant therapy or
chemotherapy, or determining the appearance of metastases of a primary tumor,

[08068] In some embodiments, a progoostic assay described herein 13 usefu} for
assessing bikelihood of treatment benefit, disease recurrence, tumor recurrence, or metastasis
of a primary tumor, such as following surgery, radiation therapy, adjuvant therapy or
chemotherapy. Al such uses of the assays described herein are encompassed by the present
disclosure. In some embodiments, the test can be used to predict if the patient will have an
OCCUFTence.

[0069] The term “breast tumor” denctes a neoplastic condition of breast tissue that
can be benign or malignant. The term “tumor” is synonymous with “neoplasm” and “lesion”.
Exemplary breast tumors include invasive breast cancer, ductal carcinoma in sity (DCIS),

lobular carcinoma in sity (LCIS), and atypical ductal hyperplasia (ADH).
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(6070} The term “cancer” denotes a malignant neoplasm that has undergone
characteristic anaplasia with loss of differentiation, increased rate of growth, invasion of
surrounding tissue, and is capable of metastasis. The term “cancer” shali be taken to include
a disease that is characterized by uncontrolied growth of cells within a subject, such as, but not
limited to, invasive breast cancer. In some embodiments, invasion of the surrounding tissue
is the invasion of the basement membrane.

(6071} The term “intraductal lesion” refers to tumors that are confined to the
mterior of the mammary ducts and are, therefore, not invasive breast cancers. Exemplary
mtraductal lesions mclude ADH and DCIS.

[0072] ADH 15 a neoplastic mtraductal (non-invasive} lesion characterized by
proliferation of evenly distributed, monomorphic mammary epithehial cells.

[0073] DCIS 1s a neoplastic intraductal {non-invasive) lesion characterized by
mereased mammary epithelial proliferation with subtle to marked cellular atypia. DCIS has
been divided mnto grades (low, intermediate, and high) based on factors such as nuclear atypia,
miraluminal necrosis, mutotic activity ete. Low-grade DCIS and ADH are morphologically
identical, and ADH is distinguished from DCIS based on the extent of the lesion, as determined
by its size and/or the number of involved ducts. DCIS 5 sutially typically diagnosed from a
tissue biopsy triggered by a suspicious finding (e.g., nicrocalcifications, unusual mass, tissue
distortion or asymuneiry, et} on a mammogram and/or ultrasound imaging test. It may be
from routine screening vmaging or, more rarely, from diagnostic imaging triggered by a
positive physical examination {e.g., a palpable mass, mipple discharge, skin change, etc.) or by
a significant change 10 a previously wdentified mass.

[08074] Cellular proliferation mm DCIS 15 confined to the mulk ducts. If the
proliferating cells have jnvaded through the basement membrane of the myoepithehal cell
(MEC) layer hnung the duct, thus appearing in the surrounding stroma, then the lesion 13
considered an mvasive breast cancer, even if BCIS 1s also present. In some ¢ases, the invasion
i3 very mimimal (microinvasion} or the only evidence of invasion is disruption of the MEC
layer {e.g., by observing discontinuities in MEC-specific protein marker stains such as
SMMHC and/or p63). Typically, these microinvasive cases are treated as invasive breast

cancers, aithough there 1s some controversy in the treatment of these cases.
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[6075] Recurrence rates i DCIS with current treatments are difficult to estimate.
However, 1t 15 likely that about 20% of patients who receive lumpectomies without any further
treatment would experience recurrence evenis within 10 vears, approximately evenly split
between DCIS and invasive events, while <2% of patients who receive mastectomies would
experience recurrence. Standard of care with lumpectomy is {o receive adjuvant radiation
therapy (RT). Several randomized chinical trials provide evidence that adjuvant radiation
therapy following lumpectomy reduces recurrence risk by approxumately half for both DCIS
and nvasive event types, and that current chinical and pathologic assessment technigues cannot
wdentify a low-risk sub-group in which there is no benefit from radiation therapy.

[0076] LCIS 18 non-invasive lesion that originates i mammary terminal duct-
lobular units generally composed of small and often loosely cohesive cells. When 1t has spread
mto the ducts, it can be differentiated from DCIS based on morphology and/or marker stains.

180771 As used herein, “invasive breast cancer” denotes that the neoplastic {tumor}
cells have invaded through the epithelial basement membrane. This distinguishes invasive
breast cancer from other hyperplastic {ductal hyperplasia) or dvsplastic {atypical ductal
hyperplasia, ADH} or nov~-invasive neoplastic (DCIS, LCIS) breast lesions which are
characterized by an intact {non-1ovaded) basement membrane. Tt can be divided into stages (1,
[TA, 1B, THA, HIB, and TV).  In some embodiments, any of the methods provided herein can
be applied to invasive breast cancer to determine the success of radiotherapy for preventing an
mvasive breast cancer recurrence. In some embodiments, any of the methods provided herein
can be applied to BUIS to determine the success of radiotherapy for preventing a DCIS cancer
recurrence.

[8078] Surgery 1s a treatment for a breast tumor and s frequently nvolved m
diagnosis. The type of surgery depends upon how widespread the tumor 1s when diagnosed
{the tumor stage}, as well as the type and grade of tumor,

(6079} The terms “treatment” and “therapy” as provided heremn are used
interchangeably and does not require the complete or 100% curing of the subject. Instead, it
encompasses the broader concept or delaying the onset of one or more symptoms, extending
the life and/or quality of fife of the subject, reducing the severity of one or more symptoms,

eic.
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{6080} “Risk of invasive breast cancer”, denoctes a risk of developing (or being
diagnosed with) a subsequent invasive breast cancer in the same (a .k a. ipsilateral} breast.

(0081} Adjuvant chemotherapy s often used after surgery to treat any residual
disease. Systemic chemotherapy often mcludes a platinum derivative with a taxane. Adjuvant
chemotherapy is also used to treat subjects who have a recurrence or metastasis.

[0082] “Adjuvant imvasive breast cancer treatment” denotes any treatment that s
appropriate for a subject that is likely to have an invasive breast cancer occurrence, which can
mclude, lumpectomy with radiation, to lumpectomy with a receptor targeted chemotherapy, to
lumpectomy with radiation with a receptor targeted chemotherapy, to masteciomy, to
mastectomy with a receptor targeted chemotherapy, to mastectomy with radiation, to
mastectomy with radiation and a receptor targeted chemotherapy, to surgery with a
chemotherapy. In some embodiments, a subject at risk of DCIS recurrence, but not invasive
breast cancer can recetve adjuvant DCIS treatment {optionally, in combination with any of the
embodiments provided herein}.

[6083] “Marker” and “biomarker” are used interchangeably and refer to a moeasured
biological component such as a protein, an mRNA transcript, or a level of DNA amplification,

[0084] The term “control” refers to a sample or standard used for comparison with
a sample which 15 being exammed, processed, characterized, analyzed, etc. In some
embodiments, the control 13 a sample obtained from a healthy patient or a non-tumor tissue
sample obtaned from a patient diagnosed with a breast tumor. In some embodiments, the
control 15 a historical control or standard reference value or range of values (such as a
previously tested control sample, such as a group of breast tumor patients with poor prognosis,
or group of samples that represent baseline or normal values, such as the level of cancer-
associated genes or profeins i non-tumor tissue).

[0085] The “Cox hazard ratio” 18 derived from the Cox proportional hazards model.
Proportional hazards models are a class of survival models in statistics. Survival models relate
the time that passes before some gvent occurs {0 one or more covariates that may be associated
with that quantity of time. In the Cox proportional hazards model, the umique effect of a unit
increase in a covariate 1s multiphicative with respect to the harzard rate. A “Cox hazard ratic”
is the ratio of the hazard rates corresponding to the conditions described by two levels of an

explanatory variable -- a covariate, that is calculated using the cox proportional hazards
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model. The cox hazard ratic 8 the ratio of survival hazards for a one-unit change m the
covariate. For example, the Cox hazard ratic may be the ratio of survival hazards for a 1 umit
change in the logarithmic gene expression level. Thus, a larger value has a greater effect on
survival or the hazard rate of the event being assessed, such as disease recurrence. In some
embodiments, a hazard ratio (HR) greater than 1 indicates that an increased covariate level is
assoctiated with a worse patient sutcome, where the covanate level is 8 marker expression level.
in some embodiments, a HR less than 1 indicates that a decreased covariate level 18 associated
with a better patient outcome, where the covariate level 1s a marker expression level

(0086} As used herein, the term “non-tumor tissue sample” shall be taken to include
any sample from or including a normal or healthy cell or tissue, or a data set produced using
information from a normal or healthy cell or tissue. For example, the non-tumor sample may
be selected from the group comprising or consisting of' {1} a sample comprising a non-tumor
cell; (1) a sample from a normal tissue; (111) a sample from a healthy tissue; (1v) an extract of
any one of (1) to (11} (v) a data set comprising measurements of modified chromatin and/or
gene expression for a healthy indwvidual or a population of healthy individuals; {vi) a data set
comprising measurements of modified chromatin and/or gene expression for a normal
mndividual or a population of normal individuals; and (vu) a data set comprising measurements
of the moditied chromatin and/or gene expression from the subject being tested wherein the
measurements are deternuned 1in a matched sample having normal cells. Preferably, the non-
tumor sample 1s {1} or (31} or (v} or {(vii}.

[8087] As used herein, the term “subject” encompasses any ammal including
humans, preferably a mammal Exemplary subjects include but are not limuted to humans,
primates, hivestock {e.g. sheep, cows, horses, donkeys, pigs), companion animals {e.g. dogs,
cats), laboratory test animals {e.g. mice, rabbus, rats, gumea pigs, hamsters), captive wild
arumals {e.g fox, deer). Preferably the mammal 1s a human or primate. More preferably the

I3

mammal 15 a human. “Subject” and “patient” are used interchangeably herein,

[0088] Detecting expression of a gene product denotes determining of a level of
expression in etther a qualitative or quantitative manner. Exemplary methods include, but are
not limited to: microarray analysis, RT-PCR, Northern blot, in sity hybridization, Western blot,

immunohistochemistry (IHC}, ELISA, next generation sequencing, and mass spectrometry.
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0089 The term “diagnosis” denotes the process of identifying a disease by its

signs, symptoms and results of various tests. The conclusion reached through that process s
also called “a diagnosis.” Forms of testing commonly performed include biopsy for the
collection of the tumor. In some embodiments, the prognosis can be a high or low likelihood
of a subsequent {within the next 10 years, 15, or 20 years) invasive breast cancer event.

[0098] “Differential or alteration 1o expression” denotes a difference or change,
such as an increase or decrease, i the amount of RNA or protein.  In some examples, the
difference 1s relative to a control or reference value or range of values, such as an amount of
gene expression that is expected in a subject who does not have an invasive breast cancer or in
non-tumor tissue from a subject with a breast tumor. Detecting differential expression can
include measuring a change in gene expression.

[0091] The term “expression” denotes the process by which the coded information
of a gene 1s converted into an operational, non-operational, or structural part of a cell, such as
the synthesis of an RNA or protein. Gene expression can be influenced by external signals.
For instance, exposure of a cell to a hormone may stumulate expression of a hormone-induced
gene. Different types of cells can respond ditferently to an identical signal. Expression of a
gene also can be regulated anywhere 1n the pathway from DNA to protein. Regulation can
mclude controls on transcription, translation, RNA transport and processing, protein fransport
and processing, degradation of intermediary molecules such as mRNA, or through activation,
mactivation, compartmentalization.

[08092] The expression of a nucleic acid molecule or protein in a sample can be
altered relative to a control sample, such as a normal or non-tumor sample. Alterations m gene
expression, such as differential expression, include but are not imited to) (1} overexpression;
(2} underexpression; or (3} suppression of expression.

[08093] Controls or standards for comparison to a sample, for the determunation of
differential expression, inchide samples believed to be normal (in that they are not altered for
the desired characteristic, for example a sample from a subject who does not have mmvasive
breast cancer in the 10 years following the event, as well as laboratory values {e.g., range of
values}, even though possibly arbitrarily set, keeping in mind that such values can vary from
laboratory to laboratory. Laboratory standards and values can be set based on a known or

determined population value and can be supplhied in the format of a graph or table that permits
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comparison of measured, experimentally determined values. In some embodiments, the
controls can be standardized levels set by housekeeping genes.

[6094] As will be appreciated by one of skill in the art, any of the above controls
or standards can be provided for any of the methods (such as treatment, analysis, or prognosis)
provided herein, and for any of the compositions or methods. These can be positive or negative
controls or standards {showing, for example, what a high level or normal level of expression
or presence of the molecule 18}, The controls can be matched for the relevant molecule type as
well {e.g., RNA, protein). In some embodiments, the control and/or standard can be for PD-1
and/or PD-L1.

[0095] The phrase “gene expression profile” (or signature) denotes a differential or
altered gene expression that can be detected by changes in the detectable amount of gene
expression {such as ¢cDNA, mRNA, protein). A distinct or identifiable pattern of gene
expression, for instance a pattern of high and low expression of a defined set of genes or gene-
mdicative nucleic acids such as ESTs. Insome examples, as few as one gene provides a profile,
but more genes can be used in a profile, for example, at least 2, 3, 4, 5, 6, or 7 markers {e.g.,
genes) can be employed to provide a prediction as to the effectiveness of a particular therapy.
(ene expression profiles can include relative as well as absolute expression levels of specific
genes, and can be viewed m the context of a test sample compared to a baseline or control
sample profile (such as a sarmple from the same tissue type from a subject who does not have
a tumor}. In some embodiments, a gene expression profile 1o a subject 1s read on an array

{such as a nucleic acid). For example, a gene expression profile can be performed using a

T™M M

commercially available array such as Human Genome GeneChip™ arrays from Affymetrix’
{Santa Clara, Calif ). In some embodiments, any two or more of the markers indicated herein
(including PD-1, PD-L1, and other markers or controls} can be emploved as a profile or part
of a profile analysis.

{6096} The term “hybridization” means to form base pairs between complementary
regions of two strands of DNA, RNA, or between DBNA and RNA, thereby forming a duplex
molecule, for example. Hybridization conditions resulting in particular degrees of stringency
will vary depending upon the nature of the hybridization method and the composition and
length of the hybridizing nucleic acid sequences. Generally, the temperature of hybridization

and the ionic strength {such as the sodium concentration) of the hvbridization buffer will
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determine the stringency of hybridization. Calculations regarding hybridization conditions for
attaming particular degrees of stringency are discussed in Sambrook et al., {1989} Molecular

Cloning

&0

second edition, Cold Spring Harbor Laboratory, Plainview, NUY. (chapters 9 and 11).

[8097] The term “isolated” as used 1n an “isolated” bislogical component (such as
a nucleic acid molecule, protein, or cell) is one that has been substantially separated or purified
away from other biological components in the cell of the organism, or the organism #tself, in
which the component naturally occurs, such as other chromosomal and extra-chromosomal
DNA and RNA, proteins and cells. Nucleic acid molecules and proteins that have been
“isolated” include nucleic acid molecules and proteins purified by standard purification
methods.  The term also embraces nucleic acid molecules and proteins prepared by
recombinant expression in a host cell as well as chemically synthesized nucleic acid molecules
and proteins. In some embodiments, an isolated cell 1s an invasive breast cancer cell that is
substantially separated from other breast cell types, such as non-tumor breast cells.

[0098] The term “label” or “probe” denotes an agent capable of detection, for
example by ELISA, spectrophotometry, flow cytometry, or microscopy. For exaruple, a label
can be attached to a nucleic acid molecule or protein (such as one that can hybridize or bind to
any of the markers provided herein (including PD-1 and PD-L1}), thereby permitting detection
of the nucleic acid molecule or protein. Exaroples of labels melude, but are not limted to,
radioactive 1sotopes, enzyme substrates, co-factors, ligands, chenuluminescent agents,
flusrophores, haptens, enzymes, and combinations thereof. Methods for labeling and guidance
in the choice of labels appropriate for various purposes are discussed for example in Sambrook
et al. (Molecular Cloming: A Laboratory Manual, Cold Spring Harbor, NY., 1989} and
Ausubel et al. (In Current Protocols m Molecular Biology, John Wiley & Sons, New York,
1998}, In some embodiments, a label 1s conjugated to a binding agent that specifically binds
to PD-1 to allow for detecting the presence of the marker in a subject or a sample from the
subject. In some embodiments, a label 15 conpugated to a binding agent that specifically binds
to PD-L1 to allow for detecting the presence of the marker in a subject or a sample from the
subject.

[5099] The term “mammal” includes both human and non-human mammals.
Examples of mammals include, but are not limited to: humans, pigs, cows, goats, cats, dogs,

rabbits, rats, and mice.
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6180} A nucleic acid array is an arrangement of nucleic acids {such as DNA or
RINA) in assigned locations on a3 matrix, such as that found in ¢DNA arrays, or oligonucleotide
arrays.

[0161] A “nucleic acid molecules representing genes” 15 any nucleic acid, for
example DNA (intron or exon or both}, cDNA, or RNA (such as mRNA}, of any length suitable
for use as a probe or other indicator molecule, and that is informative about the corresponding
gene,

[0102] “Polymerase chain reaction” (PCR)} is an n vitro amplification technique
that increases the number of copies of a nucleic acid molecule (for example, a nucleic acid
molecule 1n a sample or specimen), such as amplification of a nucleic acid molecule for PD-
L1. The product of a PCR can be characterized by standard techniques known in the art, such
as electrophoresis, restriction endonuclease cleavage patterns, oligonucleotide hybridization or
ligation, and/or nucleic acid sequencing. Insome examples, PCR utilizes primers, for example,
DNA oligonucleotides 10-100 nucleotides 1n length, such as about 15, 20, 25, 30 or 50
nucleotides or more 1 length (such as primers that can be annealed to a complementary target
DNA strand by nucleic acid hybridization to form a hybrid between the primer and the target
DNA strand, such as PD-L1}. Primers can be selected that include at least 15, at least 20, at
feast 25, at least 30, at least 35, at least 40, at least 45, at least 50 or more consecutive
nucleotides of a marker provided herein. Methods for preparing and using nucleic acid primers
are described, for example, 1n Sambrook et al. (In Molecular Clorung: A Laboratory Manual,
{SHL, New York, 1989), Ausubel etal. (ed.} (In Current Protocols in Molecular Biology, John
Wiley & Sous, New York, 1998}, and Innis et al. {PCR Protocols, A Gude to Methods and
Apphications, Academic Press, Inc., San Dhego, Calif | 1990},

{6103} The term “prognosis” denotes an outcome or course of a disease. In some
embodiments provided herein, the phrase, when used in the context of a person already having
mvasive breast cancer, denotes the likelihood that a subject having the invasive breast cancer
will go on {within a followmg ten, fifteen, or twenty year period) to have a subsequent
ipsilateral invasive breast cancer event after surgical removal of the primary tumor. The
outcome can include a) the likelihood of an ipsilateral breast event, b} the likelihood of an
ipsilateral breast event in a particular amount of time {e.g., 1, 2, 3 or § years)}, ¢} the hikelihood

that a particular therapy {e.g

&0

radiation) will prevent an ipsilateral breast event, d) an optimal
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treatment to help prevent an ipsilateral event that maiches the seventy of the most likely event,
or e} combinations thereof.

(0104} The phrase “specific binding agent” denoctes an agent that binds
substantially or preferentially only to a defined target such as a protein, enzyme,
polysaccharide, oligonucleotide, DNA, RNA, recombinant vecior or a small molecule. In an
example, a “specific binding agent” is capable of binding to at least one of the disclosed
markers (such as PD-L1}. In some embodiments, the specific binding agent 18 capable of
binding to a downstream factor regulated by at least one of the disclosed markers {(such as PD-
L1}, Thus, a nucleic acid-specific binding agent binds substantially only to the defined nucleic
acid, such as RNA, or to a specific region within the nucleic acid For example, a “specific
binding agent” includes an antisense compound {such as an antisense shigonucleotide, siRNA,
miRNA, shRNA or ribozyme) that binds substantially to a specified RNA.

[0165] The term “radiation therapy” denotes a therapy that mvolves or includes
some form of radiation in an amount that 1s therapeutic to the subject.

[0106] “Standard of care” or “standard” as used herein, with reference to a therapy
or treatment, have the ordinary and customary meaning to one of ordinary skill in the art n
view of the present disclosure. In some embodiments, standard of care denotes a therapy or
freatment option recommended for a patient under a guideline such as that provided by NCCN,
ESMO, ASTRO, Chnical Practice Recommendations Austraha, or NICE gudeline, and
optionally, any one or more of the respective guidehnes as of May of 2021, In some
embodiments, a therapy recommended under standard of care for a patient does not take nto
account guidance provided by analysis of markers as disclosed heremn.

[6167] The terms “standard radiation therapy” and “standard radiotherapy™ are
used mterchangeably herein and denote a therapy that volves or includes some form of
radiation 1 an amount that 1s therapeutic to the subject under the current standard of care for
breast cancer. In some embodiments, the standard of care 15 any one that 1s provided in NCCN,
HSMO, ASTRO, Clinical Practice Recommendations Australia, or NICE guideline, and
optionally, anv one or more of the respective guidelines as of May of 2021, In some

embodiments, the standard of care is any one of the following in table 1 below.
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Guideline N- Surgery Yolume Fractionation Boost {tumor hed)

status

NCCN NG BCS WEBRT  or | 40-42.5 Gy in 15-16 | SIB*or 10-16 Gy in 4-8

APBI* or | fractions {or 45-50.5 Gy | fraction if high risk **¥
omission™* | in 25-28 Fr.)

NCCN N+ BCS WBRT +RN! | 40-42.5 Gy in  15-16 | SIBM or 10-16 Gy in 4-8
fractions {or 45-50.5 Gy | fraction if high risk ***
in 25-28 Fr.}

ESMO NO BCS WBRT  or | 45-50 Gy in  25-28 | 5iB® or 10-16 Gy in 4-8

APBIS fractions {or 2.5 -2.67 Gy | fraction if high risk ***
K 15-16 Fr)

ESMO N+ BCS WEBRT+RNU | 45-50 Gy  in 25-28 | SIB* or 10-16 Gy in 4-8
fractions {or 2.5 -2.67 Gy | fraction if high risk ***
X 15-16 Fr)

NICE NG BCs WEBRT ar | 40 Gy in 15 fractions SIBM or 10 Gy in 5

APRIg fractions it high risk z

NICE N+ aCs WEBRTHRNI 40 Gy in 15 fractions SIBY or 10 Gy in 5

fractions if high risk 2
s  WBRT= Whaole breast radiotherapy
¢ RN|=regional nodal irradiation
s B(S= breast-conserving surgery
e NO=no lymph node involvement
s  N+=lymph node involvement
e * APBI {accelerated partial breast irvadiation) if low risk
s ** omission considered if >70 ER+, T1, Endocrine Treatment (ET)
e  FEFESY om, younger age, LVI {lymphovascular invasion)
s § APBlif age < 50, T <=3, ER-positive, HER2-negative and grade 1 to 2, non-lobular
e 7 Risk can be estimated using a range of standardised tools and clinical expertise
s A Simultaneocusly integrated boost {a boost amounting to a total of 5-8 Gy given

simultaneously to standard hypofractionated radiotherapy)

NCCN Guidelines Version 4.2021 {Invasive Breast Cancer}

PRINCIPLES OF RADIATION THERAPY

Optimizine Delivery of Individual Therany

¢ |t is important to individualize RT planning and delivery.

¥ CT-based treatment planning should be routinely utilized to delineate target volumes and

adjacent organs at risk.

¥ Radiation to the breast/chest wall and nodal regions is generally delivered with single
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energy or mixed energy photonst electrons.

¥ improved homogeneity of the target dose and sparing of normal tissues can be
accomplished using compensators such as wedges, forward planning using segmaents, and
intensity-maodulated RT (IMRT}.

P Additional technigues such as respiratory control {deep inspiration breath-hold), prone
positioning, cardiac blocks may also be used to try to further reduce dose to heart, lung,
and adjacent normal tissue.

¥ Verification of treatment setup consistency is done with weekly imaging. When using
certain techniques {ie, prone breast), more frequent imaging may b appropriate. Standard
utilization of daily imaging is not recommended.

P When treating the internal mammary nodes, dose-volume histograms {DVHs) should be
used to evaluate dose constraints, dose to normal tissues {ie, heart, lung), and planning
target volumes {PTVs).

sit is common for RT to follow chemotherapy when chemotherapy is indicated.

Whole Breast Radiation
s Target definition is the breast tissue in entirety.

¢ RT dosing:
¥ The whole breast should receive a hypofractionated dose of 40-42.5 Gy in 15-16 fractions;
in selected cases 45-50.4 Gy in 25-28 fractions may be considered.
¥ A boost to the tumor bed is recommended in patients at higher risk for recurrence. Typical
boost doses are 10-16 Gy in 4-8 fractions.
e Lumpectomy cavity boost can badelivered using enface elactrans, photons, or
brachytherapy.
= For patients who require a more limited number of treatment visits for WBRT delivery,
ultra-hypofractionated WBRT of 28.5 Gy delivered as 5 {once-a-week} fractions, may be
considered in selected patients aged 250 years following BCS with pTis/T1/T2/NO tumor.
However, late toxicity effects beyond 10 years are not currently defined.
} The optimal fractionation for the delivery of a boost is not known for this regimen.
¥ 3-D planning o minimize inhomogeneity and exposure to heart and lung is essential when
using this regimen.

ESMO guldelines

Whole-breast radiotherapy.
RT after BCS: Postoperative RT is strongly rec- ommended after BCS {1, Al. WBRT alone reduces the 10-
year risk of any first recurrence {including locoregional and distant) by 15% and the 15-year risk of
breast cancer-related mortality by 4%. Boost RT gives a further 50% RR reduction and is indi- cated for
most patients who have unfavourable risk factors for local control such as age <50 years, grade 3
tumours, presence of vascular invasion or extensive intraductal component and non- radical tumour
excision {focally—otherwise further surgery should be advocated) [I, Al
Recammendations:

»  Postoperative RT is strongly recommendead after BCS [i, Al
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«  Boost BT is recommended to reduce the risk of in-breast re-
« lapse inn patients at higher risk of local recurrence [i, AL

Accelerated partiai-breast RT after BCS: The concept of accelerated partial-breast irradiation {APBi} is
an appealing approach to substantially shorten the overall treatment time. The rationale for APBl s
that the majority of local failures occur in the vicinity of the primary tumour site, while so-called
‘elsewhere’ in-breast failures may represent a new primary tumour. Excellent results with low local
recurrence rates equivalent to WBRT are reported for partial-breast irradiation {accelerated and
conventionally fractionated} using external beam techniques and brachytherapy. However, for
intraoperative RT, as used in the ELIOT {single dose with electrons) and TARGIT {single dose with 50-
kV X- rays} randomised trials, the ipsilateral breast cancer recurrence rate was significantly higher in
the APBI groups, compared with the WBRT. Based on these resuits, APBI might be considered an
acceptable treatment option in patients with a low risk for local recurrence, for example those who
are at least S0vears old, with unicentric, unifocal, node-negative, non- lobular breast cancer, up to 3
cm without the presence of extensive intraductal components or vascular invasion and with negative
margins, especially if they will receive adjuvant endocrine treatment [, C]. APBI may also be
considerad for low-grade DCIS [, Cl. More and long-term results of several past and ongoing
prospective randomised APB! trials are awaited.
Recommendation:
s APBlis an acceptable treatment option in patients with a low risk for local recurrence {1, C1.

Earlv and locallv advanced breast cancer: diagnosis and management
NICE suideline ING101] Published: I8 July 2018

Radiotherapy after breast-conserving surgery

1.10.3 Offer whole-breast radiotherapy to women with invasive breast cancer whe have had
breast-conserving surgery with clear margins. [2018]

1.10.4 Consider partial breast radiotherapy (as an alternative to whole-breast radiotherapy} for
women who have had breast-conserving surgery for invasive cancer {excluding lobular type) with
clear margins and who:

«  have alow absolute risk of local recurrence {defined as women aged 50 and over with tumours
that are 3 cm or less, NGO, ER-positive, HERZ-negative and grade 1 to 2) and
» have been advised to have adjuvant endocrine therapy for a minimum of 5 years. {2018}

1.10.5 When considering partial breast radiotherapy {see recommendation 1.10.4), discuss the

henefits and risks, and explain that:
« ocal recurrence with partial breast radiotherapy at 5years is equivalent to that with
whole-hreast radiotherapy
»  the risk of local recurrence beyond 5 years is not yet known
» there is a potential reduction in late adverse effects. {2018}
1.10.6 When delivering partial breast radiotherapy, use external heam radiotherapy. [2018]
1.10.7 Consider omitting radiotherapy for women who:
* have had breast-conserving surgery for invasive breast cancer with clear margins and
»  have a very low absolute risk of local recurrence {defined as women aged 65 and over with
tumours that are TING, ER-positive, HERZ2-negative and grade L to 2} and
¢ are willing to take adjuvant endocrine therapy for a minimum of 5 years. [2018]

1.10.8 When considering omitting radictherapy for the population in recommendation 1.10.7, discuss

the henefits and risks... and explain that:
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« without radiotherapy, local recurrence occurs in about 50 woamen per 1,000 at 5 years, and
with radiotherapy, occurs in about 10 women per 1,000 at 5 years

= goverall survival at 10 years is the same with or without radiotherapy

= there is no increase in serious late effecis if radiotherapy is given {for example, congestive
cardiac failure, myocardial infarction or secondary cancer). {2018}

Base fractionation
» 1.10.13 Use external beam radiotherapy giving 40 Gy in 15 fractions as standard practice for
women with invasive breast cancer after breast-conserving surgery or mastectomy. [2008]

Breast boost following breast-conserving surgery

¢ 1.10.14 Offer an external heam boost to the tumour bed for women with invasive breast cancer
and a high risk¥of local recurrence, following whole-breast radiotherapy. [2009, amended 2018]

= 1.10.15 Inform women of the risk of side effects associated with an external beam boost to the
tumour bad following whole-breast radiotherapy. {2008, amended 2018}

Radiotherapy to nodal areas

»  1.10.16 Do not offer adjuvant radiotherapy to regional lymph nodes to people with invasive breast
cancer who have been shown to have histologically lymph node-negative breast cancer. {20608,
amended 2018}

« 1.10.17 Do not offer adjuvant radiotherapy to the axilla after axillary clearance for invasive breast
cancer. [2008, amended 2018]

»  1.10.18 Offer adjuvant radiotherapy to the supraclavicular fossa to people with invasive breast
cancer and 4 or more involved axillary lymph nodes. {2008}

¢ 1.10.19 Offer adjuvant radiotherapy to the supraclavicular fossa to people with invasive breast
cancer and 1 {o 3 positive lymph nodes if they have other poor prognostic factors (for example, T3
and/or histological grade 3 tumours) and good performance status. [2009]

»  1.10.20 Consider including the internal mammary chain within the nodal radiotherapy target for
pecple with node-positive {macrometastiases) invasive breast cancer. [2018]

international guidelines

The following international guidelines have been identified which include guidance on the use of
hypofractionated radiotherapy for early breast cancer:
= The American Society for Radiation Oncology (ASTRO) guidelines on fractionation for whole
breast irradiation, 2010
°  The New Zealand Ministry of Health Guidelines for Management of Early Breast Cancer, 2009
¢ NICE Guidelines for early and locally advanced breast cancer, 2009
«  Scottish intercollegiate Guidelines Network {SIGN} guidelines, 2009
*  BC Cancer Agency Breast cancer management consensus guidelines 2013
»  European Journal of Medical Oncology {ESMQO]) guidelines on primary breast cancer diagnosis,
treatment and follow-up, 2013
¢ German Society of Radiation Oncology {DEGRO) guidelines on radiotherapy of breast cancer,
2013
= Nice-Saint-Paul de Vence guidelines on adjuvant radictherapy in the management of axillary
node negative invasive breast cancer, 2013

-30-
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The BC Cancer Agency consensus based guidelines for the management of early breast cancer include
recommendations on the use of radiotherapy and recommend a hypofractionated radiotherapy
regimen as standard. The guideline recommends the following dose fractionation for radiotherapy
following breast conserving therapy (T1, T2; NO):
1. Standard whole breast dose is 42.5 Gray {Gy) in 16 daily fractions
2. Certain patients are at risk for inferior cosmelic outcome from the 1o-fraction course.
Extended fractionation should be considered for patients with very large breast size, and those
with significant post-operative induration, ocedema, erythema, hematoma or infection.
Patienis with these indications for extended fractionation should receive 45Gy in 25 daily
fractions plus a boost dose of 10Gy in & fractions or 50.4 Gy in 28 daily fractions.
3. If a boostis used, an additional dose of 6-16 Gy in 3-8 fractions is recommended.

[0108] The term “non-radiation therapy” denotes a therapy that 1s adequate for
addressing or reducing the risk of mvasive breast cancer in a subject, and that does not derive
its therapeutic effect by radiation. Examples of such therapy include, chemo therapeutics,
targeted and non targeted, immune and non-immune modulated, monoclonal, other targeted

and non-targeted, genomic therapies, antibody therapeutics, including, HERZ antibodies,

including Trastuzumab. Often, n the present application, “non-radiation therapy” is denoted
as “other therapy”.

(0169 “Undertreatment” denotes an effect of a treatment for a disease that is not
sufficiently or not sigrificantly different from the effect of a relevant control treatment, where
the subject’s prognosis with the control treatment 1s unfavorable {e g, there is no significant
relief from the disease or symptoms thereot). “Overtreatment” denotes an effect of a treatment
for a disease that is not sufficiently or not significantly different from the effect of a relevant
control treatment, where the subject’s prognosis with the control treatment 1s favorable (e g,

there 13 significant reliet from the disease or symptoms thereof),

[0110] The term “Local recurrence” denotes that a recurrence 13 in the operated
breast.
(0111} The term “Regilonal recurrence” denotes that a recurrence 15 10 regional

lymph vodes {axillary, supraclavicular, infraclavicular, intrapectoral or internal mammary
lymph nodes).

(0112} The term “distant roetastasis” refers to all other recurrences outside the
above types of recurrences (local or regional). In other words, distant metastasis refers 1o

recurrences 1 all other tissues of the body.
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In some embodiments, the methods provided herein are not apphed to

regional, and/or local and regional recurrences.

interchangeably herein and refers fo the gene or gene product of PDCD

[0114]

“Programmed death 17
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In some embodiments, the methods provided herein are applied to local,

“PDY”, “PDCIMT are  used

In some

embodiments, PD-1 is human PD-1. In some embodiments, PD-1 protein has the amino acid

sequence as shown in SEQ ID NO: 1, with or without the signal peptide (underlined).
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In some embodiments, PD-L1 protein has the ammo acid sequence as

shown m %FQ D NO:3, with or without the signal paptlde (unduhmd}

(SHQ ID NO:3)

In some embodiments, PB-L1 mRNA has the nucleotide sequence as shown
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£ : aga agcaa
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1081 aaaatggaac ctggco o4
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ctoaat T casttt T tat atgac gtote sfefers
tttatgtatyg agttttbecot atttatttty cotgtgag catgtgagty
tggttgtgaa tgatttcocttt tgaagatatsa gtagtaga ttgtogceas
actaagacttyg ctgettaatyg atttgotesc ctagtaaa tttgtaagat
getitggtecte ctotataact acaagtatac atitggaagcea accgtbggtt
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cagagaty ata aatt chtgcatt ttgtcactit © gc attaatitaa
aaatatte tta atth tqg b T tt cttgtttatt
3601 ttgtgbttas tas gtte a ok D NO:4)

[011§&] in some embodiments, PD-L1 mRNA has the nucleotide sequence as shown

in SEQ 1D NG5, or a processed form thereof:

. agttctgege agottocega ggctoogeac cagoogoget totgtoogee tgecagggcat
&1 tcrcagaaaga tgaggatatt tgctgtottt atattcatga cctactggea tttgectgsac
21 geoccataca acsaaabcoas Ccaaagsatt ttggttgtgg atccagtcac ctetbgaacat
1 gaactgacat gtcaggcetga gggctaccoe aaggcocgaag tcatctggac aagcagtgac
1 catcaagt Ttaa gac a accaaticoca agagagagga gaag -t
aatqgt Laag aat agattttcrta ctyg
aggags: A aaa tcatccoccaga act
421 geasca g gact att
481 ggtgta oocthe tgt
541 tgtgy a ctca gza
801 tcoeag a tott tayg
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(0119 Predictive vs prognostic effects. Tn some embodiments herein, the resulis

are to provide a prognostic use. o some embodiments provided herein, the resulis provide a

predictive use {e.g., which therapy will be most useful}. In some embodiments, it 15 useful to

separate a predictive from a prognostic effect. This distinction 1s known in the art of statistics.

A prognostic biomarker provides information of a given patient’s

outcome regardless of

therapy and will only provide very crude estimates of absohite benefits from therapy based on

the baseline risk of a disease event. A predictive bromarker on the other hand provides

information of a given patient’s benefit from therapy which can be translated to a relative
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benefit. When combined with an assessment of a patient’s prognosis, the predictive biomarker
can provide accurate information regarding a patient’s absolute benefit. Predictive effects can
be tested through interaction tests as known i the art of statistics and determined significant
if a p value below a threshold level 15 obtained. Prognostic effecis are not tested through
interaction tests. We have found biomarkers which are predictive for radiotherapy benefit. This
has been assessed by mnteraction tests for PD-1 mRNA {piveracion=0.04), PD-1 protein
(Pinteraction™0.047), an mtegrated TiLs + PD-1 + PD-L1 variable {pineraciion=0.029}, an integrated
CD8 + FOXP3 variable (pinteracion=0.002} and an mntegrated CD8 + FOXP3 + PD-L1 variable
(pinteraction=0.056).  In some embodiments, predictive effects are analyzed by comparing the
prognosis of a patient group characterized by a combination of one or more biomarkers {e.g.,
PD-1 high, TILs high) that is not treated with a given therapy (e g, radiotherapy} with a patient
group with the same combination of the one or more biomarkers (e g, PD-1 high, TILs high)
that is treated by the therapy (e g., radiotherapy). Non-limiting examples of such analyses are
presented in Tables 2A-2C, 3A-3C and 5A-SC. In some embodiments, the radiotherapy
predictive effect of the combined tested biorarkers disclosed herein provides information on
how to use these biomarkers to optumize the individualization of radiotherapy in breast cancer
{e.g., recomnmend or provide an appropriate therapy to achieve a desired level of risk of
recurrence while avoiding over- or undertreatment),

[0120] The chimical uttlity of such predictive hiorarkers for therapy decisions (in
some embodiments for radiotherapy) 1s better than for prognostic biomarkers, A patient with
a good prognosis who 13 determined (or predicted based on the predictive biomarkers) to derive
a small relative benefit from radiotherapy, e.g., standard radiotherapy, can be omitted
radiotherapy, or can be recommended or provided de-intensified radiotherapy relative to
standard of care. On the other hand, a patient with a poor prognosis who 15 determined {(or
predicted based on the predictive biomarkers) to derive a small benefit from radiotherapy, e.g.,
standard radiotherapy, can be recommended or can be provided mntensified therapy, eg.,
mtensified relative to standard of care. Further, a patient with a poor prognosis who is
determined to benefit from radiotherapy can be recommended standard radiotherapy. The
tiomarkers presented in this application provide both prognostic and predictive information

which indicates clinical utility for individualizing radiotherapy.
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(0121} To illustrate that a predictive effect is not the same as a prognostic effect,
one can consider the effect of PI-1 protein on the benefit from radiotherapy and prognosis,
respectively, among grade 1 and grade H tumors to local recurrence. The interaction test is
significant with a p-vahie of 0.0146 whereby a high expression of PD-1 (>=1%} is associated
with a reduced benefit from radiotherapy. However, no prognostic effect, or no significant
prognostic effect, 1s seen for high PD-1 protein expression (HR 0.356, p=0.197} compared to
low expression (HR 1.0, reference). This demonstrates that predictive and prognostic effects

are distinct from each other.

METHODS

(0122} With reference to Fig. 1, a non-limuting example of treating cancer, e.g.,
breast cancer, based on an analysis of one or more predictive factors 1s provided. To general
terms, one or more predictive factors {e.g., expression of immunological markers and/or
histological characteristics (as disclosed herein) in a tissue sample} can be analyzed 118 m a
subject with cancer, e.g., breast cancer. Based on the analysis of the predictive factors, the
expected or predicted benefit 128 from standard of care treatment, e.g., standard radiotherapy,
1s determined. The predictive factors indicate how much meremental benefit the subject may
recetve from the standard of care treatment compared 10 not receiving the standard of care
treatment. In some embodiments, a therapy for treating the cancer can be recommended and/or
provided 138 to the subject based on the predicted benefit from standard of care treatment,
e.g., to achieve the desired level of risk of recurrence. The methods and marker combinations
of the present disclosure can be used to identify subjects that would be overtreated or
undertreated if the subject were given the standard of care treatment for that subject {e.g.,
without guidance from an analysis of the markers disclosed herein}.

(6123} With reference to Fig. 2, a non-limiting example of treating cancer, e.g,,
breast cancer, based on an analysis of one or more immunological biomarkers is provided. In
general terms, one or more immunological biomarkers can be analyzed 2318 (e g, expression
level of an immunological marker, percentage of lymphocytes expressing an immunological
marker} in a sample obtained from a subject with cancer, e.g., breast cancer. Optionally,
prognostic value of the subject can be analyzed 220, e g, by analyzing one or more additional

prognostic and/or clinical variables. Based on the analysis of the immunological biomarkers
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and optionally the prognostic value, the expected or predicted benefit 230 from standard of
care treatment, eg, standard radiotherapy, is determined. In some embodiments, the
additional variables {e.g, additional prognostic variables) indicate whether the status of
mmunological biomarkers determined in the subject confer a favorable prognosis or an
unfavorable prognosis if the subject is treated with a standard of care treatment. In some
embodiments, one can determine whether providing the standard of care treatment to the
subject will result in overtreatment or undertreatment, and a treatment option {e.g., relative to
standard of care} can be recommended or provided 246 to the subject. In some embodiments,
where a subject is predicted to have low or insufficient benefit from standard of care treatment,
and has poor prognosis with standard of care treatment, the subject i1s provided intensified
treatment compared to the standard of care treatment. Providing standard of care treatment to
such a subject can be considered undertreatment. In some embodiments, where a subject is
predicted to have low benefit from standard of care treatment, and has good prognosis without
standard radiotherapy, the subject 15 provided with de-intensified or de-escalated treatment
compared to the standard of care treatment (including omutting the treatment, e.g, omiting
radiotherapy if radiotherapy 1s standard of care). Providing standard of care treatment to such
a subject can be considered overtreatment. In some embodiments, where a subject 15 predicted
1o benefit from standard of care treatment, the subject 15 provided with the standard of care
treatiment.

[0124] In some embodiments, the immunoclogical biomarkers melude one or more
of PB-1 and PB-L1. In some embodiments, the prognostic value of the subject can be based
on one or more progoostic factors or additional variables {(e.g., additional prognostic vanables)
mcluding: marker expression, level or distribution of tumor infiltrating lymphocytes, level of
CD&+ miltrating lymphocytes, level of FOXP3+ infiltrating lymphocytes, ratio of CD8+;
FOXP3+ mfiltrating lymphocytes, tumor size, histological grade, genomic mnstability,
proliferation rate of the tumor, estrogen receptor expression, progesterone receptor expression,
hiological subtype, age of the subject, treatment with endocrine therapy, level of
lymphovascular invasion, lymph node status, radicality of surgery, HER2 status, genomic risk
score {risk of recurrence score {Prosigna, PAMS0G), Oncotype, MammaPrint). In some
embodiments, the favorable prognostic variables include high genomic instability of the breast

cancer. In some embodiments, the high genomic instability inclodes a histological grade I
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and/or high Ki67 of the breast cancer. In some embodiments, unfavorable prognostic variables
include low genomic mstability of the breast cancer. In some embodiments, the low genomic
instabibity includes a histological grade I or I, and/or low K167 of the breast cancer. In some
embodiments, additional variables (e.g., unfavorable prognostic variables} include an estrogen
receptor {ER} expression level In some embodiments, a treatment recommended or
administered to a subject based on the analysis of one or more immunological markers (e.g.,

.2, 3,4 orall 5 of PD-L1, PE-1, TiLs, CD8, FOXP3), according to the present disclosure,
depends on the histological grade and/or Ki67 status of the breast cancer.

[0125] In some embodiments, any method of the present disclosure can be used to
determine the prognosis of the subject, which can then be combined with any of the predictive
embodiments provided herein regarding the effectiveness of a various therapy {such as
standard radiotherapy, etc.}). In some embodiments, the method of prognosis can include any
one or more of the embodiments provided herein, and additional any one or more other
embodiments known to those of skill in the art, including, without imttation: Adjuvant online,
Predict Test, MDD Anderson Clinical Caleulators for Breast cancer {available at www “dot”
radanderson “dot” org/for-physicians/chnical~tools-resources/chinical-calculators “dot” html),
the Memoral Sloan Kettering Cancer Center Breast cancer nomogram, and/or the Cleveland
Clinic Risk Calculator library for Breast Cancer.

[0126] “Benefit” as used herein includes a recognizable improvement in the course
of disease over time. In some embodiments, a benefit mcludes a chmcally significant
wprovement in one or more aspects of the disease. In some embodiments, a benefit includes
a reduction n the nisk of recurrence, e.g., nsk of ipsilateral breast tumor recurrence afier
surgical removal of the primary tumor. In some embodiments, a benefit includes 3 statistically
significant reduction in the risk of recurrence, e.g., risk of 1psilateral breast tumor recurrence
after surgical removal of the primary tumor. In some embodiments, 3 benefit inchudes, without
funutation, a delay in the onset of one or more symptoms, extension of the hfe and/or quality
of life of the subject, or reduction n the severity of one or more symptoms. In some
embodiments, a benefit includes a level of risk of recurrence that is high enough to warrant the
potential side effects from a treatment aimed at reducing the risk of recurrence.

(6127} Provided herein are methods for treating cancer, e.g., breast cancer. In

general, PD-1 and PD-L1 can be used, as described herein, to predict an individual’s benefit
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from RT, eg, standard radiation therapy. In some embodiments, intensification of
radiotherapy {e.g., compared to standard radiotherapy) is warranted {and may be recommended
or administered) for grade Vgrade H/moderately/slowly proliferating tumors with a rich
immune infiitrate {especially for very high TiLs (>=50% stromal TilLs for example} and/or
CD¥ high FOXP3 high and/or PD1 and/or PDL1T expression, perhaps especially also if estrogen
receptor positive}. In some embodiments, PDL1 and PD1 are associated with decreased
radiotherapy effect which further suggests benefit from intensification, which may be
recommended or administered. In some embodiments, among grade Ugrade I tumors, a high
CDE.FOXP3 balance (and preferably low PD-L1 expression) confers a very good prognosis,
and radiotherapy omission or de-intensification is recommended and/or implemented. In some
embodiments, for grade T tumors with rich immune nfiltrates, de-escalation of radiotherapy
is reasonable (refrain from boost or completely refrain from RT). These patients also respond
better to immunotherapy and chemotherapy which makes radiotherapy de-escalation
reasonable (and therefore radiotherapy de-escalation is recommended or implemented). In
some embodiments, among patients with high levels of the immunological biomarkers provide
herein, grade TIT indicates a favorable prognostic variable. In some emboduments, for grade Tl
tumors without mmmune infiltrates, the prognosis s very poor. These patients may need
mtensified therapy to imaprove the prognosis. In some embodiments, intensified therapy is
mtensified systemic treatment {(as it can prevent distant metastases) or intensified radiotherapy.
In some embodunents, for grade T tumors completely without immune infiltrates (especially if
estrogen receptor positivity with anti-hormonal therapy + small size/high age/low proliferation
etcy omssion of radiotherapy may be recommended and/or implemented. This may be a very
low-tisk group. In some embodiments, for a grade 1T tumor with otherwise favorable chinical
variables, de-intensified radiotherapy 18 recommended and/or admimstered.

[6§28] In some embodiments, high levels of a8 marker {e.g., PD-1 and/or PD-L.1}
among grade I or grade H tumors or slowly proliferating tumors mdicate unfavorable prognosis
and a benefit from treatment intensification. In some embodiments, high levels of a marker
(e.g., PD-1 and/or PD-L1} among grade I tumors or slowly proliferating tumors indicate
unfavorable prognosis and a benefit from treatment imtensification. In some embodiments,
high levels of a marker (e.g., PD-1 and/or PD-L.1} among grade ] tumors indicate a faverable

prognosis and a benefit from treatment de-escalation/omission, especially if other favorable
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variables present (including without hmitation, HERZ treatment, endocrine treatment, small
tumor size, older age, no fymphovascular invasion, etc.}. In some embodiments, low levels of
markers {e.g., PD-1 and/or PD-L1} are favorable for grade 1 or grade I tumors or slowly
proliferating tumors. In some embodiments, low levels of markers {e.g., PD-1 and/or PD-L.1}
are favorable for grade I tumors or slowly proliferating tumors. If favorable variables {slow
proliferation, small tumor size, endocrine therapy, no lymphovascular imvasion, older age),
radiotherapy omission may be indicated. In some embodiments, low levels of markers (e.g.,
PD-1 and/or PD-L1} are unfavorable for grade I or rapidly proliferating tumors. No benefit
from immunotherapy and reduced benefit from chemotherapy. Treatment intensification in the
form of mtensified systemic therapy and/or intensified radiotherapy warranted.

(6125 in some embodiments, if one marker {e.g, PD-1 or PD-L1) s highly
expressed but the other is not, the treatment could be based on the marker which is hghly
expressed (preferable except for when it comes to grade I tumors or rapidly proliferating
tumors) or standard therapy could be given {preferable for grade Il tumors or rapidly
proliferating tumors.

[013¢] A roethod for treating a subject {e.g., a subject inneed of treatment for breast
cancer, such as invasive breast cancer) 1s provided. The method mmcludes identifying a subject
with invasive breast cancer that has a high level of PD-L1 {e.g., a tugh level of PD-L1 mRNA
or protein), determining a prognostic value of the subject; and administering an intensified
treatment to the invasive breast cancer if the prognostic value 15 not favorable. In any method
of the present disclosure, conditional statements that depend on whether the prognostic value
1s favorable or not favorable indicates that the whether the recited mmmunological biomarker
status 18 predictive of a favorable or unfavorable outcome for standard of care treatment can
depend on an analysis of one or more additional prognostic and/or clinical variables, as
disclosed herein. In some embodiments, a standard radiotherapy {(or less than the standard
radiotherapy) 15 admimnistered otherwise (e.g., if the prognostic value 15 favorable). The
prognostic value of the subject can be based on one or more prognostic factors including:
marker expression, level or distribution of tumor mfiltrating lymphocytes, level of CD&+
infiltrating lymphocyies, level of FOXP3+ infiltrating lymphocyies, ratio of CD&+ FOXP3+
infiltrating lymphocytes, tumor size, histological grade, genomic nstability, proliferation rate

of the tumor, estrogen receptor expression, progesterone recepior expression, bislogical
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subtype, age of the subject, treatment with endocrine therapy, level of lymphovascular
invasion, lymph node status, radicality of surgery, HERDZ status, genomic risk score {risk of
recusrence score {Prosigna, PAMSO), Oncotype, MammaPrint}. Whether the prognostic value
of the subject 1s favorable or unfavorable can be determined as provided herein. In some
embodiments, favorable vanables regardless of mimmunological biomarkers nclude small
tumor size, older age {(>60/65/70 years), no lymphovascular invasion and likely ER positivity
{can be targeted with anti-hormonal therapy} or HER2 postivity {can be targeted with anti-
HERZ treatment). In some embodiments, histological grade {(grade 1, {1, or I} determines
whether the mmmunological biomarkers are favorable. 1n some embodiments, histological
grade If 15 a variable which determines that the immunological biomarkers are tavorable.

(61314 In some embodiments, for tumors with high PD-L1 expression and/or high
TiLs and/or high CD8 infiltration and/or high FOXP3 infiltration and/or high/normal CD¥
FOXP3 balance with high infiltration of both cell types, a genomically unstable tumor (as
determined by grade IIf or high proliferation/Kie7 or other methods) indicates that the
mamunological biomarkers confer a favorable progoosis. In some embodiments, for patients
with the highest degrees of immune mfiltration (ugh PD-L1/CD&/FOXP3/PD-1 or very tugh
TiLs}, grade I may be a favorable prognostic varniable.

[0132] In some embodiments, for grade T or grade I tumors or tumors with
moderate/low proliferation rates/Ki67, hugh PD-L1 expression and/or high TiLs and/or high
CDE8 wnfiltration and/or high FOXP3 infiltration and/or high/normal CD8 FOXP3 balance with
hgh infiltration of both cell types, indicates an unfavorable prognosis. In some embodiments,
for grade I tumors or tomors with low proliferation rates/Ki67, high PD-L1 expression and/or
high TILs and/or high CDE mfiltration and/or high FOXP3 infiltration and/or high/normal CD&
FOXP3 balance with high mfiltration of both cell types, indicates an unfavorable prognosis.

[8133] In some embodiments, among grade I tumors, immunoclogical variables
are favorable and among grade T tumors, immunological vanables are clearly unfavorable and
are also generally unfavorable for grade U tumors, However, in some embodiments, further
refinement can be applied for grade Il which may be more heterogeneocus. In such
embodiments, it is believed that the addition of a pure proliferation measurement such as Kio7
or a measurement of the estrogen receptor expression can assist in resolving such mstances if

needed.
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(6134} in some embodiments, the method includes treating the subject with an
alternative to the intensified treatment per a current guideline, wherein the current guideline 18
one of NCUN, ASTRO, ESMO, ESTRO, Clinical Practice Recommendations Australia, or
NICE guidelines if the prognostic value is favorable. In some embodiments, the method
includes not treating the subject with radiotherapy {(eg., standard radiotherapy) if the
prognostic valug 1s favorable. In some embodiments, intensified treatment is administered
otherwise {e.g., if the prognostic value is unfavorable).

[0135] Methods for treating cancer, e.g., breast cancer, are also provided. In some
embodiments, a method for treating breast cancer includes obtaining a tissue sample (e.g, a
hiopsy) of a tumor from a breast cancer patient; determining a level of protein or mRNA
expression of PD-L1 in the sample; determining that the expression level is above a threshold
level; and providing intensified treatment as intensified radiotherapy treatment, intensified
systemic therapy or mastectomy to the patient. The expression level of PD-L1 being above
the threshold level (alone or together with any other suitable prognostic factors as provided
herein) mdicates that the patient belongs to a cobort in which risk of recurrence {e.g., local
recurrence) after standard radiotherapy is not reduced or s not sufficiently reduced. In some
embodiments, the method mcludes determining that the sample has low or moderate genomic
mnstability, and providing the mntensified treatment if the expression level of PD-L1T 1s
determined to be above the threshold level and the sample s determined to have low or
moderate genonue instability.  In some embodiments, the method mcludes deternuming that
the sample has low or moderate genomic instability, determuning that the expression level of
PD-L1 13 above the threshold level, and providing the mtensified treatment.

[8136] In some embodiments, a method for treating breast cancer mcludes
obtaining a tissue sample {e.g., biopsy} of a tumor from a breast cancer patient; determuning a
level of protein or mRNA expression of PD-L1 in the sample; determining that the expression
level 15 above a threshold level;, determining a level of genomic mstability 1 the sample;
determining that the sampie has low or moderate genomic instability; and providing intensified
treatment as intensified radiotherapy treatment, intensified systemic therapy or mastectomy o
the patient based on the determination that the PD-L1 expression level is above a threshold
level and that the sample has low or moderate genomic instability. In some embodiments, the

sample has low genomic instability. The expression level of PD-L1 being above the threshold
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level and the genomic mstability being low or moderate {(alone or together with any other
suitable prognostic factors as provided herein) indicate that the patient belongs to a cohort mn
which risk of recurrence (e.g., local recurrence} after standard radiotherapy 15 not reduced or
is not sufficiently reduced. In some embodiments, determining the level of genomic instability
in the sample comprises determining a histologic grade and/or Ki67 level of the sample. In
some embodiments, the sample having a histologic grade T or I and/or low Ki67 indicates low
or moderate genomic instability. In some embodiments, standard radiotherapy is administered
if (1) the subject has a low level of TiLs and (11) the sample is grade I or I, and/or proliferation
of the tumor 15 slow. In some embodiments, proliferation of the tumor 1s low when the sample
has low Ku67.

(0137} In some embodiments, a method for treating breast cancer includes:
obtaining a tissue sample {e.g., biopsy) of a tumor from a breast cancer patient; determuning a
level of protein expression of PD-1 in the sample; determining a level of protein or mRNA
expression of PD-L1 in the sample; determining that the PD-1 expression level is above a
threshold level for PD-1; determining that the PD-L1 expression level is above a threshold
level for PD-L1; and providing intensified treatment as indensified radiotherapy treatment,
mtensified systemic therapy or mastectomy to the patient. In some embodiments, this applies
for grade I and grade T tumors, but s not necessarily applicable for grade [ tumors where de-
mtensified therapy may instead be provided.

[0138] In some embodiments, histological grade provides information which
mereases the otility of the biomarkers PD-1, PD-L1, CD&+ T cells, FOXP3+ T cells and TILs
for determuming if the patient benefits from standard radiotherapy treatment, ntensified
radiotherapy treatment or de-intensified radiotherapy treatment. In some embodiments, Ko7
functions as an alternative to histological grade. Without being bound by theory, the
underlying biology which helps to determine how to interpret the prognostic and radiotherapy
predictive information derived from the above-mentioned immunological vanables 1s
proliferation and/or degree of dedifferentiation which are measured by ¥i67 and histological
grade. Both of these characteristics can correlate with genomic mstability and therefore
measurement of genomic instability can increase the utility of the biomarkers provided herein
(e.g., PD-1, PD-L1). Genomic mstability refers to the increased rate of genomic alterations

within tumors and correlates with tumor aggressivity features. In some embodiments, genomic

o8
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instability is deternmined by lhustological grade. In some embodiments, Ki67 analyses in
combination with other additional factors predicts a more favorable prognostic effect from high
levels of immunoiogical biomarkers {e.g., PD-L1}. In some embodiments, Ki67 > 10% in
combination with other additional factors predicts a more favorable prognostic effect from high
levels of immunological biomarkers {e.g., PD-L1}.

[0139] Genomic instability in a sample can be analyzed using any suitable option.
Genomic instability can be approximated by, without himitation, mmmunchistochemistry
measurements {(histological grade, proliferation rate (Ki67 staining, staining with any other
proliferation marker or evaluation of the number of mitoses)), RNA-based measurements
{measurement of the expression of any proliferation related gene such as MKI67, AURK A4 or
any gene expression signature measuring proliferation/tumor differentiation etc), DNA-based
measurements {copy number alteration analysis, mutational load analysis, chromosomal
breakpoint analysis etc).

[0140] Histological grade can be evaluated using any suitable option. In some
embodiments, histological grade 1s evaluated 1n accordance with the current guidehines: WHO
Classification of Tumours Editonial Board. Breast tumours. Lyon: International Agency for
Research on Cancer; 2019,

[0141] In some embodiments, a method of the present disclosure ncludes
determining a level of genomie mstability in the sample (e.g., breast cancer sarmople, tumor
sarople, breast cancer tissue sample). The level of genomic mstability i the sample can be
determined using any suitable option. In some embodiments, the level of genomic nstability
mm the sample 1s based on a histologic grade and/or Ki67 level {e.g, K167 protein or mRNA)
of the sample. In some embodiments, a sample has low genomic instability {or 1s genomucally
stable} when the histologic grade 15 grade I In some embodiments, a sample has moderate
genomic mstability when the histologic grade 15 grade I The level of Ki67 in a sample can
represent the rate of proliferation of the tumor. In some embodiments, low level of Ki67

expression {e.g., protein or mRNA expression) in the sample indicates the tumor 15 a slowly

s
proliferating tumor. In some embodiments, high level of Ki67 expression {e.g., protein or
mRNA expression) in the sample indicates a rapidly proliferating tumor.  In some
embodiments, low level of K167 expression {e.g., protein or mRNA expression) in the sample

indicates {or 1s correlated with} low genomic instability. In some embodiments, low level of
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Ki67 expression {e.g., protein or mRNA expression) in the sample indicates {(or 15 correlated
with} low or moderate genomic instability. The expression level of Ki67 can be compared to
a suitable threshold level of expression to determine whether the level 15 fow {or high}. In
some embodiments, the level of Ki67 in the sample i1s compared to the expression level of K167
in a control {or a series of controls} having a known rate or proliferation.  In some
embodiments, the level of Ki67 in the sample 15 compared to the expression level of Ki67 mna
control {or series of controls) having a known genomic stability. In some embodiments, K167
can be evaluated on TMAs as the proportion of tumor cells expressing Kit7 in so called “hot
spots” {areas with the most intense staining). It is preferably evaluated on whole-tissue sections
in hot spots as the proportion of tumor cells expressing Ki67. Ki67 is preferably evaluated in
several hot spots and then a mean value 1s calculated. It was found that the threshold at 10%
best stratified patients based on the effect of immunological biomarkers. Different thresholds
are possible, and a higher threshold is probably more suitable if the evaluation 1s performed on
whole tissue sections. In some situations, the values for Kid7 vary depending on the lab so in
chinical practice Ki67 staining 1s compared to a control group of patients from the same lab
where Ki67 has been measured and a value based on the percentdes of the control group 1
used. In some embodiments, any absolute threshold between 10% to 40% 1s hikely sufficient.
Insome ernbodiments, the threshold for K167 expression is between 10% 10 40%, e.g., between
10-20%, 20-30%, or 30-40%. In some embodiments, the score can be standardized to a patient
population from the same lab and values corresponding to anywhere between the 10% to the
50" percentile, e.g., between the 101-20% 201.30% 30™.40% or 40-50® percentile, can be
used.

[0142] In some embodiments, the level of genomic nstability in the sample 13
based on the basal subtype, triple-negative subtype, and/or HER2 posttive estrogen receptor
negative {ER-) subtype of the tumor sample.

(0143} In some embodiments, if the tumor 13 highly proliferating/genomically
unstable/grade I and has fow TILs + high PD-1 and/or high PD-L1 mtensified radiotherapy
is indicated {due to both a poor prognosis and a reduced benefit from radiotherapy). In some
embodiments, high PD-L1 and low Tils indicates standard radiotherapy is warranted,
regardless of histological grade {grade I, Il or [H}. In some embodiments, a patient having a

low grade tumor with an elevated risk of recurrence will benefit from chemotherapy. In some
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embodiments, if the tumor belongs to a clinically low-risk group (such as the luminal A
subtype), high levels of TILs and/or PD-L1 and/or PD-1 and/or FOXP3 and/or CD8 {preferably
high levels of all} indicates that the patient will benefit from chemotherapy. In some
embodiments, chemotherapy is administered to the patient in such ¢ases.

(0144} The intensified ireatment is more aggressive than the standard radiotherapy
treatment, as provided herein.  In some embodiments, the ntensified treatment includes
radiotherapy treatment (e.g., intensified radictherapy}. In some embodiments, the radictherapy
treatment 1s whole breast external radiotherapy, partial breast radiotherapy or brachytherapy
or a combination thereof. In some embodiments, the radiotherapy treatment (e.g., intensified
radiotherapy) includes using a biologically effective dose (BED) of about 73 Gy or more, e.g.,
about 78 Gy or more, about 83 Gy or more, about 87 Gy or more, about 93 Gy or more, about
97 Gy or more, about 100 Gy or more, or about 104 Gy or more, about 111 Gy or more, or
about 133 Gy or more. In some embodiments, the radiotherapy treatment includes using a
suitable BED with a tumor alpha/beta ratio of 5 or less, 4 or less, 3 or less, or 2 or less. In
some embodiments, the radiotherapy treatment includes using a bwologically effective dose
(BED)} of 73 Gy or more with a tumor alpha/beta ratio of 5. In some embodiments, the
radiotherapy treatment includes using a BED of 78 Gy or more with a turnor alpha/beta ratio
of 4. In some emboduments, the radiotherapy treatment includes using a BED of 87 Gy or
more with a tumor alpha/beta ratio of 3. In some emboduments, the radiotherapy treatment
mcludes using a BED of 104 Gy or more with a tumor alpha/beta ratio of 2. In some
embodiments, the radiotherapy treatment uses a BED of 93 Gy or more with a tumor alpha/beta
ratio of 5. In some embodiments, the radiotherapy treatment uses a BED of 100 Gy or more
with a tumor alpha/beta ratio of 4. In some embodiments, the radiotherapy treatment uses a
BED of 111 Gy or more with a tumor alpha/beta ratio of 3. In some embodiments, the
radiotherapy treatment uses a BED of 133 Gy or more with a tumor alpha/beta ratio of 2 if the
patient is recommended a boosting dose according to guidehines. In some embodiments, BED
15 defined as a measure of a true hological dose delivered by a combination of dose per fraction
(d} and number of fractions (n} to a tissue characterized by a specific radiosensitivity
(alpha/beta ratio} BED =n X d (1 +df{a/ ;’5’)} where ¢ (alpha) 1s the hnear dose damage
response and P {beta) is the quadratic dose response in tissue. Without being bound by theory,

the alpha/beta ratio generally indicates how resistant a cell or tissue s to radiation damage.
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[6145] in some embodiments, treating the subject with intensified radiotherapy
denotes a dose of at least one oft a BED of 67 Gy or more, add a boosting dose to a standard
recommended treatment for the subject when the standard recommended treatment does not
mclude a boosting dose, increase a boosting dose beyond the standard amount for the subject,
increase the fraction dose on a per fraction basis above the standard for the subject, and/or
mcrease the number of fractions of a recommended dose above the standard for the subject.

[6146] in any method of the present disclosure, in some embodiments, the method
includes, for a subject with no boost otherwise recommended (e.g., recommended as the
standard of care, or without the guidance provided by analysis of the biomarkers herein), the
mtensified radiotherapy treatment is whole breast external radiotherapy, partial breast
radiotherapy or brachytherapy or a combination thereof, with a biologically effective dose of
{(BED} of 73 Gy or more with a tumor alpha/beta ratic of 5, or a BED of 78 Gy or more with a
tumor alpha/beta ratio of 4, or a BED of 87 Gy or more with a tumor alpha/beta ratio of 3, or
a BED of 104 Gy or more with a tumor alpha/beta ratio of 2. In some embodiments, for a
subject with a boost otherwise recommended, the mtensified radiotherapy treatment is one or
wore of whole breast external radiotherapy, partial breast radiotherapy or brachytherapy or a
combination thereof, with a biologically effective dose of (BED) of 93 Gy or more with a
tumor alpha/beta ratio of 5, or a BED of 100 Gy or more with a tumor alpha/beta ratio of 4, or
a BED of 111 Gy or more with a tumor alpha/beta ratio of 3, or a BED of 133 Gy or more with
atumor alpha/beta ratio of 2 for patients who are recommended a boost according to the current
guidelines.

(8147} In some embodiments, an mtensified treatment, eg, mtensified
radiotherapy, or more aggressive treatment 1s augmented n one or more relevant aspects of the
freatment compared to the standard of care therapy. In some embodiments, the exposure of
the subject to the therapeutic agent (e.g., radiation, antibody, cytotoxic agent, etc.} 1s increased
in a meaningful way, e.g., 1o achieve betier prognosis, compared to the standard of care therapy
in the intensified or more aggressive treatment. In some embodiments, the length of exposure
to a therapeutic agent {e.g., radhation, antibody, cytotoxic agent, etc.) 1s increased compared 1o
the standard of care therapy m the intensified or more aggressive treatment. In some
embodiments, the amount of exposure to a therapeutic agent {e.g., radiation, antibody,

cytotoxic agent, etc.} 1s increased compared to the standard of care therapy in the intensified
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or more aggressive treatment. In some embodiments, the number and/or frequency of exposure
to a therapeutic agent {e.g., radiation, antibody, cytotoxic agent, etc.) is increased compared to
the standard of care therapy in the intensified or more aggressive treatmeni In some
embodiments, the intensified or more aggressive treatment is increased in at least one aspect
(e.g., at least one of length, amount, number, frequency of exposure to the therapeutic agent)
compared to the standard of care therapy by at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 50%, 60%, 70%, 80%, 90%, or more, or by any percentage within a
range defined by any two of the preceding values.

6148} In some embodiments, intensified or more aggressive radiotherapy includes
icreasing the radiation dose or fraction compared to the standard of care therapy. In some
embodiments, intensified or more aggressive radiotherapy includes increasing the number
and/or frequency of doses compared to the standard of care therapy. In some embodiments,
mntensified or more aggressive radiotherapy includes adding one or more boosting doses or
increasing the number of a boosting dose of the radiotherapy (e.g., relative to the dose that
would otherwise be recommended under standard of care}. For example, if the standard of
care treatment includes radiotherapy, the intensified or more aggressive radiotherapy can
mnclude the same radiotherapy with one or more boosting doses. In some embodiments,
mtensified or more aggressive radiotherapy 1ocludes increasing the area or volume of the
subject’s body exposed to radiation compared to the standard of care therapy.

[0149] In some embodiments, the intensified or more aggressive treatment includes
a different mode of treatment than the standard of care treatment. For example, if the standard
of care treatment includes radiotherapy, a different mode of treatment that 1s more intense or
15 intensified or i1s more aggressive than the standard of care treatment can mclude mastectomy.

[0150] In some embodiments, the mtensified treatment or intensified therapy
mncludes systemie therapy {e.g., systemic chemotherapy). In any of the methods {e.g., for
treating or diagnosing a patient or subject for breast cancer} as provided herein, in some
embodiments, the intensified treatment or intensified therapy includes at least one of
intensified radiotherapy treatment, intensified systemic therapy or mastectomy. In some
embodiments, mtensified treatment or intensified therapy includes ntensified systemic
therapy. In some embodiments, treating the subject with intensified radiotherapy denotes a

therapy above the gundelines in at least one guideline, for example, NCON, ANTRO, ESMO,
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ESTRQO, Chinical Practice Recommendations Australia, or the NICE guideline, ignoring or
without the guidance from analysis of the PD-1 or PD-L1 marker state as provided in the
present disclosure.

(0153} In some embodimenis, treating the subject with mtensified radiotherapy
denotes a therapy above the guidelines 1n at least one guideline, for example, NCON, ASTRQ,
HSMO, ESTRQO, Climcal Practice Recommendations Australia, or the NICE guideline,
ignoring of without the gindance from analysis of the PD-1 marker state as provided in the
present disclosure. In some embodiments, the NCCN, ASTRO, ESMO, ESTRO, Chinical
Practice Recommendations Australia, or the NICE guideline 1s as of 2020 or 2021 In some
embodiments, intensified treatment or intensified therapy denotes at least one oft intensified
radiotherapy treatment, systemic therapy, mastectomy, the additional use of a sensitizer to
another therapy; a therapy above a level set by at least one of: the NCCN, ASTRO, ESMO,
Clinical Practice Recommendations Australia, and/or NICE guidelines for the subject’s
remaining indicators, or any combination thereof. Insome embodiments, intensified treatment
or miensified therapy excludes intensified radiotherapy. Tn some embodiments, intensified
treatment or 1ntensified therapy 1s not intensified radiotherapy.

[0182] In some embodimuents, treating the subject or the recommended treatment
weludes de-imntensified or de-escalated treatment or therapy relative to standard of care, eg.,
the standard recommended treatment from the NCON, ASTRO, ESMO, ESTRO, Chinical
Practice Recommendations Australia, or the NICE guideline, e.g., as provided in Table 1. “De-
mtensified” and “de-escalated” are used mterchangeably herein.  In some embodiments,
treating the subject with de-intensified or de-escalated treatment (eg., de-escalated
radiotherapy or de-escalated systemic therapy} denotes a therapy below the guidelines i at
least one guideline, for example, NCCN, ASTRO, ESMO, ESTRO, Clinical Practice
Recommendations Australia, or the NICE guidehine, ignoring or without the gudance from
analysis of the PD-1 or PD-L1 marker state as provided i the present disclosure. In some
embodiments, de-mtensified or de-escalated treatment or therapy 18 de-intensified or de-
escalated radiotherapy. In some embodiments, the less than the standard breast cancer therapy
comprises de-escalation of radiotherapy and/or onussion of radiotherapy. In some
embodiments, de-intensified or de-escalated treatment or therapy is de-intensified or de-

escalated systemic therapy. In some embodiments, the less-intense or de-intensified or de-
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escalated treatment, e.g., less intense radiotherapy, 18 reduced in one or more suitable aspects
of the treatment compared to the standard of care therapy. In some embodiments, the exposure
of the subject to the therapeutic agent {e.g., radiation, antibody, cytotoxic agent, etc.} is reduced
in a meaningful way, e.g., to reduce side effects of treatment, 1n the de-intensified or de-
escalated treatment compared to the standard of care therapy. In some embodiments, the length

of exposure to a therapeutic agent {e.g

&0

radmation, antibody, cytotoxic agent, etc.} 1s reduced in
the de-intensified or de-escalated treatment compared to the standard of care therapy. In some
embodiments, the amount of exposure to a therapeutic agent {e.g, radiation, antibody,
cviotoxic agent, etc. ) 1s reduced in the de-intensified or de-escalated treatment compared to the
standard of care therapy. In some embodiments, the number and/or frequency of exposure to
a therapeutic agent {e.g., radiation, antibody, cytotoxic agent, etc.} i1s reduced in the de-
mtensified or de-escalated treatment compared to the standard of care therapy. In some
embodiments, the de-intensified or de-escalated treatment 15 reduced in at least one aspect{e.g.,
at least one of length, amount, number, frequency of exposure to the therapeutic agent)
compared to the standard of care therapy by at least 1%, 2%, 3%, 4%, 3%, 10%, 15%, 20%,
25%, 30%, 35%, 4(%, 50%, 60%, 70%, 80%, 90%, or mwore, or by any percentage within a
range defined by any two of the preceding values.

[0153] In some embodiments, de-intensified or de-escalated radiotherapy mncludes
reducing the radiation dose or fraction compared to the standard of care therapy. In some
embodunents, de-intensified or de~escalated radiotherapy includes reducing the number and/or
frequency of doses compared to the standard of care therapy. In some embodiments, de-
mtensified or de-escalated radiotherapy includes reducing the number of or omitting a boosting
dose of the radiotherapy (e.g., that would otherwise be recommended under standard of care).
In some embodiments, de-mtensified or de-escalated radiotherapy includes redaction in the
area or volume of the subject’s body exposed to radiation compared to the standard of care
therapy.

[0154] In some embodiments, the less miense or de-intensified or de-escalated
treatment includes a different mode of treatment that 1s less intense than the standard of care
treatment. For example, if the standard of care treatment includes radiotherapy, a different
mode of treatment that 1s less intense or de-intensified or de-escalated than the standard of care

treatment can mclude a non-radictherapy treatment. In some embodiments, the less intense or
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de-ntensified or de-escalated treatment includes a different mode of treatment that has fewer
side effects than the standard of care treatment. In some embodimenis, the less intense or de-
intensified or de-escalated treatment includes a different mode of treatment option that has less
severe side effects than the standard of care treatment.

[0155] In some embodiments, treating the subject or the recommended treatment
includes the standard recommended treatment from the NCUN, ASTRO, ESMO, ESTRO,
Clinical Practice Recommendations Australia, or the NICE guideline, e g, as provided in Table
1. Insome embodiments, the standard of care treatment is one of the options provided in Table
1. In some embodiments, the standard of care treatment includes WBRT provided as standard
fractionation or as hypofractionated. In some embodiments, standard fractionation WBRT
mcludes about 45-30.5 Gy in 25-28 fractions, or about 45-50 Gy 1n 25-28 fractions, or about
SO Gy mn 25-28 fractions. In some embodiments embodiments, hypofractionated WBRT
mcludes about 40-42.5 Gy 1in about 15-16 fractions, or about 40-42 Gy in 15-16 fractions, or
about 2.5 -2.67 Gy X 15-16 fractions. In some embodiments, the standard of care treatment
meludes about 40 Gy in 1S fractions. o some embodiments, the standard of care treatment
weludes a boost dose, eg., to the tumor bed  In some embodiments, the boost dose 1s
admumstered as additional fractionations, or as a simultaneously integrated boost {eg,
mtegrated into a WBRT standard fractionation or hypofractionation regimuen). In some
embodiments, a boost dose includes 10-16 Gy m 4-8 fractions.

[0156] In some embodiments, the standard of care treatment mcludes accelerated
partial breast wmrradiation (APBI)  In some embodiments, APBI mvolves localized
adminustration of radiation instead of the whole breast. In some embodiments, APBI involves
admimstration of radiation that 1s himited to the lumpectomy bed plus a margim {e.g., -2 cm
margin}. In some embodiments, APBI reduces irradiating normal tissue compared to WBRT.

[8157] In some embodiments, treating the subject mcludes the standard
recommended treatment from the NCCN, ASTRO, ESMO, ESTRO, Chnical Practice
Recommendations Australia, or the NICE guideline, e g., when the subject has low PD-L1. In
some embodiments, a low level of PD-L1 results in the subject receiving a therapy selected
from at least one of the following: omission of boost dose when otherwise indicated, less
intense radiotherapy treatment than what is recommended in a guideling, for example, NCCN,

ASTRO, ESMO, ESTRO, Chnical Practice Recommendations Australia, or the NICH
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guideline, de-escalate systemic treatment or standard treatment according to the guideline, for
example, NCCN, ASTRO, ESMO, ESTRO, Climcal Practice Recommendations Australia, or
the NICE guideline.

[0158] In some embodiments, low PD-L1 denotes the subject has PD-L1 levels in
a lowest 85% or lowest three quartiles {or lowest 50%, 40%, 35%, 30%, 25%, 20%, 15%, 10%,
5%, or a percentage in a range defined by any two of the preceding values} of PD-L1 levels in
a population of subjects having invasive breast cancer, relative to a set of one or more selected
expression levels of housekeeping genes. In some embodiments, high level PD-L1 denctes
the subject has PD-L1 levels in a highest quartile {or highest S0%, 40%, 35%, 30%, 25%, 20%,
15%, 10%, 5%, or a percentage in a range defined by any two of the preceding values) of PD-
L1 levels in a population of subjects having imnvasive breast cancer, relative to a set of one or
more selected expression levels of housekeeping genes. In some embodiments, two or more
housekeeping genes are used from the sample as a control comparison for PD-L1 level to
determine high, low, or high and low PD-L1 level In some embodiments, a high or low PD-
L1 level is determined by low being in a lowest S0%, 40%, 35%, 30%, 25%, 20%., 15%, 10%,
5%, or a percentage in a range defined by any two of the preceding values, of a population. In
some embodiments, a low PD-L1 expression s defined as an amount less than the hughest 50°
40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, or a percentage 1n a range defined by any two of
the preceding values, of a population of subjects having mvasive breast cancer.

(0159} In any of the methods {e.g., for treating or diagnosing a patient or subject
for breast cancer) as provided herein, 1n some embodiments, the patient or subject has been
subjected to breast conserving surgery or total mastectomy to remove the tumor. In some
embodiments, the patient or subject has been subjected to breast conserving surgery or {otal
mastectomy 1o remove the tumor before expression of one or more biomarkers {e.g., PD-L1,
PD-1) has been analyzed for the subject. In some embodiments, the patient or subject 13
subjected to breast conserving surgery or total mastectomy to remove the tumor after
expression of one or more biomarkers {e.g., PD-L1, PD-1} has been analyzed for the subject
e.g., from a biopsy.

[0168] In any of the methods of the present disclosure, in some embodiments, the
breast cancer 1$ invasive breast cancer or breast cancer in situ. In some embodiments, the

cancer i1s T1 to T2 breast cancer. In some embodiments, the breast cancer 13 stage I In some
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embodiments, the breast cancer is stage I, e g, stage A In some embodiments, the cancer
is node negative. In some embodiments, the breast cancer is lvmph node negative (N0} In
some embodiments, the cancer is node positive. In some embodiments, the cancer 1S non-
metastatic invasive breast cancer. In some embodiments, the cancer 1s T1 to T2, node negative,
non-metastatic invastve breast cancer. Insome embodiments, the cancer s node negative, non-
metastatic invasive breast cancer. In any of the methods {e g, for treating or diagnosing a
patient or subject for breast cancer} as provided herein, in some embodiments, the breast cancer
is an early stage invasive breast cancer or breast cancer in situ.

(6161} in any of the methods (e g, for treating or diagnosing a patient or subject
for breast cancer} as provided herein, a sample 15 a core biopsy, fine-needle aspiration (FNA)
sample, excisional biopsy or a sample from surgery. In some embodiments, a sample obtained
from a subject 5 provided for performing a method of the present disclosure, eg., for
determining expression of one or more markers in the sample. In some embodiments, the
method (e.g, at least the part of a method involving analysis of one or more biomarkers as
disclosed hereimn) s performed on a pre-operative tumor, e.g., 4 biopsy obtamed from the
subject before breast-conserving surgery (BCS). In some embodiments, the sample 15 a biopsy
obtained from the subject before operating on a tumor, e.g., before BCS. In some
embodiments, the method {(e.g,, at least the part of a method involving analysis of one or more
biomarkers as disclosed herein) is performed on a post-operative turmor, e.g., a tumor obtained
from the subject after breast-conserving surgery (BCS} In some embodiments, the sample 1s
a preserved sample. In some embodiments, the sample 1s a fresh frozen or formahin-fixed,
paraffin-embedded tissue. In some embodiments, the sample 18 paraffin embedded.

[8162] In any of the methods {e.g., for treating or diagnosing a patient or subject
having a cancer) as provided herein, 1n some embodiments, the cancer s not head and neck
cancer.

(0163} In any of the methods {e.g., for treating or diagnosing a patient or subject
for breast cancer) as provided herein, in some embodiments, the expression level of PD-L1 5
determined by detecting the amount of PD-L1 mRNA or protein in the sample. In some
embodiments, the expression level of PD-L1 is determined by detecting the amount of PD-L1
protein in the sample. In some embodiments, the PB-L1 protein comprises the aming acid

sequence of SEQ ID NO: 2 or 3. Any suitable option can be used to determine the level of

.83



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

PD-L1 protein. In some embodiments, a method of the present disclosure employs, without
limitation, immunohistochemistry, immunofluorescence, Western blot, mass spectrometry to
determine the level of PD-L1 protein. In some embodiments, the expression level of PD-L11s
determined by detecting the amount of PD-L1 mRNA 1n the sample. In some embodiments,
the PD-L1 mRNA comprises the nucleotide sequence of SEQ 1D NGO 4 or 5, or a processed
form thereof (e.g., polyadenylated form of SEQ I NG 4 or 53 Any switable option can be
used to determine the level of PD-L1 mRNA. In some embodiments, a method of the present
disclosure employs MammaPrint, PCR, ttPCR, gPCR, in situ hybridization, and/or nanostring
to determine the level of PD-L1 mRNA.

[0164] Any suitable option can be used to determine the level of PD-1. In any of
the methods {(e.g., for treating or diagnosing a patient or subject for breast cancer) as provided
herein, in some embodiments, the level of PD-1 i3 deternuned by at least one of
HC/immunofiuorescence/western blot/laser capture, microdissection, a microarray assay,
normalized and non-normalized probes, and NanoString. Any suitable option can be used to
determine the level of PD-L1. Inany of the methods (e.g., for treating or diagnosing a patient
or subject for breast cancer) as provided herein, in some embodiments, the level of PI3-L1 s
determined by at least one of IHC/wumunofluorescence/western blot/laser capture,
miwcrodissection, RT-PCR, QPCR, PCR, deep sequencing, RNA-seq, a vucroarray assay,
normalized and non-normalized probes, and NanoString.

[8165] In some embodiments, the expression level of PD-1 15 determuned by
detecting the amount of PD-1 mRNA n the sample.  Any suitable option can be used to
determine the level of PD-1 mRNA. In some embodiments, a method of the present disclosure
employs MammaPrint, PCR, rtPCR, gPCR, v situ hybridization, and/or nanostring to
determune the level of PD-1 mRNA, Suitable options for determining PD-T mRNA levels are
provided m, e.g., PCT Apphcation No. WO 2021/231641, which 1s mncorporated herein by
reference in s entirety. In some embodimenst, PD-1 mRNA expression may for example be
detected using northern blot, quantitative PCR, whole RNA sequencing, expression arfays, in
situ hybridization. In some embodiments, sequencing methods can be used to determine the
levels of PD-1 mRNA in the sample. Sequencing methods may mclude Sanger sequencing or

next generation sequencing {NGS) methods. For example, total mRNA of the sample may be
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sequenced, for example using NGS, and the number of sequence reads 18 counted, where the
number or sequence reads correlate with levels of PD-1 mRNA in the sample.

[8166] in some embodiments, high or low level of PD-1 or PD-L1 are defined by
a comparison of PD-1 or PD-L1 protein levels from the tissue sample to a control sample. In
some embodiments, high or low level of PD-L1 are defined by a comparison of PD-L1 mRNA
levels from the tissue sample to a control sample. In some embodiments, high or low level of
PD-1 or PI-L1 are defined by a comparison of PD-1 or PD-L1 fevels from the tissue sample
1o a control sample that does not include mvasive cancer. In some embodiments, low, high, or
both are determined by comparison to an internal control in the sample. In some embodiments,
the control includes a cell population that does not express PD-1 or PD-L1. In some
embodiments, the control includes an external control that is known to stain negative for PD-
1 or PD-L1. In some embodiments, the external control is known to stain positive for PD-1 or
PD-L1 due to a hugh level of PD-1 or PD-L1. In some embodiments, high or low level of PD-
1 or PD-L1 are defined by a comparison to a standardized level set by a level of expression of
a set of one or more housekeeping gene. In some embodiments, one uses a representative
control population as an external reference, wherein the expression levels of PD-1 or PD-L1 15
compared to a population of stage VA breast cancer patients, and wherein a control
population 1s 1w line with the study population used in the present examples. In some
embodiments, one uses housekeeping gene data as an oternal reference.

[8167] In any method of the present disclosure, in some embodiments, an amount
of PD-L1 posttive lyvmphocytes 1s used to determine the level of PD-L1 1n a sample. In some
embodiments, one counts a number of cells staining positively for PD-L1T within a certain area
of the tumor or stromal compartment. Any suitable option can be used to determine posttive
or negative stamning of cells in a sample. In some embodiments, the staming 1s analyzed by a
pathologist, eg., a board-ceritfied breast pathologists, to determune postiive or negative
staming of cells in a sample (e.g, a stained tissue microarray {TMA}). In some embodiments,
analyzing the staining 1s automated, eg., using a suitable image analysis software.  Any
suitable image analysis software can be used In some embodiments, the image analysis
software 1s HALO®. In some embodiments, positive or negative staining of cells in a sample
is determined based on comparison with a suitable conirol {e g., positive and/or negative

control}, as provided herein. In some embodiments, analysis of staining by one option is

-8%.
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compared to staining by a second option. In some embodiments, one option for analyzing the
statning 1s normalized or calibrated to a second option for analyzing the staining. In some
embodiments, the analysis of staming using an image analysis software {(e.g, HALO} 1s
calibrated to the analysis staining of TMAs by a pathologist.

[016&] in some embodiments, one estimates a stromal area or an intratumoral area
occupied by PD-L1 positive lymphocytes. In some embodiments, the amount is determined
by: measuring a stromal area occupied by lymphocytes (tumor-infiltrating lvmphocytes, TiLs)
for a first variable; assessing a proportion of lymphocytes with positive statning for PD-L1 for
a second variable; and combining the first and second variables to yield the four different
combinations of TILs™e¥o% + Py L 1HeMoY 1y some embodiments, PD-L1 (or PD-L1 level)
15 high if it is above 0.5%, 1%, 1.5%, 2%, 3%, 4%, 3%, 10%, 20%, 30%, 40%, 50% or more,
or a percentage in a range defined by any two of the preceding values, of lymphocytes with
positive protein expression. In some embodiments, high PD-L1 denotes 10% or more
lymphocytes in the tumor are positive for PD-L1 protein or mRNA expression. In some
embodiments, PD-L1 {(or PD-L1 level } 1s low if 1t 18 less than 50%, 40%, 40%, 20%, 10%,
5%, 4%, 3%, 2%, 1.5%, 1%, 0.5% or less, or 4 percentage 1 a range defined by any two of the
preceding values {especially between 1-5%), of lymphocytes with positive protein expression
In some embodiments, low PD-L1 denotes less than 10% of lymphocytes are positive for PD-
L1 protein or eRNA expression.

[8169] In any method of the present disclosure, in some embodiments, an amount
of PD-1 positive tymphocytes 1s used to determine the level of PB-1 mm a sample. In some
embodiments, one counts a number of cells staining positively for PB-1 within a certan area
of the tumor or stromal compartment. In some embodiments, one estimates a stromal area or
an intratumoral area occupied by PDB-1 positive lymphocytes. In some embodiments, the
amount is determined by: measuring a stromal area occupied by lymphocytes {(tumor-
mftltrating lymphocytes, TILs} for a first variable, assessing a proportion of lymphocytes with
positive staining for PD-1 for a second variable; and combining the first and second variables
to vield the four different combinations of TILg™Wlew 4 ppy jBiebdow

hugh PD-1 (or high PD-1 level } denotes at least 0.5%, 1%, 1.5%, 2%, 3%, 4%, 5%, 10%, 20%,

. In some embodiments,

30%, 40%, 50% or more, or a percentage in a range defined by any two of the preceding values,

of lymphocvtes in a tumor sample from the subject expresses PD-1 protein {or mRNA}. In
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some embodiments, high PD-1 denotes 10% or more lymphocytes in the tumor are positive for
PD-1 protein or mRNA expression. In some embodiments, low PDB-1 {or low PD-1 level }
denotes at most 50%, 40%, 30%, 20%, 10%, 3%, 4%, 3%, 2%, 1.5%, 1%, 0.5%, or a
percentage in a range defined by any two of the preceding values, of lymphocytes (especially
between I and 5%) in 2 tumor sample from the subject expresses PD-1 protein {or mRNA). In
some embodiments, low PD-1 denotes less than 10% of lymphocytes are positive for PD-1
protein or mRNA expression. “High” and “elevated” are used interchangeably herein with
reference to expression level of a biomarker, such as PD-L1 or PD-1. “Low” and “reduced”
are used interchangeably herein with reference to expression level of a biomarker, such as PD-
L1 or PD-1

(0176} in some embodiments, a level of PD-1 and/or PD-L1 is analyzed as a
continuous metric so that a continucus {(or incremental} risk assessment is further provided to
the subject.

(0171} In some embodiments, a predictive value of a marker 15 continuous and
therefore a more extrerne result in terms of the level of PD-1 and/or PD-L1 correlates with a
larger benefit (or lack thereof) of a corresponding therapy. The corresponding therapy can be
the use of standard radiotherapy or an alternative to standard radiotherapy (e.g, ntensified
therapy, de-escalated radiotherapy).

[0172] Provided herein 1s a method of diagnosis. The method includes obtaining a
fissue sample of a tumor from 3 breast cancer patient, determuining the expression level (e.g.,
mRNA or protein expression level) of PD-L1 in the sample, and determuming that the
expression level 1s above a threshold expression level. The elevated expression level of PD-
LT indicates that the patient belongs to a group that would benefit from intensified breast
cancer treatment {e.g., intensified radiotherapy treatment). In some embodiments, the method
ncludes determimng the expression level {e.g., mRNA or protem expression level) of PD-1T
the sample, determuning that the expression level 15 below a threshold expression level. In
some embodiments, the elevated expression level of PD-L1 and reduced expression level of
PD-1 indicates that the patient belongs to a group that would benefit from intensified breast
cancer treatment {e.g., intensified radiotherapy treatment). In some embodiments, the method
includes providing the intensified breast cancer treatment {g.g., imtensified radictherapy

treatment) to the patient, to thereby reduce the likelihood of recurrence {e.g., local recurrence).
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(6173} Also provided is a method of treating a subject. The method includes:
identifying an incremental risk to a subject of a local or regional recurrence based on a level
of PD-1 and/or PD-L1 in a sample of an invasive breast cancer in the subject; and admunistering
an mntensified breast cancer therapy to the subject based upon the incremental risk. The higher
incremental risk may increase: a) a hikelihood of an aggressive breast cancer therapy that is at
least more than what would be recommended by a guideline, such as, for example, NCUN,
ASTRO, ESMO, EXTRO, Chinical Practice Recommendations Australia, or NICE guideline;
) the aggressiveness of the aggressive breast cancer; or ¢} both a) and b}, As used herein,
“incremental risk” has the customary and ordinary meaning as understood by one of ordinary
skill in the art in view of the present disclosure. An incremental risk denotes a change in the
level of risk to a subject having the indicated marker expression from the level of nisk of
without the indicated marker expression.

(0174} Also provided 1s a method for treating a subject diagnosed with invasive
breast cancer or breast cancer in situ to prevent local or regional recurrence, where the method
can mclude: providing a cancer tissue sample from a subject who has invasive breast cancer;
analyzing the cancer tissue sample for a tevel of PD-1; analyzing the cancer tissue sarople for
a level of PD-L1; treating the subject with an imntensified treatment {e.g., compared to standard
of care) if the cancer tissue sample has a low level of PD-1 and a high level of PD-LI (e.g, if
the cancer tissue sample 18 also grade VII); and treating the subject with an aliernative 1o the
mtensified  treatment per cuwrrent NCCN/ASTROBESMO/ESTRO/Clinical  Practice
Recommendations Austrabia/NICE guidelines, if the cancer tissue sample has a high level of
PD-1 and a low level of PD-L1 (e.g., if the cancer tissue sample 1s also grade 1), In some
embodiments, the method takes 1nto account the histological grade of the breast cancer.

[8175] In some embodiments, the method takes mto account a histological grade
of the cancer tissue sample. In some embodiments, the method includes determining a
histological grade of the cancer tissue sample. In some embodiments, whether the subject 1s
treated with the intensified treatment of the alternative to the intensified treatment further takes
into account the histological grade of the cancer tissue sample.

[0176] In any method of the present disclosure, in some embodiments, the
alternative to the intensified treatment 1s recommended upon determining that the cancer tissue

sample has a high level of PD-1 and a low level of PD-L1, and that the cancer tissue sample
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histological grade 1 and/or high proliferation. In any method of the present disclosure, in
some embodiments, the subject receives the alternative to the intensified ireatment upon
determining that PD-1 s high and PDB-L1 is low or that both are high, and that the cancer tissue
sample has a histological grade HI and/or high proliferation and/or is genomically unstable. In
some embodiments, both PD-1 and PD-L1 are high. In some embodiments, both P11 and
PD-L1 are high, and the cancer tissue sample has a histological grade I and/or high
proliferation and/or 1s genomically unstable.

(0177} In any method of the present disclosure, in some embodiments, the
alternative to the intensified treatment, or the therapy that is not an intensified treatment, is
admunistered upon determuning that at least one of PD-1 and PD-L1 is high, and that the cancer
tissue sample has a histological grade HI and/or high proliferation and/or 1s genomically
unstable. In any method of the present disclosure, in some embodiments, the alternative to the
mntensified treatment, or the therapy that is not an intensified treatment, 1s administered upon
determining that PD-1 15 high and PD-L1 15 low, and that the cancer tissue sample has a
histological grade T and/or high proliferation and/or 15 genomically unstable. In some
embodunents, the alternative to the intensified treatment, or the therapy that i1s not an
mtensified treatment, 15 administered upon determining that both PD-1 and PD-L1 are high,
and that the cancer tissue sarople has a hustological grade T and/or ligh proliferation and/or
15 genomically unstable. In some embodiments, the aliernative to the intensified treatment, or
the therapy that 15 not an intensified treatment includes de-intensified treatment.

[6178] In any mwethod of the present disclosure, 1 some embodiments, the
mtensified treatment 15 recommended upon determining that the cancer tissue sample has a
low level of PB-1 and a high level of PD-L1, and that the cancer tissue sample histological
grade  or II and/or fow proliferation. In any method of the present disclosure, 1 some
embodiments, the subject recetves the intensified ireatment upon determuning that PB-1 15 low
and PD-L1 1s high, and that the cancer tissue sample has 3 lustological grade I or I and/or fow
profiferation. In some embodiments, the subject receives the intensified treatment upon
determining that both PD-1 and PD-L1 are high, and that the cancer tissue sample has a
hustological grade 1 or I and/or low proliferation.

(8179} In any method of the present disclosure, in some embodiments, the

intensified breast cancer therapy or the intensified treatment is adminstered upon determining
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that at least one of PD-1 and PD-L1 is hugh (optionally, and preferably, both are high), and that
the cancer tissue sample has a histological grade I or H and/or low proliferation. In any method
of the present disclosure, in some embodiments, the mtensified breast cancer therapy or the
intensified treatment 1s administered upon determining that PD-1 is low and PD-L1 is high,
and that the cancer tissue sample has a histological grade I or I and/or low proliferation. In
some embodiments, the mtensified breast cancer therapy or the intensified treatment s
administered upon determining that both PD-1 and PD-L1 are high, and that the cancer tissue
sample has a histological grade T or I and/or low proliferation.

(6180} A method for treating a subject diagnosed with invasive breast cancer or
breast cancer in situ to prevent local or regional recurrence is provided. The method can
mclude providing a cancer tissue sample from a subject who has invasive breast cancer;
analyzing the cancer tissue sample for a level of PD-L1; treating the subject with an intensified
treatment if the cancer tissue sample has a high level of PD-L1 (e g, a high level of PD-L1
mRNA or protein expression); and treating the subject with an alternative to the intensified
treatment per a current guideline, such as, for example, NCCN, ASTRO, ESMQ, ESTRO,
Clinical Practice Recommendations Australia, or NICE guideline, if the cancer tissue sample
has a low level of PI3-L1. In some embodiments, the method includes further analyzing the
cancer tissue saraple for a level of PD-1 and treating the subject with an intensified treatment
if the cancer tissue sample has a low level of PD-1 and a high level of PD-L1. In some
embodiments, the subject 15 treated with an alternative to the intensified treatment per current
NCCN/ASTRO/ESMO/ESTRO/Chnical  Practice Recommendations  Australia/NICE
guidelines, if the cancer tissue sample has a high level of PD-1 and a low level of PB-L1. In
some embodiments, the method includes determining a histological grade of the cancer tissue
sarople. In some embodiments, whether the subject 1s treated with the mtensified treatment of
the alternative to the intensified treatment further takes 1nto account the histological grade of
the cancer tissue sample.

[0181] in some embodiments, selecting the treatment option further takes into
account the histological grade of the cancer tissue sample. In some embodiments, the method
includes determining a histological grade of the cancer tissue sample. In some embodiments,
the subject has a favorable prognosis for the invasive breast cancer. In some embodiments,

the favorable prognosis 15 a tumor grade [ (e g., tumor grade 1 confers a favorable prognosis
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when the cancer {issue sample has the recited marker expression or combination). In some
embodiments, the method includes not treating the subject with a radiotherapy treatment if the
cancer tissue sample has a high level of PD-L1, and treating the subject with an alternative to
radiotherapy per at least one of NCCUN, ASTRO, ESMO, ESTRO, Chinical Practice
Recommendations Australia, or NICE guideline. In some embodiments, the method includes
not treating the subject with the radiotherapy treatment if the cancer tissue sample has a low
level of PD-1. In some embodiments, the subject is not treated with the radiotherapy treatment
it the cancer tissue sample has a low level of PD-1 and if the cancer tissue sample has a
histological grade 1 or 1L

[0182] In some embodiments, selecting the treatment option further takes into
account the amount of tumor infiltrating lymphocytes (TiLs} in the cancer tissue sample. In
some embodiments, the subject 15 not treated with the radiotherapy treatment if the cancer
tissue sample has a low level of PD-1 and if the cancer tissue sample has a hustological grade
I or I, and further if the cancer tissue sample has one or more of low TILs, low PD-1, low
CD8nfiltration (e.g., low levels of CD&+ T cells), and low FOXP3 jnfiltration {e.g, low levels
of FOXP3+ Treg cells). In some embodiments, the subject is not treated with the radiotherapy
treatment if the cancer tissue sample has a high level of PD-L1, and if the cancer tissue sample
has a histological grade T, and ove or more of tugh TILs, high PD-1, high CDS§ infiliration,
and high FOXP3 infiliration.

[0183] In some embodiments, 8 method of diagnosis of the present disclosure
further takes mto account a histological grade of the tissue sample. In some embodiments, a
method of diagnosis inclades obtaimng a tissue sample of a tumor from a breast cancer patient;
determining a level of one or more markers 1n the sample, wherein the one or more markers
comprise one or both of PB-1 and PD-L1; determining a histological grade and/or level of
tumor proliferation in the sample; and administering one of standard radiotherapy, intensified
breast cancer therapy, and de-escalated radiotherapy to the patient based on the determined
level of the one or more markers and the determined histological grade and/or level of tumor
proliferation. In some embodiments, the intensified breast cancer therapy is administered
based on: {1} a determination that (a) the level of one or both of PD-1 and PD-L1 is high, and
(b} the histological grade 1s T or W and/or tumor proliferation 1s low; or (11} a determination that

(3} the level of one or both of PD-1 and PD-L1 is low, and (b} the histological grade is Il
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and/or tumor proliferation is high. In some embodimenits, if (11}, the intensified breast cancer
therapy comprises intensified systemic therapy and/or intensified radiotherapy. In some
embodiments, the method includes administering de-escalated radiotherapy based on a
determnation that (a) the level of one or both of PD-1 and PD-L1 15 high, and (b} the
histological grade is 1 and/or tumor prohiferation is high. 1n some embodiments, the method
includes administering the standard radiotherapy based on a determination that (a) the level of
the one or both of PD-1 and PD-L1 15 low {optionally, both are fow), and (b} the histological
grade is T or It and/or tumor proliferation s low.

0184} in some embodiments, selecting the treatment option further takes into
account one or more of the level of TILs in the cancer tissue sample, the level of CD8+ T cells
in the cancer tissue sample, and the level of FOXP3+ Treg cells in the cancer tissue sample.
In some embodiments, the method further includes determining one or more of the level of
TiLs in the cancer tissue sample, the level of CD&+ T cells in the cancer tissue sample, and the
level of FOXP3+ Treg cells in the cancer tissue sample. In some emmbodiments, the subject 1s
not treated with the radiotherapy treatment if the cancer tissue sample has a high level of PD-
L1, and if the cancer tissue sample has a hustological grade 111, and one or more of high TiLs,
high PD-1, high CD8 nfiltration {e.g., high levels of CDR + T cells), and high FOXP3
wfiltration (e.g., high levels of FOXP3+ Treg cells).

[0185] In some embodiments, the standard radiotherapy 15 administered if PD-1L1
18 low and TiLs 15 low, and if the breast cancer has a histological grade T or 1T and/or low
proliferation.  In some embodiments, the less than the standard breast cancer therapy 13
adminstered 1f PD-L1 is low and TiLs 18 low, and if the breast cancer has a histological grade
T or IT and/or low proliferation. In some embodiment, the breast cancer has low proliferation
when the sample has low Ki67. In some embodiments, the method further takes into account
a ER status of the subject. In some embodiments, the subject 1s ER+ and 15 administered
endocrine therapy.

[0186] in some embodiments, the less than the standard breast cancer therapy s
administered if PD-L1 is low and Tils 15 low, and if the breast cancer has a histological grade
1, and if the breast cancer has one or more other favorable variables (e g., additional variables
as disclosed herein that render the recited marker combination favorable}) In some

embodiments, the one or more other favorable variables comprises one or more of smalf tumor
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size; ER positive and treated with endocring therapy; and age greater than a threshold age. In
some embodiments, the small tumor size comprises a tumor size < 10 mm, and the threshold
age 18 65. In some embodiments, radiotherapy 1s omutted if the subject has high levels of CD&+
T cells and low levels of FOXP3+ regulatory T cells in combination with low PD-L1
expression, and if the histological grade of the breast cancer 1s grade I or 1, and/or the breast
cancer has stow proliferation.

[0187] In some embodiments, the intensified breast cancer therapy is administered
it PD-L1 1s high and TILs 1s low, and f the breast cancer has a histological grade f or f and/or
low proliferation. In some embodiments, the intensified breast cancer therapy 15 administered
i PD-L1 1s highand TiLs 15 high, and if the breast cancer has a histological grade L or I and/or
low proliferation.

[0188] In some embodiments, the subject i1s treated with de-escalated or de-
mtensified radiotherapy. In some embodiments, the subject is treated with demntensified
radiotherapy if the cancer tissue sample has a low level of PD-L1, and if the cancer tissue
sample has a histological grade T or Il In some embodiments, the subject 15 treated with
demntensified radiotherapy f the cancer tissue sample has a low level of PD-L1, and «f the
cancer tissue saraple has a histological grade T or 1, and further 1t the cancer tissue sample has
one or more of low TILs, low PD-1, low CD8 infiltration, and low FOXP3 infiltration. In
some embodiments, the subject 15 treated with deintensified radiotherapy if the cancer tissue
sample has a low level of PB-1.1, and if the cancer tissue sample has a histological grade T or
1, and further if ER 15 positive. In some embodiments, the method mmcludes determining
expression of ER in the sample.

[6189] In any embodiments of the present disclosure, 1n some embodiments, the
method includes an assessment of TiLs in the sample. In some embodiments, the method
mncludes analyzing a level of CD8+ T cells and/or 3 level of FOXP3+ T regulatory cells in the
tumor, ¢.g., among the TILs in the tumor. In some embodiments, a balance of CD8+ T cells
and FOX3+ T regulatory celis is determined from the sample. The CD&+ T cells and FOX3+
T regulatory cells can be detected in the sample using any suitable option, including options
disclosed herein. In some embodiments, the cells are measured by THC as the amount of the
respective cell type infiltrating the tumor biopsy, and wherein the cells can be classified as

either stromal or mtratumoral. In some embodiments, one counts a number of cells staining
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positively for (D8 and FOXP3, respectively, within a certain area of the tumor or stromal
compartment. In some embodiments, one estimates a stromal area or an intratumoral area
occupied by the respective cell type (e.g., CD&+ T cells and FOX3+ T regulatory cells). In

g., between high and low} 1s 5% and 2.5% of the siromal

&

some embodiments, a threshold (e
area for CDB+ T cells and FOXP3+ T regulatory cells, respectively. In some embodiments, a
high CD8.FOXP3 balance means that the quantity of CD8+ T cells 1s higher than that of
FOXP3+ T regulatory celis. In some embodiments, the quantity of CD8+ T cells 1s about 1.2
times as high, about 1.5 times as high, twice as high, about 2.5 times as high, about 3 times as

high or about 4 times as high, or more as that of FOXP3+ T regulatory cells. In some

10%, 20%, 30%, 40%, or 50%, b) a number of cells in mm® of> 1} intratumoral: 10, 20, 30, 40,
S0, 60, or 70, or 11} stromal: 10, 20, 30, 40, 50, 60, or 70. In some embodiments, the FOXP3+
T regulatory cells are at least one of: a) a stromal area of any one oft 196, 2.5%, 5%, 10%, 20%,
30%, 40%, of 50%, b} a number of cells in mm? of 1) intratumonral: 2, 5, 10, 20, 30, 40, 50, 60,
or 70, or 1} stromal: 5, 10, 20, 30, 40, 53¢, 60, or 70.

[019¢] In some embodiments, a high level of CD8&+ T cells and low levels of
FOXP3+ T regulatory cells denotes a very good prognosis.  In some embodiments, if the
subject also expresses low levels of PD-L1 (e.g., <1% of lymphocytes with positive staining)
then the subject 1s predicted to receive no benefit from radiotherapy, and the subject 1s treated
with de-escalated radiotherapy or radiotherapy 1s omitted.

(6191} In some embodiments, the subject 13 treated with de-escalated radiotherapy,
or radiotherapy 18 omutted, if the cancer tissue sample has a histological grade 1, high level of
CDB+ T cells (e.g., >=10% of lymphocytes with positive staining) and low levels of FOXP3+
Tregulatory cells {e.g., <58% of lvmphoeytes with posttive staiming } and if the patient expresses
high or low level of PD-L1 {e.g, <1% of lymphocytes with positive staming}.  In some
embodiments, the subject 1s treated with de-escalated radiotherapy or radiotherapy 18 omitted
it the cancer tissue sample has a histological grade IH, high level of CD8+ T cells {e.g., >=10%
of lymphocytes with positive staining) and fow levels of FOXP3+ T regulatory cells (e.g., <5%
of lymphocytes with positive stamning} and if the patient expresses high level of PD-L1 (e g,
<1% of lymphocytes with positive staining}. In some embodiments, the subject 1s treated with

de-escalated radiotherapy or radigtherapy is omitted if the cancer tissue sample has a
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histological grade HI, high level of CE8+ T cells {e.g., >=10% of lymphocytes with positive
statning} and low levels of FOXP3+ T regulatory cells {e.g., <5% of lymphocytes with positive
starning} and if the patient expresses high level of PE-L1 and PD-1 {e.g., <1% of lymphocytes
with positive staining respectively}. In some embodiments, the subject is treated with de-
escalated radiotherapy if the cancer tissue sample has a high level of PD-L1, and if the cancer
tissue sample has a histological grade 1L, and one or more of high TILs, high PD-1, high CDE&
infiltration {(e.g., high levels of CD8+ T cells), and high FOXP3 mfiltration (e.g., high levels
of FOXP3+ Treg cells).

(0192} in some embodiments, the subject is treated with intensitied radiotherapy f
the cancer tissue sample has a high level of PD-L1, and if the cancer tissue sample has a
histological grade 1 or I In some embodiments, the subject is treated with intensified
radiotherapy if the cancer tissue sample has a high level of PD-L1, has a histological grade §
or I1, and further if ER 15 positive. In some embodiments, the subject 1s treated with intensified
radiotherapy if the cancer tissue sample has a high level of PD-L1, if the cancer tissue sample
has a histological grade T or I, and further if the cancer tissue sample has one or more of high
Tils, high PD-~1, hagh CD8 nfiltration {e.g., high levels of CD8+ T cells), and high FOXP3
wfiltration (e.g., high levels of FOXP3+ Treg cells).

[0193] In some emboduments, the subject 18 treated with intensified therapy if the
cancer tissue sample has a low level of PD-L1 and if the cancer tissue sample bas a histological
grade 1. In some embodiments, the subject 15 treated with mtensified therapy 1f the cancer
tissue sample has a low level of PD-L1, and if the cancer tissue sample has a histological grade
i1, and further if ER 15 negative. In some embodiments, the subject 1s treated with mtensified
therapy if the cancer tissue sample has a low level of PD-L1, and of the cancer tissue sample
has a lstological grade HI, and further if the cancer tissue sample has one or more of. fow
TiLs, low PD-1, low CD8 mfiltration (e.g, low levels of CD8+ T cells), and low FOXP3
wiiltration {e.g., low levels of FOXP3+ Treg cells).

[0194] Also provided s a method of treating a subject that inclodes identitying a
subject with invasive breast cancer that has a high level of PD-L1 {e.g., a high level of PD-L1
mRNA or protein expression); and administering an intensified treatment {e.g., relative to

standard of care} to the invasive breast cancer. In some embodiments, the method includes
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further 1dentifying the subject as having a low level of PI¥-1 {e.g., a low level of PE-1 protein
expression).

(0195} Also provided is a method of identifying a subject who will be responsive
to radiation therapy. As used herein, “responsive” or “respond” denotes that the subject obtains
a benefit {e.g., climcally relevant benefit) from receiving the treatment. The method includes
identifying a subject with invasive breast cancer; and determining if a cancer tissue sample
from the subject has a low level of PI3-L1 {e.g., a low level of PE-L1 mRNA or protein
expression). If the cancer tissue sample from the subject has a low level of PD-L1,
adnunistering a therapy to the sulyect, where the therapy is not an intensified treatment.

[0196] Also provided herein is a method for recommending a treatment to a subject.
The method includes: analyzing a cancer tissue sample for a level of PD-L1 from a subject;
recommending that one treat the subject with an intensified treatment if the cancer tissue
sample has a high level of PD-L1 (e g, a high level of PD-L1 mRNA or protein expression};
and recommending that one treat the subject with an alternative to the intensified treatment if
the cancer tissue sample has a low level of PD-L1 (e g, a low level of PD-L1 mRNA or protein
expression), wherein the alternative s in line with a current guideline, such as, for example,
NCCN, ASTRO, ESMO, ESTRO, Chinmcal Practice Recommendations Australia, or NICE
guideline. In some embodiments, the method includes treating the subject according to the
standard recommended treatment from the NCCN/ASTRO/ESMO/ESTRO/Clinncal Practice
Recommendations Austraha/NICE guidelines when the subject has high PD-1. In some
embodiments, a high level of PD-1 results in the subject receiving a therapy selected from at
least one of the following: omission of boost dose when otherwise indicated, less intense
radiotherapy treatment than what is recommended m a guideline, for example, NCCN,
ASTRG, ESMO, ESTRO, Chnical Practice Recommendations Australia, or the NICE
guideline, de-escalate systemic treatment or standard treatment according to the guidehne, for
example, NCCN, ASTRQO, ESMQ, ESTRO, Clinical Practice Recommendations Australia, or
the NICE guideline. In some embodiments, a high level of PD-1 and a low level of PD-L1
results in the subject recetving a therapy selected from at least one of the following: omission
of boost dose when otherwise indicated, less intense radiotherapy treatment than what is

recommended  in NCON/ESMO/Clinical  Practice Recommendations  Ausiralia/NICE
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guidelines, de-escalate systenuc treatment or standard treatment according to
NCCN/ESMO/Clinical Practice Recommendations Australia/NICE guidelings.

(6197} in some embodiments, the method further takes into account a histological
grade and/or proliferation level of the breast cancer. In some embodiments, {a} a high level of
PD-1 and a fow level of PD-L1, (b} a breast cancer having a histological grade I and/or high
proliferation, results in the subject recetving a therapy selected from at least one of the
following: 1} omission of boost dose when otherwise indicated, 11} less intense radiotherapy
treatment than what i1s recommended in NCCN/ESMO/Chinical Practice Recommendations
Australia/NICE guidelines, and 111} de-escalate systemic treatment or standard treatment
according to NCCN/ESMO/Chinical Practice Recommendations Australia/NICE guidelines. In
some embodiments, the method further takes into account the ER status of the breast cancer,
and/or one or more additional chinical factors. In some embodiments, further to {a} and (b),
one or more of. {¢) the breast cancer being estrogen receptor {(ER} negative, {(d) presence of
additional favorable clinical variables, and {e} lack of lymphovascular mvasion, resulis in the
subject receiving the therapy selected from at least one of 1}, i} and 1), In some embodiments,
the additional favorable clinical variables comprises one or more of’ small tumor size, and hugh
level of PI3-L1, CD8 cells, FOXP3 cells and/or TiLs {as disclosed herein).

[0198] A method for preventing an invasive breast cancer recurrence m a subject
15 provided. The method includes: providing a cancer tissue sample from a subject who has
mvastve breast cancer; analyzing the cancer tissue sample for a level of PD-L1; admimstering
an intensified treatment if the cancer tissue sample has a high level of PB-L1 {e.g., a high level
of PD-L1 mRNA or protein expression}; and admimistering an alternative to the mtensified
treatment if the cancer tissue sample has a low level of PD-L1T.

[6199] Also provided 13 a method for preventing a local or regional breast cancer
recurrence in a subject diagnosed with early stage breast cancer. The method mcludes:
receiving an itensified treatment if 2 cancer has a high level of PD-L1 (e.g., a high level of
PD-LT mRNA or protein expression); of recetving an alternative to the intensified treatment if
a cancer has a low level of PD-L1.

[0260] A method of modifying a treatment for a subject 1s provided. The method
includes: 1dentifying a subject with invasive breast cancer that has a high level of PD-L1 (e g,

a high level of PD-L1 mRNA or protein expression); and administering a breast cancer therapy
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to the subject, wherein the breast cancer therapy is more aggressive than a traditional breast
cancer therapy, wherein the traditional breast cancer therapy is one recommended for the
subject, based on the subject’s risk factors excluding PD-L1 levels.

[0261] in any method of the present disclosure, in some embodiments, if the subyect
has a reduced benefit from radiotherapy as determined by an analysis of PD-L1, then
administering an intensified radiotherapy to the subject to compensate for a reduced
radiotherapy benefit. In some embodiments, the method includes determining that the subject
has a reduced benefit from radiotherapy as determined by an analysis of PD-L1 and
adnunistering an intensified radiotherapy to the subject to compensate for a reduced
radiotherapy benefit.

162624 in some embodiments, if the method indicates that a subject will not respond
to standard radiotherapy, then one admuinisters at least one of’ a} administering a more intense
level of therapy than that outlined in the NCON/ESMO/Clinical Practice Recommendations
Australia/NICE guidelines, b} the same NCCN/ESMO/Clinical Practice Recommendations
Australia/NICE guidelines modalities given concurrently, eg RT + chemotherapy, RT+
targeted therapies, ¢) a radiation boost with ligher dose levels or with broader indications than
n current NCON/ESMO/Clinical Practice Recommendations Australia/NICE guidelines d) a
roastectomy, or e} concurrent radiochemotherapy.

62031 In some embodument, standard radiotherapy s admirustered it the subject
hags a low level of tumor-mfiltrating tymphocytes {(TiLs}. In some embodiments, a method of
the present disclosure includes wdentifving a subject with nvasive breast cancer that has a high
level of TiLg; deternuning a prognostic value of the subject; and administering an mtensified
ireatment to the mvasive breast cancer if the prognostic value 15 not favorable. In some
embodiments, determining the prognostic value comprises analyzing one or more additional
variables (e.g., additional prognostic or clinical vanables} of the subject, where the analysis of
the additional vanables indicate whether the high level of TiLs confers a favorable prognosis
or an unfavorable prognosis {e.g., if the sulject s treated with a standard of care treatment).
In some embodiments, the one or more additional variables includes marker expression, level
of CD8+ infiltrating lymphocytes, level of FOXP3+ infiltrating lymphocytes, ratio of CD8+:
FOXP3+ infiltrating lymphocytes, tuomor size, histological grade, genomuc instability,

prolfiferation rate of the tumor, estrogen receptor expression, progesterone receptor expression,
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biological subtype, age of the subject, treatment with endocrine therapy, level of
lymphovascular invasion, lymph node status, radicality of surgery, HERZ status, genonc risk
score {risk of recurrence score (Prosigna, PAMS0), Oncotype, MammaPrint}. In some
embodiments, the prognostic value can be determined based on one or more of Tables 1.1, A-
D, 2A-2C, 3A-3C and SA-3C.

[0204] Also provided s a method of treating a subject that inclodes identitying a
subject with invasive breast cancer that has a high level of PD-L1,; determining a prognostic
value of the subject; administering an intensified treatment to the invasive breast cancer if the
progunosiic value 15 not favorable. In some embodiments, determining the prognostic value
comprises analyzing one or more additional variables (e.g., additional prognostic or clinical
variables) of the subject, where the analysis of the additional vanables indicate whether the
hugh level of PD-L1 confers a favorable prognosis or an unfavorable prognosis {e.g., if the
subject 1s treated with a standard of care treatment). In some embodiments, the one or more
additional variables includes marker expression, level or distribution of tumor infiltrating
lymphocytes, level of CD8+ wnfiltrating lymphocvies, level of FOXP3+ wnfiltrating
lymphocyies, ratio of CD®+ FOXP3+ mfiltrating lyraphocytes, tumor size, histological grade,
genomic instability, proliferation rate of the tumor, estrogen receptor expression, progesterone
receptor expression, biological subtype, age of the subject, treatment with endocrine therapy,
level of lymphovascular mvasion, lymph node status, radicality of surgery, HER2 status,
genomic risk score (risk of recurrence score {Prosigna, PAMS0), Oncotype, MammaPrint). In
some embodiments, the prognostic value can be determined based on one or more of Tables
1.1, A-D, 2A-2C, 3A-3C, and 5A-5C.

[6205] Also provided 1s 3 method of treating a subject that mcludes identifying a
subject with mvasive breast cancer that has a low level of PD-1; determining a prognostic value
of the subject; administering an mtensified treatment to the invasive breast cancer if the
prognostic value 13 not favorable. In some embodiments, this 1s especially applicable for grade
I tomors or highly proliferating tumors or genomically unstable tumors. In some
embodiments, determining the prognostic value comprises analyzing one or more additional
variables (e.g., additional prognostic or clinical variables} of the subject, where the analysis of
the additional variables indicate whether the low level of PD-1 confers a favorable prognosis

or an unfavorable prognosis {e.g., if the sulject s treated with a standard of care treatment).
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In some embodiments, the one or more additional variables includes marker expression, level
or distribution of tumor infiltrating lymphocytes, level of CD&+ mfilirating lymphocytes, level
of FOXP3+ infiltrating lymphocytes, ratio of CD8+ FOXP3+ mfiltrating lymphocytes, tumor
size, histological grade, genomic mstability, proliferation rate of the tumor, estrogen receptor
exXpression, progesterone receptor expression, biological subtype, age of the subject, treatment
with endocrine therapy, level of lymphovascular invasion, lymph node status, radicality of
surgery, HERZ status, genomuc risk score {risk of recurrence score {Prosigna, PAMS0),
Oncotype, MammaPrint}). In some embodiments, the method takes into account a histological
grade of the tumor. 1n some embodiments, the method includes determining that the tumor 13
grade III. Insome embodiments, the prognostic value can be determined based on one or more
of Tables 1.1, A-D, 2A-2C, 3A-3C, and SA-5C.

[0286] A method of treating a subject is provided. The method includes identifying
a subject with invasive breast cancer that has high levels of CDE+ T cells; determining a
prognostic value of the subject; admuinistering an intensified treatment to the invasive breast
cancer it the prognostic value 13 not favorable. In some embodiments, this 13 especially
applicable for low grade/slowly proliferating tumors. In some embodiments, the method of
treating subject takes into account one or more additional vanables (e.g , additional prognostic
or chinical variables) to determine whether the prognostic value s not favorable To some
embodiments, the one or more additional variables ncludes marker expression, level or
distribution of tumor mfiltrating lymphocytes, level of FOXP3+ infiltrating ymphocytes, ratio
of T3+ FOXP3+ nfiltrating lymphocyies, tumor size, histological grade, genomic
metability, probiferation rate of the tumor, estrogen receptor expression, progesterons receptor
expression, biological subtype, age of the subject, treatment with endocrine therapy, level of
lymphovascular mvasion, lymph node status, radicality of surgery, HERZ status, genonue risk
score {risk of recurrence score (Prosigna, PAMS(), Ouncotype, MammaPrint). In some
embodiments, the method takes nto account a histological grade and/or proliferation level of
the breast cancer. In some embodiments, the method includes identifying the subject with
invasive breast cancer that has high levels of CI8+ T cells if grade I or grade 11, and/or has
low Ki67 expression. In some embodiments, an analysis of the one or more additional
variables indicates whether the prognostic value of the high levels of UD8+ T cells and

hustological grade I or grade H and/or low Ki67 expression is not favorable. In some
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embodiments, the prognostic value can be determuined based on one or more of Tables 1.1, A-
D, 2A-2C, 3A-3C, and SA-5C.

(6287} A method of treating a subject 1s provided. The method includes identifying
a subject with invasive breast cancer that has high levels of FOXP3+ regulatory T cells;
determining a prognostic value of the subject; admnistering an intensified ireatment to the
invasive breast cancer if the prognostic value s not favorable. In some embodiments, this s
especially applicable for low grade/slowly proliferating tumors. In some embodiments, the
method of treating subject takes into account one or more additional variables {e g., additional
prognostic or clinical variables) to determine whether the prognostic value 15 not favorable. In
some embodiments, the one or more additional variables includes marker expression, level or
distribution of tumor infiltrating lymphocytes, level of CD8+ infiltrating lymphocytes, ratio of
CD8-+ FOXP3+ mnfiltrating lymphocytes, tumor size, histological grade, genomic instability,
proliferation rate of the tumor, estrogen recepior expression, progesterone receptor expression,
biological subtype, age of the subject, treatment with endocrine therapy, level of
lymphovascular mvasion, lyroph node status, radicality of surgery, HER2 status, genomic risk
score {risk of recurrence score (Prosigna, PAMSO), Oncotype, MammaPrnt). In some
embodiments, the method takes into account a histological grade and/or proliferation level of
the breast cancer. In some embodiments, the method mcludes 1dentifying the subject with
mvasive breast cancer that has high levels of FOXP3+ regulatory T cells if grade T or grade I,
and/or has low Ki67 expression. In some embodiments, an analysis of the one or more
additional variables indicates whether the prognostic value of the high levels of FOXP3+
regulatory T cells and histoHogical grade T or grade 1, and/or low Ki67 expression 1s not
favorable. In some embodiments, the prognostic value can be determined based on one or
more of Tables 1.1, A-D, ZA-2C, 3A-3C, and SA-53C.

[6268] Also provided 1s a method of treating a subject for local recurrence. The
method includes: administering an intensified breast cancer therapy 10 a subject based upon a
PD-L1 and TIL status, wherein a higher incremental risk will increase: a} a hkelihood of an
aggressive breast cancer therapy that is at least more than what would be recommended by the
NCCN, ASTRO, ESTRO, ESMO, and/or NICE; b) the aggressiveness of the aggressive breast
cancer, or ¢} both a} and b), wherein a less than standard breast cancer therapy is adminstered

it 1y PD-L1 1s lowand TiLs 1s high, or 1) PD-L.1 is high and TiLs 15 high if additional favorable
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prognosiic variables are present {e g., if one or more additional variables indicating that high
PD-L1 and/or high TILs confer a favorable prognosts as provided herein are present), wherein
a standard radiotherapy is admimstered if! 111} PD-L1 15 high and TiLs 1s low, 1v} PD-L1 15 low
and TiLs is low, or v} PE-L1 1s high and Tils is high if neither favorable nor unfavorable
prognostic variables are present {eg., #f it cannot be determined based on one or more
additional variables that PD-L1 (eg, high PD-L1} and/or TiLs {e g, high TILs} confer a
favorable or unfavorable prognosis as provided herein), wherein the intensified breast cancer
therapy s administered if: vi) PD-L1 is high and TiLs is high if additional unfavorable
prognostic variables are present {e.g, if one or more additional variables indicating that PD-
L1 {e.g, high PD-L1) and/or TiLs {e.g, high TiLs) confer an unfavorable prognosis as
provided herein are present). In some embodiments, standard radiotherapy 1s adnunistered
all other cases. In some embodiments, intensified breast cancer therapy is administered instead
of the standard radiotherapy if PD-L1 1s high and TiLs is low. In some embodiments, the
additional prognostic variable mcludes histological grade and/or K167 expression level. In
some embodiments, the additional favorable prognostic vanable 1s a histological grade TH, In
some embodiments, the additional unfavorable prognostic variable 1s a histological grade /1L

[0209] In some embodirnents, the method further includes taking into account PD-
1 status of the subject. In some embodiments, the method mcludes adninistering an intensified
breast cancer therapy 1o a subject based upon a PD-~1, PD-L1, and TIL status, wherein a higher
meremental risk will mcrease: a) a likelihood of an aggressive breast cancer therapy that is at
least more than what would be recommended by the NCUN, ASTRO, ESTRO, ESMO, and/or
NICE guidelines; b) the aggressiveness of the aggressive breast cancer; or ¢} both a) and b},
wherein a less-than-standard breast cancer therapy 1s administered if: 1} PD-1 1s lugh, PD-L1
1s high, TiLs 13 high, and the breast cancer has a histological grade I and/or has high
proliferation, 1) PD-1 15 fow, PD-L1 13 low TiLs 15 low, and the breast cancer has a histological
grade I or I and/or has low probiferation, or wi} PB-L1 18 hugh, TiLs 1s high, and the breast
cancer has a histological grade 1T and/or has high proliferation, and f one or more additional
variables indicating that high PD-L1 and/or high TH.s confer a favorable prognosis are present,
wherein a standard radiotherapy s administered if v} PD-L1 1s high, TiLs 15 low, and the
breast cancer has a histological grade IH and/or has high proliferation and/or 15 genomically

unstable, v} PD-1 s high, PD3-L1 15 low, and Tils 1s low, or vi) PI-1 1s low, PD-L1 15 high,
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and TiLs 13 high f 1t cannot be determined based on one or more additional variables that PD-
1, PB-L1 and/or TILs confer a favorable or unfavorable prognosis, wherein the intensified
breast cancer therapy 1s admunustered if! viiy PD-1 s low, PD-L1 15 low, TlLs 1s low, and the
breast cancer has a histological grade 11 and/or has high proliferation, vii} PB-1 is high, PD-
L1 1s hugh, TiLs 1s hugh, and the breast cancer has a histological grade I or I and/or has low
proliferation, or 1) PD-1 15 low, PD-L1 18 hugh, Tils 1s high, and the breast cancer has a
histological grade I or H and/or has low proliferation, and f one or more additional varables
indicating that PD-1, PD-L1 and/or TILs confer an unfavorable prognosis are present. In some
embodiments, TTLs is high when at least 10%, at least 20%, at least 30%, at least 40%, at least
50% of stroma s occupied by Tils. In some embodiments, intensified breast cancer therapy
15 adnunistered instead of the standard radiotherapy if PD-L1 is high, TiLs s low, and the
breast cancer has a histological grade HI and/or has high proliferation and/or 1s genomically
unstable.

[0210] In some embodiments, the method includes taking into account the EFR
status of the subject. In some ermnbodiments, the method includes detecting ER expression n
the sample. To some embodiments, the less-than-standard breast cancer therapy 1s admimstered
i 1y, 1) or wi), and f ER 15 negative.  In some embodiments, the less-than-standard breast
cancer therapy ts admunstered 1f 1), and if tumor size 15 small, age > 65 or optionally age >70,
and there 15 no lymphovascular imvasion. Tn some embodiments, the less-than-standard breast
cancer therapy includes de-escalated radiotherapy. In some embodiments, intensified breast
cancer therapy 1s admnistered if vit} and if ER 15 negative, or if vt} or 1) and f ER 15 positive.

(0211} Also provided 15 a method of treating a subject for a risk of recurrence of
breast cancer. The method mchudes admunistering an imtensified breast cancer therapy to a
subject based upon a PD-L1 and TIL status, wherein a higher incremental risk will increase:
a} a hikelihood of an aggressive breast cancer therapy that 13 at least more than what would be
recommended by the NCCN, ASTRO, ESTRO, ESM(, and/or NICE,; b) the aggressiveness
of the aggressive breast cancer; or ¢} both a} and b), wherein the mtensified breast cancer
therapy s admuinistered if: 1) PD-L1 is high and Tils is high if associated with unfavorable
prognostic variables {e.g., if one or more additional variables indicating that PD-L1 {e.g., high
PD-L1) and/or TiLs {e.g., high TiLs) confer an unfavorable prognosis are present}, wherein a

standard radiotherapy s administered ift 11) PD-L1 is high and TiLs s low; 1) PE-L1 i3 low
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and TiLs 15 low; or tv) PD-L1 15 high and TiLs is high if netther favorable nor unfaverable
prognostic variables are present {e.g., if it cannot be determined based on one or more
additional variables that PD-L1 (e.g., high PD-L1)} and/or TiLs (e.g, lugh Tils) confer a
favorable or unfavorable prognosis), wherein deintensified breast cancer therapy 1s provided
ift vy PD-L1 1s low and TILs is hugh; or vi} PD-L1 is high and TILs 1s high if associated with
favorable prognostic variables (e.g., if one or more additional variables indicating that high
PD-L1 and/or high Tils confer a favorable prognosis are present). In some embodiments,
standard radiotherapy 15 administered in all other cases. In some embodiments, intensified
breast cancer therapy is administered instead of the standard radiotherapy if PD-L1 is high and
TiLs 15 low. In some embodiments, the additional prognostic variable includes histological
grade and/or K167 expression level. In some embodiments, the additional favorable prognostic
variable is a histological grade 11 In some embodiments, the additional unfavorable
progunosiic variable is a histological grade Vil

[0212] In some embodiments, selecting the therapy option further takes into
account the genomice stability of the breast cancer. In some embodiments, the intensified breast
cancer therapy 1s administered 1f) 1) PD-L1 s high, TiLs 15 low, and the breast cancer has a
histological grade T and/or has high proliferation and/or 1s genonucally unstable, 1) PD-1 13
low, PI3-L1 1s low, TILs 15 low, and the breast cancer has a hustological grade T and/or has
high proliferation, ut) PD-1 15 hugh or low, PD-L1 15 tugh, TILs 15 high, and the breast cancer
hag a hustological grade I or I and/or has low proliferation, and if associated with unfavorable
prognostic varables, wherein a standard radiotherapy 1s admmnistered ift 1v) PD-1 15 hugh, PD-
L1 1s low, TiLs is fow, and the breast cancer has a histological grade [ or I and/or has low
proliferation, or v PD-1 18 low, PD-L1 1s high, TILs 1s high, the breast cancer has a histological
grade [ and/or has high proliferation and/or 15 genomically unstable, and if neither favorable
nor unfavorable prognostic variables are present, wherem deintensified treatment 1s provided
i vi) PD-1 15 high, PD-L1 15 low, TiLs 1s high, and if the breast cancer has a histological grade
{if and/or has high proliferation and/or 1s genomically unstable, vii) PB-L1 is high, TiLs 15
high, and if the breast cancer has a histological grade HI and/or has high proliferation and/or
is genomically unstable, and if associated with favorable prognostic variables, or viiry PD-1 15
low, PD-L1 1s low, Tils is low, and the breast cancer has a histological grade I or I and/or has

low proliferation and/or i1s genomically stable and if associated with favorable prognostic

-74-



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

variables. In some embodiments, selecting the treatment option takes info account ER
expresston fevel of the breast cancer. In some embodiments, the intensified breast cancer
therapy is administered if 1) and if ER 1s negative, or if u1} and if ER 15 positive. . In some
embodiments, the standard radiotherapy s adnunistered if 1v) and if ER is positive, or if v} and
if ER 1s negative. In some embodiments, the deintensified treatment 1s provided if vi} or vii}
and if ER s negative, or if viit) and f ER is positive.

(0213} In some embodiments, the favorable prognostic variables comprise one or
more of small size, age > 63, and lack of lymphovascular invasion.

(0214} In any method of the present disclosure, in some embodiments, the subject
is  treated according to  the standard recommended  treatment from  the
NCCN/ASTRO/ESMO/ESTRO/Clinical Practice  Recommendations  Australia/NICE
guidelines when the subject has high PD-1, and when the breast cancer has a histological grade
I and/or high proliferation. In some embodiments, the method further takes into account
estrogen receptor (ER) status of the subject. In some embodiments, the breast cancer is
estrogen receptor (ER) negative.

[0215] Also provided is a method of selecting whether or not to give a subject n
need of treating breast cancer {e.g., a subject i need of treatrent a standard radiotherapy or
an alternative therapy appropriate for one who will not benefit substantially from standard
radiotherapy.  The method can include: f the subject has low PD-L1 and low TiLs,
administering the standard radiotherapy; 1f the subject has high PB-L1 and high TiLs,
administering the standard radiotherapy; it the subject has low PD-L1 and high TiLs,
administering the alternative therapy,; and if the subject has ligh PB-L1 and low TiLs,
administering the standard radiotherapy.  In some embodiments, the alternative is more
aggressive or less aggressive than a current guideline, such as, for example, NCUCN, ASTRQ,
HESMO, ESTRO, Chinical Practice Recommendations Austraha, or NICE guideline. In some
embodiments, the alternative therapy 15 administered 1nstead of the standard radiotherapy if
the subject has high PD-L1 and fow TiLs.

[6216] In some embodiments, the method takes mto account a histological erade
of the breast cancer. In some embodimenis, if the subject has low PD-L1 and low TILs, and 1f
a histological grade of a tumor 1s grade { or i, administering the standard radiotherapy. In

some embodiments, if the sebject has high PD-L1 and hugh TiLs, and 1if a histological grade
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of a tumor 15 grade 1, administering the standard radiotherapy or the alternative therapy. In
some embodiments, if the subject has fow PD-L1 and ligh TiLs, and if a histological grade of
a tumor 15 grade [, the alternative therapy 1s de-escalated radiotherapy.

[0217] In some embodiments, the method further includes determining whether the
tumor 18 genomically stable or unstable. In some embodiments, if the subject has high PD-1
and low Tils and has & genomically unstable tumor, admimstering the alternative
radiotherapy; if the subject has high PD-L1 and low TiLs and has a genomically unstable
tumor, administering the standard radiotherapy; if the subject has low PD-1 and low TilLs and
has a genomically unstable tumor, administering the standard radiotherapy or the alternative
therapy {optionally intensification); if the subject has low PD-1 and low TILs and has a
genomically stable tumor, administering the alternative therapy (optionally omussion or de-
escalation of radiotherapy); if the subject has low PD-1 and high TlLs and is a genomucally
stable tumor, administering the mntensified therapy; if the subject has high PD-1 and high TiLs
and has a genomically unstable tumor, omitting the standard radiotherapy; and if the subject
has high PD-1 and high TILs and has a genomically stable tumor, adrinistering the alternative
radiotherapy (optionally intensified radiotherapy), wherem the PD-1 level 15 a PD-1 protem
expression level In some embodiments, the genomically unstable tumor includes histological
grade I and/or high proliferation of the tumor. In some embodiments, the genomically stable
tumor comprises histological grade T or I and/or low proliferation of the tumor. In some
embodiments, the alternative therapy 15 administered 1nstead of the standard radiotherapy if
the subject has ligh PD-L1 and low TiLs and has a genomically unstable tumor.

[0218§] In some embodiments, the alternative therapy mclodes intensified therapy
if: the subject has high PD-1 and low TILs; or the subject has tow PD-1 and low TILs and has
a genomically unstable tumor, or the subject has igh PD-1 and high Tils and has a
genomically stable tumor. In some embodiments, the alternative therapy comprises de-
escalated radiotherapy (e.g., omission of a boost dose} or omission of radiotherapy if the
subject has low PD-1 and low TiLs and has a genomicaily stable tumor.

(6219} in some embodiments, the method further takes into account a histological
grade and/or proliferation level of the tumor. In some embodiments, the method includes: if
the subject has low PD-L1 and low TiLs, and if a histological grade of a tumor 1s grade ¥ or 1],

admunistering the standard radiotherapy; if the subject has low PD-L1 and low TiLs, and if a
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histological grade of a tumor is grade I, administering the intensified therapy; if the subject
has high PD-L1 and high TiLs, and if a histological grade of a tumor is grade I or |
administering the intensified therapy; if the subject has high PI3-L1 and high TikLs, and if a
hustological grade of a tumor i1s grade I, admimstering the standard radiotherapy or the
alternative therapy; if the subject has low PD-L1 and high TilLs, admunistering the alternative
therapy, and if the subject has high PD-L1 and low TIls, administering the standard
radiotherapy. In some embodiments, the imtensified therapy includes intensified radiotherapy,
mtensified systemic therapy, mastectomy, the additional use of a sensitizer to another therapy;
a therapy above a level set by the NICE guidelines for the subject’s remaining indicators, or
any combination thereof. In some embodiments, if the subject has low PD-L1 and low TlLs,
and if a histological grade of a tumor 15 grade UL, the intensified therapy is intensified systemic
therapy. In some embodiments, f the subject has low PD-L1 and low Tils, and f a
histological grade of a tumor 1s grade I, the intensified therapy s intensified radiotherapy. In
some embodiments, the alternative therapy 1s adnunistered instead of the standard radiotherapy
if the subject has tugh PD-L1 and low TiLs.

[022¢] In some embodiments, a method of the present disclosure includes using
levels and/or distribution of CD8+ T cells or FOXP3+ regulatory T cells, and/or relative
abundance of CD8+ T cells to FOXP3+ regulatory T cells, in a tumor sarople, in combination
with one or more other variables as disclosed herein, to select a treatment option for a patient.
In some embodiments, a lower dose of radiotherapy 5 admmistered if the subject has high
levels of CD&+ T cells and low levels of FOXP3+ regulatory T cells in combination with low
PD-L1 expression. Insome embodiments, radiotherapy 15 omitted if the sebject has high levels
of CD&+ T cells and low levels of FOXP3+ regulatory T cells i combination with low PB-L1
expression. The level of CD&+ T cells or FOXP3+ regulatory T cells can be determuned using
any switable option. In some embodiments, levels of CD&+ T cells and levels of FOXP3+
regulatory T cells are determined by THC with antibodies specific for CD8 or FOXP3. Auny
suitable antibody can be used for detection of CDB or of FOXP3 using IHC.

(0221} Provided hereim 15 a method of treating a subject for ipsilateral breast tumor
recurrence {local recurrence, IBTR). The method can include: admustering a less intensive
breast cancer therapy to a subject based upon a PD-L1 and CD&FOXP3 balance, whergin a

higher incremental risk will increase: a) a likelithood of an aggressive breast cancer therapy
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that 15 at least more than what would be recommended by the NCCN, ASTRO, ESTRO,
ESMO, and/or NICE; b} the aggressiveness of the aggressive breast cancer; or ¢} both a) and
b}, wherein the less mtensive breast cancer therapy is administered if: 1) PD-L.1 1s low and the
DB FOXP3 balance 1s high, or 11} the levels of tumor-infiltrating CD& and FOXP3 cells are
high, and the histological grade of the breast cancer is grade HI and/or the breast cancer has
high proliferation, wherein a standard radiotherapy is admuinistered ift 11} PD-L1 18 low and
the CD8 FOXP3 balance i1s low. A normal balance (ratio of CD8 to FOXP3) denotes a patient
having low levels of both CDE and FOXP3.

(62224 in some embodiments, the CDE.FOXP3 relation can be summarized as A
and B as follows: A) CD8 low FOXP3 low (which can be referred to as a normal balance):
poor prognosis if genomically unstable tumor/grade /K167 hugh etc, which indicates a benefit
from intensified therapy. Good prognosis if genomically stable tumor/grade I or grade IT/K167
low etc., which indicates a benefit from standard/de-intensified therapy. B} CD8 high FOXP3
hugh: good prognosis if genomically unstable tumor/grade /K167 high ete. which indicates a
benefit from de-intensified therapy. Poor prognosis if genomically stable tumor/grade T or
grade II/R167 low etc., which indicates a benefit from mtensified therapy.

[0223] Also provided 15 method of treating a subject for a risk of recurrence of
breast cancer. The method includes: administering a less intensive breast cancer therapy to a
subject based upon a PD-L1 and CDRFOXP3 balance, wherein a higher incremental risk will
merease: a) a bkelithood of an aggressive breast cancer therapy that 13 at least more than what
would be recommended by the NCCN, ASTR(O, ESTRO, ESMO, and/or NICE,; b} the
aggressiveness of the aggressive breast cancer; or ¢} both a) and b), wherein the less intensive
breast cancer therapy 1s admunstered if) 1) PD-L1 15 low and the CD& FOXP3 balance 1s high,
wherein a standard radiotherapy 1s administered i 1} PD-L1 5 low and the CD&FOXP3
balance 1s low, or 1) PD-L1 1s lugh and the CD& FOXP3 balance 13 normal.

(0224} In some embodiments, the absolute numbers influence the benefit from
radiotherapy and the prognosis. In some embodiments, a normal balance with lugh levels of
both T8 and FOXP3 cells has different prognostic and radiotherapy predictive imphications
than a normal balance with low levels of both CD8 and FOXP3 celis.

(0225} Provided herein is a method of selecting whether or not to give a subject a

standard radiotherapy or an alternative therapy appropriate for one who will not benefit
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substantially from standard radiotherapy, the method including: if the subject has low PD-Li
and high CD8 FOXP3 balance, admimstering the less intense radiotherapy; if the subject has
low PD-L1 and high CD8 FOXP3 balance, omitting radiotherapy; else if the subject has any
other combmation of PD-L1 status and CDEFOXP3 balance, admimstering standard
radiotherapy. 1n some embodiments, the method includes surgically removing the tumor {e.g.,
by lumpectomy or mastectomy) and providing the appropriate therapy, mcluding standard
radiotherapy, less mtense radiotherapy, or omitting radiotherapy.

[0226] In some embodiments, the method further takes mto account a histological
grade and/or proliferation of the tumor. In some embodiments, the method includes if the
subject has low PD-L1 and high CD8FOXP3 balance, administering the less intense
radiotherapy; if the subject has low PD-L1 and high CDEFOXP3 balance, omitting
radiotherapy; if the subject has high PD-L1 and normal CD8 FOXP3 balance, and the levels
of tumor-infiltrating CD8 and FOXP3 cells are high, administering the less intense
radiotherapy; if the subject has low PD-L1 and normal CDE FOXP3 balance, the levels of
tumor-infilirating CD8 and FOXP3 cells are low, and the tustological grade of a tumor s grade
1, admunistering intensified therapy, if the subject has low PD-L1 and normal CD8 FOXP3
balance, the levels of tumor-mfiltrating CDR8 and FOXP3 cells are low, and the histological
grade of a tumor 15 grade T or IT and/or proliferation of the tumor 13 slow, admunistering the
standard therapy or onutting radiotherapy; else if the subject has any other combination of PI3-
L1 status, CDSFOXP3 balance, levels of tumor-mfilirating CD8 and FOXP3 cells,
histological grade and/or proliferation, admumstermg standard radiotherapy.  In some
embodiments, the mtensified therapy includes mtensified radiotherapy, miensified systemic
therapy, mastectomy, the additional use of a sensitizer to another therapy; a therapy above a
level set by the NICE guidelines for the subject’s remaimning mdicators, or any combination
thereof

(82271 In some embodiments, the CDBFOXP3 balance denotes: a number
of CD&+ T cells and FOXP3+ regulatory T cells, respectively, or a stromal area occupied by
CD&+ T cells and FOXP3+ regulatory T cells, respectively, wherein a high balance indicates
high values of CD8+ T cells and low values of FOXP3+ regulatory T cells. In some
embodiments a high value of the CD8. FOXP3 balance mdicates high values of CD8+ T cells

and low values of FOXP3+ regulatory T cells.
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[6228&] In any method of the present disclosure, in some embodiments, the standard
radiotherapy or less intensive breast cancer therapy is administered f (1) the levels of tumor-
mfiltrating CD8& and FOXP3 cells are high, (2} the histological grade of the breast cancer is
grade II and/or the breast cancer has high proliferation, and (3) PD-L1 1s high. In some
embodiments, intensified breast cancer therapy i1s administered if PD-L1 s high, the levels of
tumor-infiltrating CD8 and FOXP3 cells are high, and the histological grade of the breast
cancer is grade | or grade II and/or the breast cancer has low proliferation. In some
embodiments, the intensified breast cancer therapy is admirustered f PD-L1 ts hugh, the levels
of tumor-infiltrating CD8 and FOXP3 cells are high, and the histological grade of the breast
cancer 1s grade I or grade Il In some embodiments, the standard radiotherapy or the less
intensive breast cancer therapy is administered if PD-L1 s high and the CD8.FOXP3 balance
is normal, wherein the histological grade of the breast cancer is grade L

(0229 Provided herein is a method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has a high level of PD-L1 and a high level
of TILs; determining a prognostic value of the subject; adminustering an ntensified treatment
to the mvasive breast cancer if the prognostic value is not favorable. In some embodiments,
the method of treating subject takes into account one or more additional variables to determine
whether the progunostic value 1s not favorable. In some embodiments, an analysis of the one
or more addutional variables indicates whether the prognostic value of the high level of PD-
L1, and high level of TILs is not favorable. In some embodiments, the prognostic value can
be determined based on one or more of Tables 1.1, A-D, 2A-2C, 3A-3C, and 5A-5C.

(0236} Also provided 18 a method of treating a subject, the method comprising:
dentifying a subject with invasive breast cancer that has a low level of PD-1, high level of PD-
L1, and high level of TILs; determuning a prognostic value of the subject, admimstering an
mtensified treatment to the 1nvasive breast cancer if the prognostic value 15 not favorable. In
some embodiments, this applies for both protein and mRNA for grade [ and grade H tuomors.
In some embodiments, the method of treating subject takes into account one or more additional
variables to determine whether the prognostic value 1s not favorable. In some embodiments,
an analysis of the one or more additional variables indicates whether the prognostic value of
the low level of PD-1, high level of PD-L1, and high level of TiLs is not favorable. In some

embodiments, the one or more additional vanables includes marker expression, level or
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distribution of tumor infiltrating lymphocytes, level of CD8+ infiltrating fymphocytes, level of
FOXP3+ mfiltrating fymphocytes, ratio of CDE&+ FOXP3+ infiltrating lvmphocytes, tumor
size, histological grade, genomic instability, proliferation rate of the tumor, estrogen receptor
expression, progesterone recepior expression, biological subtype, age of the subject, treatment
with endocrine therapy, level of lymphovascular invasion, lvmph node status, radicality of
surgery, HERZ2 status, genomic risk score {risk of recurrence score {Prosigna, PAMSO),
Oncotype, MammaPrint). In some embodiments, the method takes into account a histological
grade of the breast cancer. In some embodiments, the prognostic value can be determined
based on one or more of Tables 1.1, A-D, 2A-2C, 3A-3C, and 5A-5C.

(0231 Also provided 15 a method for treating breast cancer, comprising: obtaining
a tissue sample of a tumor from a breast cancer patient; determining: a level of protein
expression of PD-1 in the sample; and/or a level of protein or mRNA expression of PD-L1 in
the sample; determming that the PD-1 expression level is below a threshold level for PI3-1
{protein}; and/or the PD-L1 expression level 1s above a threshold level for PD-L1; determining
a level of genomic instability 1n the sarople; determining that the sample has high genomuc
mstability; deternunming a level of tumor-infiltrating lymphocytes (TILs) in the sample;
determuning that the sample has high level of TiLs; and providing intensified treatment as
mtensified radiotherapy treatment. In some embodiments, the method further takes into
account the level of genomic mstability of the tissue sample. In some embodiments, the
method includes a} obtaming a tissue sample of a tumor from a breast cancer patient; b)
determining: a level of protemn expression of PD-1 1n the sample; and/or a level of protein or
mRNA expression of PD-L1 in the sample; ¢} determining that: the PD-1 expression level 15
below a threshold level for PD-1; and/or the PD-L1 expression level is above a threshold level
for PD-L1; d} determining a level of genomic instability in the sample; e} determuning that the
sample has high genomuc mstability; £ determining a level of tumor-infiltrating lymphocytes
(TILs) n the sample; g) determuning that the sample has high level of TiLs, and h) providing
intensified treatment as intensified radiotherapy treatment. In some embodiments, the level of
genomic instability 1s determined based on histological grade and/or Ki67 expression. Insome
embodiments, histological grade I indicates high genomic instability. In some embodiments,
histological grade 1 or 1 indicates low genomic nstability. In some embodiments, high level

of Ki67 expression {e.g., protein or mRNA expression) in the sample indicates high genomic
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instability. In some embodiments, low level of Ki67 expression {(e.g., protein or mRNA
expression) in the sample indicates low genomic instability.

10232} Provided herem 15 a method of identifying a subject who will be responsive
to radiation therapy, the method comprising: ideniifying a subject with invasive breast cancer;
and determining if a cancer tissue sample from the subject has a high level of PD-1;
determining if the cancer tissue sample from the subject has a low level of PD-L1, wherein if
the cancer tissue sample from the subject has a high level of PD-1 and a low level of PD-L1,
admunistering a therapy to the subject, and wherein the therapy is not an intensified treatment.
In some embodiments, this s in the context of grade HIL

[0233] Also provided is a method for recommending a treatment to a subject, said
method comprising: analyzing a cancer tissue sample from a subject for a level of PD-1 and a
level of PD-L1; recommending treating the subject with an imtensified treatment if the cancer
tissue sample has a low level of PD-1 and a high level of PD-L1; and recommending treating
the subject with an alternative to the intensified treatment if the cancer tissue sample has a high
level of PD-1 and a low level of PD-L1, wheremn the abiernative 15 in line with current
NCON/ASTRO/ESMO/ESTRO/Cliucal  Practice  Recomumendations  Australia/NICE
guidelines. This can be for both protein and/or mRNA levels of PD-1.

[0234] Provided herein 1s a method for preventing an invasive breast cancer
recurrence in a subject, the method comprising: providing a cancer tissue sarople froma subject
who has nvasive breast cancer; analyzing the cancer tissue sample for 8 level of PD-1;
analyzing the cancer tissue sample for a level of PD-L1; admimistering an intensified treatment
if the cancer tissue sample has a low level of PD-1 and a high level of PD-L1, and admuimstering
an alternative to the mtensified treatment if the cancer tissue sample has a high level of PD-1
and a low level of PD-L1. This can be for both proten and/or mRNA levels of PD-1.

[08235] Provide heremn 13 a method for preventing a local or regional breast cancer
recurrence i a subject diagnosed with early stage breast cancer, the method comprising:
receiving an intensified treatment if a cancer has a low level of PD-1 and a lugh level of PD-
L1, or receiving an alternative to the intensified treatment if a cancer has a high level of PD-1
and a low level of PD-L1. This can be for both protein and/or mRNA levels of PD-1.

0236} Provided herein 15 a method of modifving a treatment for a subject, the

method comprising: 1dentifying a subject with invasive breast cancer that has a low level of
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PD-1 and a high level of PE-L1; and administering a breast cancer therapy to the subject,
wherein the breast cancer therapy is more aggressive than a traditional breast cancer therapy,
wherein the traditional breast cancer therapy is one recommended for the subject, based on the
subject’s risk factors excluding PD-1 and PD-L1 levels. This can be for both protein and/or
mRNA levels of PD-1.

[0237] in any method of the present disclosure, in some embodiments, the breast
cancer therapy that is more aggressive than a traditional breast cancer therapy {e.g., a therapy
i line with current NCCON/ASTRO/ESMO/ESTRO/Clinical Practice Recommendations
Australia/NICE guidelines) is admunstered upon determining that PD-1 s low and PD-L1 13
hugh or that both are high, and that the cancer tissue sample has a histological grade I or II
and/or low proliferation. In some embodiments, both PD-1 and PD-L1 are high.

[0238] In some embodiments, low level of PD-1 denotes a level of protein
expression. In some embodiments, high level of PD-L.1 denotes a level of protein expression.
in some embodiments, high or low levels of PD-1 denotes a level of protemn expression. In
some embodiments, high level of PD-L1 denoctes a level of mRNA present in the sample. In
some embodiments, high or low level of PD-L1 denotes a level of protein expression. Ton some
embodiments, high or low level of PD-1 are defined by a comparison of PI3-1 protein levels
from the tissue sarople to a control sample. In some embodiments, high or low level of PD-1
are defined by a comparison of PD-1 levels from the tissue sample to a control sample that
does not include mvasive cancer. In some embodiments, low expression level, lugh expression
level, or both are determined by comparison to an mternal control m the sample. In some
embodiments, the internal control mcludes a cell population that does not express PB-L1. In
some embodiments, the internal control inclades a cell population that does not express PD-1.
In some embodiments, the internal control mcludes a cell population that does not express PD-
1 and PD-L1. In some embodiments, low expression level, high expression level, or both are
determined by comparison to an external control that 15 a cell line known to stain negative for
PD-1.  In some embodimenis, low expression level, high expression level, or both are
determined by comparison to an external control that is a cell line known to stain negative for
PD-1 and PD-L1. In some embodiments, low expression level, high expression level, or both
are deternuned by comparison to an external control known to stam positive for PD-L1 due to

a high level of PD-L1. In some embodiments, low expression level, high expression level, or
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both are determined by comparison to an external control known to stain positive for PD-1 due
to a high level of PD-1.

(6239} Also provided is a method of treating a subject for local recurrence. The
method mcludes administering an intensified breast cancer therapy to a subject based upon a
PD-1, PD-L1, and/or TIL status, wherein a higher incremenial risk will increase: a} a hikelithood
of an aggressive breast cancer therapy that is at least more than what would be recommended
by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE guidelines; b} the aggressiveness of the
aggressive breast cancer; or ¢} both a) and b), wherein a less-than-standard breast cancer
therapy is adminstered if: 1) PD-1 s hugh, PD-L1 is low, and TiLs is high {(optionally and
genomically unstable tumor), or 1} PD-1 1s high, PD-L1 s high and TILs 15 hugh f additional
favorable prognostic variables are present {e.g , if one or more additional varnables indicating
that high PD-L1 and/or high TlLs confer a favorable prognosis as provided herein are present)
(and optionally genomically unstable), wherein a standard radiotherapy is administered if: 111}
PD-L1 s high, and TiLs 15 low, 1v) PD-1 s ugh, PD-L1 15 low, and TlLs 1s low, or v) PD-1 15
low, PD3-L1 s high, and TTLs 15 tugh if neither favorable nor unfavorable prognostic variables
are present {e.g., if it cannot be deternuned based on one or more additional variables that PD-
I {e.g., hgh PD-1), PD-L1 (e.g., high PD-L1) and/or TiLs {e.g., high TILs) confer a favorable
or untavorable prognosis as provided herein), wherein the intensified breast cancer therapy 1s
administered if: vi) PD-1 s low, PD-L1 1s high and Ts 18 high, or vit) PD-1 15 tugh, THls 18
high and PD-L1 1s luigh if the tumor has low genomic mstability {or if one or more additional
variables indicating that PD-1 (e.g, ugh P13}, PB-L1 {e.g., high PD-L1), and/or TlLs {e.g.,
high TiLsy confer an unfavorable prognosis as provided herein are present). In some
embodiments, the intensified breast cancer therapy 1s admumistered instead of the standard
radiotherapy if the subject has ligh PD-L1 and low TlLs.

{62401 In some embodiments, the high THLs denotes a high nomber of intratumoral
TH.s. Insome embodiments, low TILs denotes a low number of intratumoral TiLs. In some
embodiments, the cut-off for high and low TILs can differ depending on the histological grade.
In some embodiments, treatment intensification may be mdicated for Grade 1 tumors with
stromal THLs >10% or >20% or preferably >30% may benefit from intensified (radiotherapy
or systemic) treatment. In some embodiments, the indication becomes stronger the higher the

TIL value. In some embodiments, treatment intensification may be imdicated for Grade I
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tumors with stromal Tils >30% or >40% or preferably >50% benefit from intensified
{radiotherapy or systemic} treatment. In some embodiments, the indication becomes stronger
the higher the TIL value In some embodiments, treatment intensification may be indicated
for Grade III tumors with stromal Tlls <30% or <20% or preferably <10% benefit from
intensified (radiotherapy or systemic) treatment. In some embodiments, the indication
becomes stronger the lower the TIL value.

6241} in some embodiments, level of intratumoral TILs is based on the absolute
numbers of cells where high numbers of TiLs are unfavorable for grade 1 and grade I tumors
(especially if estrogen receptor positive) and low numbers of TiLs are unfavorable for grade
{1 tumors {especially if estrogen receptor negative).

16242} In any of the embodiments provided herein, the cutoff between high and
fow TILs 1s about 10%, about 20%, about 30%, about 40%, or about 50% of stromal TiLs. In
any of the embodiments provided herein, the cutoff between high and low TilLs 15 about 10%,
about 20%, about 30%, about 40% or about 50% of stromal TiLs when the breast cancer has
histological grade 1. In some embodiments, the cutoff between high and low TiLs 15 about
10%, about 20%, about 30%, when the breast cancer has histological grade T In some
embodiments, the cutoff between very hugh and low/moderate TILs 1s about 40%, about 50%,
about 60. In some embodiments, the cutoff between high and low TILs 13 about 10% when
the breast cancer has histological grade L

[0243] In any of the embodiments provided herein, the biomarkers or combination
of biomarkers can be further combined to provide better information than either biomarker
alone. This 13 seen for both predictive and prognostic effects. The following examples of
prognostic effects can be seen n the presented tables (Table 2B) for grade IH tumors where
the addition of PD-1 or PD-L1 to TILs improves the prognostic utility:

s Patients with high TILs (>=10%) and high PD-1{>=1%) (HR 0.377, p=0.013) have a
better prognosis than patients with high TiLs and low PD-1(<1%) (HR 0.767,
p=0.298). The measurement of TiLs or PD-1 alone 15 not sufficient to identify the
patient group with the best prognosis.

s Patients with high TiLs (>=10%) and high PD-L1(>=1%} (HR 0.583, p=0.062} have
a better prognosis than patients with high TiLs and low PD-L1 {(<1%) (HR 0.666,
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p=0.184) The measurement of TILs or PI-L1 alone is not sufficient to identify the

patient group with the best prognosis.

(6244} This s also seen for prognostic effects in the presented tables (Table 2C)
for grade H and grade I tumors where the addition of PD-1 or PD-L1 to TILs improves the
prognostic utility:

s Patients with high TiLs (>=10%} and high PD-1{>=1%) (HR 1888, p=0.132) have a
less favorable prognosis than patients with high TILs and low PD-1{<1%} (HR 1.295,
p=0.245). The measurement of TILs or PI3-1 alone s not sufficient to 1dentify the
patient group with the worst prognosis.

= Patients with high TiLs (>=10%) and high PD-L1(>=1%) (HR 2.649, p=0.001) have
a less favorable prognosis than patients with hugh TiLs and low PD-L1 (<1%j) (HR
0.989, p=0.960). The measurement of Tils or PD-L1 alone 1s not sufficient to

identify the patient group with the worst prognosis.

[0245] Also provided i1s a method of selecting a treatment for a subject The
method can include: comparing a level of PD-1 1n a subject to a range of PD-1 levels; and
mcreasing a likelihood of admunistering radiotherapy to the subject as an inverse function of
the level of PD-1, wherein a lower PD-1 level indicates a greater benefit of radiotherapy to the
subject, thereby decreasing a risk of local breast cancer recurrence. In some embodiments, the
level of PD-1 in the subject includes the level of PD-1 in a sample, e g, a breast cancer tissue
sarople, obtained from the subject. In some embodiments, the level of PD-1 in the subject
denotes a level of protein expression, and the range of PI-1 levels denotes a range of levels of
protein expression. In some embodiments, the subject’s breast cancer has a histological grade
I and/or 15 genomically unstable. In some embodiments, the subject’s breast cancer 13
determined to be histological grade HI. Tn some embodiments, the subject’s breast cancer has
a histological grade T and 13 ER negative. In some embodiments, the subject’s breast cancer
1s determined to be histological grade I and ER negative. In some embodiments, the range of
PD-1 levels 13 a predetermined range of PD-1 levels that correspond to the extent of benefit
from radiotherapy observed in a study population of subjects treated for breast cancer.

[6246] In any method of the present disclosure, n some embodiments, treating the

subject 1s optional. Also provided are methods of determining whether a subject having breast
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cancer will benefit from standard of care therapy for the breast cancer or whether the standard
of care therapy wiil be overtreatment or undertreatment, with regard to risk of recurrence. In
any of the methods for determining the benefit from standard of care therapy for the breast
cancer, the method can be an in-vitro method. In some embodiments, the benefit to the subject
is inferred from the reduction, or lack thereof, in the risk of recurrence from a standard of care
treatment, or from standerd radiotherapy. In any embodiment for predicting a benefit from
breast cancer therapy disclosed herein, a benefit of treatment 1s determined based on the
combination of marker expression and/or other prognostic factors recited.

16247} Provided herein 1s a method comprising the steps: a) determining a level of
protein or mRNA expression of PD-L1 in a tissue sample of a tumor obtained from a breast
cancer patient, and b) determining that the expression level 1s above a threshold level, wherein
the determined level of PD-L1 expression indicates that the patient will benefit from intensified
treatment as intensified radiotherapy treatment, intensified systemic therapy or mastectomy.

[0248] Provided herein is a method of diagnosis comprising the steps of a)
determinung the expression level of PD-L1 in a tissue sample of a tumor obtamed from a breast
cancer patient, b} determining that the expression level 1s above a threshold expression level,
¢} thereby determining that the patient belongs 1o a group that would benefit from intensified
radiotherapy treatment; and d) optionally providing the ntensified radiotherapy treatment to
the patient.

[0249] Also provided herem 13 a method of identifying an incremental risk to a
subject of 8 local or regional recurrence, the method comprising: identifying an incremental
risk to a subject of a local or regional recurrence based on a level of PB-L1 10 a sample of an
mvasive breast cancer of the subject, wherem a higher incremental risk will inerease: a) a
hikelihood of an aggressive breast cancer therapy that 1s at least more than what would be
recommended by a guideline, such as, for example, NCUN, ASTRO, ESMQO, ESTRG, Chnical
Practice Recommendations Austrahia, or NICE guideline; by the aggressiveness of the
aggressive breast cancer; or ¢} both a) and b).

(02561 Further provided herein is a method for providing a prognosis for a subject
diagnosed with invasive breast cancer or breast cancer in situ to prevent focal or regional
recurrence, said method comprising: providing a cancer tissue sample from a subject who has

invasive breast cancer; analyzing the cancer tissue sample for a level of PD-L1; determining
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that the subject will benefit from an intensified treatment 1f the cancer tissue sample has a high
level of PD-L1; and determining that the subject will benefit from an ahliernative to the
intensified treatment per a current gindeling, such as, for example, NCUN, ASTRO, ESMQO,
HSTRO, Climical Practice Recommendations Australia, or NICE guideling, if the cancer tissue
sample has a low level of PD-L1.

(0251 Also provided 1s a method of predicting a benefit from therapy for a subject,
the method comprising: identifying a subject with invasive breast cancer that has a high level
of PD-L1; and determining that the subject will benenfit from an mtensified treatment to the
mvastve breast cancer.

[0252] Provided herein 15 a method of identifying a subject who will be responsive
to radiation therapy, the method comprising: identifying a subject with invasive breast cancer;
and determuning if a cancer tissue sample from the subject has a low level of PD-L1, wherein
if the cancer tissue sample from the subject has a low level of PD-L1, deternminung that the
subject will benefit from a therapy, wherein the therapy ts not an intensified treatment.

[6253] Also provided 1s a method of predicting a benefit from therapy for
preventing an invasive breast cancer recurrence n a subject, the method comprising: providing
a cancer fissue sample from a subject who has 1ovasive breast cancer; analyzing the cancer
tissue sample for a level of PD-L1; determining that the subject will benefit from an intensified
treatment if the cancer tissue sample has a high level of PD-L1; and determining that the subject
will benefit from an alternative to the intensified treatment if the cancer tissue sample has a
low level of PD-L1.

[0254] Provided herein 1s a method of predicting a benefit from therapy for
preventing a local or regional breast cancer recurrence n a subject diagnosed with early siage
breast cancer, the method comprising: determining that the subject will benefit from receiving
an intensified treatment 1f a cancer has a hugh level of PD-L1; or deternuning that the subject
will benefit from recetving an alternative to the intensified treatment if a cancer has a low level
of PD-L1.

[0255] Also provided is a2 method of modifying a treatment for a sebject, the
method comprising: dentifying a subject with invasive breast cancer that has a high level of
PD-L1; and determining that the subject will benefit from a breast cancer therapy , wherem the

breast cancer therapy is more aggressive than a traditional breast cancer therapy, wherein the

-8~
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traditional breast cancer therapy is one recommended for the subject, based on the subject’s
risk factors excluding PD-L1 levels.

6256} Provided herein is a method of predicting a benefit from therapy for a
subject for local recurrence, the method comprising. determining whether the subject will
benefit from an intensified breast cancer therapy based upon a PD-L1 and TIL status, wherein
a higher mmcremental risk will increase: a) a likelihood of an aggressive breast cancer therapy
that 15 at least more than what would be recommended by the NCCN, ASTRO, ESTRO,
ESMOQ, and/or NICE: b} the aggressiveness of the aggressive breast cancer; or ¢} both a) and
b}, wherein the subject will benefit from a less than standard breast cancer therapy ift 1) PD-
L1 is low and TILs 15 high, or 1) PD-L1 15 high and TILs 1s high f one or more additional
variables mdicating that high PD-L1 and/or high T s confer a favorable prognosis are present,
wherein the subject will benefit from a standard radiotherapy if: 111) PD-L1 15 hugh and TlLs 15
low; 1v) PD-L1 1s low and Tils 15 low, or v) PD-L1 1s high and TiLs 1s hugh f 1t cannot be
determined based on one or more additional variables that PD-L1 and/or TiLs confer a
favorable or unfavorable progoosis, wherein the subject will benefit from the intensified breast
cancer therapy if: vi) PD-L1 s high and Tils is high if one or more additional vanables
ndicating that PD-L1 and/or TILs confer an unfavorable prognosis are present,

[8257] Also provided 13 a method of predicting a benefut from therapy for a subject
for a risk of recurrence of breast cancer, the method comprising deterniming whether the
subject will benefit from an intensified breast cancer therapy based upon a PB-L1 and TIL
status, wherein a higher mcremental risk will increase: a) a hikelihood of an aggressive breast
cancer therapy that 13 at least more than what would be recommended by the NCUON, ASTRQO,
ESTRO, ESMO, and/or NICE, b} the aggressiveness of the aggressive breast cancer; or ¢} both
a}y and b}, wheremn the subject will benefit from the intensified breast cancer therapy ift 1) PD-
L1 1s high and TILs 1s lugh if one or more additional variables indicating that PD-L1 and/or
TiLs confer an unfavorable prognosis are present, wherein the subject will benefit from a
standard radiotherapy if° 1) PD-L1 13 high and TILs 1s low; i1} PE-L1 s fow and TILs 15 low;
or iv) PD-L1 15 high and TILs 1s high 1f it cannot be determined based on one or more additional
variables that PD-L.1 and/or TiLs confer a favorable or unfavorable prognosis, wherein the

subject will benefit from deintensified breast cancer therapy i) v) PI-L1 15 low and TiLs s
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high; or vi) PD-L1 1s high and TILs is high if one or more additional variables indicating that
hugh PD-L1 and/or lugh Tils confer a favorable prognosis are present.

(0258} Provided herein is a method of predicting a benefit from therapy for a
subject for ipsilateral breast tumor recurrence (local recurrence, IBTR), the method
comprising: determining whether the subject will benefit from a less intensive breast cancer
therapy based upon a PE-L1 and CD8 FOXP3 balance, wherein a higher incremental risk will
increase: a) a hikelihood of an aggressive breast cancer therapy that 13 at least more than what
would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE; b) the
aggressiveness of the aggressive breast cancer; or ¢} both a) and b), wheremn the subject will
benefit from the less intensive breast cancer therapy ift 1) PD-L1 1s low and the CDS FOXP3
balance is high, or 11} the levels of tumor-infiltrating CD8 and FOXP3 cells are high, and the
histological grade of the breast cancer is grade HI and/or the breast cancer has high
proliferation, wherein the subject will benefit from a standard radiotherapy if: 1) PD-L1 13
low and the D8 FOXP3 balance 1s low, or 1v) PD-L1 15 hugh and the CD8:FOXP3 balance is
normal.

[0259] Also provided 13 a method of predicting a benefut from therapy for a subject
for a risk of recurrence of breast cancer, the method comprising deterniming whether the
subject will benefit from a less intensive breast cancer therapy based upon a PD-L1 and
CDBFOXP3 bhalance, wheremn a higher incremental risk will mncrease: a} a hikelthood of an
aggressive breast cancer therapy that 1s at least more than what would be recommended by the
NCCN, ASTRO, ESTRO, ESMO, and/or NICE, b} the aggressiveness of the aggressive breast
cancer, or ¢) both 38) and b), wherein the subject will benefit from the less mtensive breast
cancer therapy if: 1) PD-L1 15 low and the CDBFOXP3 balance 15 high, wheremn the subject
will benefit from a standard radiotherapy if) 1) PD-L1 15 low and the CD8FOXP3 balance 1s
low, or 111} PD-L1 13 high and the CDB.FOXP3 balance 1s normal.

(0260} Provided herem is a method of selecting whether or not to give a subject a
standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has low PD-
L1 and low TILs, determining that the subject will benefit from the standard radiotherapy; if
the subject has high PD-L1 and high TiLs, determining that the subject will benefit from the

standard radiotherapy; if the subject has low PD-L1 and high TlLs, determining that the subject
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will benefit from the alternative therapy; and if the subject has high PD-L1 and low TiLs,
determining that the subject will benefit from the standard radiotherapy.

0261} Also provided is a method of selecting whether or not to give a subject a
standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has low PD-
L1 and high CD8FOXP3 balance, determining that the sulbyject will benefit from the less
intense radiotherapy; if the subject has low PD-L1 and high CD& FOXP3 balance, determining
that the subject will benefit from omutting radiotherapy; else if the subject has any other
combination of PD-L1 status and CDE . FOXP3 balance, determining that the subject will
benefit from standard radiotherapy.

(62621 Provided herein 13 a method of predicting a benefit from therapy for a
subject, the method comprising: wdentifying a subject with invasive breast cancer that has a
high level of PD-L1; determining a prognostic value of the subject; determining that the subject
will benefit from an intensified treatment to the mnvasive breast cancer if the prognostic value
15 not favorable.

[8263] Also provided 18 a method of predicting a benefit from therapy for breast
cancer, comprising: a) obtaining a tissue sample of a tumor from a breast cancer patient; b}
determining a level of protemn expression of PD-1 in the sample; ¢} deternuming a level of
protein or mRNA expression of PD-L1 inthe sample; d) determining that the PD-1 expression
level 1s below a threshold tevel for PD-1; e} determining that the PD-L1T expression level 1s
above a threshold level for PD-LI, and £} determuning that the subject will benefit from
mtensified treatment as mtensified radiotherapy treatment, mitensified systemic therapy or
mastectomy to the patient.

0264} Provided herein is a method of predicting a benefit from therapy for a
subject, the method comprising: identifying an mcremental risk to a subject of a local or
regional recurrence based on a level of PD-1 and/or a level of PD-L1 in a sample of an invasive
breast cancer in the subject; and determining whether the subject will beneft from an
intensified breast cancer therapy based upon the mcremental risk, wherein a higher

incremental risk will increase: a) a likelihood of an aggressive breast cancer therapy that is at

fevkeed

least more than what would be recommended by NCUN/ASTRO/ESMO/ESTRO/Clinical
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Practice Recommendations Australia/NICE gwdelines; or b) the aggressiveness of the
aggressive breast cancer; or ¢} both a) and b).

[8265] Also provided 1s a method of predicting a benefit from therapy for a subject
diagnosed with invasive breast cancer or breast cancer in situ to prevent local or regional
recurrence, said method comprising: providing a cancer tissue sample from a subject who has
mvasive breast cancer; analyzing the cancer tissue sample for a level of PI3-1; analyzing the
cancer tissue sample for a level of PD-L1; determining that the subject will benefit from an
mtensified treatment if the cancer tissue sample has a low level of PD-1 and a high level of
PD-L1; and deternmuning that the subject will benefit from an alternative to the intensified
treatment per current NCCN/ASTRO/ESMO/ESTRO/Clinical Practice Recommendations
Australia/NICE guidelines, if the cancer tissue sample has a hugh level of PD)-1 and a low level
of PD-L1.

62661 Provided herein 13 a method of predicting a benefit from therapy for a
subject, the method comprising: wdentfying a subject with invasive breast cancer that has a
low level of PD-1 and a high level of PD-L1; and determining that the subject will benefit from
an intensified treatment to the mmvasive breast cancer,

[6267] Also provided 1s a method of wdentifying a subject who will be responsive
to radiation therapy, the method comprising: wentifving a subject with invasive breast cancer;
and determining if a cancer tissue sample from the subject has a high level of PD-1;
determuning if the cancer tissue sample from the subject has a low level of PB-L1, wherein if
the cancer tissue sample from the subject has a high level of PD-1 and a low level of PB-L1,
determuning that the subject will benefit from a therapy , and wherein the therapy 15 not an
ntensified treatment.

[0268] Provided herem 18 a method for determining a benefit from a treatment for
a subject, said method comprising: analyzing a cancer tissue sample from a subject for a level
of PD-1 and a level of PD-L1; determining that the subject will benefit from an mtensified
treatment if the cancer tissue sample has a low level of PD-1 and a high level of PD-L1; and
determining that the subject will benefit from an alternative to the intensified treatment if the
cancer tissue sample has a high level of PD-1 and a low level of PD-L1, wherein the alternative
is i line with current NCON/ASTRO/ESMO/ESTRO/Clinical Practice Recommendations

Australia/NICE guidelines.
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10269 Also provided 18 a method of predicting a benefit from therapy for
preventing an nvasive breast cancer recurrence in a subject, the method comprising: providing
a cancer tissue sample from a subject who has invasive breast cancer; analyzing the cancer
tissue sample for a level of PD-1; analyzing the cancer tissue sample for a level of PD-L1;
determining that the subject will benefit from an mtensified treatment if the cancer tissue
sample has a low level of PD-1 and a high level of PD-L1; and determining that the subject
will benefii from an alternative to the intensified treatment if the cancer tissue sample has a
hugh level of PD-1 and a low level of PD-L1.

(62764 Provided herein 1s a method of predicting a benefut from therapy for
preventing a local or regional breast cancer recurrence in a subject diagnosed with early stage
breast cancer, the method comprising: determining that there will be a benefit from receiving
an intensified treatment if a cancer has a low level of PD-1 and a high level of PD-L1; or
determining that there will be a benefit from receiving an alternative to the intensified treatment
if a cancer has a high level of PD-1 and a low level of PD-L1.

(6271} Also provided 5 a method of modifying a treatment for a subject, the
method compuising: identifying a subject with invasive breast cancer that has a low level of
PD-1 and a high level of PD-L1; and determining that the subject will benefit from a breast
cancer therapy, wherein the breast cancer therapy 1s more aggressive than a traditional breast
cancer therapy, wherein the traditional breast cancer therapy 15 one recommended for the
subject, based on the subject’s risk factors excluding PD-1 and PD-L1 levels.

[06272] Provided herein 13 a method of predicting a benefit from therapy for a
subject for local recurrence, the method comprising. determining whether the subject will
benefit from an intensified breast cancer therapy based upona PD-1, PB-L1, and/or TIL status,
wherein a higher mcremental risk will increase: a) a likelihood of an aggressive breast cancer
therapy that 1s at least more than what would be recommended by the NCUN, ASTRO,
ESTRO, ESMO, and/or NICE guidelines; b) the aggressiveness of the aggressive breast
cancer; of ¢} both a) and b), wherein the subject will benefit from a less-than-standard breast
cancer therapy if: 13 PD-1 is hugh, PD-L.1 1s low, and TiLs 1s hugh, or i) PD-1 is high, PD-L1
is high and TILs is high if one or more additional variables indicating that high PD-1, high PD-

L1 and/or high TILs confer a favorable prognosis are present, wherein the subject will benefit
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is low, and TILs 13 low, or v} PD-1 s low, PD-L.1 15 hugh, and TiLs is ligh if it cannot be
determined based on one or more additional variables that PD-1, PD-L1 and/or TlLs confera
favorable or unfavorable prognosis, wherein the subject will benefit from the intensified breast
cancer therapy if vi) PD-1 15 low, PD-L1 1s high and TILs is high, or vii) PD-1 15 high, PD-
L1 1s high and TiLs is high f one or more additional varables indicating that PD-1, PD-L1
and/or TILs confer an unfavorable prognosis are present.

(6273} Provided herein is a method of predicting a benefit from therapy for a
subject for a risk of recurrence of breast cancer, the method comprising: deternuning whether
the subject will benefit from an intensified breast cancer therapy based upon a PD-L1 and TIL
status, wherein a higher incremental risk will increase: a) a likelihood of an aggressive breast
cancer therapy that is at least more than what would be recommended by the NCUN, ASTRO,
ESTRO, ESMO, and/or NICE guidelines; b} the aggressiveness of the aggressive breast
cancer; or ¢} both a} and b}, wherein the subject will benefit from the intensified breast cancer
therapy tf: 1} PD-1 1s low, PD-L1 1s high and TiLs 1s high, or 11} PD-1 s high, PD-L1 1s high
and TILs 15 hagh, if one or more additional vanables indicating that high PD-1, PD-L1 and/or
tugh TILs confer an unfavorable prognosis are present, wherein the subject will benefit from
a standard radiotherapy f: 1) PD-L1 1s hugh, and THLs 18 low, 1v) PD-1 18 high, PD-L1 18 low,
and TILs s low, ot v} PD-1 15 low, PD-L1 15 hugh and TILs 18 high if 1t cannot be determined
based on one or more additional variables that PD-1, PD-L1 and/or TILs confer a favorable or
unfavorable prognosis, wherein the subject will benefit from demtensified treatment if: vi) PD-
118 lgh, PD-L1 s low and TiLs ts hugh, vir) PD-L1 15 high and TILs 18 high, or viit) PD-1 13
high, PD-L1 15 high and TiLs 1s high if one or more additional vanables ndicating that high
PD-1, PDLI and/or high TILs confer a favorable prognosis are present.

[0274] Further provided 1s a method of selecting whether or not to give a subject a
standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has high PD-1
and iow Tils and has a genomically unstable tumor, deternining that the subject will benefit
from the alternative radiotherapy; if the subject has high PD-L1 and low Tils and has a
genomically unstable tumor, determining that the subject will benefit from the standard
radiotherapy; if the subject has low PD-1 and low TILs and has a genomically unstable tumor,

determining that the subject will benefit from the standard radiotherapy or the alternative
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therapy (optionally intensification); if the subject has low PD-1 and low TILs and has a
genomically stable tumor, determining that the subject will benefit from the alternative therapy
{optionally omission or de-escalation of radictherapy}; if the subject has low PD-1 and high
TiLs and 1s a genomically stable tumor, determining that the subject will benefit from the
intensified therapy,; if the subject has high PD-1 and high TILs and has a genomically unstable
tumor, omitting the standard radiotherapy; and if the subject has high PD-1 and high TiLs and
has a genomically stable tumor, determining that the subject will benefit from the alternative
radiotherapy {optionally intensified radiotherapy), wherein the PD-1 level 1s a PD-1 protein
expression level.

[0275] Also provided is a method of diagnosis comprising: a) obtaining a tissue
sample of a tumor from a breast cancer patient, wherein the patient has a favorable prognosis
for breast cancer, b} determining expression levels of PD-1 and PD-L1 in the sample, ¢}
determining that the expression level of PD-1 is below a threshold expression level, d)
determining that the expression level of PD-L1 s above a threshold expression level, e} thereby
determurung that the patient belongs to a group that would not benefit from standard
radiotherapy treatment; and {) optionally, not providing the standard radiotherapy treatment to
the patient.

[8276] Provided heremnn 1s a method of predicting a benefit from therapy for a
subject diagnosed with vasive breast cancer or breast cancer in situ to prevent local or
regional recurrence, said method comprising: providing a cancer tissue sample from a subject
who has invasive breast cancer, wheren the subject has a favorable progonosis for the mvasive
breast cancer; analyzing the cancer tissue sample for levels of PD-1 and PD-L1; determining
that the subject will benefit from not receiving a radiotherapy treatment 1if the cancer tissue
sarople has a high level of PD-L1; and determining that the subject will benefit from an
alternative to radiotherapy per at least one of NCUN, ESMO, ESTRO, Chinical Practice
Recommendations Austraha, or NICE guideline,

(0277} Provided herein is a method of predicting a benefit from therapy for a
subject, the method comprising: comparing a level of PE-1 in a subject to a range of PD-1
levels; and increasing a likelihood of determining that the subject will benefit from

radiotherapy as an inverse function of the level of PD-1, wherein a lower PD-1 level indicates
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a greater benefit of radiotherapy to the subject, thereby decreasing a risk of local breast cancer
recurrence.

[6278&] Provided herein is a method of predicting a benefit from therapy for breast
cancer comprising the steps: a) obtaining a tissue sample of a tumor from a breast cancer
patient; b) determining a level of protein or mRNA expression of PD-L1 in the sample; ¢}
determining that the expression level 1s above a threshold level; d} determining a level of
genomic instability in the sample; &) determuning that the sample has low or moderate genomic
mstability, and {} determining that the subject will benefit from intensified treatment as
intensified radiotherapy treatment, intensified systemic therapy or mastectomy to the patient
based on the determination that the PD-L1 expression level 15 above a threshold level and that
the sample has low or moderate genomic instability.

[8279] Provided herein is a method of selecting whether or not to give a subject a
standard radiotherapy, intensitied therapy or an alternative therapy appropriate for one who
will not benefit substantially from standard radiotherapy, the method comprising: it the subject
has low PD-L1 and low TILs, and 1f a tustological grade of a tumor 1s grade T or [, determuning
that the subject will benefit from the standard radiotherapy; 1f the subject has low PD-L.1 and
low TiLs, and if a histological grade of a tumor 1s grade 1, determining that the subject will
benefit from the mntensified therapy; if the subject has high PD-L1 and lugh Tils, and if a
histological grade of a tumor 1s grade T or 1, determirung that the subject will benefit from the
mtensified therapy; if the subject has high PD-L1 and high TiLs, and if a histological grade of
a tumor 18 grade I, determining that the subject will benefit from the standard radiotherapy or
the alternative therapy; 1f the subject has low PD-L1 and lugh TiLs, determining that the
subject will benefit from the aliernative therapy, and if the subject has high PD-L1 and low
TiLs, determuning that the subject will benefit from the standard radiotherapy.

[6280] Also provided 1s a method of selecting whether or not to give a subject a
standard radiotherapy, an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, or intensified therapy, the method comprising: if the
subject has fow PD-L1 and high CD& FOXP3 balance, determining that the subject will benefit
from the less mtense radiotherapy; f the subject has low PD-L.1 and high CD8 FOXP3 balance,
determining that the subject will benefit from omitting radiotherapy; if the subject has high

PD-L1 and normal CD8 FOXP3 balance, and the levels of tumor-mfilirating CD8 and FOXP3
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cells are high, determining that the subject will benefit from the less intense radiotherapy; if
the subject has low PD-L1 and normal CD& FOXP3 balance, the levels of tumor-infiltrating
CD¥ and FOXP3 cells are low, and the histological grade of a tumor 15 grade [1I, determining
that the subject will benefit from intensified therapy; if the subject has low PD-L1 and normal
CDE&FOXP3 balance, the levels of tumor-infiltrating CD8 and FOXP3 cells are low, and the
histological grade of a tumor 1s grade 1 or H and/or proliferation of the tumor s slow,
determining that the subject will benefit from the standard therapy or determining that the
subject will benefut from omitting radiotherapy; else f the subject has any other combination
of PD-L1 status, CDE& FOXP3 balance, levels of tumor-infiltrating CD8 and FOXP3 cells,
fustological grade and/or proliferation, determining that the subject will benefit from standard
radiotherapy.

[0281] Also provided 1s a method of predicting a benefit from therapy for a subject,
the method comprising: identifying a subject with invasive breast cancer that has a high level
of TiLs; determining a prognostic value of the subject; and determining that the subject will
benefit from an 1ntensified treatment 1o the invasive breast cancer if the prognostic value is not
favorable,

[6282] Provided herein 13 a method of predicting a benefit from therapy for a
subject, the method comprising: wdentifving a subject with invasive breast cancer that has a
low level of PD-1 {optionally in the grade HI context); deternurung a prognostic value of the
subject; determuning that the subject will benefit from an intensified treatment to the mvasive
breast cancer if the prognostic value is not favorable.

[0283] Further provided 1s a method of predicting a benefit from therapy for a
subject, the method comprising: identifving a subject with mvasive breast cancer that has high
values of T8+ T cells in the context of grade [ or grade 1T, determuining a prognostic value of
the subject; determuning that the subject will benefit from an intensified treatment to the
mvastve breast cancer if the prognostic vahue 13 not favorable,

[0284] Also provided 1s a method of predicting a benefit from therapy for a subject,
the method comprising: identifying a subject with invasive breast cancer that has high values
of FOXP3+ regulatory T cells if grade { or grade HI; determining a prognostic value of the
subject; determining that the subject will benefit from an mtensified treatment to the invasive

breast cancer if the prognostic value s not favorable.
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[0285] Provided is a method of predicting a benefit from therapy for a subject, the
method comprising: tdentifying a subject with nvasive breast cancer that has a high level of
PD-L1 and a high level of Tils; determining a prognostic value of the subject; determining
that the subject will benefit from an intensified treatment to the invasive breast cancer if the
prognostic vaiue 1s not favorable.

[0286] Also provided herein 1s a method of predicting a benefit from therapy fora
subject, the method comprising: 1dentifving a subject with invasive breast cancer that has a
low level of PDX-1, high level of PD-L1, and high level of TILs; determining a prognostic value
of the subject; determining that the subject will benefit from an intensified treatment to the
mvasive breast cancer if the prognostic value is not favorable.

10287} Provided herein 15 a method of predicting a benefit from therapy for breast
cancer, comprising: a} obtaining a tissue sample of a tumor from a breast cancer patient; b)
determining a level of protein expression of PD-1 in the sample; and/or a level of protein or
mRNA expression of PD-L1 in the sample; ¢) determming that the PD-1 expression level is
below a threshold level for PD-1; and/or the PI-L1 expression level is above a threshold level
for PD-L1; &) determining a level of genomuc mstability in the sample; e} determining that
the sample has high genomic mstabiity; 1) determining a level of tumor-nfiltrating
lymphocytes (TILs) 1n the sample; g) determirung that the sample has high level of TlLs; and
h) deternirung that the subject will benefit from wntensified treatment as intensitied
racdiotherapy treatment.

[6288] Also provided 13 a method of diagnosis, comprising obtaiming a tissue
sample of a tumor from a breast cancer patient; determiming a level of one or more markers m
the sample, wherein the one or more markers comprise one or both of PD-1 and PD-LI;
determuning a histological grade and/or level of tumor proliferation in the sample; and
determining that the subject will benefit from one of standard radiotherapy, intensified breast
cancer therapy, and de-escalated radictherapy based on the determined level of the one or more
markers and the determined histological grade and/or level of tumor proliferation.

(62891 Provided herein is a method of predicting a benefit from therapy for a
subject for local recurrence, the method comprising: determining whether the subject will
benefit from an intensified breast cancer therapy based upon a PD-1, PD-L1, and TIL status,

wherein a higher incremental risk will increase: a} a likelthood of an aggressive breast cancer
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therapy that is at least more than what would be recommended by the NUCCN, ASTRO,
HSTRO, ESMO, and/or NICE gwidelines; by the aggressiveness of the aggressive breast
cancer; or ¢} both a) and b}, wherein the subject will benefit from a less-than-standard breast
cancer therapy if 1) PD-1 15 high, PD3-L1 1s high, TiLs s high, and the breast cancer has a
histological grade 11l and/or has high proliferation, 1) PD-1 1s fow, PD-L1 15 low TlLs is low,
and the breast cancer has a histological grade [ or I and/or has low proliferation, or 1) PD-L1
is high, TiLs s high, and the breast cancer has a histological grade HI and/or has high
proliferation, and if one or more additional variables indicating that high PD-L1 and/or hugh
TiLs confer a favorable prognosis are present, wherein the subject will benefit from a standard
radiotherapy 1ift 1v) PD-1 15 hugh, PD-L1 s low, and TILs s low, or v} PD-L1 is high, TiLs is
low, and the breast cancer has a histological grade T and/or has high proliferation and/or 1s
genomically unstable, vi} PD-1 s low, PD-L1 s high, and TiLs is high if it cannot be
determined based on one or more additional variables that PD-1, PI3-L1 and/or TILs confer a
favorable or unfavorable prognosis, wherein the subject will benefit from the intensified breast
cancer therapy if: vir) PD-1 15 low, PI-L1 18 low, TiLs is low, and the breast cancer has a
tustological grade TH and/or has tugh proliferation, viit) PD-1 s high, PD-L1 15 high, TTLs s
high, and the breast cancer has a lustologweal grade T or IT and/or bas low proliferation, or x)
PD-1 15 low, PD-L1 18 high, TiLs 1s high, and the breast cancer has a histological grade T or [I
and/or has low proliferation, and if one or more additional vaniables indicating that PD-1, PD-
L1 and/or TiLs confer an unfavorable prognosis are present.

[629¢] Also provided 1s a method of predicting a benefit from therapy for a subject
for a risk of recurrence of breast cancer, the method comprising. determining whether the
subject will benefit from an ntensified breast cancer therapy to a subject based upon a PB-L1
and TIL states, wherein a higher incremental risk will increase: a) a ikehhood of an aggressive
breast cancer therapy that 15 at least more than what would be recommended by the NCCN,
ASTRO, ESTRO, ESMO, and/or NICE guidelines; b} the aggressiveness of the aggressive
breast cancer; or ¢} both a) and b), wherein the subject will benefit from the intensified breast
cancer therapy if: 1) PI3-L1 s high, TiLs is low, and the breast cancer has a histological grade
11 and/or has high proliferation and/or 1s genomically unstable, 1} PB-1 1s low, PD-L1 s low,
Tihs is low, and the breast cancer has a histological grade I and/or has high proliferation, 11t}

PD-1 15 high or low, PD-L1 1s high, TILs 1s high, and the breast cancer has a histological grade

-99.
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I or I and/or has low proliferation, and if associated with unfavorable prognostic variables,
wherein the subject will benefit from a standard radiotherapy it v} PD-1 is hugh, PD-L1 15
low, TILs s low, and the breast cancer has a histological grade 1 or If and/or has low
profiferation, or v} PD-1 15 low, PD-L1 is high, TiLs is high, the breast cancer has a histological
grade [T and/or has high proliferation and/or 1s genomically unstable, and if neither favorable
nor unfavorable prognostic variables are present, wherein the subject will benefit from
deintensified treatment ift vi) PD-1 1s high, PD-L1 15 low, TiLs 15 hugh, and if the breast cancer
has a histological grade IH and/or has high proliferation and/or is genomically unstable, vi)
PD-L1 18 high, TiLs 15 high, and if the breast cancer has a histological grade f and/or has high
proliferation and/or is genomically unstable, and if associated with favorable prognostic
variables, or vui} PD-1 s low, PD-L1 15 low, TILs 1s low, and the breast cancer has a
fustological grade T or If and/or has low proliferation and/or is genomically stable and if
assoctated with favorable prognostic variables.

[0291] Also provided are methods of reducing the risk of recurrence in a subject
with breast cancer, where the method includes providing a breast cancer sample, analyzing ove
or more predictive factors and/or prognostic factors as disclosed herein in the sample, and
recetving a treatroent for the breast cancer based on the analysis, according to any suitable
treatment option provided herein {e.g., mtensified, de-intensified, or standard of care
treatment). Provided heremn 15 a method for treating breast cancer comprising the steps: a)
providing a tissue sample of a breast cancer, b} deternuning a level of protein or mRNA
expression of PD-L.1 m the sample, ¢) determining that the expression level 1s above a threshold
level, d} receiving intensified treatment as intensified radiotherapy treatment, mtensified
systemic therapy or mastectomy.

(6292} Provided heren 15 a method of receiving a diagnosis comprising the steps
of a} providing a tissue sample of a breast cancer, b} determming the expression level of PD-
L1 in the sample, ¢} determining that the expression level 13 above a threshold expression level,
d) thereby determining that intensified radiotherapy treatment would be beneficial; and e}
optionally receiving the intensified radiotherapy treatment.

[0293] Also provided herein 1s a method of treating breast cancer, the method
comprising: identifying an incremental risk of a local or regional recurrence based on a level

of PD-L1 in a sample of an invasive breast cancer provided for determining the level of of PD-
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L1;and recerving an intensified breast cancer therapy based upon the incremental risk, wherein
a higher mmcremental risk will increase: a) a likelihood of an aggressive breast cancer therapy
that is at least more than what would be recommended by a guideline, such as, for example,
NCCN, ASTRO, ESMO, ESTRO, Clinical Practice Recommendations Australia, or NICE
guideline; b) the aggressiveness of the aggressive breast cancer; or ¢} both a) and b).

[0294] Further provided herein 15 a method for treating a subject diagnosed with
invasive breast cancer or breast cancer in situ to prevent local or regional recurrence, said
method comprising: providing an invasive breast cancer tissue sample; analyzing the cancer
tissue sample for a level of PD-L1; recetving an mtensified treatment if the cancer tissue
saraple has a high level of PD-L1; and receiving an alternative to the intensified treatment per
a current guideline, such as, for example, NCCN, ASTRQO, ESMQO, ESTRO, Clinical Practice
Recommendations Australia, or NICE guideline, if the breast cancer tissue sample has a low
level of PD3-L1.

[0295] Also provided 1s a method of treating breast cancer, the method comprising
recewving an intensified treatment to the invasive breast cancer if the invasive breast cancer has
a high level of PD-L1.

[6296] Provided herein is a method of determining if a subject will be responsive
to rachation therapy, the method comprising: providing an invasive breast cancer tissue sarople;
and determuning if the cancer tissue sarmple has a low level of PD-L1, wherein if the cancer
fissue samplehas 3 low level of PD-L1, receiving a therapy, wherein the therapy s not an
ntensified treatment.

[6297] Also provided 13 a method for preventing an invasive breast cancer
recurrence in a subject, the method comprising: providing a invasive cancer tissue sample;
analyzing the cancer tissue sample for a level of PD-L1, receiving an ntensified treatment if
the cancer tissue sample has a high level of PD-L1; and receiving an aliernative to the
mtensified treatment if the cancer tissue sample has a low level of PD-L1.

[0298] Provided herein is a method for preventing a local or regional breast cancer
recurrence in a subject diagnosed with early stage breast cancer, the method comprising:
receiving an intensified treatment if the cancer has a high level of PD-L1; or receiving an

alternative 1o the miensified ireatment if the cancer has a low level of PD-L1.

-101-



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

[6299] Also provided is a2 method of modifying a treatment for a sebject, the
method comprising: receiving a breast cancer therapy if the invasive breast cancer has a high
level of PD-L1, wherein the breast cancer therapy is more aggressive than a traditional breast
cancer therapy, wherein the traditional breast cancer therapy is one recommended for the
subject, based on the subject’s risk factors excluding PD-L1 levels.

[0360] Provided herein 1s a method of treating breast cancer for local recurrence,
the method comprising: receiving an intensified breast cancer therapy based upona PD-L1 and
TIL status, wherein a higher incremental risk will increase: a) a likelthood of an aggressive
breast cancer therapy that is at least more than what would be recommended by the NCCN,
ASTRO, ESTRO, ESMO, and/or NICE; b) the aggressiveness of the aggressive breast cancer;
or ¢} both a) and b), wherein a less than standard breast cancer therapy is received ift 1) PD-L1
is low and TiLs 15 high, or 1) PD-L.1 1s high and TiLs 1s high f one or more additional variables
indicating that high PD-L1 and/or high TiLs confer a favorable prognosis are present, wherein
a standard radiotherapy is received if: 111} PD-L1 15 hugh and TiLs 15 low; 1v) PD-L1 15 lowand
TiLs 18 low, or v PD-L1 is high and T1Ls 18 hugh of 1t cannot be determined based on one or
moore additional variables that PD-L1 and/or TILs confer a favorable or unfavorable prognosis,
wherein the intensified breast cancer therapy s received if vi} PD-L1 s high and Tls 18 high
if one or more additional variables indicating that PD-L1 and/or TILs conter an unfavorable
Proguosis are present.

[8381] Also provided 1s a method of treating breast cancer for a risk of recurrence
of breast cancer, the method comprising: recerving an intensified breast cancer therapy based
apon a PD-L1 and TIL status, wheremn a higher incremental risk will increase: a} a hikelithood
of an aggressive breast cancer therapy that 1s at least more than what would be recommended
by the NCUN, ASTRO, ESTRO, ESMO, and/or NICE; b) the aggressiveness of the aggressive
breast cancer; or ¢) both a} and b}, wherein the mtensified breast cancer therapy 15 received if!
1} PD-L.1 is high and TILs 15 high if one or more additional variables indicating that PD-L1
and/or TiLs confer an unfavorable prognosis are present, wherein a standard radiotherapy is
recetved ift 1) PD-L.1 1s high and TILs 1s low; ui) PE-L1 15 low and TILs s low; or tv) PD-L1
is high and TiLs 1s high if it cannot be determined based on one or more additional variables
that PD-L1 and/or THLs confer a favorable or unfavorable prognosis, wherein deintensified

breast cancer therapy is received ift v} PD-L1 1s low and TiLs is high; or vi) PD-L1 1s high and
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TiLs 1s high if one or more additional variables indicating that high PD-L.1 and/or high TiLs
confer a favorable prognosts are present.

(6382} Provided herein 13 a method of treating breast cancer for ipsilateral breast
tumor recurrence (local recurrence, IBTR}, the method comprising: receiving a less mtensive
breast cancer therapy based upon a PD-L1 and CDBFOXP3 balance, wherein a higher
incremental risk will increase: a) a likelihood of an aggressive breast cancer therapy that is at
least more than what would be recommended by the NCON, ASTRQO, ESTRG, ESMO, and/or
NICE; b} the aggressiveness of the aggressive breast cancer; or ¢} botha)and b), wherein the
less intensive breast cancer therapy is recetved ift 1) PD-L1 5 low and the CDR: FOXP3 balance
is high, or u) the levels of tumor-infiltrating CD8 and FOXP3 cells are high, and the
histological grade of the breast cancer 15 grade IH and/or the breast cancer has high
proliferation, wherein a standard radiotherapy 1s received if: i) PD-L1 1s low and the
CD8FOXP3 balance is low, or 1v) PD-L1 1s high and the CD8.FOXP3 balance 1s normal

[06363] Also provided is a method of treating breast cancer for a risk of recurrence
of breast cancer, the method comprising: receiving a less mtensive breast cancer therapy based
upon a PD-L1 and CDE.FOXP3 balance, wherein a lugher incremental risk will merease: a) a
likelihood of an aggressive breast cancer therapy that i1s at least more than what would be
recommended by the NCCN, ASTRO, ESTRO, ESMQ, and/or NICE; b) the aggressiveness
of the aggressive breast caucer; or ¢} both a} and b), wherein the less intensive breast cancer
therapy 15 received ift 13 PD-L1 13 low and the CD8 . FOXP3 balance 15 hugh, wheremn a standard
radiotherapy 1s received ift 1) PD-L1 15 low and the CDB.FOXP3 balance 13 low, or 111} PD-
L1 18 high and the CDB.FOXP3 balance 1s normal.

[6304] Provided herein 1s a method of selecting whether or not to a subject receives
a standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has low PD-
L1 and low TILs, receiving the standard radiotherapy; if the subject has high PD-L1 and high
TiLs, receiving the standard radiotherapy; if the subject has low PD-L1 and high Tibs,
receiving the alternative therapy; and if the subject has high PD-L1 and low TlLs, recetving
the standard radiotherapy.

[6385] Also provided is a method of selecting whether or not a subject receives a

standard radiotherapy or an alternative therapy appropriate for one who will not benefit
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substantially from standard radiotherapy, the method comprising: if the subject has low PD-
L1 and hugh CDR FOXP3 balance, recetving the less intense radiotherapy; if the subject has
low PD-L1 and high CD8 FOXP3 balance, omitting radiotherapy; else if the subject has any
other combination of PD-L1 status and CD8.FOXP3 balance, recetving standard radiotherapy.

[8386] Provided herein 15 a method of treating breast cancer, the method
comprising: determining a prognostic value of a subject with mmvasive breast cancer that has a
high level of PD-L1; and recetving an intensified treatment to the invasive breast cancer if the
prognostic value is not favorable.

163671 Also provided is a method for treating breast cancer, comprising a)
providing a tissue sample of a breast cancer; b} deternmuning a level of protein expression of
PD-1 in the sample; ¢) determining a level of protein or mRNA expression of PD-L1 in the
saraple; d} determining that the PD-1 expression level is below a threshold level for PD-1; &)
determining that the PI)-L1 expression level is above a threshold level for PD-L1; and f)
receiving intensified {reatment as mtensified radiotherapy treatment, intensified systemic
therapy or mastectomy to the patient.

[6308] Also provided s a method of diagnosis, corprising: a) providing a tissue
sample of a breast cancer; b} determuung the expression level of PD-1 m the sample; ¢)
determining the expression level of PD-L1 1 the sample; d) determinimg that the PD-1
expression level 1s below a threshold expression level for PD-1; and ¢) determining that the
PD-L1 expression level is above a threshold expression level for PD-L1, thereby determuning
that one would benefit from mtensified radiotherapy treatment, optionally recewving the
mtensified radiotherapy treatment.

[6369] Provided herein 1s a method of treating breast cancer, the method
comprising: wdentifying an incremental risk of a local or regional recurrence based on 3 level
of PD-1 and/or a level of PD-L1 n a sample of an wnvasive breast cancer provided; and
receiving an intensified breast cancer therapy based upon the incremental risk, wherein a
higher incremental risk will increase: a) a likelithood of an aggressive breast cancer therapy
that 18 at least more than  what  would be  recommended by
NCCN/ASTRO/ESMO/ESTRO/Chmical  Practice  Recommendations  Australia/NICE

guidelines; or b) the aggressiveness of the aggressive breast cancer; or ¢) both a) and b).

-104-



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

(6316} Also provided 1s a method for treating a subject diagnosed with invasive
breast cancer or breast cancer in situ to prevent local or regional recurrence, said method
comprising: providing an invasive breast cancer tissue sample; analyzing the cancer tissue
sample for a level of PD-1; analyzing the cancer tissue sample for a level of PD-L1; receiving
an intensified treatment if the cancer tissue sample has a low level of PD-1 and a high level of
PD-L1, and receiving an alternative to the intensified treatment per current
NCON/ASTRO/ESMO/ESTRO/Chinical Practice  Recommendations  Australia/NICE
guidelines, if the cancer tissue sample has a high level of PD-1 and a low level of PD-L1.

(0311 Provided herein 1s a method of treating breast cancer, the method
comprising recetving an intenstfied treatment to the invasive breast cancer if the invasive breast
cancer that has a low level of PD-1 and a high level of PD-L1

[8312] Also provided 15 a method of determining responsiveness to radiation
therapy, the method comprising. providing a cancer tissue sample from an invasive breast
cancer; and determining if the cancer tissue sample has a high level of PD-1; determining if
the cancer tissue sarople has a low level of PD-L1, wherem if the cancer tissue sample has a
hugh level of PD-1 and a low level of PD-L1, receiving a therapy, and wherein the therapy is
not an tensified treatroent.

[8313] Also provided 15 a method for preventing an invasive breast cancer
recurrence in a subject, the method comprising: providing a cancer tissue sample of annvasive
breast cancer; analyzing the cancer tissue sample for a level of PD-1,; analyzing the cancer
tissue sample for a level of PDB-L1; recetving an mntensified treatment if the cancer tissue
sample has a low level of PD-1 and a high level of PD-L1; and receiving an alternative 1o the
mtensified treatment if the cancer tissue sample has a high level of PD-1 and a low level of
PD-LT

[8314] Provided herein is a method for preventing a local or regional breast cancer
recurrence i a subject diagnosed with early stage breast cancer, the method comprising:
receiving an intensified treatment if a cancer has a low level of PD-1 and a lugh level of PD-
L1, or receiving an alternative to the intensified treatment if a cancer has a high level of PD-1
and a low level of PD-1L1.

[8315] Also provided is a2 method of modifying a treatment for a sebject, the

method comprising: determining that an invasive breast cancer provided for analysis of PD-1
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and PD-L1 levels has a low level of PD-1 and a high level of PD-L1; and receiving a breast
cancer therapy, wherein the breast cancer therapy is more aggressive than a traditional breast
cancer therapy, whergin the traditional breast cancer therapy is one recommended for the
subject, based on the subject’s risk factors excluding PD-1 and PD-L1 levels.

[8316] Provided herein 15 a method of treating breast cancer for local recurrence,
the method comprising: receiving an intensified breast cancer therapy based upon a PD-1, PD-
L1, and/or TIL status, wherein a higher incremental risk will increase: a) a likelihood of an
aggressive breast cancer therapy that 1s at least more than what would be recommended by the
NCCN, ASTRQO, ESTRO, ESMO, and/or NICE guidelines; b) the aggressiveness of the
aggressive breast cancer; or ¢} both a) and b), wherein a less-than-standard breast cancer
therapy 1s received ift 1) PD-1 1s high, PD-L1 15 low, and TILs 1s high, or 1t} PD-1 15 high, PD-
L1 1s high and T1Ls 15 hugh if one or more additional variables indicating that high PD-1, hugh
PD-L1 and/or hugh TILs confer a favorable prognosis are present, wherein a standard
radiotherapy 1s recetved 1if: 111} PD-L1 15 high, and TlLs 1s low, 1v) PD-1 1s high, PD-L1 s low,
and TILs 15 low, or v} PD-1 18 low, PD-L1 18 high, and TiLs 1s high if 1t cannot be determined
based on one or more gdditional variables that PD-1, PD-L1 and/or TH.s confer a favorable or
unfavorable prognosis, wherein the intensitied breast cancer therapy 15 received i vi} PD-1 13
fow, PD3-L1 1s high and T1Ls 15 hugh, or vit) PD-1 15 lugh, PD-L1 18 tugh and TTLs s high if
one or more additional varables ndicating that PD-1, PD-L1 and/or TiLs confer an
unfavorable prognosis are present.

[8317] Provided heremn 1s a method of treating breast cancer for a risk of recurrence
of breast cancer, the method comprising: recetving an mtensified breast cancer therapy based
upon a PD-L1T and TIL status, wherein a higher moremental risk will increase: a) a likelihood
of an aggressive breast cancer therapy that 15 at least more than what would be recommended
by the NCCON, ASTRO, ESTRO, ESMQ, and/or NICE gundelines; b) the aggressiveness of the
aggressive breast cancer; or ¢} both a) and b), wheremn the intensified breast cancer therapy 1s
received ift 1} PD-1 15 low, PD-L1 15 hugh and Tils s high, or 1) PE-1 1s high, PD-L1 is high
and TILs s high, if one or more additional variables indicating that high PD-1, PD-L1 and/or
high TiLs confer an unfavorable prognosis are present, wherein a standard radiotherapy is
received if) ) PE-L1 15 high, and TiLs 1s low, v} PD-1 15 high, PD-L1 is low, and TiLs 15

low, or v} PD-1 15 low, PD-L1 1s high and TiLs is high if it cannot be determined based on one
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or more additional variables that PD-1, PD-L1 and/or TILs confer a favorable or unfavorable
prognosis, wherein deintensified treatment is received ift vi) PD-1 1s hugh, PD-L1 1s low and
Tiis is high, vit) PD-L1 1s high and TiLs is high, or viig) PB-1 15 high, PD-1L1 1s high and TiLs
is high if one or more additional variables indicating that high PD-1, PDL1 and/or high TiLs
confer a favorable prognosis are present.

[0318] Further provided is a method of selecting whether or not a subject receives
a standard radiotherapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising: if the subject has high PD-1
and low TILs and has a genomically unstable tumor, receiving the alternative radiotherapy; of
the subject has high PD-L1 and low TiLs and has a genomically unstable tumor, receiving the
standard radiotherapy; if the subject has low PD-1 and low Tils and has a genomically
unstable tumor, receiving the standard radiotherapy or the alternative therapy {(optionally
intensification); if the subject has low PD-1 and low TILs and has a genomically stable tumor,
receiving the alternative therapy (optionally onussion or de-escalation of radiotherapy); if the
subject has low PD-1 and high TILs and 15 a genomically stable tumor, receiving the intensified
therapy; if the subject has high PD-1 and high TlLs and has a genomically unstable tumor,
omitting the standard radiotherapy; and if the subject has hugh PD-1 and high TiLs and has a
genomically stable tumor, receiving the alternative radiotherapy (optionally intensified
radiotherapy), wheremn the PD-1 level 15 a PD-1 protein expression level

[6319] Also provided 1s a method of diagnosis comprising: a) providing a fissue
sample of a breast cancer, wherein the patient has a favorable prognosis for breast cancer, b}
determuning expression levels of PD-1 and PD-L1 0 the sample, ¢} determining that the
expression level of PD-1 1s below a threshold expression level, d) determining that the
expression level of PD-L1 15 above a threshold expression level, ¢) thereby determining that
the patient belongs to a group that would not benefit from standard radiotherapy treatment; and
3 not providing the standard radiotherapy treatment.

[0326] Provided herein 1s a method for treating a subject diagnosed with invasive
breast cancer or breast cancer nn situ to prevent local or regional recusrence, said method
comprising: providing a cancer tissue sample of a invasive breast cancer, wherein the subject
has a favorable prognosis for the invasive breast cancer; analyzing the cancer tissue sample for

levels of PD-1 and PD-L1; not recetving a radiotherapy treatment if the cancer tissue sample
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has a high level of PD-L1; and receiving an alternative to radiotherapy per at least one of
NCCN, ESMO, EXTRO, Clinical Practice Recommendations Australia, or NICE gwndeline.

6321} Provided herein 1s 3 method of selecting a treatment for a subject, the
method comprising: comparing a level of PD-1 in a subject to a range of PD-1 levels; and
increasing a likelthood of receiving radiotherapy as an inverse function of the level of PD-1,
wherein a lower PIx-1 level indicates a greater benefit of radiotherapy, thereby decreasing a
risk of local breast cancer recusrence.

[8322] Provided herein 15 a method for treating breast cancer comprising the steps:
a} providing a tissue sample of a breast cancer; b} determining a level of protein or mRNA
expression of PD-L1 in the sample; ¢} deternuning that the expression level is above a
threshold level; d} determining a level of genomic instability in the sample; e} determining that
the sample has low or moderate genomic nstability; and f) receiving intensified treatment as
intensified radiotherapy treatment, untensified systemic therapy or mastectomy based on the
determination that the PD-L1 expression level 1s above a threshold level and that the sample
has low or moderate genomuc mstability.

[06323] Provided herein 15 a method of selecting whether or not a subject receives a
standard radiotherapy, intensified therapy or an alternative therapy appropriate for one who
will not benefit substantially from standard radiotherapy, the method comprising: 1f the subject
has low PD-L1 and low TILs, and f a histological grade of a turnor 15 grade T or 1, receiving
the standard radiotherapy,; 1if the subject has low PD-L1 and low TiLs, and if a histological
grade of a tumor 15 grade I, recetving the mtensified therapy; if the subject has high PB-L1
and high TiLs, and if 8 histological grade of a tumor 13 grade I or Tl, receiving the mtensified
therapy . if the subject has high PD-L1 and high TILs, and if a histological grade of a tumor 15
grade 111, receiving the standard radiotherapy or the alternative therapy, if the subject has low
PD-L1T and ugh TiILs, receiving the alternative therapy, and if the subject has high PB-L1 and
fow TILs, receiving the standard radiotherapy.

[0324] Also provided 1s a method of selecting whether or not a subject receives a
standard radiotherapy, an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, or intensified therapy, the method comprising: if the
subject has low PD-L1 and high CD& FOXP3 balance, recetving the less intense radiotherapy;

if the subject has low PD-L1 and high CDEFOXP3 balance, omitting radiotherapy; if the
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subject has high PD-L1 and normal CD8 FOXP3 balance, and the levels of tumor-infiltrating
CD8 and FOXP3 cells are hugh, receiving the less intense radiotherapy; if the subject has low
PD-L1 and normal CD& FOXP3 balance, the levels of tumor-infiltrating CD8 and FOXP3 cells
are low, and the histological grade of a tumor 1s grade Hi, receiving intensified therapy; if the
subject has low PD-L1 and normal CD8 FOXP3 balance, the levels of tumor-infiltrating CDS
and FOXP3 cells are low, and the histological grade of a tumor 15 grade 1 or H and/or
proliferation of the tumor 1s slow, receiving the standard therapy or omitting radiotherapy; else
it the subject has any other combination of PD-L1 status, CD8FOXP3 balance, levels of
tumor-infiltrating CD8 and FOXP3 cells, histological grade and/or proliferation, recetving
standard radiotherapy.

[0325] Also provided 1s a method of treating breast cancer, the method comprising
receiving an intensified treatment for an invasive breast cancer that has a high level of TiLs, if
the prognostic value is not favorable.

[08326] Provided herein 15 a method of treating breast cancer, the method
comprising: determoining that a tissue sample of an 1ovasive breast cancer provided for analysis
of PI3-1 has a low level of PD-1 {optionally 10 the grade T context); deternuning a prognostic
value for the tissue sarople; recetving an intensified treatment to the mvasive breast cancer if
the prognostic value s not favorable.

(63271 Further provided 1s a method of treating breast cancer, the method
comprising: determining that a tissue sample of an mvasive breast cancer provided for analysis
has high values of CD8&+ T cells in the context of grade | or grade 11, determining a prognostic
value of the subject; receiving an intensified treatment to the wvasive breast cancer if the
prognostic value 1s not favorable.

(0328} Also provided 1s a method of treating breast cancer, the method comprising;
determining that a tissue sample of an invasive breast cancer provided for analysis has high
values of FOXP3+ regulatory T cells if grade I or grade IT; determiming a proguostic value of
the subject; receiving an intensified treatment to the ivasive breast cancer if the prognostic
value s not favorable.

[0329] Provided 18 a method of treating breast cancer, the method comprising:
determining that a tissue sample of an invasive breast cancer provided for analysis has a high

level of PD-L1 and a high level of Tils; determining a prognostic value of the subject;
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recetving an intensified treatment {o the mvasive breast cancer if the prognostic value is not
favorable.

(8330} Also provided herein 1s a method of treating breast cancer, the method
comprising: determining that a tissue sample of an invasive breast cancer provided for analysis
has alow level of PD-1, highlevel of PD-L.1, and high level of TiLs; determining a prognostic
value of the subyect; receiving an intensified treatment to the mvasive breast cancer if the
prognostic vaiue 1s not favorable.

(0331} Provided herein 15 a method for treating breast cancer, comprising: a)
providing a tissue sample of a breast cancer; b) determining a level of protein expression of
PD-1 in the sample; and/or a level of protein or mRNA expression of PD-L1 in the sample; ¢)
determining that the PD-1 expression level 1s below a threshold level for PD-1; and/or the PD-
L1 expression level is above a threshold level for PD-L1; d) determining a level of genomic
mstability in the sample; e} determining that the sample has high genomic mstability; )
determining a level of tumor-infiltrating lymphocytes {TILs) in the sample; g) determining that
the sample has high level of TILs; and h) receiving intensified treatment as intensified
radiotherapy treatment.

[6332] Also provided 13 a method of diagnosis, comprising. providing a tissue
sarople of a breast cancer; determining a level of one or more markers in the sample, wherein
the one or more markers comprise one or both of PD-1 and PD-L1; determining a hustological
grade and/or level of tumor proliferation in the sample;, and recetving one of standard
radiotherapy, mtensified breast cancer therapy, and de-escalated radiotherapy based on the
determined level of the one or more markers and the determined histological grade and/or level
of tumor proliferation,

[8333] Provided herein 15 a method of treating breast cancer for local recurrence,
the method comprising: receiving an intensified breast cancer therapy based upon a PD-1, PD-
L1, and TIL status, wherem a higher incremental risk will increase: a} a likelihood of an
aggressive breast cancer therapy that is at least more than what would be recommended by the
NCON, ASTRO, ESTRO, ESMO, and/or NICE guidelines; b} the aggressiveness of the
aggressive breast cancer; or ¢} both a) and b), wheremn a less-than-standard breast cancer
therapy 1s recetved ) 1) PE-1 15 high, PD-L1 1s high, TiLs is high, and the breast cancer has a

fustological grade I and/or has high proliferation, 1) PD-1 15 low, PD-L1 13 low TILs 1s low,
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and the breast cancer has a histological grade I or I and/or has low proliferation, or 11ty PD-L1
is high, TiLs 1s high, and the breast cancer has a histological grade Il and/or has high
proliferation, and if one or more additional vanables indicating that high PI»-L1 and/or high
TILs confer a favorable prognosis are present, wherein a standard radiotherapy is received if;
v} PD-1 15 high, PD-L1 15 low, and TiLs is fow, or v} PE-L1 15 high, TlLs 1s low, and the
breast cancer has a histological grade HI and/or has high proliferation and/or 15 genomically
unstable, vi} PD-1 1s low, PD-L1 15 high, and TILs 15 high if 1t cannot be determined based on
one or more additional variables that PD-1, PD-L1 and/or TiLs confer a favorable or
unfavorable prognosis, wherein the mtensified breast cancer therapy is received if vy PD-1
is low, PD-L1 15 low, TILs 15 low, and the breast cancer has a histological grade Il and/or has
high proliferation, vitt} PD-1 15 high, PD-L1 1s high, TiLs 1s high, and the breast cancer has a
fustological grade I or It and/or has low proliferation, or ix}) PD-1 is low, PD-L1 s high, TlLs
15 high, and the breast cancer has a histological grade 1 or Il and/or has low proliferation, and
it one or more additional variables indicating that PD-1, PD-L1 and/or Tils confer an
unfavorable prognosis are present.

[8334] Also provided 1s a method of treating breast cancer for a risk of recurrence
of breast cancer, the method comprising: receiving an intensified breast cancer therapy based
upon a PD-L1 and TIL status, wheremn a higher incremental risk will increase: a) a likelithood
of an aggressive breast cancer therapy that is at least more than what would be recommended
by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE guidelines; b} the aggressiveness of the
aggresstve breast cancer; or ¢) both a} and b}, wherein the intensified breast cancer therapy 13
received ift 1) PB-L1 1s hugh, TILs is low, and the breast cancer has a histological grade HI
and/or has high proliferation and/or 18 genomically unstable, 1) PD-1 15 low, PD-L1 15 low,
TiLs 1s fow, and the breast cancer has a histological grade HI and/or has high proliferation, )
PD-1 s high or low, PD-1.1 15 hugh, TILs 15 high, and the breast cancer has a histological grade
{ or If and/or has low proliferation, and #f associated with unfavorable prognostic varnables,
wherein a standard radiotherapy 1s recetved if: v} PD-1 1s high, PD-L1 15 low, TiLs is low,
and the breast cancer has a histological grade I or I and/or has low proliferation, or v} PD-1 15
low, PD-L1 1s high, TiLs 1s high, the breast cancer has a histological grade 1l and/or has high
proliferation and/or 18 genomically unstable, and if neither favorable nor unfaverable

prognostic variables are present, wherein demntensified treatment 15 received ift vi} PI-1 15
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high, PD-L1 1s low, TiLs 15 high, and if the breast cancer has a histological grade I and/or
has high proliferation and/or is genomically unstable, vii) PD-L1 s high, TiLs 15 high, and if
the breast cancer has a histological grade 1 and/or has high proliferation and/or 1s genomically
unstable, and if associated with favorable prognostic variables, or vit} PD-1 s fow, PD-L1T 15
low, TILs s low, and the breast cancer has a histological grade 1 or If and/or has low
proliferation and/or 1s genonucally stable and if associated with favorable prognostic variables.

[8335] in some embodiments, any of the present methods can further comprise
preparing a report regarding the nisk {e.g., risk of recurrence} associated with the mvasive
breast cancer. In some emboduments, the report is a written report providing the risk of
recurrence of invasive breast cancer. In some embodiments, the report is generated from and/or
mcludes one or more of the marker options/combinations provided herein.  In some
embodiments, the report also details if the subject will be receptive to standard radiation
therapy, intensified radiation therapy or f a non-radiation therapy, such as an antibody to
HERZ, should be employed.

[6336] In some embodiments, the method further comprises recommending a
treatment given 4 result from analyzing the sample for the markers and combination disclosed
herein. In some embodiments, the treatoment 15 less utensive than would have otherwise been
recommended, without the method. In some embodiments, the treatment 18 more infensive
than would have otherwise been recommmended, without the method. 1o some embodiments,
the report also detais if the subject will be receptive to radiation therapy or if a non-radiation
therapy, such as an antibody to HERZ, should be employed.

(6337} Also provided are methods of recommending that msurance cover a therapy
for breast cancer, or determmning 1if insurance will cover a therapy for breast cancer. Provided
heremn 1s a method comprising the steps: a) obtaming a tissue sample of a tumor from a breast
cancer patient, b} determining 3 level of protein or mRNA expression of PD-L1 n the sample,
¢} determunimng that the expression level is above a threshold level, d) recommending that
msurance cover the cost of iniensified treatment as intensified radiotherapy treatment,
intensified systemic therapy or mastectomy to the patient.

[0338] Provided hergin i1s a method comprising the steps of a} obtaining a tissue
sample of a tumor from a breast cancer patient, b} determining the expression level of PD-L1

in the sample, ¢} determining that the expression level is above a threshold expression level,
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d} thereby determining that the patient belongs to a group that would benefit from intensified
radiotherapy treatment; and e} optionally recommending that insurance cover the cost of the
intensified radiotherapy treatment to the patient.

[0339] Also provided herein 15 a method comprising: identifying an incremental
risk to a subject of a local or regional recurrence based on a level of PB-L.1 1n a sample of an
invasive breast cancer in the subject; and recommending that insurance cover the cost of an
intensified breast cancer therapy to the subject based upon the incremental risk, wherein a
hugher incremental risk will 1ncrease: a) a likelthood of an aggressive breast cancer therapy
that 15 at least more than what would be recommended by a guideline, such as, for example,
NCCN, ASTRO, ESMO, ESTRO, Clinical Practice Recommendations Australia, or NICE
guideline; b} the aggressiveness of the aggressive breast cancer; or ¢} both a) and b).

[0340] Further provided herein s a method comprising: recommending that
imnsurance cover the cost of a cancer tissue sample from a subject who has invasive breast
cancer, analyzing the cancer tissue sample for a level of PD-L1; treating the subject with an
mtensitied treatroent if the cancer tissue sample has a hugh level of PD-L1; and treating the
subject with an alternative 1o the 1otensified treatment per a current guideline, such as, for
example, NCCN, ASTRO, ESMO, ESTRO, Clinical Practice Recoromendations Australia, or
NICE guideline, if the cancer tissue sample has a low level of PD-L1T

[6341] Also provided s a method comprising: wdentifying a subject with mmvasive
breast cancer that has a high level of PD-L1; and recommending that isurance cover the cost
of an mtensified treatment to the mvasive breast cancer.

0342} Provided herein 15 a method comprising: wdentifying a subject with mvasive
breast cancer; and determuning if a cancer tissue sample from the subject has a low level of
PD-L1, wherem if the cancer tissue sample from the subject has a low level of PD-L1,
recommending that insurance cover the cost of a therapy to the subject, wheremn the therapy 13
not an ntensified treatment.

[0343] Provided i1s a method compnising. analyzing a cancer tissue sample for a
level of PD-L1 from a subject; recommending that one treat the subject with an intensified
treatment if the cancer tissue sample has a high level of PD-L1,; and recommending that
insurance cover the cost of an alternative to the intensified treatment if the cancer tissue sample

has a low level of PD-L1, wherein the alternative is in line with a current guideline, such as,
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for example, NCUN, ASTRO, ESMO, ESTRO, Clinical Practice Recommendations Australia,
or NICE guideline.

(6344} Also provided 1s a method comprising: recommending that insurance cover
the cost of a cancer tissue sample from a subject who has invasive breast cancer; analyzing the
cancer tissue sample for a level of PD-L1; recommending that insurance cover the cost of an
intensified treatment if the cancer tissue sample has a high level of PD-L1; and recommending
that insurance cover the cost of an alternative to the intensified treatment if the cancer tissue
sample has a low level of PD-L1.

[0345] Provided herein 1s a method for preventing a local or regional breast cancer
recurrence in a subject diagnosed with early stage breast cancer, the method comprising:
recetving an intensified treatment if a cancer has a high level of PD-L1; or recetving an
alternative to the intensified treatment if a cancer has a low level of PD-L1.

0346} Also provided 15 a method comprising: wdentifying a subject with invasive
breast cancer that has a high level of PD-L1; and recommending that insurance cover the cost
of a breast cancer therapy to the subject, wherein the breast cancer therapy is more aggressive
than a traditional breast cancer therapy, wherem the traditional breast cancer therapy 1s one
recommended for the subject, based on the subject’s risk factors excluding PD-L1 levels.

(6347} Provided herein i3 a method comprising. recomnmending that insurance
cover the cost of an 1ntensified breast cancer therapy to a subject based upon a PD-L1 and TIL
status, wherein a higher tncremental risk will increase: a) a likelihood of an aggressive breast
cancer therapy that 1s at least more than what would be recommended by the NCCN, ASTRO,
ESTRQ, ESM{, and/or NICE; b) the aggressiveness of the aggressive breast cancer; or ¢} both
a}and b), wheremn a less than standard breast cancer therapy 15 recommended to be covered if?
1} PD-L1 s low and TiLs 13 lugh, or 1) PD-L1 15 high and TiLs 13 ligh f one or more additional
variables indicating that high PD-L1 and/or hugh TiLs confer a favorable prognosis are present,
wherein a standard radiotherapy 1s recommended to be covered if: 1) PD-L1 15 high and Tils
is low; v} PD-L1 is low and TiLs is low, or v} PD-L1 i3 high and THL s 15 high if 1t cannot be
determined based on one or more additional variables that PD-L1 and/or Tils confer a
favorable or unfavorable prognosis, wherein the intensified breast cancer therapy is
recommended to be covered ift vi}) PD-L1 s high and TiLs 15 high if one or more additional

variables indicating that PD-L1 and/or TILs confer an unfavorable prognosis are present.
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[6348&] Also provided 1s a method comprising: recommending that insurance cover
the cost of an intensified breast cancer therapy 1o a subject based upon a PD-L1 and TIL status,
wherein a higher incremental risk will increase: a) a likelihood of an aggressive breast cancer
therapy that is at least more than what would be recommended by the NCCUN, ASTRO,
ESTRO, ESMO, and/or NICE; b) the ageressiveness of the aggressive breast cancer; or ¢} both
a} and b), wherem the mtensified breast cancer therapy is recommended to be covered if: 1)
PD-L1 15 high and TlLs is high f one or more additional variables indicating that PD-L1 and/or
TiLs confer an unfavorable prognosis are present, wherein a standard radiotherapy is
recommended to be covered ift 1) PD-L1 1s high and TiLs s low; 1) PD-L1 15 low and TiLs
is low; or tv} PD-L1 1s high and TILs s high it it cannot be deternuned based on one or more
additional variables that PD-L1 and/or TiLs confer a favorable or unfavorable prognosis,
wherein deintensified breast cancer therapy s recommended to be covered itt v) PD-L1 1s low
and TiLs 1s high; or vi} PD-L1 s hugh and TILs 18 high if one or more additional variables
indicating that high PD-L1 and/or hugh TiLs confer a favorable prognosis are present.

[6349] Provided herein 1s a rethod comprising recommending that insurance
cover the cost of a less intensive breast cancer therapy 1o a subject based upon a PD-L1 and
CDBFOXP3 balance, wherein a higher incremental risk will increase: a) a likelithood of an
aggressive breast cancer therapy that 15 at least more than what would be recommended by the
NCCN, ASTRO, ESTRO, ESMO, and/or NICE; b) the aggressiveness of the aggressive breast
cancer;, or ¢} bothajyand b), wherein the less intensive breast cancer therapy 1s recommended
to be covered ift 1) PD-L1 1s low and the UD8 FOXP3 balance is high, or 11} the levels of tumor-
mfiltrating CD8 and FOXP3 cells are high, and the histological grade of the breast cancer 1s
grade 1T and/or the breast cancer has high proliferation, wherein a standard radiotherapy 1s
recommended 1o be covered if ) PD-L1 15 low and the D& FOXP3 balance 1s low, or 1v)
PD-L1 15 high and the CDB. FOXP3 balance 1s normal,

[035¢] Also provided 15 a method comprising: recommending that insurance cover
the cost of a less mntensive breast cancer therapy to a subject based upon a PD-LI and
CD&FOXP3 balance, wherein a higher incremental risk will increase: a) a likelihood of an
aggressive breast cancer therapy that is at least more than what would be recommended by the
NCON, ASTRO, ESTRO, ESMO, and/or NICE; b) the ageressiveness of the aggressive breast

cancer; or ¢} both a) and b}, wherein the less intensive breast cancer therapy is recommended
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to be covered ift 1} PE-L1 1s low and the CD8.FOXP3 balance s high, wherein a standard
radiotherapy 1s recommended to be covered if: 11} PD-L1 15 low and the CDB FOXP3 balance
is low, or 111} PD-L1 18 high and the CDS.FOXP3 balance 1s normal.

[0351] Provided herein is a method comprising! if the subject has low PD-L1 and
low TiLs, recommending that insurance cover the cost of the standard radiotherapy; if the
subject has high PI-L1 and high Tils, recommending that insurance cover the cost of the
standard radiotherapy; if the subject has low PD-L1 and high Tils, recommending that
msurance cover the cost of the alternative therapy; and if the subject has high PD-L1 and low
TiLs, recommending that insurance cover the cost of the standard radiotherapy.

[0352] Also provided is a method comprising: if the subject has low PD-L1 and
high CD8 FOXP3 balance, recommending that insurance cover the cost of the less intense
radiotherapy; if the subject has low PD-L1 and high CDRFOXP3 balance, omitting
radiotherapy; else if the subject has any other combination of PD-L1 status and CD& FOXP3
balance, recommending that insurance cover the cost of standard radiotherapy.

[6353] Provided herein 1s a method comprising, identifving a subject with mvasive
breast cancer that has a hugh level of PD-L1; determining a prognostic value of the subject;
recomnmending that insurance cover the cost of an intensified treatment to the 1vasive breast
cancer if the prognostic value is not favorable.

[6354] Also provided 15 a method comprising: a) obtawning a tissue sarople of a
tumor from a breast cancer patient; b} determining a level of protemn expression of PD-1 n the
sample; ¢} determinung a level of protem or mRNA expression of PD-L1 10 the sample; d)
determuining that the PD»-1 expression level 1s below a threshold level for PD-1; e} determining
that the PD-L1 expression level 1s above a threshold level for PD-L1; and ) recommending
that msurance cover the cost of intensified treatment as mtensified radiotherapy treatment,
mtensified systemic therapy or mastectomy to the patient.

[0355] Also provided 1s a method comprising: 3} obtaming 38 tissue sample of a
tumor from a breast cancer patient; b) determining the expression level of PE-1 in the sample;
¢} determining the expression level of PD-L1 in the sample; d} determining that the PD-1
expression level is below a threshold expression level for PD-1; and e} determining that the
PD-L1 expression level is above a threshold expression level for PD-L1, thereby determining

that the patient belongs to a group that would benefit from intensified radiotherapy treatment,
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optionally recommending that insurance cover the cost of the intensified radiotherapy
treatment to the patient.

8356} Provided herein is a method comprising! identifying an incremental risk to
a subject of a local or regional recurrence based on a level of PD-1 and/or a level of PD-L1 in
a sample of an invasive breast cancer in the subject; and recommending that insurance cover
the cost of an mntensified breast cancer therapy to the subject based upon the mcremental risk,
wherein a higher incremental risk will increase: a) a likelihood of an aggressive breast cancer
therapy that 15 at least more than what would be recommended by
NCCN/ASTRO/ESMO/ESTRO/Chinical  Practice  Recommendations  Australia/NICE
guidelines; or b) the aggressiveness of the aggressive breast cancer; or ¢} both a} and b},

8357} Also provided 1s a method comprising: recommending that insurance cover
the cost of a cancer tissue sample from a subject who has invasive breast cancer; analyzing the
cancer tissue sample for a level of PD-1; analyzing the cancer tissue sample for a level of PD-
L1; treating the subject with an intensified treatment if the cancer tissue sample has a low level
of PD-~1 and a ugh level of PD-L1; and treating the subject with an alternative to the intensified
treatment per current NCON/ASTRO/ESMO/ESTRO/Clinical Practice Recommendations
Australia/NICE guidelines, f the cancer tissue sarople has a hugh level of PD-1 and a low level
of PI3-L1.

[6358] Provided herein 1s a method comprising: identifying a subject with invasive
breast cancer that has a low level of PD-1 and a hugh level of PD-L1; and recommending that
msurance cover the cost of an intensified treatment to the imvasive breast cancer.

[8359] Also provided 18 a method comprising: identifying a subject with invasive
breast cancer; and determming 1f a cancer tissue sample from the subject has a high level of
PD-1; determining if the cancer tissue sample from the subject has a fow level of PB-L1,
wherein if the cancer tissue sample from the subject has a high level of PD-1 and a low level
of PB-L1, recommending that insurance cover the cost of a therapy to the subject, and wherem
the therapy s not an mtensified treatment.

8360} Provided herein is a method comprising: analyzing a cancer tissue sample
from a subject for a level of PD-1 and a level of PD-L1; recommending treating the subject
with an mtensified treatment if the cancer tissue sample has a low level of PD-1 and a high

level of PD-L1; and recommending that insurance cover the cost of treating the subject with
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an alternative to the intensified treatment if the cancer tissue sample has a high level of PD-1
and a low level of PD-L1, wherein the alternative is in line with current
NCON/ASTRO/ESMO/ESTRO/Clinical Practice  Recommendations  Australia/NICE
guidelines.

[8361] Also provided 1s a method comprising: recommending that insurance cover
the cost of a cancer tissue sample from a subject who has invasive breast cancer; analyzing the
cancer tissue sample for a level ot PD-1; analyzing the cancer tissue sample for a level of PD-
L1; recommending that insurance cover the cost of an intensified treatment if the cancer tissue
sample has a low level of PD-1 and a high level of PD-L1; and recommending that insurance
cover the cost of an alternative to the mtensified treatment if the cancer tissue sample has a
high level of PD-1 and a low level of PD-L1.

[0362] Provided herein is a method comprising: recommending that insurance
cover the cost of an intensified treatment if a cancer has a low level of PD-1 and a high level
of PD-L1; or recommending that insurance cover the cost of an alternative to the intensified
treatment 1t a cancer has a high level of PD-1 and a low level of PD-L1

[8363] Also provided 18 a method comprising: identifyng a subject with invasive
breast cancer that has a low level of PD-1 and a high level of PD-L1; and recommending that
msurance cover the cost of a breast cancer therapy to the subject, wheremn the breast cancer
therapy is more aggressive than a traditional breast cancer therapy, wherein the traditional
breast cancer therapy 1s one recommended for the subject, based on the subject’s risk factors
excluding PD-1 and PD-L1 levels,

(0364} Provided herem 15 a method comprising. recommending that insurance
cover the cost of an mitensified breast cancer therapy to a subject based upon a PB-1, PB-L1,
and/or TIL status, wherein a higher incremental nisk will ncrease: a) a hikehhood of an
aggressive breast cancer therapy that 1s at least more than what would be recommended by the
NCCON, ASTRO, ESTRO, ESMO, and/or NICE guidelines; b) the aggressiveness of the
aggressive breast cancer; or ¢} both a) and b), wheremn a less-than-standard breast cancer
therapy 1s recommended to be covered if: 1} PD-1 15 high, PD-L1 is low, and TILs 1s high, or
ity PD-1 1s high, PD-L1 15 high and TiLs 1s high if one or more additional variables indicating

that high PD-1, high PD-L1 and/or high TILs confer a favorable prognosis are present, wherein

(((((
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v} PD-1 18 high, PD-L1 15 low, and TILs 1s low, or v} PE-1 15 low, PD-L1 s high, and Tl s 15
hugh if 1t cannot be determined based on one or more additional vanables that PD-1, PD-L1
and/or TILs confer a favorable or unfavorable prognosis, wherein the intensified breast cancer
therapy is recommended to be covered if: vi} PD-1 is low, PD-L1 is high and TILs 1s hugh, or
vit) PD-1 1s high, PD-L.1 1s high and TILs 1s high if one or more additional variables indicating
that PD-1, PD-L1 and/or TILs confer an unfavorable prognosis are present.

(0365} Provided herein 15 a method comprising: recommending that insurance
cover the cost of an intensified breast cancer therapy 1o a subject based upon a PD-L1 and TIL
status, wherein a higher incremental risk will increase: a} a likelihood of an aggressive breast
cancer therapy that 15 at least more than what would be recommended by the NCCN, ASTRO,
ESTRO, ESMO, and/or NICE guidelines; b} the aggressiveness of the aggressive breast
cancer; or ¢} both a} and b), wherein the intensified breast cancer therapy is recommended to
be covered if: 1) PD-1 15 low, PD-L1 is high and TiLs 18 high, or 11} PD-1 15 high, PD-L1 15
fugh and TILs 1s hugh, if one or more additional variables indicating that high PD-1, PD-L1
and/or high TTLs confer an unfavorable prognosis are present, wherein a standard radiotherapy
is recomunended to be covered if: 1) PD-L1 18 hugh, and TH.s 18 low, 1v) PI3-1 15 hugh, PD-
L1 18 low, and TlLs 18 low, or v) PD-~1 18 low, PD-L1 s high and TILs 1s high 1f ot cannot be
determined based on one or more additional varigbles that PD-1, PD-L1 and/or TILs confer a
favorable or unfavorable prognosis, wheremn deintensitied treatment 15 recommended to be
covered ift vi} PD-1 1s lugh, PD-L1 15 low and TILs 1s high, vit) PB-L1 15 lugh and TiL.s 15
high, or viu} PD-1 1s lugh, PD-L1 1s high and TILs 15 high if one or more additional varables
mdicating that high PD-1, PDL1 and/or lugh TiLs confer a favorable prognosis are present.

[8366] Further provided 1s a method comprising: if the subject has high PD-1 and
low TILs and has a genomically unstable tumor, recommending that msurance cover the cost
of the alternative radiotherapy,; if the subject has high PD-L1 and low TiLs and has a
genomically unstable tumor, recommending that 1nsurance cover the cost of the standard
radiotherapy; if the subject has low PD-1 and low TiLs and has a genomically unstable tumor,
recommending that insurance cover the cost of the standard radiotherapy or the alternative
therapy {optionally intensification); if the subject has low PD-1 and low TlLs and has a
genomically stable tumor, recommending that insurance cover the cost of the alternative

therapy (optionally omission or de-escalation of radiotherapy); if the subject has low PD-1 and
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high TILs and 1s a genomically stable tumor, recommending that msurance cover the cost of
the intensified therapy; if the subject has high PD-1 and high TILs and has a genomicaily
unstable tumor, omitting the standard radiotherapy; and if the subject has high P31 and high
TILs and has a genomically stable tumor, recommending that insurance cover the cost of the
alternative radiotherapy {optionally intensified radiotherapy), wherein the PD-1 level is a PD-
1 protein expression level

[8367] Also provided 1s a method comprising: 3} obtaining a tissue sample of a
tumor from a breast cancer patient, wherein the patient has a favorable prognosis for breast
cancer, b} determining expression levels of PD-1 and PD-L1 in the sample, ¢} determining that
the expression level of PDX-1 is below a threshold expression level, d) determining that the
expression level of PD-L1 1s above a threshold expression level, ) thereby determining that
the patient belongs to a group that would not benefit from standard radiotherapy treatment; and
{} not recommending that insurance cover the cost of the standard radiotherapy treatment to
the patient.

[06368] Provided herein 1s a rethod comprising recommending that insurance
cover the cost of a cancer tissue sample from a subject who has invasive breast cancer, wherein
the subject has a favorable prognosis for the invasive breast cancer; analyzing the cancer tissue
sarople for levels of PD-1 and PD-L1; not treating the subject with a radiotherapy treatment 1if
the cancer tissue sample has a high level of PD-L1; and treating the subject with an alternative
to radiotherapy per at least one of NCCN, ESMO, ESTRO, Clinieal Practice Recommendations
Australia, or NICE guideline.

[8369] Provided herein 1s a method comprising: comparing a level of P mna
subject to a range of PD-1 levels; and increasing a likelihood of recommending that insurance
cover the cost of radiotherapy to the subject as an inverse function of the level of PD-1, wheremn
a lower PD-1 level mmdicates 3 greater benefit of radiotherapy 1o the subject, thereby decreasing
a risk of local breast cancer recurrence,

[0376] Provided herein is a method for treating breast cancer comprising the steps:
a} obtaining a tissue sample of a tumor {rom a breast cancer patient; b} determining a level of
protein or mRINA expression of PD-L1 1n the sample; ¢} determining that the expression level
is above a threshold level, d} determinimg a level of genomic mstability in the sample; e}

determining that the sample has low or moderate genomic instability; and 1) recommending
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that msurance cover the cost of iniensified treatment as intensified radigtherapy treatment,
intensified systemic therapy or mastectomy to the patient based on the determination that the
PD-L1 expression level is above a threshold level and that the sample has low or moderate
genomic instability.

(8371} Provided herein 1s a2 method comprising: if the subject has low PD-L1 and
low TiLs, and if a histological grade of a tumor is grade 1 or I}, recommending that insurance
cover the cost of the standard radiotherapy; if the subject has low PD-L1 and low TiLs, and f
a histological grade of a tumor 1s grade I, recommending that imsurance cover the cost of the
mtensified therapy; if the subject has high PD-L1 and high TILs, and if a histological grade of
a tumor 1s grade  or II, recommending that insurance cover the cost of the intensified therapy;
if the subject has high PD-L1 and high TiLs, and if a histological grade of a tumor 15 grade 1,
recommending that insurance cover the cost of the standard radiotherapy or the alternative
therapy; if the subject has low PD-L1 and high TILs, recommending that insurance cover the
cost of the alternative therapy; and if the subject has high PD-L1 and low TlLs, recommending
that msurance cover the cost of the standard radiotherapy.

[8372] Also provided 1s a method comprising: if the subject has low PD-L1 and
high CD8.FOXP3 balance, recomunending that nsurance cover the cost of the less intense
radiotherapy; if the subject has low PD-L1 and high CDRTFOXP3 balance, onutting
radiotherapy; if the subject has high PD-L1 and normal CD8& FOXP3 balance, and the levels
of tumor-infiltrating CD8 and FOXP3 cells are high, recommending that insurance cover the
cost of the less miense radiotherapy; if the subject has low PD-L1 and normal CDB.FOXP3
balance, the levels of tumor-mfiltrating CD8 and FOXP3 cells are low, and the histological
grade of a tumor 15 grade I, recommending that insurance cover the cost of intensified
therapy; if the subject has low PD-L1 and normal CD&FOXP3 balance, the levels of tumor-
mfiltrating CD8 and FOXP3 cells are low, and the histological grade of a tumor 1s grade I or
T and/or proliferation of the tumor 15 slow, recommending that msurance cover the cost of the
standard therapy or omitting radiotherapy; else if the subject has any other combination of PD-
L1 status, CD8FOXP3 balance, levels of tumor-infiltrating CD8 and FOXP3 cells,
hustological grade and/or proliferation, recommending that insurance cover the cost of standard

radiotherapy.
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10373} Also provided is a method comprising: identifying a subject with invasive
breast cancer that has a high level of TlLs, determiming a prognostic value of the subject; and
recommending that insurance cover the cost of an intensified treatment to the invasive breast
cancer if the prognosiic value is not favorable.

10374} Provided herein 15 a method comprising: identifying a subject with invasive
breast cancer that has a low level of PD-1 {optionally in the grade HI context); determining a
prognostic value of the subject; recommending that insurance cover the cost of an intensified
treatment to the invasive breast cancer if the prognostic value is not favorable.

[8375] Further provided 15 a method comprising: identifving a subject with
mvasive breast cancer that has high values of CDE8+ T cells in the context of grade [ or grade
Il; determining a prognostic value of the subject; recommending that msurance cover the cost
of an intensified treatment to the invasive breast cancer if the prognostic value is not favorable.

16376} Also provided 15 a method comprising: wdentifying a subject with invasive
breast cancer that has high values of FOXP3+ regulatory T celis f grade 1 or grade II;
determining a prognostic value of the subject; recommending that msurance cover the cost of
an ntensified treatment to the invasive breast cancer if the prognostic value 15 not favorable.

(63771 Provided 15 a method comprising: identifying a subject with invasive breast
cancer that has a high level of PD3-L1 and a lugh level of TILs; determining a prognostic value
of the subject; recommending that insurance cover the cost of an mtensified treatment to the
mvasive breast cancer if the prognostic vahue 13 not favorable.

{6378} Also provided heremn 18 a method comprising: identifying a subject with
mvasive breast cancer that has a low level of PD-1, high level of PD-L1, and high level of
TiLs; determuning a prognostic value of the subject; recommending that insurance cover the
cost of an mtensified treatment to the mvasive breast cancer if the prognostic value 1s not
favorable.

[8379] Provided herein 15 a method comprising: 8) obtaining a tissue sample of a
tumor from a breast cancer patient; b) determining a level of protein expression of PD-1 in the
sample; and/or a level of protein or mRNA expression of PD-L1 in the sample; ¢} determining
that the PD-1 expression level is below a threshold level for PD-1; and/or the PD-L1 expression
level 15 above a threshold level for PD-L1,; d) determining a level of genomic instability

in the sample; e} determuning that the sample has high genomic instability; ) determining a
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level of tumor-infiltrating lvmphocytes (TIhs) in the sample; g} determining that the sample
has high level of TiLs, and h) recommending that imsurance cover the cost of intensified
treatment as intensified radiotherapy treatment.

[038¢] Also provided is a method comprising: obtaining a tissue sample of a tumor
from a breast cancer patient; determining a level of one or more markers in the sample, wherein
the one or more markers comprise one or both of PD-1 and PD-L1; determinung a histological
grade and/or level of tumor proliferation in the sample; and recommending that insurance cover
the cost of one of standard radiotherapy, intensified breast cancer therapy, and de-escalated
radiotherapy to the patient based on the determuned level of the one or more markers and the
determined histological grade and/or level of tumor proliferation.

(63811 Provided herein is a method comprising: recommending that insurance
cover the cost of an mtensified breast cancer therapy to a subject based upon a PD-1, PD-1L1,
and TIL status, wherein a higher incremental risk will increase: a) a likelihood of an aggressive
breast cancer therapy that is at least more than what would be recommended by the NCCN,
ASTRO, ESTRO, ESMO, and/or NICE guidelines; b) the aggressiveness of the aggressive
breast cancer, or ¢} both a) and b), wherem a less-than-standard breast cancer therapy 1is
recomnmended to be covered if: 1) PD-1 15 high, PD-L1 15 high, TILs 18 high, and the breast
cancer has a histological grade T and/or has high proliferation, 11) PD-1 15 low, PD-L1 15 low
TiLs 1s low, and the breast cancer has a histological grade [ or I and/or has low proliferation,
or 1) PD-L1 1s high, TiLs 15 high, and the breast cancer has a histological grade [If and/or has
high prohiferation, and if one or more additional vanables indicating that high PD-L1 and/or
high TiLs confer a favorable prognosis are present, wherein a standard radictherapy 1s
recommended to be covered if 1v) PD-1 is lugh, PD-L1 1s low, and TiLs 15 low, or v} PD-L1
i1s high, TiLs 1s low, and the breast cancer has a histological grade TH and/or has high
proliferation and/or 15 genomically unstable, vi) PD-1 1s low, PD-L.1 15 hugh, and TILs 1s high
if it cannot be determined based on one or more additional vanables that PB-1, PD-L1 and/or
TILs confer a favorable or unfavorable prognosis, wherein the intensified breast cancer therapy
18 recommended to be covered ift viry PD-1 is low, PD-L1 is low, TiLs is low, and the breast
cancer has a histological grade [T and/or has high proliferation, vin) PD-1 1s hugh, PD-L1 15
high, TiLs s high, and the breast cancer has a histological grade I or I and/or has fow

proliferation, or 1) PD-1 15 low, PD-L1 18 hugh, Tils 1s high, and the breast cancer has a
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histological grade I or H and/or has low proliferation, and f one or more additional varables
mdicating that PD-1, PD-L1 and/or TiLs confer an unfavorable prognosis are present.

[6382] Also provided is a method omprising: recommending that imsurance cover
the cost of an intensified breast cancer therapy 1o a subject based upon a PD-L1 and TIL status,
wherein a higher incremental risk will increase: a) a likelihood of an aggressive breast cancer
therapy that is at least more than what would be recommended by the NCCUN, ASTRO,
ESTRO, ESMO, and/or NICE guidelines; b) the aggressiveness of the aggressive breast
cancer; or ¢} both a} and b), wherein the intensified breast cancer therapy is recommended to
be covered ift 1) PD-L1 1s hugh, TiLs 1s low, and the breast cancer has a histological grade Hi
and/or has high proliferation and/or 1s genomically unstable, 1) PD-1 15 low, PD-L1 is low,
TiLs 1s low, and the breast cancer has a histological grade 1 and/or has high proliferation, 11t}
PD-1 15 high or low, PD-L1 1s high, TILs is high, and the breast cancer has a histological grade
T or H and/or has low proliferation, and if associated with unfavorable prognostic variables,
wherein a standard radiotherapy is recommended to be covered if: 1v) PD-1 1s high, PD-L1 15
low, TiLs 15 low, and the breast cancer has a histological grade 1 or I and/or has low
proliferation, or v PD~1 1s low, PD-L1 15 igh, TTLs 15 high, the breast cancer has a histological
grade I and/or has high proliferation and/or 18 genonucally unstable, and if neither favorable
nor unfavorable prognostic variables are present, wherem demntensified treatment is
recomnmended to be covered 1t vi) PD-1 1s high, PD-L1 13 low, TILs 1s high, and f the breast
cancer has a histological grade HI and/or has lgh proliferation and/or 15 genomically unstable,
vit) P11 15 lugh, TILs 1s high, and 1f the breast cancer has a histological grade I and/or has
high proliferation and/or 15 genomucally unstable, and 1f associated with favorable prognostic
vartables, or vinn) PD-1 15 low, PD-L1 15 low, TiLs 15 low, and the breast cancer has a
histological grade T or If and/or has low proliferation and/or 18 genomically stable and if
assocuated with favorable prognostic vanables.

0383} In some embodiments, any one of the markers {e.g, ymmunological
biomarkers) can be combined with any other marker in a method of the present disclosure. In
some embodiments, any one of the markers {e.g., mmmunological biomarkers} and additional
factors can be combined with any other marker and additional factors in a method of the present
disclosure. In some embodiments, any 1, 2, 3, 4, or all 5 of PD-L1, PI»-1, TiLs, CDE, FOXP3

can be analyzed to select intensified or de-intensified treatment {compared to standard of care},
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or standard of care treatment, as provided in any one of the tables or examples herein. In some
embodiments, any 1, 2, 3, 4, or all 5 of PD-L1, PD-1, TiLs, CD&, FOXP3 can be analyzed
the context of any one or more of tumor size, histological grade, genomic instability,
proliferation rate of the tumor (eg., Ki67 expression), esirogen receptor expression,
progesterone recepior expression, biglogical subtype, age of the subject, treatment with
endocrine therapy, level of lymphovascular invasion, lvmph node status, radicality of surgery,
HER? status, genomic risk score, to select intensified or de-intensified treatment {compared to
standard of care}, or standard of care treatment, as provided in any one of the tables or examples
herein.

[0384] Non-lmmuting examples of freatments that are recommended or administered
according to embodiments of the present disclosure are summarnized in Table 1.1, Any of the
markers and marker combinations provided in Table 1.1, including any subparts or
subcombinations thereof, can be used in any method of the present disclosure. In some
embodiments, markers and marker combinations provided in Table 1.1, including any subparts
or subcombinations thereof, that do not mclude analyzing K167 or histological grade can be
used i methods of the present disclosure. In some embodiments, any of the markers and
marker combinations provided n Table 1.1, including any subparts or subcombinations
thereof, can be used to a) deternune a prognosis, b} effectiveness of the therapy, or ¢} both a)

and b},

Table 1.1

Prognosis . .
baje d on Risk-benefit
. rofile
marker Predicted e
parker / Tumaor § feompared to Therapy to be
) renny | lCOMpared to | benefit from RT
maker Grade® | Kigg¥rs« tumars from recommendad and/or
. i tumors from {standard of L
combination the same care) the same administered
grade or Kig7 grade ar KiG7
category)
category}
all \
\ De-intensified relative to
\ standard of care {where
standard of cara is
. . il A ravorable Overtreatment Low .
high PD-L1 \ rores standard radiotherapy
with the addition of a
\ boost**)
intensified refative to
i/ \ Unfavorable Undertreatment Residuai standard of care {wherse
standard of care is
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*Standard dosing {as defined in Table 1} The whole breast should receive a hypofractionated
dose of 43-42.5 Gy 1n 15-16 fractions; m selected cases 45-50.4 Gy 10 25-28 fractions may be
considered.

A boost 1s reconunended to patients with an 1ocreased risk of recurrence. A boost dose 13
typically 10-16 Gy n 4-8 fractions or it can be simultanecusly integrated nto the standard
radiotherapy.

% Higher tumor grade is predictive of an unfavorable prognosis.

%% Higher K167 values are predictive of an unfavorable prognosis.

Controls for Scoring

[6385] A sample, eg., a breast cancer sample, can be scored for any of the
biomarkers disclosed heremn using any suttable option. Betermining whether there 18 positive
or negative staining for a biomarker in a sample can be done using any suttable option. In
some embodiments, positive or negative staining for a biomarker n a sample can be
determined by comparison to a suttable control. In some embodiments, a control includes a
tissue or cell population having a known level of expression and/or staining for the biomarker.
In some embodiments, a posttive control includes a tissue or cell population known to express
and/or to stain for the biomarker. In some embodiments, a negative control includes a tissue

or cell population known not to express and/or to stain for the biomarker. In some
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embodiments, the conirol is an mternal control  In some embodiments, the control 1S an
external control or reference. Suitable external conirols include, without limitation, tonsil,
appendix, and liver tissues. In some embodiments, the control 15 normal tissue {e.g., non-
pathological tissue). In some embodiments, the control does not inclede invasive cancer, e.g.,
invasive breast cancer. In some embodiment, the control is obtained from a population or
cohort having similar clinical features as the study population used in the present examples.

(6386} in some embodiments, the staining of the sample is done concurrently with
staining of one or more controls. In some embodiments, a TMA section {e.g., sample 1o be
tested) is stained for one or more markers with one, two, three, four or more tissues {e. g, tonsil,
appendix, and liver tissue} as conirols. In some embodiments, the control{(s} are used to
calibrate one or more parameters for the THC staining process {(e.g, pretreatment, concentration
for the antibody, incubation times, and temperatures) to ensure optimal staining.  In some
embodiments, optimal staining is achieved when the protocol 15 sufficiently specific {(eg,
target cells are stained), and/or sutficiently sensitive {e.g., captures low expression), and/or
sufficiently tugh signal-to-noise ratio {e.g, clear contrast color). In some embodiments,
staining 15 specific when a positive control 1s stained and a negative control is not stained under
the same protocol. In sorme emboduments, staining 15 sensitive when a positive control having
low expression (e.g., having expression level among the lower 25%, 20%, 15%, 10%, or 5%
or less of a range of expression levels) is staied. In some cases, optimal staming may not be
achieved. For example, if there 1s an mcorrect calibration, 1t can generate false positive or
negative results. In some embodiments, a final fine-tuning of the study material 15 performed
before the staining process.

[6387] In some embodiments, an external control or reference can be used to
determine the reproductbility of the staining. In some embodiments, normal fissue {e.g., non-
pathologic tissue} 15 used as an external control or reference, as the tumor, the tissue of interest,
can vary from patient to patient. In some embodiments, different normal tissues are combined
to ensure the robustness of the external control or reference.

(6388} in some embodiments, the external (positive) control for PD-L1 stamning is
human tonsil tissue. In some embodiments, no staining reaction is seen in the lymphocytes.

in some embodiments, the macrophages in germinal centers show weak to moderate intensity
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starning. In some embodiments, the negative control for PD-L1 staining 1s normal tissue, e.g.,
normal lung tissue or normal placental tissue or superficial squamous epithebium of the tonsil.

(63891 In some embodiments, the external {positive} control for PD-1 staiming 15
human tonsif tissue. In some embodiments, staining reaction 1S seen i activated T cells, B
cells, and myeloid cells in germinal centers. In some embodiments, no staining 18 observed in
the squamous epithelium and stroma. In some embodiments, the negative control for PD-1
starning 18 normal tissue, for example normal lung tissue or normal placental tissue or
superficial squamous epithelium of the tonsil,

10396} in some embodiments, the external {positive) control for CDE staming is
human tonsil tissue (e.g., intense membrane staining) in suppressor/cytotoxic T cells. Insome
embodiments, no statning 1s seen in B cells, squamous cells, or the remaining stroma. In some
embodiments, the negative control for CDR8 staining 1s normal tissue, for example normal
appendix tissue (e.g., the muscle layer}.

[0391] In some embodiments, the external {positive) control for FOXP3 staining is
human tonsi tissue. In some embodiments, staining in T cells 18 seen in the tonsils. . Insome
embodumnents, B cells, squamous cell carcinoma, and stroma are expected to be negative. In
some embodiments, the negative control for FOXP3 stamning 15 normal tissue, for example
noroal appendix tissue {e. g., the muscle layer).

TiLs Scorng

[6392] The level of TiLs (tumor-infilirating lvmphoevies} 1o a sample can be
measured using any suitable option. In some embodiments, the level of TiLs 1s analyzed using
a histological stain, e.g., histological staining dyes. Any suitable histological stain can be used
to analyze the level of TH.s 1in a sample. In some embodiments, TILs 1n a sample 15 analyzed
by hematoxyhn-eosin-staining. In some embodiments, TILs in a sample 1s analyzed according
to guidelines of the International Immuno-Uncology Biomarker Working Group for TIL
assessment m breast carcinoma.  In some embodmments, TILs 18 analyzed on plam,
conventional-sized, or large-format hematoxviin-eosin—stained full sections {(4-um thick
sections were evaluated with a 200x to 400x magnification i the microscope). In some
embodiments, TilLs in a sample is analyzed by a beard-certified breast pathologists. Non-
limiting examples of hematoxylin-eosin—stained tissue sections are shown in Figs. 3A and 3B,

With reference to Fig. 3A, in some embodiments, lymphocytes (bottom left circle) can be
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identified in the tissue section as small dark grey staining cells with a nucleus which almost
filis the entire cytoplasm. In some embodiments, stroma (top left circle) can be identified as
areas stained light grey. In some embodiments, when analyzing stromal TlLs, the proportion
of stroma occupied by TiLs 15 evaluated. In some embodiments, tumor cells (right circle} can
be distinguished from lymphocytes by their increased size and prominent nucleslt among other
features {as known in the art of pathology).

[6393] in some embodiments, TiLs are evaluated m the stromal compartment of
the tumor {centrally 1o the stroma and within a 1-mm—wide zone, immediately adjacent to the
mnvasive margin}. In some embodiments, TiLs are analyzed by calculating the percentage of
the stromal area cccupied by TiLs. In some embodiments, all mononuclear cells are scored as
lvmphocytes or plasma cells. In some embodiments, polymorphonuclear leukocytes are
excluded. In some embodiments, areas with crush artifacts are not evaluated. In some
embodiments, positive or negative staining is determined by comparing with a suitable control.
Insome embodiments, positive or negative staining 1s determined by comparison to an internal
control.  In some embodiments, positive staining 1s determined by stavung mtensity that 1s
comparable to stamung intensity m a positive condrol known to have Tils. In some
embodiments, posifive staining i1s determined by staming intensity that is stronger thao the
staining intensity in a negative control known 1o not have TiLs. In some embodiments,
negative staining 15 determuined by staining intensity that 1s comparable to stairung mtensity in
a negative control known to not have Tils. In some embodiments, negative staming 1s
determined by staining intensity that is weaker than the staining mtensity 10 a positive control
known to have TiLs.

{6394} In some embodiments, assessment of TILs s performed using
sermcontinuous values with the following categories: less than 1%, 1% to 9%, 10% to 49%,
30% to 74%, and 75% or greater. Non-limiting examples of stained tissue samples in the 1%
to 9% and 10% to 49% categories are shown in Figs. 3A and 3B, respectively. In some
embodiments, the percentage of the stromal area occupied by TILs is classified according to
any suitable set of categories of percentage ranges. In some embodiments, any one of the
categories has a percentage cutoff at 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 73%, 80%, 95%, 90%, 95% or

greater, or at a percentage in a range defined by any two of the preceding values. In some
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embodiments, an overall assessment of TiLs 1s done without focusing on hot spots {e.g., the
areas with the highest densities of TiLs}.

[8395] In some embodiments, high or low TILs denotes a high or low number of
intratumoral TILs. In some embodiments, high or low TILs i a sample can be determined
based on a suitable percentage threshold, e g, threshold for the percentage of the stromal area
occupied by Tils as determined by a suitable option, such as H&E staining.  In some
embodiments, high TILs denotes at least 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 75% or more, or a percentage in a range defined by any two of the preceding values,
of the stromal area 15 occupied by TiLs. In some embodiments, low TiLs denotes at most {or
less than} 75%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5%, 4%, 3%, 2%, 1.5%, 1%, 0.5%,
or a percentage in a range defined by any two of the preceding values, of the stromal area 15
occupied by TiLs In some embodiments, hugh TiLs denotes at least 10%, and low TiLs
denotes less than 10%. In some embodiments, high TiLs denotes at least 10% stromal TiLs,
and low TiLs denotes less than 10% stromal TILs. In some embodiments, high TILs or very
high TILs denotes at least 50%, and low/moderate TiLs denotes less than 30%. In some
embodiments, high TiLs or very high Tils denotes at least 30% stromal Tils, and
low/moderate TlHLs denotes less than 50% stromal TH.s. In some embodiments, the threshold
for TILs 13 any one of: a stromal area of 5%, 10%, 20%, 30%, 40%, or 50%, or a number of
cells in mm’ of intraturnoral: 40, 60, 80, 100, 120, 140, 160, 180, or 200, or stromal: 60, 80,
100, 120, 140, 160, 180, 206, 210, 220, 230, 240, or 250, In some embodiments, the threshold
for TiLs 1s 10% stromal TILs. In some embodiments, the threshold for THos 15 50% stromal
Tils,

CDB+ T Cell Sconing

[0396] The level of CD&+ T cells 1 a sample can be analyzed using any suitable
option. In some embodiments, expression of CD8 in cells 15 analyzed based on protein or
mBRNA expression. In some embodiments, expression of CD8 by cells 15 analyzed based on
protein expression. Any suitable option for detecting CD8 protein expression by cells in a
tissue can be used. In some embodiments, cell-surface expression of CD8 by cells 15 analyzed.
In some embodiments, one or more antibodies specific to CDE is used to detect expression of
CD¥ by cells in a tissue. In some embodiments, positive or negative staining 1s determined by

comparing with a suitable control.  In some embodiments, positive or negative staining 18
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determined by comparison to an internal control. In some embodiments, positive staining 1s
determined by staming intensity that is comparable to stamning intensity in a positive control
known to have CD8+ T cells. In some embodiments, positive staining 15 determined by
statning intensity that is stronger than the staining intensity in a negative control known o not
have CD8+ T cells. In some embodiments, negative staining 1s determined by staining
intensity that is comparable to staining intensity in a negative control known to not have {DR+
T cells. In some embodiments, negative staining 18 determined by staining intensity that s
weaker than the staining intensity in a positive control known to have CDE+ T cells.

183971 In some embodiments, expression of CD§ in cells 5 analyzed based on
mRNA expression. Any suitable option for detecting CD8 mRNA expression by Tcells ina
tissue can be used. In some embodiments, CDE mRNA expression by cells in a sample 1
detected by in situ hybridization, e g, using one of more probes specific to CDE mRNA.

[0398] in some embodiments, CD8+ T cells in a sample 15 evaluated as the
proportion {or percemtage} of TiLs occupied by the CDS8-expressing cells. In some
embodiments, the proportion {or percentage) is recorded using senicontinuous values with the
following categories: less than 1%, 1% to 9%, 10% to 49%, 50% to 74%, and 75% or greater.
In some ernbodiments, the proportion of the stromal area occupied by CD8+ cells 1s classified
according to any suitable set of categories for percentage ranges. In some embodiments, any
one of the categories has a percentage cutoff at 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, B5%, 00%,
95% or greater, or at a percentage n a range defined by any two of the preceding values. In
some embodiments, the median value for the proportion 1s multiplied with the median stromal
area occupied by the TiLs to obtan a score of the calculated absolute stromal area occupied
by CD8+ cells.

[6399] In some embodiments, CD8+ T cells n a sample 15 evaloated as the number
of TiLs expressing CD8. In some embodiments, one counts a number of cells {e.g., TiLs)
staining positively for CD8 within a certain area of the tumor or stromal compariment. In some
embodiments, one estimates a stromal area or an intratumoral area occupied by the CD8+ cells
{e.g., CDB+ TiLs).

04001 Insome embodiments, 1,2, 3,4, 5,6, 7, 8, 9, 10 or more tissue samples are

analyzed per subject. In some embodiments, 1, 2, 3,4, 5, 6,7, 8, 9, 10 or more TMAs {e.g,,
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Lo N |

from 1, 2,3, 4,5 6, 7,8, 9, 10 or more different cores) per patient are analyzed. 1n some
embodiments, the highest value for CD8+ cells 15 used to infer the infiltration of CD8+ T cells.

(0481} In some embodiments, high or low CDS+ T cells in a sample can be
determined based on a suitable percentage threshold, e g, threshold for the percentage of the
stromal area occupied by {D8+ cells as determined by a suitable option, such as
mmunochistochemustry. In some embodiments, high CD8+ T cells denotes at least 1%, 2%,
3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75% or more, or a percentage in a range
defined by any two of the preceding values, of the stromal area 1s occupied by CD8+ cells. In
some embodiments, low CD8+ T cells denotes at most {or less than) 75%, 70%, 60%, 50%,
40%, 30%, 20%, 10%, 5%, 4%, 3%, 2%, 1.5%, 1%, 0.5%, or a percentage in a range defined
by any two of the preceding values, of the stromal area 1s occupied by CD8+ cells. In some
embodiments, high CD8+ T cells denotes at least 10%, and low CD8+ T cells denotes less than
10%. In some embodiments, “proportion of lymphocytes expressing CD8” denotes the
absolute stromal area occupied by CD8+ T cells, as disclosed herein.

FOXP3+ Tres Cell Scoring

[0402] The level of FOXP3+ Treg cells in a sample can be analyzed using any suitable
option. In some embodiments, expression of FOXP3 in cells 18 analyzed based on protein or
mRNA expression. In some erobodiments, expression of FOXP3 by cells s analyzed based
on protein expression. Any suitable option for detecting FOXP3 protein expression by cells in
a tissue can be used. In some embodiments, one or more antibodies specific to FOXP3 15 used
to detect expression of FOXP3 by cells ina tissue. In some embodiments, positive of negative
stamning 1s determined by comparing with a suttable control. In some embodiments, positive
or negative staming 1s determined by comparison to an internal control. In some embodiments,
positive staining 1s determuned by staining intensity that 1s comparable to staining intensity n
a positive control known to have FOXP3+ Treg cells. In some embodiments, positive staining
is determined by staining intensity that 1s stronger than the staming intensity in a negative
control known to not have FOXP3+ Treg cells. In some embodiments, negative stamning s
determined by staining intensity that 15 comparable to staining intensity n a negative control
known to not have FOXP3+ Treg cells. In some embodiments, negative staining 1s determined
by staining intensity that is weaker than the staining intensity in a positive control known to

have FOXP3+ Treg cells.
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{6483} in some embodiments, expression of FOXP3 in cells is analyzed based on
mRNA expression. Any suitable option for detecting FOXP3 mRNA expression by Treg cells
in a tissue can be used. In some embodiments, FOXP3 mRNA expression by cells in a sample
is detected by in situ hybridhzation, e g, using one of more probes specific to FOXP3 mRNA.

(6484} in some embodiments, FOXP3+ Treg cells in a sample 15 evaluated as the
proportion {or percentage) of TiLs occupied by the FOXP3-expressing cells. In some
embodiments, the proportion {or percentage} is recorded using semicontinucus values with the
followmg categories: less than 195, 1% to 9%, 10% to 49%, 50% to 74%, and 75% or greater.
In some embodiments, the proportion of the stromal area occupied by FOXP3+ cells 13
classified according to any suitable set of categories for percentage ranges. In some
embodiments, any one of the categories has a percentage cutoff at 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, S0%, $5%, 6%, 65%, T0%, 75%

0, 0, 0,

80%, 95%, 90%, 95% or greater, or at a percentage in a range defined by any two of the
preceding values. In some embodiments, the median value for the proportion ts multiphed
with the median stromal area occupied by the TILs to obtain a score of the calculated absolute
stromal area occupied by FOXP3+ cells.

[0405] In some embodiments, FOXP3+ Treg cells in a sample 15 evaluated as the
nuraber of TILs expressing FOXP3. In some embodiments, one counts a number of cells {e.g,,
TILs) staining positively for FOXP3 withan a certain area of the tumor or stromal compartment.
In some embodiments, one estimates a stromal area or an mtratumoral area occupied by the
FOXP3+ cells {e.g., FOXP3+ TiLs).

[0406] Insome embodiments, 1, 2,3, 4, 5,6, 7, 8, 9, 10 or more tissue samples are
analyzed per subject. In some embodiments, 1, 2, 3,4, 5,6,7, 8,9, 10 or more TMAs {e.g.,
from 1, 2, 3,4, 5, 6,7, 8, 9, 10 or more different cores) per patient are analyzed. In some
embodiments, the highest value for FOXP3+ cells 18 used to mfer the mfiltration of
FOXP3+ Treg cells.

{0407} in some embodiments, high or low FOXP3+ Treg cells in a sample can be
determined based on a suitable percentage threshold, e g, threshold for the percentage of the
stromal area occupied by FOXP3+ cells as determined by a suitable option, such as
immunohistochemistry. In some embodiments, high FOXP3+ Treg cells denotes at least 1%,

2%, 2.5 %, 3%, 4%, 5%, 7.5 %%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75% or more, or a
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percentage nn a range defingd by any two of the preceding values, of the stromal area s
occupied by FOXP3+ cells. In some embodiments, low FOXP3+ Treg cells denotes at most
(or less than) 75%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 7.5%, 5%, 4%, 3%, 2.5%, 2%,
1.5%, 1%, 0.5%, or a percentage in a range defined by any two of the preceding values, of the
stromal area 1s occupied by FOXP3+ cells. In some embodiments, high FOXP3+ Treg cells
denotes at least 5%, and low FOXP3+ Treg cells denotes less than 5%. Insome embodiments,
“proportion of lymphocytes expressing FOXP3” denotes the absolute stromal area occupied
by FOXP3+ Treg cells, as disclosed herein.

CDEFOXP3 Balance

[0408] CD& FOXP3 balance can be determined using any suitable option. In some
embodiments, the CD& FOXP3 balance denotes the ratio of the stromal or intratumoral areas
occupied by respective cell type. In some embodiments, “high CD8 FOXP3 balance” denoctes
the stromal or mtratumoral areas for CD8&+ T cells is higher than the corresponding stromal or
mtratumoral areas for FOXP3+ Treg cells by about 1.2 times, about 1.5 times, twice, about 2.5
timnes, about 3 times or about 4 times, or by a fold amount 1n a range defined by any two of the
preceding values.

{04051 In some erobodiments, the CD8.FOXP3 balance 1s igh 1f CD8+ T cells 13
hugh (according to a surtable threshold as disclosed herein, e.g., 10%), and FOXP3+ Treg cells
15 low {according to a suitable threshold as disclosed herein, e.g., 5%). In some embodiments,
the CD& FOXP3 balance is normal if CD&+ T cells 1s lugh (according to a suitable threshold
as disclosed herein, eg., 10%), and FOXP3+ Treg cells 15 high {(according o a sutable
threshold as disclosed herein, e g, 5%} In some embodiments, the CDB.FOXP3 balance 1s
normal 1if CD&+ T cells 13 low (according to a suttable threshold as disclosed heremn, e.g., 10%),
and FOXP3+ Treg cells 1s low {according to a suttable threshold as disclosed herein, e.g., 5%).

[8410] In some embodiments, the CDRFOXP3 balance denotes the ratio of the
number of cells of the respective cell type 1dentified in the sample, e.g., a tissue section. In
some embodiments, “high CDB.FOXP3 balance” denotes a count of CD8+ T cells that s
greater than the count of FOXP3+ Treg cells, e g, per unit area of the tissue section. In some
embodiments, the count of CD8+ T cells 15 greater than the count of FOXP3+ Treg cells by

about 1.1 fold, 1.2 fold, 1.3 fold, 1.4 fold, 1.5 fold, 1.6 fold, 1.8 fold, 2 fold, 2.5 fold, 3 fold, 4
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fold, 5 fold or more, or by a fold amount in a range defined by any two of the preceding values,
when there 1s a high CD8 FOXP3 balance.

K167 Scorine

[0411] Ki67 expression in a sample can be analyzed using any suitable option. In
some embodiments, Ki67 is evaluated on TMASs as the proportion of tumor cells expressing
K167 in so called “hot spots” {areas with the most intense staining), see the Example below. In
some embodiments, 1t 1s evaluated on whole-tissue sections in hot spots as the propostion of
tumor cells expressing Ki67. In some embodiments, Ki67 15 preferably evaluated in several
hot spots and then a mean value is calculated. In some embodiments, the threshold can be 10%,
which was found to best stratify patients based on the effect of immunoclogical biomarkers (PD-
1, PD-L1, TiLs, CD8 FOXP3). Different thresholds are possible and a higher threshold may
be suitable if the evaluation is performed on whole tissue sections. In some embodiments, a
more extreme value of Ki67 combined with measurements of PD-1 and/or PD-L1 and/or TlLs
and/or CD8 and/or FOXP3 will result in a stronger indication for an alternate, compared to
standard, therapy. This can be llustrated by studying Table 3B and Table 3C. In Table 3B
{contaimung patients with K167 <10%), irradiated patients with PD-L1 >=1% and very tugh
TiLs have an increased risk of recurrence (HR 1.595, p=0.515). The mcreased risk of
recurrence becomes even more prominent with lower K167 levels. In Table 3C {contaiung
patients with K167 <1%), irradiated patients with PD-L1 >=1% and very high TiLs have a
severely increased risk of recurrence (HR 11,129, p=0.020}. This illustrates that different Ki67
thresholds can be used and that the prognostic and predictive iformation of these biomarkers
are affected n a dose-dependent manner with regards to Ki67 or other measurements of
genomic instability.

ER Scoring

[8412] Estrogen receptor {ER} expression i a sample can be analyzed using any
suitable option.  In some embodiments, ER expression denotes ER protein or mRNA
expresston. In some embodiments, ER positive denotes expression of ER detected i or above
a predetermined threshold percentage of tumor cells in a sample. In some embodiments, ER
negative denotes expression of ER detected below a predetermined threshold percentage of
tumor cells in the sample. In some embodimenis, the threshold 15 1%, 2%, 5%, 10%, 15%,

20% or more, or & percentage in a range defined by any two of the preceding values. In some
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embodiments, ER 15 evaluated on a TMA or a whole-tissue section. Positive and negative
staining can be determined based on a suitable control.  In some embodiments, a positive
control includes breast cancer tissue known to express ER, or a cell line known to express ER.

[0413] in any method of the present disclosure whergin administering a treatment
is conditional, the method i some embodiments further mcludes determining that the
condition 18 met and performing the action based on the determination that the condition 15
met. For example, if a treatment 1s administered if a level of a marker is above a threshold, the
method can include in some embodiments determining that the level of the marker s above
the threshold and administering the treatment based on the determination that the level of the
marker 15 above the threshold. In some embodiments, if administering a treatment is
conditional in any method of the present disclosure, the method also includes administering an
alternative, different treatment {e.g, a different treatment that is suitable for treating breast
cancer} to the conditionally specified treatraent if the condition is not met. For example, if a
treatment is administered when a level of a marker 15 above a threshold, the method can include
m some embodiments administering an alternative to the conditionally specified treatment if
the level of the marker is not above the threshold. In some embodiments, if admunistering an
mtensified breast cancer therapy 15 conditionally specified, the method can wnclude
adminustering a standard or de-escalated radiotherapy if the condition 13 not met. In some
embodiments, if adminustering a standard radiotherapy is conditionally specified, the method
can include administering an intensified or de-escalated radiotherapy (e g., based on whether
the patient will benefit from the alternative therapy) if the condition is not met. In some
embodiments, if admimstering a de-escalated radiotherapy 18 conditionally specified, the
method can include administering a standard radiotherapy or intensified breast cancer therapy
{(e.g., based on whether the patient will benefit from the alternative therapy) of the condition s
not met.

(0414} In some embodiments, PD-1 and/or PD-L1 levels (protemn and/or mRNA)
can be examined to provide prognostic and/or predictive (e.g., effectiveness of radictherapy or
the type of radictherapy to administer} guidance to a medical praciitioner or a patient {e.g., for
any of the general method approaches provided herein, as appropriate}.  The test can be
performed {(levels of PD-1, PD-L1 protein and/or mRNA)) as outlined 1n the marker state below

in Tables A-C, with the resulting action to be taken by the subject or medical practitioner as
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predictive result is presented simply as a p value derived from the mteraction test.

Table A
The analyses were performed with local recurrence within 10 years of diagnosis as the
outcome.
All patients
Ci P-
Marker State HR | Cilow | High |value | interpretation
Addition of PD-1 mRNA io PD-1 protein
PD-1 protein %fi;*nﬁﬁes 4 group yvit}l a beitfar pmggﬁsis
ey ) {high levels of both is asseciated with a
<1%, PD-11 1.0 hazard ratio of 0.34) than either marker
MRNA low {reference} alone
PD-1 protein
»>=1%, PD-1
mRNA high (.34 | 01089 | 1.088 | 0.0639 | 5ee above
PD-1 protein
>=1%, PD-1
mRNA fow 1.00 1 0.5635 | 1.808 | 0.97% | See above
PD-1 protein
.<1%, PD-1
mRNA high 0.69 | 0.47 1.004 [ 0.0522 | See above
Grade
i
Ci P-
HR | Cliow | High | value | Interpretation
PD-1 protein
<1%, PD-111.0
mMRNA low {reference} intensify
PD-1 protein
>=1%, PD-1
mRNA high 015 1 0.023 | 1.26% | 0.0843 | De-intensify
PD-1 protein
»>=1%, PD-1
mRNA low 0.55 | 0.18 1.589 | 0.271 | De-intensify




CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

PD-1 protein

<1%, PD-1
mBENA high 0.81 10400 |1.638 | 058 Intansify
Grade | and
grade H
Ci p-

HR | Cllow | High | value

PD-1 protein
<1%, PD-111.0
mRNA low {reference} De-intensify

PD-1 protein
>=1%, PD-1
mRNA high 0.55 {1 0.13 2.26 041 intensify

PD-1 protein
>=1%, PD-1

mRNA low 1.25 { 0.57 2752 {057 intensity
PD-1 protein
<19, PD-1
mRNA high 0.70 | 0.45 1.11% | 0.31 De-intensify
integration of thase two variables
Interaction test provides an even better predictive
with RT 0.0042 | utility for radiotherapy
Table B
IBTR—benefit from RT All patients [
Intarpratation
re
Radiotherapy
HR Cliow Ci High P-value benefit
PD-1 protein <1%, PD-1 . . : .
’ Ref Ret Ref Ref
mMRNA low, no RT € € © L
PD-1 protein <%, PD-1 |  _ i e -
0.708 | 0.47 1056 | 0.093
mMRNA high, no RT 0.708 1 0.473 - 0.093
PD-1 protein >=1%, PD- ) . )
1 mRNA high, no RT | D02 | 0191 214 el
PD-1 protein >=1%, PD- , . .
: (0.3G2 2 1.263 3.117
1 mRNA low, no RT 0.362 {0,122 1.257 IRV
PD-1 protein <1%, PD-1
) 0.167 { 0.09 031 03.000 . .
mRNA high, RT ’ ° N De-intensify
PD-1protein >=1%, PD- | 01 | 5149 115 0.091 Standard of
1 mRNA high, RT R o ' care
- % PD- Standard of
PD-1protein <%, PD-1 1 5 419 | 0243 0724 | 0.002 Standard of
mRNA fow, RT care
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P0-1 protein »=1%, PD- o - \
G511 {0,184 1.47 0.198 .
1 mRNA low, RT 7 intensify
Grade
HR Cl Low Cidigh | P-value Interpretation
PD-1 protein <1%, PD-1 : .
mRNA low, no RT Ref Ref et fef
PD-1 protein <1%, PD-1 . . - .
mRN/Shsg; n:) - 0.824 | 0.398 1707 | 0.602
- ™) 1 -y 74 -
ziégz’i?;i; ’ni’;‘%m 0.291 | 0.067 1273 | 0.101
PD-1 protein >=1%, PD- -
0.561 | 0,128 2455 0.443
1 mRNA low, no RT 7P ‘
PD-1 protein <1%, PD-1 . ) .
0.06 005 1,505 1.006
MRNA high, RT 0.067 1 0.0 - R intensify
PD-1 protein >=1%, PD- Mot enough ahsarvations
1 mRNA high, RT ) Hen e De-intensify
PD-1 tein <1%, PD-1 ~ - . -
o a 0.584 | 0.226 505 | 0265 | intensify
PD-1 protein >=1%, PD- | . ~ .
Z 0.028 633 0.1:
1 mRNA fow, RT 0.216 1 0.028 63 0138 De-intensify
Grade | and grade |l
HR ClLlow CiHigh | P-value interpretation
PD-1protein <1%, PD-1 | | | . N )
mENA EOWi e RT Ref Ref Raf Ref
~ iy <184 DIYy-1
PD-1protein>=1%, PD- | | N a o o s
1 MRNA high, no &T 0485 1 0.116 2.03 0.322
PD-1 tein »=1%, PD-
1 mRS;TE;\S no E?T] G231 | 0.031 1.692 gr4e ¢
PD-1 protein <1%, PD-1 o
3,209 011 . <(0.001 A
mRNA high, RT G.209 1 0.107 0-408 <0.00] De-intensity
PD-1 protein >=1%, PD- “ .
1 ngA high, RT ’ 0.615 | 0.188 2.015 0.422 intensify
PD-1 protein <1%, PD-1 L . ) ) -
(.383 196 1. 749 0,005
mRNA low, RT 0.383 1 0.196 074 R De-intensify
PD-1 tein >=1%, PD- _ - . -
: mﬁgfs;? o % 1.078 | 0.329 3531 |09m intensify
Table O
All Recurrence—
benefit from BT All patients
Cl {3 [ interpretation re Radiotherapy
HR Low High | value henefit
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PD-1 protein
<1%, PD-1
mMRNA low, no
RT

1.0
{reference)

PD-1 protein
»=1%, PD-1
mRNA high, no
RT

0.987 { 0.54

1.803

3.966

PD-1 protein
>=1%, PD-1
mMRNA low, no
RT

0414 { 415

1.141

0.088

PD-1 protein
<i%, PD-1
mRNA high, no
RT

077110543

1.095

0.146

PD-1 protein
<1%, PD-1
mRNA low, RT

0.341

0.834

3.006

Standard of care

PD-1 protein
»=1%, PD-1
mRNA high, RT

0.573 { 0.261

1.257

0.165

Standard of care

PD-1 protein
»>=1%, PD-1
MRNA low, RT

0.607 | 0.262

1.407

0.244

intensify

PD-1 protein
<1%, PD-1
mRNA high, RT

0.345 1 0.226

0.528

<0.001

De-intensify

Grade
TH

i
HR Low

Ci
High

value

interpretation

PD-1 protein
<1%, PD-1
mRNA low, no
RT

1.0
{reference}

PD-1 protein
»=1%, PD-1
mRNA high, no
RT

0411 1 .14

1.198

0.103

PD-1 protein
>=1%, PD-1
mRNA low, no
RT

0.396 { 0.093

1.69

0.211

PD-1 protein
<1%, PD-1

0.923 | 0.508

1.678

0.793
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mRNA high, no
RT

PD-1 protein
<1%, PD-1
mRNA low, RT

1.469

3.357

ntensify

PD-1 protein
»=1%, PD-1
mRNA high, RT

0.329

1.402

0.133

De-intensify

PD-1 protein
»>=1%, PD-1
mMRNA low, RT

0458 | 0.136

1.536

0.206

De-intensify

PD-1 protein
<1%, PD-1
mENA high, RT

1.072

0.076

intensify

grade |

Grade { and

i
HR Low

Ci
High

value

PD-1 protein
<1%, PD-1
mRNA low, no
RT

1.0
{reference}

PD-1 protein
»=1%, PD-1
mRNA high, no
RT

141110628

31471

0.404

PD-1 protein
>=1%, PD-1
mRNA low, no
RT

0.385{ 0.093

1.601

0.189

PD-1 protein
<1%, PB-1
mRNA high, no
RY

0436

1.072

0.097

PD-1 protein
<1%, PD-1
mRNA fow, RT

0.506 § Q.29

0.882

0.016

De-intensify

PD-1 protein
»=1%, PD-1
mRNA high, RT

0.686 | 1.244

1.928

0475

intensify

PD-1 protein
>=1%, PD-1
mRNA low, RT

(0.899 { G

[x]
~J
~J}

2.919

3.859

ntensify

PD-1 protein
<1i%, PD-1
mRNA high, RT

0.335 1 0.198

<0.001

intensify

1
[y
(v
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{041 5] In some embodiments, one examines the PD-1 protein and/or mRNA levels
against the options in Tables A-C above and determines if one should provide standard RT,
intensified RT, or de-intensified RT to the subject based on one or more of the noted results in
the table. Non-limiting examples of recommended and/or administered treatments based on

an analysis of PD-1 protem and/or mRNA levels is shown in Table D,

Table D
Prognosis based Risl-benefit
Mark on marker Predicted profile
g;kzzi Tumor {compared to benefit from RT {compared to Therapy to be recommended
bination Grade®** | tumors from the {standard of tumors from the andfor administered
comt same grade care} same grade
category} category}
il
A Favorable Overtreatment De-intensified relative to
(n'xiiizi—;m standa rdho:‘ care {where
PD-—"-' Low standard of care is standard
{ rotﬂ:q)+ radiotherapy with the
P or ' addition of a boost™*)
PD-1
{MRNA}-, intensified relative to
PO-1 standard of care {(where
{proteini+ i1 Unfavorable Undertreatment Residual standard of care is standard
radiotherapy without the
addition of 3 boost™)
PB4 i Unfavorable Undertreatment intensified relative to
v RN;\‘- standard of care {where
tm A Residual standard of care is standard
(pri?;e?ni-- radiotherapy with the
A addition of a boost**)
PO;?I i1 Favorable Overtreatment De—inten.siﬁed relgtive to
(mRNA}, stzsndzi.rd of EIEE?'FE (wheet.'e
PD—‘:l Low standard of care is standard
{protein}- radiotherapy without the
’ addition of 3 boost*)

*Standard dosing (as defined in Table 1} The whele breast should receive a hypofractionated
dose of 40-42.5 Gy in 15-16 fractions; in selected cases 45-50.4 Gy 1n 25-28 fractions may be
considered.

**A boost is recomumnended to patients with an increased risk of recurrence. A boost dose 13
typically 10-16 Gy i 4-8 fractions or it can be simultaneously integrated into the standard
radiotherapy.

% Higher tumor grade 15 predictive of an unfavorable prognosis.

mENA-BNDING NUCLEIC ACIDS, ANTIRODIES, AND COMPOSITIONS THEREQF
0416} Provided herein are detection reagents for detecting the presence and/or

expression level of a marker of the present disclosure 1n a sample.
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(8417} Provided herein are mRNA binding nucleic acids and antibodies for use in
the diagnosis of breast cancer. A PD-L1 mRNA-binding nucleotide {or nucleic acid) or a PD-
L1 antibody for use in the diagnosis of breast cancer s provided, where the nucleotide {(or
nucleic acid) or the antibody 1s used for quaniifying the level of PD-L1 that is expressed n a
breast cancer sample, where whether the subject will benefit from standard of care treatment
is determined by taking in to account the level of PD-L1.  Also provided s a PD-L1
mRNA-binding nucleotide {or nucleic acid) or a PD-L1 antibody for use in the diagnosis of
breast cancer s provided, where the nucleotide {or nucleic acid) or the antibody 15 used for
quantifying the level of PD-L1 that 1s expressed in a breast cancer sample, and where, in some
embodiments, high expression of PDX-L1 indicates that the patients belong to a patient subgroup
where intensified radiotherapy treatment 15 needed. The mRNA-binding nucleotide (or nucleic
acid} or PD-L1 antibody provided herein also finds use in selecting a treatment option for a
subject with breast cancer, based on the diagnosis. a PD-1 antibody for use in the diagnosis of
breast cancer, wherein the antibody 15 used for guantifying the level of PI3-1 that 1s expressed
in a breast cancer sample from a patient. A PD-1 mRNA buinding nucleotide {or nucleic acid)
or antibody for use n the diagoosis of breast cancer, wheremn the antibodv 1s used for
quantifying the level of PD-1 that 1s expressed in a breast cancer sample from a patient, and
where whether the subject will benefit from standard of care treatment 1s determined by taking
n to account the level of PD-1. Also provided 15 a PD-1 antibody for use 1 the diagnosis of
breast cancer, wherein the antibody 18 used for guantifying the level of PD-1 that 15 expressed
in a breast cancer sample from a patient, and where, 1 some embodiments, low expression of
PD-1 indicates that the patient belongs to a patient subgroup where intensified radiotherapy
treatment 1s needed.  Also provided 1s a PD-1 mRNA binding nucleotide {or nucleic acid) for
use in the diagnosis of breast cancer, wherein the nucleotide {or nucleic acid} 1s used for
quantifying the level of PD-1 that is expressed m a breast cancer sample from a patient, e.g.,
m combination with a PD-1 antibody.

[6418] Also provided are one or more mRNA-binding nucleotides (or nucleic
acids) and/or antibodies for detecting CD8+ T cells, FOXP3+ Treg cells, or Ki67 expression
in a breast cancer sample. The mRNA-binding nuclectides {or nucleic acids} and/or antibodies

provided herein can be used in performing any of the methods disclosed herein.

1

ot

(]

3
i



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

(8419} Also provided are compositions that inchude mRNA binding nucleic acids,

nucleotides, and antibodies of the present disclosure.

KiTs

(04201 Also provided are kits that find use in diagnosing a subject or assaving a
tumor sample, according o some embodiments of the present disclosure. The kit can include
a PB-L1 mRNA-bmnding nucleotide {or nucleic acid) and/or a PD-L1 antibody and/or a3 PD-1
antibody. In some embodiments, the kit includes reagents for determining genomic stability
of the tumor sample, e g, a reagent for detecting expression of and/or determining the level of
Ki67 in a sample. In some embodiments, the kit includes reagents for detecting expression of
and/or determining the level of TILs in a sample, such as the level of CDE+ or FOXP3+ T cells
in a sample.

(0421} In some embodiments, any of the methods provided herein can be modified
to include any one or more of the marker combinations dentified in any one or more of Tables
A-D, L1, 2A-2C, 34, 3B, 3C, SA-5C, using table 4 if appropriate for further guidance, to
determine the appropriate therapy type to admuuster to a subject {(which s identified n the
“interpretation” column of the appropniate table). That 15, patients that respond well 1o the
therapy indicated therein can receive that therapy, whereas patients that are identified as poor
responders will receive one of the other therapy options {the three options being de-intensity,
standard, or mtensify). In some embodiments, the method of treatment includes providing or
coliecting a sample from a subject, testing the sample for one or more of the combinations of
markers in any row in Tables A-D, 1.1, 2A-2C, 3A, 3B, 3(, SA-5C, using table 4 1f appropnate
for further guidance, and depending upon the result, using the identified therapy option for said
subject {e.g, de-intensify, standard, or intensify therapy and/or radiotherapy). In some
embodiments, the method can be used as a method for selecting a therapy for a subject for the
reduction or prevention of a recurrence of breast cancer (such as n Tables A-C, 2A-20). In
some embodiments, the method can be used as a method for selecting a therapy for a subject
for the reduction or prevention of a local recurrence of breast cancer {such as i Tables SA-
5C). Insome embodiments, the above embodiments can be employed as a method of diagnosis
for a subject as to their risk of a recurrence {local or otherwise) when given any of the noted

therapies (for any one or more of the rows m any one of Tables A-D, 1.1, 2A-2C, 3A, 38, 3(,
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5A-5C, using table 4 1f appropriate for further gindance), without the need for further therapy.
In some embodiments, each row of Tables A~} 1.1, 2A-2C, 3A, 3B, 3C, 5A-3C, using table
4 1f appropriate for further guidance, is a separate embodiment for selecting a therapy and/or
predicting the effectivensss of the therapy for the subject (with the treatment being denoted as
the therapeutic option that works, and the prediction being provided based upon the appropriate
therapy being provided (as indicating a more likely successful long term outcome}}. In some
embodiments, each row of Tables A-D, 1.1, 2A-2C, 3A, 3B, 3C, 5A-5C, using table 4 «f
appropriate for further guidance, is a separate embodiment for a medicament for a subject
having the marker combinations listed in the marker column, wherein each medicament 1s one
of the medicaments known and/or listed herein as a medicament for a de-intensified, standard,
or intensified therapy, as appropriate for the identified marker combination {as identified in the
“interpretation” column). The “interpretation” column for Tables A-C, 2A, 2B and 2C are true
for the same given sets of marker combinations 1n Tables SA, 5B and 5C. The above aspects
may also apply to Tables A-C. In some embodiments, the recommended or administered
treatment for a marker or marker combination can change given additional information, such
as histological grade {or another measure of genomic mstability, as disclosed heremn). For
examples, a recommended or adminstered treatment option for a marker or marker
combination provided m Table 2A can be different for the recommended or admimstered
treatment option for the same marker or marker combination provided in Table 2B or 2C, when
additional information regarding histological grade 1s taken 1nto account,

[8422] Radiotherapy 18 denoted “RT7 1n Tables 2A-2C, 3A-3C, SA-5C and refers
to standard radiotherapy. In some embodiments, wherg the groups are stratified by
radiotherapy, the recommended treatment for a given combination of markers 15 provided in
the “mterpretation” column on the same row as the group with the given combination of
markers {reated with radiotherapy because radiotherapy treatment 1s standard of care. For
example, 1n Table 2B, for the marker analysis “PD-L1 RT”, the recommended treatment for
PD-L1 >1% 15 seen in the “interpretation” column row corresponding to the variable “PD-L1
>=1% RT”. In some embodiments, the “interpretation” column of Tables ZA and SA (which
inchudes tumors of all grades) does not provide a recommended treatment. In some
embodiments, recommended treatment or treatment deciston is made by further integration of

hustological grade {or any other measurement of genomic instability) with the indicated marker

-150-



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

status. In some embodiments, the “interpretation” column for Tables 2A, 2B and 2C are
apphicable for the same given sets of marker combinations i Tables SA, 5B and 5C. The
above aspects may also apply to Tables A-C.

[0423] Radiotherapy predictive information can be derived from the tables by
comparing the estimates for a given combination of markers without radiotherapy with the
estimates for the same given combination of markers with radiotherapy. For example, in Table
2A, the hazard ratio of PD-1 <1% without radiotherapy treatment 1s 1.0 (this is the reference
group} and the hazard ratio for PD-1 <1% with radiotherapy 15 0.479. This indicates that
radiotherapy decreases the risk of recurrence among patients with PD-1 <1% from 1 10 0.476
{it more than halves the risk of a recurrence). The hazard ratio for PD-1 >=1% without
radiotherapy in the same table is 0.866 meaning that the risk is shightly lower for a recurrence
than for the group of patients with PD-1 <1% without radiotherapy (hazard ratio 1}. The hazard
ratio for patients with PD-1 >=1% with radiotherapy 1s 0 683 meaning that radiotherapy among
patients with PD-1 >=1% lowers the risk from §.866 to 0.683. This shows that the risk
reduction of radiotherapy 15 lower aroong patients with PD-1 >=1% compared to patients with
PD-1 <1%.

[0424] Additional non-limiting embodirnents of the present disclosure are provided

1 the following numbered arrangements.

1. A method for treating breast cancer comprising the steps:
a) obtaining a tissue sample of a tumor from a breast cancer patient,
b) determining a level of protein or mRNA expression of PD-L1 in the sample,
c) determuining that the expression level 1s above a threshold level,
d) providing mtensified treatment as intensified radiotherapy treatment,

mtensified systemic therapy or mastectomy to the patient.
2. The method of arrangement 1 wherein the mtensified treatment comprises radiotherapy
treatment.
3. The method of arrangement 1 wheremn the mmtensified treatment comprises systemic
therapy.
4. The method of arrangement 2 wherein the radiotherapy treatment 13 whole breast
external radiotherapy, partial breast radictherapy or brachytherapy or a combination thereof,

with a biologically effective dose (BED) of 73 Gy or more with a tumor alpha/beta ratio of 5
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or a BED of 78 Gy or more with a tumor alpha/beta ratio of 4 or a BED of 87 Gy or more with
a tumor alpha/beta ratio of 3 or a BED of 104 Gy or more with a tumor alpha/beta ratio of 2.
5. The method of arrangement 1 wherein the patient has been subjected to breast
conserving surgery of total mastectomy.

6. The method of arrangement 1 wherein the breast cancer 1s an early stage invasive breast
cancer or breast cancer in sifit.

7. The method of arrangement 1 wherein the expression level of PD-L1 1s determined by

detecting the amount of PD-L1 mRNA or protein in the sample.

8. The method of arrangement 7 wherein the PD-L1 mRNA comprises the nucleotide
sequence of SEQ ID NG: 4 or 5.
9. A PD-LT mRNA-hinding nucleotide or a PD-L1 antibody for use in the diagnosis of

breast cancer, where the nucleotide or the antibody s used for quantifying the level of PD-L1
that 1s expressed in a breast cancer sample, and where high expression of PD-L1 indicates that

the patients belongs to a patient subgroup where intensified radiotherapy treatment s needed.

10 A method of diagnosis comprising the steps of
a) obtaining a fissue sample of a tumor from a breast cancer patient,
b) determining the expression level of PD-L1 i the sample,
) determinung that the expression level ts above a threshold expression level,
d) thereby determining that the patient belongs to a group that would benefit from

mtensified radiotherapy treatment; and

e) optionally providing the mtensified radiotherapy treatment to the patient.
it A method of treating a subject, the method comprising:
dentifying an mcremental risk to a subject of a local or regional recurrence based on a level
of PD-L1 mn a sample of an mvasive breast cancer in the subject; and
admimstering an mntensified breast cancer therapy to the subject based upon the ncremental
risk, wheremn a higher incremental nisk will increase:

a) a likelihood of an aggressive breast cancer therapy that is at least more than what
would be recommended by a guideline, such as, for example, NCUN, ASTRO, ESMQ,
HESTRO, Chinical Practice Recommendations Australia, or NICE guideling;

b} the aggressiveness of the aggressive breast cancer; or

¢) both a} and b).
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12, A method for treating a subject diagnosed with invasive breast cancer or breast cancer
in sity to prevent local or regional recurrence, said method comprising:

providing a cancer tissue sample from a subject who has invasive breast cancer;
analyzing the cancer tissue sample for a level of PD-L1;

treating the subject with an intensified treatment if the cancer tissue sample has a high
level of PD-L1; and

treating the subject with an alternative to the intensified treatment per a current
guideline, such as, for example, NCCN, ASTRO, ESMO, ESTRO, Clinical Practice
Recommendations Australia, or NICE guideline, if the cancer tissue sample has a low level of

PD-LT

13. A method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has a high level of PD-L1; and
administering an intensified treatment to the invasive breast cancer.
14 A method of dentifying a subject who will be responsive to radiation therapy, the
roethod comprising:
wentifying a subject with mvasive breast cancer; and
deternuning if a cancer tissue sample from the subject has a low level of PD-L1,
wherein 1f the cancer tissue sample from the subject has a low level of PD-L1,
administering a therapy to the subject,
wherein the therapy s not an mtensified treatment.
1S, A method for recommending a treatment 1o a subject, said method comprising:
analyzing a cancer tissue sample for a level of PD-L1 from a subject;
recommending that one treat the subject with an intensified treatment if the cancer
tissue sample has a high level of PD-L1; and
recommending that one treat the subject with an alternative to the intensified treatment
if the cancer tissue sample has a low level of PD-L1, wherein the alternative is in line with a
current guideline, such as, for example, NCUN, ASTRO, ESMQ, ESTRO, Chinical Practice
Recommendations Australia, or NICE guideling.
16. A method for preventing an invasive breast cancer recurrence in a subject, the method

comprising
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providing a cancer tissue sample from a subject who has invasive breast cancer;

analyzing the cancer tissue sample for a level of PD-L1;

administering an intensified treatment if the cancer tissue sample has a high level of
PD-L1; and

administering an alternative to the intensified treatment if the cancer tissue sample has

a low level of PD-L1.

17. A method for preventing a local or regional breast cancer recurrence in a subject
diagnosed with early stage breast cancer, the method comprising:

receiving an intensified treatment if a cancer has a high level of PD-L1; or

recetving an alternative to the intensified treatment if a cancer has a low level of PD-

L1

18 A method of modifying a treatment for a subject, the method comprising:
wdentifying a subject with invasive breast cancer that has a high level of PD-L1; and
admmistering a breast cancer therapy to the subject, wherein the breast cancer therapy
15 more aggressive than a traditional breast cancer therapy, wherei the traditional breast cancer
therapy s one recommended for the subject, based on the subject’s risk factors excluding PD-

L1 levels,

19 The method of any one of the preceding arrangements, wheremn high level of PB-L1
denotes a jevel of protein expression.

20 The method of any one of the preceding arrangements, wheremn high level of PB-L1
denoctes a level of mRNA present m the sample.

21 The method of any one of the preceding arrangements, wherem high or low levels of

PD-L1 denotes a level of protein expression.
22. The method of any one of the preceding arrangements, wherein high or low level of

PD-L1 are defined by a comparison of PD-L1 protein levels from the tissue sample to a control

sample.
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23. The method of any one of the preceding arrangements, wherein high or low level of
PD-L1 are defined by a comparison of PD-L1 fevels from the tissue sample to a control sample
that does not include invasive cancer.

24, The method of any one of the preceding arrangements, wherein low, high, or both are
determined by comparison to an internal control in the sample.

25. The method of arrangement 24, wherein the control includes a cell population that does
not express FD-L1.

26. The method of any one of the preceding arrangements, comprising an external control
that is known to stain negative for PD-L1.

27. The method of any one of the preceding arrangements, comprising an external control
known to stain positive for PD-L1 due to a high level of PD-LT.

28 The method of any one of the preceding arrangements, wherein high or low level of
PD-L1 are defined by a comparison to a standardized level set by a level of expression of a set
of one or more housekeeping gene.

29, The method of any one of the preceding arrangements, wheremn the mntensified
treatment ncludes at least one of! intensified radiotherapy treatment, intensitied systemic
therapy or mastectomy.

30 The method of any one of the preceding arrangements, wherein treating the subject
with intensified radiotherapy denotes a therapy above the guidelines n at least one guideline,
for example, NCON, ASTRO, ESMO, ESTRO, Chnical Practice Recornmendations Australia,
or the NICE gudeline, ignoring the PD-L1 marker state.

31 The method of arrangement 30, wherein the NCON, ASTRO, ESMO, ESTRO, Clinical

Practice Recommendations Australia, or the NICE guideline 15 as of 2020,

32. The method of any one of the preceding arrangements, wherein treating the subject
with intensified radiotherapy denotes a dose of at least one of: 67 Gy or more, add 3 boosting
dose to a standard recommended treatment for the subject when the standard recommended
treatment does not include a boosting dose, increase a boosting dose beyond the standard
amount for the subject, increase the fraction dose on a per fraction basis above the standard for
the subject, increase the number of fractions of a recommended dose above the standard for

the subject.
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33 The method of any one of the preceding arrangements, wherein treating the subject
comprises the standard recommended treatment from the NCCN, ASTRO, ESMO, ESTRO,
Clinical Practice Recommendations Australia, or the NICE guideline when the subject has low

PD-LT.

34 The method of any one of the preceding arrangements, wherein a low level of PD-L1
results in the subject receiving a therapy selected from at least one of the following:

omission of boost dose when otherwise indicated, less intense radiotherapy treatment
than what is recommended 1n a gwmdeline, for example, NCCN, ASTRO, ESMQ, ESTRO,
Clinical Practice Recommendations Austrahia, or the NICE guideline, de-escalate systemic
treatment or standard treatment according to the guideline, for example, NCCN, ASTRO,
ESMO, ESTRO, Chinical Practice Recommendations Australia, or the NICE guideline.
35 The method of any one of the preceding arrangements, wherein low PD-L1 denotes the
subject has PD-L1 levels in a lowest three quartiles of PD-L1 levels in a population of subjects
having mvasive breast cancer, relative to a set of one or more selected expression levels of
housekeeping genes.
36 The method of any one of the preceding arrangements, wherein high level PD-L1
denotes the subject has PD-L1 levels in a highest quartile of PD-L1 levels m a population of
subjects having 1ovasive breast cancer, relative to a set of one or more selected expression
levels of housekeeping genes.
37. The method of any one of the preceding arrangements, wherein two or more
housekeeping genes are used from the sample as a control comparison for PD-L1 level to
determine high, low, or high and low PD-L1 level.
38, The method of any one of the preceding arrangements, wherein a high or low PB-L1

level 1s determimed by fow being i a lowest 25% of a population.

39. The method of any one of the preceding arrangements, wheremn low PD-L1 expression
is defined as an amount less than the highest 25% of a population of subjects having invasive
breast cancer.

40, The method of any one of the preceding arrangements, wherein, when radiation 1s

admimstered, it 1s administered at a biologically effective dose of (BED) of
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73 Gy or more with a tumor alpha/beta ratio of 5, or

78 Gy or more with a tumor alpha/beta ratio of 4, or

87 Gy or more with a tumor alpha/beta ratio of 3, or

104 Gy or more with a tumor alpha/beta ratio of 2.
41, The method of any one of the preceding arrangements, wherein a level of PB-L1 1s
analyzed as a continuous metric s¢ that a continuous risk assessment is further provided to the
subject.
42, The method of any one of the preceding arrangements, wherein intensified treatment
or intensified therapy denotes at least one oft intensified radiotherapy treatment, systemic
therapy, mastectomy, the additional use of a sensitizer to another therapy; a therapy above a
level set by at least one of the NCUN, ASTRO, ESMO, Clinical Practice Recommendations
Australia, and/or NICE guidelines for the subject’s remaining mdicators, or any combination
thereof.
43 The method of any one of the preceding arrangements, wherein a level of PD-L1 is
determined by at least one of IHC/wumunofluorescence/western blot/laser capture,
miwcrodissection, RT-PCR, QPCR, PCR, deep sequencing, RNA-seq, a vucroarray assay,

normalized and non-normalized probes, and NanoString.

44, The method of arrangement 1, wherein the cancer 15 T1 to T2, node negative, non-

metastatic invasive breast cancer.

45. The method of arrangement 44, wherein the cancer 18 T1 to T2, node positive, non-

metastatic mvasive breast cancer.

40, The method of arrangement 1, wheremn the cancer is node negative, non-metastatic

vastve breast cancer.

47, The method of arrangement 46, whergin the cancer 1s node positive, non-metastatic

mvasive breast cancer.
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48, The method of any one of the preceding arrangements, wherein a predictive value 1s
continuous and therefore 3 more extreme result in terms of the level of PE-L1 correlates with
a larger benefit {or lack thereof} of a corresponding therapy, wherein the corresponding therapy

is the use of standard radictherapy or an alternative to standard radiotherapy.

49 The method of any one of the preceding arrangements, wherein a sample 15 collected

from a core biopsy, fine-needle aspiration (FNA), excisional biopsy or from surgery.

50. The method of any one of the preceding arrangements, wherein the cancer is not head

and neck cancer.

St The method of any one of the preceding arrangements, wherein the method is

performed on a pre-operative tumor.

52. The method of any one of the preceding arrangements, wherein the method 1s

performed on a post-operative tumor.

$3. The method of any one of the preceding arrangements, wherein the method employs

MammaPrint, PCR, rtPCR, gPCR, and/or nanosiring to determune the level of PD-L1.

54 The method of any one of the preceding arrangements, wherein one uses a
representative control population as an external reference, wheremn the expression levels of
PD-L1 13 compared to a population of stage I/HIA breast cancer patients, and wherein a control

population 15 infine with the study population used in the present examples.

SS. The method of any one of the preceding arrangements, wherein one uses housekeeping

gene data as an internal reference.
36. The method of arrangement 4, wherein BED 1s defined as a measure of a true bislogical

dose delivered by a combination of dose per fraction (d} and number of fractions {n) to a tissue

characterized by a specific radiosensitivity {(alpha/beta ratio) BED = n X d (1 +d/(af ,Ea’)).
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57. The method of any one of the preceding arrangements, wherein if the method indicates

that a subject will not respond to standard radiotherapy, then one administers at least one of
a} administering a more mtense level of therapy then that outlined i  the
NCCON/ESMO/Chinical Practice Recommendations Australia/NICE guidelines, b} the same
NCCN/ESMO/Clinical Practice Recommendations Austrahia/NICE guidelines modalities
given concurrently, e.g. RT + chemotherapy, RT+ targeted therapies, ¢} a radiation boost with
hugher dose levels or with broader indications than in current NCCN/ESMO/Clinical Practice
Recommendations Australia/NICE  guwidelines d) a mastectomy, or e} concurrent

radiochemotherapy.

S8. The method of any one of the preceding arrangements, wherein standard radiotherapy

15 administered if the subject has a low level of tumor-infiltrating lyraphocytes {(TiLs).

59, A method of treating a subject for local recurrence, the method comprising:
administering an intensified breast cancer therapy to a subject based upon a PD-L1 and
TIL status, wherein a bigher meremental risk will increase:
a} a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE;
b) the aggressiveness of the aggressive breast cancer; or
¢} both a} and b},
1} wherein a less than standard breast cancer therapy 18 administered «f PD-L1 15
low and TILs 15 high, or
11} PD-L1 is high and TiLs ts lugh if one or more additional variables mdicating that
high PD-L1 and/or lugh TILs confer a favorable prognosis are present,
wherein a standard radiotherapy s admmstered if:
111} PE-L1 s high and TILs is low;
vy PD-L1 1s low and TiLs 15 low, or
v PD-L1 15 hugh and Tils is high if 1t cannot be determined based on one or more
additional variables that PD-L.1 and/or TiLs confer a favorable or unfavorable prognosis,

wherein the intensified breast cancer therapy 1s administered if
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viy PE-L1 18 high and TlLs s high if one or more additional variables indicating that
PD-L1 and/or TiLs confer an unfavorable prognosis are present.
60. A method of treating a subject for a risk of recurrence of breast cancer, the method
comprising
admunistering an intensified breast cancer therapy to a subject based upon a PD-L1 and
TIL status, wherein a higher incremental risk will increase:
a} a likebhood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE;
b} the aggressiveness of the aggressive breast cancer; or
¢} both a} and b},
wherein the intensified breast cancer therapy is administered if’
1) PD-L1 15 high and TiLs ts high f one or more additional variables indicating that
PD-L1 and/or TiLs confer an unfavorable prognosis are present,
wherein a standard radiotherapy is administered if)
1} PD-L1 s lughand THs 15 low;
111} PD-L1 s low and TiLs s low; or
tv) PI3-L1 1s high and TILs s high if it cannot be determined based on one or more
additional vanables that PD-L1 and/or Tils confer a favorable or unfavorable
prognosis,
wherein deintensified breast cancer therapy 15 provided ift
vy PD-L1 15 low and TiLs 1s lugh; or
vi} PD-1L.1 18 hugh and TiLs 15 high if one or more additional variables indicating that
high PD-L1 and/or high TILs confer a favorable prognosis are present.
61. The method of any one of the preceding arrangements, wherein intensified treatment
or intensified therapy denotes at least one of intensified radiotherapy treatment, systemic
therapy, mastectomy, the additional use of a sensitizer to another therapy, a therapy above a
level set by the NCUN guidelines for the subject’s remaining indicators, or any combination
thereof.
62. The method of anv one of the preceding arrangements, wherein intensified treatment
or intensified therapy denotes at least one of' intensified radiotherapy treatment, systemic

therapy, mastectomy, the additional use of a sensitizer to another therapy, a therapy above a
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level set by the NICE guidelines for the subject’s remaining indicators, or any combination
thereof.

63. The method of any one of the preceding arrangements, wherein a lower dose of
radiotherapy 1s administered if the subject has high levels of CD8+ T cells and low levels of
FOXP3+ regulatory T cells in combination with low PD-L1 expression.

64 The method of any one of the preceding arrangements, wherein radiotherapy 18 omitted
if the subject has high levels of CD8+ T cells and low levels of FOXP3+ regulatory T cells in
combination with low PD-L1 expression.

63, The method of arrangements 63 and 64, wherein levels of CD8+ T cells and levels of

FOXP3+regulatory T cells are determined by THC with antibodies specific for CD8 or FOXP3.

66, A method of treating a subject for ipsilateral breast tumor recurrence {(local recurrence,
IBTR}, the method comprising:
administering a less intensive breast cancer therapy to a subject based upon a PD-L1
and CDRFOXP3 balance, wherein a higher incremental risk will increase:
a} a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recoromended by the NCCN, ASTRO, ESTRO, ESMO, and/or
NICE;
b) the aggressiveness of the aggressive breast cancer; or
¢} both a} and b),
wherein the less intensive breast cancer therapy s administered if:
1) PD-L1 15 low and the CD& FOXP3 balance 13 high, or
11} the levels of tumor-infiltrating D8 and FOXP3 cells are high, and the histological
grade of the breast cancer 1s grade I and/or the breast cancer has high proliferation,
wherein a standard radiotherapy 1s admunistered if;
111} PD-L1 15 low and the CD8 FOXP3 balance 18 low, or
tv) PD-L1 is high and the CD8:FOXP3 balance is normal.

67. A method of treating a subject for a risk of recurrence of breast cancer, the method
COmMprising;
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admunistering a less intensive breast cancer therapy to a subject based upon a PD-L1
and CD8.FOXP3 balance, wherein a higher incremental risk wiil increase:
a} a likebhood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRG, ESMOG, and/or
NICE;
b} the aggressiveness of the aggressive breast cancer; or
¢} both a} and b),
wherein the less intensive breast cancer therapy is adnunistered iff
1y PD-L1 1s low and the CD8 FOXP3 balance is high,
wherein a standard radiotherapy s administered if:
i1} PD-L1 1s low and the CDS:FOXP3 balance 1s low, or
111} PD-L1 18 high and the CD& FOXP3 balance is normal
68. The method of any one of the preceding arrangements, wherein PE-L1 is high f it is
above 1% of lymphocytes with positive protein expression.
69 The method of any one of the preceding arrangements, wherein PD-L1 15 low if 1t 15
less than 19 of lymphocytes with positive protein expression.
70 A method of selecting whether or not to give a subject a standard radiotherapy or an
alternative therapy appropriate for one who will not benefit substantially from standard
radiotherapy, the method comprising:
if the subject has low PD-L1 and low TiLs, administering the standard radictherapy,
if the subject has high PD-L1 and high TILs, administening the standard radiotherapy,
if the subject has tow PD-L1 and high TiLs, admunistering the alternative therapy, and
if the subject has high PD-L1 and low TiLs, administering the standard radiotherapy.
71 A method of selecting whether or not to give a subject a standard radiotherapy or an
alternative therapy appropriate for one who will not benefit substantially from standard
racdiotherapy, the method comprising:
it the subject has low PD-L1 and high CD8:FOXP3 balance, administering the less intense
radiotherapy,
if the subject has low PD-L1 and high CD8 FOXP3 balance, omiiting radictherapy;
else if the subject has any other combination of PE-L1 status and CDB.FOXP3 balance,

admunistering standard radiotherapy.
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72. The method of arrangement 2 wherein the radiotherapy treatment i1s whole breast
external radiotherapy, partial breast radiotherapy or brachytherapy or a combination thereof,
with a biclogically effective dose (BED) of

93 Gy or more with a tumor alpha/beta ratio of 5, or

100 Gy or more with a tumor alpha/beta ratio of 4, or

111 Gy or more with a tomor alpha/beta ratio of 3, or

133 Gy or more with a tumor alpha/beta ratic of 2 if the patient 15 recommended a

boosting dose according to guidelines.

o

7

i

3. The method of any one of arrangements 66, 67, and 71, wherein the CD&FOXP3
halance denotes:
a number of CD8&+ T cells and FOXP3+ regulatory T cells, respectively, or
a stromal area occupied by CD8+ T cells and FOXP3+ regulatory T cells, respectively,
wherein a high balance mdicates high values of CDE+ T cells and low values of
FOXP3+ regulatory T cells.
74, The method of arrangement 73, wherein a hugh value of the CDB.FOXP3 balance

mdicates hugh values of CD8+ T cells and low values of FOXP3+ regulatory T cells.

7S. The method of any one of the preceding arrangements, wherein, if the subject has a
reduced benefit from radiotherapy as determined by an analysis of PD-L1, then admunustering

an mtensified radiotherapy to the subject to compensate for a reduced radiotherapy benefit.

76. A method of treating a subject, the method comprising:
wdentifying a subject with invasive breast cancer that has a high level of PD-L1;
determuining a prognostic value of the subject;
administering an intensified treatment to the nvasive breast cancer if the prognostic

value is not favorable,

77 The method of arrangement 76, further comprising treating the subject with an
alternative to the mtensified treatment per a current guideline, wherein the current guideline is
one of NCUN, ASTRO, ESMO, ESTRO, Clinical Practice Recommendations Australia, or

NICE guidelines if the prognostic value is favorable.
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78. The method of arrangement 76, further comprising not treating the subject with

radiotherapy if the prognostic value is favorable.

79. The method of any one of the preceding arrangements, wherein the breast cancer 1s

mvasive breast cancer or breast cancer in sifu.

&0. The method of any one of the preceding arrangements, wherein
a) for a subject with no hoost otherwise recommended, the mntensified

radiotherapy treatment 1s whole breast external radiotherapy, partial breast radiotherapy or
brachytherapy or a combination thereof, with a biologically effective dose of (BED) of 73 Gy
or more with a tumor alpha/beta ratio of 5, or a BED of 78 Gy or more with a tumor alpha/beta
ratio of 4, or a BED of 87 Gy or more with a tumor alpha/beta ratio of 3, or a BED of 104 Gy
or more with a tumor alpha/beta ratio of 2; or

b) for a subject with a boost otherwise recommended, the intensified radiotherapy
treatment s one or more of whole breast external radiotherapy, partial breast radiotherapy or
brachytherapy or a combination thereot, with a biologically effective dose of (BED) of 93 Gv
or more with a tumor alpha/beta ratio of 3, or a BED of 100 Gy or more with a tumor alpha/beta
ratio of 4, or a BED of 111 Gy or more with a turoor alpha/beta ratio of 3, or a BED of 133 Gy
or more with a fumor alpha/beta ratio of 2 for patients who are recommended a boost according

to the current guidelines,

81, A method for treating breast cancer, comprising;
a) obtaiming a tissue sample of a tumor from a breast cancer patient;
b) determuining a level of protein expression of PD-1 in the sample;
c determuning a level of protein or mRNA expression of PB-L1 in the sample;
d) determining that the PD-1 expression level is below a threshold level for PD-1;
e} determining that the PD-L1 expression level is above a threshold level for PD-
L1; and
£} providing intensified treatment as intensified radictherapy treatment,

intensified systemic therapy or mastectomy to the patient.
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&2. A PD-1 antibody for use in the diagnosis of breast cancer, wherein the antibody 1s used
for quantifying the level of PD-1 that 1s expressed in a breast cancer sample {from a patient,
and where low expression of PD-1 indicates that the patient belongs to a patient subgroup

where intensified radiotherapy treatment is needed.

83. A method of diagnosis, comprising:
a) obtaining a tissue sample of a tumor from a breast cancer patient;
b) determining the expression level of PD-1 in the sample;
c) determining the expression level of PD-L1 in the sample;
d) determining that the PD-1 expression level 1s below a threshold expression level

for PD-1; and

e} determining that the PD-L1 expression level 1s above a threshold expression

tevel for PD-LI,

thereby determaining that the patient belongs to a group that would benefit from
wtensified radiotherapy treatment,

optionally providing the mtensified radiotherapy treatment to the patient.

84, A method of treating a subject, the method comprising:

identifying an incremental risk to a subject of a local or regional recurrence based ona
level of PD-1 and/or a level of PB-L.1 in a sample of an nvasive breast cancer 1n the subject;
and

admunistering an intensified breast cancer therapy to the subject based upon the
meremental risk, wheremn a higher incremental risk will increase:

a} a likelihood of an aggressive breast cancer therapy that 13 at least more than
what would be recommended by NCCN/ASTRO/ESMO/ESTRO/Chnical Practice
Recommendations Australia/NICE guidelines; or

b} the aggressiveness of the aggressive breast cancer; or

c} both a} and b}.
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8S. A method for treating a subject diagnosed with invasive breast cancer or breast cancer
in sity to prevent local or regional recurrence, said method comprising:

providing a cancer tissue sample from a subject who has invasive breast cancer;

analyzing the cancer tissue sample for a level of PD-1;

analyzing the cancer tissue sample for a level of PD-L1;

treating the subject with an intensified treatment if the cancer tissue sample has a low
level of PD-1 and a high level of PD-L1; and

treating the subject with an alternative to the imtensified treatment per current
NCCN/ASTRO/ESMO/ESTRO/Chinical  Practice  Recommendations  Australia/NICE

guidelines, if the cancer tissue sample has a high level of PD-1 and a low level of PD-L1.

&6, A method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has a low level of PD-1 and a high
fevel of PD3-L1; and

admunistering an intensified treatment to the invasive breast cancer.

87. A method of dentifying a subject who will be responsive to radiation therapy, the
roethod comprising:
wentifying a subject with mvasive breast cancer; and
determuning if a cancer tissue sample from the subject has a high level of PD-1;
determining if the cancer tissue sample from the subject has a low level of PD-L1T,
wherein if the cancer tissue sample from the subject has a high level of PD-1 and a ow
level of PB-L1, admmistening a therapy to the subject, and

wherein the therapy 15 not an intensified treatment.

88. A method for recommending a treatment to a subject, said method comprising:
analyzing a cancer tissue sample from a subject for a level of PD-1 and a level of PD-
Li;
recommending treating the subject with an intensified treatment if the cancer tissug

sample has a low level of PD-1 and a high level of PD-L1; and

1
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recommending treating the subject with an alternative to the intensified treatment if the cancer
tissue sample has a high level of PD-1 and a low level of PI-L1, wherein the alternative is
line with current NCCON/ASTROESMO/ESTRO/Clinical  Practice  Recommendations

Australia/NICE guidelines.

49. A method for preventing an invasive breast cancer recurrence in a sebject, the method
COmMprising;
providing a cancer tissue sample from a subject who has invasive breast cancer;
analyzing the cancer tissue sample for a level of PD-1;
analyzing the cancer tissue sample for a level of PD-L1;
administering an intensified treatment if the cancer tissue sample has a low level of
PD-1 and a high level of PD-L1; and
administering an alternative to the intensified treatment if the cancer tissue sample has

a high level of PD-1 and a low level of PD-L1.

a0, A method for preventing a local or regional breast cancer recurrence in a subject
diagnosed with early stage breast cancer, the method comprising:

receiving an intensified treatroent if a cancer has a low level of PD-1 and a high level
of PD-L1: or

receiving an alternative to the intensified treatment if a cancer has a high level of PD-

1 and a low level of PD-L1.

91 A method of modifying a treatment for a subject, the method comprising:
identifying a subject with invasive breast cancer that has a low level of PD-1 and a high
tevel of PD-L1; and
administering a breast cancer therapy to the subject, wherein the breast cancer therapy
is more aggressive than a traditional breast cancer therapy, wherein the traditional
breast cancer therapy is one recommended for the subject, based on the subject’s risk

factors excluding PD3-1 and PD-L1 levels.
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Q2. The method to any one of the preceding arrangements, wherein low level of PD-1

denotes a level of protein expression.

93. The method of any one of the preceding arrangements, wherein high level of PD-L1

denotes a level of protein expression.

94, The method of any one of the preceding arrangements, wherein high or iow levels of

PD-1 denotes a level of protein expression.

gs. The method of any one of the preceding arrangements, wherein high level of PD-L1

denotes a level of mRNA present in the sample.

96. The method of any one of the preceding arrangements, wherein high or low level of

PD-L1 denotes a level of protein expression.

97. The roethod of any one of the preceding arrangements, wherein high or low
level of PD-1 are defined by a comparison of PD-1 protein levels from the tissue sample to a

control sample.

98. The roethod of any one of the preceding arrangements, wherein high or low
level of PD-1 are defined by a comparison of PD-1 levels from the tissue sample to a control

sample that does not include invasive cancer.

a9, The method of any one of the preceding arrangements, wheremn low expression level,
high expression level, or both are determmed by comparison to an internal control v the

sample.

100.  The method of arrangement 99, wherein the internal control includes a cell population

that does not express PD-L1.

H
s
3
-3

H



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

101, The method of arrangement 99, wherein the internal control includes a cell population

that does not express PD-1.

102, The method of arrangement 99, wherein the internal control includes a cell population

that does not express PD-1 and PD-L1.

103, The method of any one of the preceding arrangemenis, wherein low expression level,
hugh expression level, or both are determined by comparison to an external control that is a cell

line known to stain negative for PD-1.

104, The method of any one of the preceding arrangements, wherein low expression level,
hugh expression level, or both are determined by comparison to an external control that is a cell

line known to stain negative for PD-1 and PD-L1.

105 The method of any one of the preceding arrangements, wherein low expression level,
hugh expression level, or both are deterrmined by comparison to an external control known to

stain positive for PD-L1 due to a high level of PD-L1.

106, The method of any one of the preceding arrangements, wherein low expression level,
high expression level, or both are determined by comparison to an external control known to

stain positive for PD-1 due to 3 hugh level of PD-1.

107, The method of any one of the preceding arrangements, wherein the intensified
treatment includes at least one of intensified radiotherapy treatment, miensified systemic

therapy or mastectomy.

108.  The method of any one of the preceding arrangements, wherein treating the subject
with intensified radiotherapy denotes a therapy above the guidelines 1 the
NCCN/ASTROVESMO/ESTRO/Chinical Practice  Recommendations  Australia/NICE

guidelines, ignoring the PD-1 marker state.
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109.  The method of any one of arrangements 1-107, wherem treating the subject with
mtensified radiotherapy denotes a therapy above 1 the gudelines in  the
NCON/ASTRG/ESMO/ESTRO/Chinical  Practice  Recommendations  Australia/NICE

guidelines, ignoring states of the PD-1 and PD-L1 markers.

110, The method of any one of the preceding arrangements, comprising treating the subject
according to the standard recommended treatment from the
NCON/ASTRO/ESMO/ESTRO/Chinical Practice  Recommendations  Australia/NICE
guidelines when the subject has high PD-1.

111, The method of any one of the preceding arrangements, wherein a high level of PD-1
results in the subject receiving a therapy selected from at least one of the following: onussion
of boost dose when otherwise indicated, less intense radiotherapy treatment than what is
recommended in a guideline, for example, NCCN, ASTRO, ESMO, ESTRO, Chinical Practice
Recommendations Australia, or the NICE guideline, de-escalate systemic treatment or
standard treatment according to the guideline, for example, NCON, ASTRQ, ESMQ, ESTRQ,

Clinical Practice Recomiendations Australia, or the NICE guideline,

112, The method of any one of the preceding arrangements, wherein a high level of PD-1
and a low level of PD-L1 results in the subject receiving a therapy selected from at least one
of the following:

1) ormssion of boost dose when otherwise mndicated,

11} less intense radiotherapy treatment than what 18 recommended in

NCCON/ESMO/Chinical Practice Recommendations Australia/NICE guidelines,

111} de-escalate  systemic treatment or standard treatment according 1o

NCON/ESMO/Clinical Practice Recommendations Australia/NICE guidelimes.

113,  The method of any one of the preceding arrangements, wherein high PD-1 denotes at

least 1% of lymphocytes in a tumor sample from the subject expresses PD-1 protein.

114, The method of any one of the preceding arrangements, whergin low PE-1 denotes less

than 50% of lymphocytes i a tumor sample from the subject expresses PI¥-1 protein.
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115, The method of any one of the preceding arrangements, wherein a level of PD-1 15
analyzed as a continuous metric so that a continucus risk assessment 1s further provided to the

subject.

116.  The method of any one of the preceding arrangemenis, wherein a predictive value 1s
contingous and therefore a more extreme result in terms of the level of PD-1 and/or the level
of PD-L1 correlates with a larger benefit {or lack thereof) of a corresponding therapy, wherein
the corresponding therapy s the use of standard radiotherapy or an alternative to standard

radiotherapy.

117. A method of treating a subject for local recurrence, the method comprising:
adnurustering an mtensified breast cancer therapy to a subject based upon a PD-1, PD-
L1, and/or TIL status, wherein a higher incremental risk will increase;
a} a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMG, and/or
NICE gwdelines;
b) the aggressiveness of the aggressive breast cancer; or
¢} both a} and b},
wherein a less-than-standard breast cancer therapy 13 admuustered 1if:
1} PD-1 13 hugh, PD-L1 15 low, and TiLs 15 high, or
1} PD-1 15 high, PD-L1 15 high and TiLs 15 high if one or more additional
vanables indicating that high PD-1, high PD-L1 and/or high TiLs confer a
favorable prognosis are present,
wheremn a standard radiotherapy 1s admuistered if:
i) PD-L1 18 hugh, and TiLs 15 low,
v} PD-1 15 high, PD-L1 s low, and TiLs 15 low, or
v) PD-1 1s low, PD-L1 is high, and TiLs 1s high if it cannot be determined based
on one or more additional variables that PD-1, PD-L1 and/or TiLs confer a
favorable or unfavorable prognosis,

wherein the intensified breast cancer therapy is administered if’
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vi} PD-1 15 fow, PD-L.1 1s high and TiLs is high, or
vit) PD-1 15 hugh, PI-L1 s high and TiLs 15 high f one or more additional
variables indicating that PD-1, PD-L1 and/or TILs confer an unfavorable

Prognosis are present.

118, A method of treating a subject for a risk of recurrence of breast cancer, the method
COmMprising;
administering an intensified breast cancer therapy to a subject based upon a PD-L1 and

TIL status, wherein a higher incremental risk will increase:
a} a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or
NICE guidelines;
b} the aggressiveness of the aggressive breast cancer; or
¢} both a} and b},

wherein the intensified breast cancer therapy 1s administered «f

i} PD-1 5 low, PD-L1 13 hugh and THLs 1s high, or
it} PD-1 s hugh, PD-L1 15 lugh and TlLs 18 high, it one or more additional
variables ndicating that high PD-1, PD-L1 and/or high TiLs confer an
unfavorable proguoosis are present,
wherein a standard radiotherapy 1s admumstered if
11} PD-L1 1s high, and TiLs 15 low,
v} PD-1 18 hagh, PD-L1 15 low, and TiLs 1s low, or
viPD-1 s low, PD-L1 s high and TILs 1s high if 1t cannot be determined based
on one or more additional variables that PD-1, PD-L1 and/or TiLs confer a
favorable or unfavorable prognosis,
wherein deintensified treatment 1s provided if;
vi} PD-1 1s high, PD-L1 is low and THLs 1s high,
vit) PD-L1 18 high and TILs 1s high, or
viti} PD-1 is high, PD-L1 1s high and TilLs is high f one or more additional
variables indicating that high PD-1, PDL1 and/or high TiLs confer a favorable

Prognosis are present.
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119, A method of selecting whether or not to give a subject a standard radiotherapy or an
alternative therapy appropriate for one who will not benefit sebstantially from standard
radiotherapy, the method comprising:

if the subject has high PD-1 and low TILs and has a genomically unstable tumor,
administering the alternative radiotherapy;

if the subject has high PD»-L1 and low Tils and has a genonucally unstable tumor,
admunistering the standard radiotherapy;

if the subject has low PD-1 and low TILs and has a genomically unstable tumor,
administering the standard radiotherapy or the alternative therapy (optionally intensification};

if the subject has low PD-1 and low Tils and has a genomically stable tumor,
administering the alternative therapy (optionally omission or de-escalation of radiotherapy);

if the subject has low PD-1 and high TiLs and is a genomucally stable tumor,
administering the intensified therapy;

if the subject has high PD-1 and high TiLs and has a genomucally unstable turor,
omitting the standard radiotherapy; and

if the subject has tugh PD-1 and ligh Tils and has a genomically stable tumor,
adminstering the alternative radiotherapy (optionally intensified radiotherapy),

wherein the PD-1 level 15 a PD-1 protein expression level

120, A method of diagnosts comprising:
a) obtaining a tissue sample of a tumor from a breast cancer patient, wherein the

patient has a favorable prognosis for breast cancer,

b} determining expression levels of PD-1 and PD-L1 n the sample,

c) determuning that the expression level of PD-1 18 below a threshold expression
level,

d) determining that the expression fevel of PD-L1 is above a threshold expression
level,

&) thereby determining that the patient belongs 1o a group that would not benefit

from standard radiotherapy treatment; and

£ not providing the standard radiotherapy treatment to the patient.
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121, The method of arrangement 120, wherein the expression level of PD-1 denote level of

protein expression.

122. A method for treating a subject diagnosed with invasive breast cancer or breast cancer
in situ to prevent local or regional recurrence, said method comprising:

providing a cancer tissue sample from a subject who has nvasive breast cancer,
wherein the subject has a favorable prognosis for the invasive breast cancer;

analyzing the cancer tissue sample for levels of PD-1 and PD-L1;

not ireating the subject with a radiotherapy treatment if the cancer tissue sample has a
hugh level of PD-L1; and

treating the subject with an alternative to radiotherapy per at least one of NCCN,
ESMO, ESTRO, Chinical Practice Recommendations Australia, or NICE guideline.
123, The method of arrangement 122, further comprising not treating the subject with the

radiotherapy treatment if the cancer tissue sample has a low level of PD-1.

124, The method of arrangement 122, wherein a balance of CD8+ T cells and FOX3+ T

regulatory cells s determuned from the sample.

125 The method of arrangement 124, wherein the cells are measured by THC as the amount
of the respective cell type mfiltrating the tumor biopsy, and wherein the cells can be classified

as etther stromal or miratumoral

126,  The method of arrangement 124, wherein a high level of CD8+ T cells and low levels
of FOXP3+ T regulatory cells denotes a very good prognosis and if the subject also expresses
low levels of PD-L1 {(<1% of lymphocytes with positive staining} then the subject will receive
no benefit from radiotherapy, and wherein the sebject 1s treated with de-escalated radiotherapy

or radiotherapy is omitted.

127. The method of arrangement 124, wherein one counts a number of cells stamning
positively for (D8 and FOXP3, respectively, within a certain area of the tumor or stromal

compartment.
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128. The method of arrangement 124, wherein one estimates a stromal area or an

intratumoral area occupied by the respective celi type.

129 The method of any one of arrangements 124-128, wherein a threshold is 5% and 2.5%

of the stromal area for CD&+ T cells and FOXP3+ T regulatory cells, respectively.

130.  The method of any one of arrangements 124-128, wheremn a threshold for a high
CDE.FOXP3 balance means that the quantity of CD8+ T cells is higher than that of FOXP3+

T regulatory cells.

131,  The method of arrangement 130, wherein the quantity of CD8+ T cells 15 twice as high

as that of FOX¥P3+ T regulatory cells.

132, The method of any one of arrangements 124-131, wherein CD8+ T cells are at least
one of;
a) a stromal area of any one of 1%, 2.5%, 5%, 10%, 20%, 30%, 40%, or 50%,
b} a number of cells in mm? of:
1}y ntraturooral: 10, 20, 3G, 40, SO, 60, or 70, or
1} stromal: 10, 20, 36, 40, 50, 60, or 70,
and wherem FOXP3+ T regulatory cells are at least one of)
a} a stromal area of any one of! 1%, 2.5%, 5%, 10%, 20%, 30%, 40%, of 50%,
b} a number of cells in mm? of’
i} intratumoral: 2, 5, 10, 20, 30, 40, 530, 60, or 70, or

1) stromal: 5, 10, 20, 30, 40, 50, 60, or 70.

133, The method of any one of the preceding arrangements, wherein an amount of PD-L1

positive lymphocytes is used to determine a level of PD-L1T.

134, The method of arrangement 133, wherein the amount 15 determined by:
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measuring a stromal area occupied by lymphocytes {(tumor-infiltrating lymphocytes, TiLs} for
a first variable;

assessing a proportion of lymphocyies with positive staining for PE-L1 for a second variable;
and

combining the first and second variables to vield the four different combinations of TILg™gblow

+PD-L1 High/Low

135,  The method of arrangement 134, wherein TilLs are measured within the tumor

compartment {intraturnoral} or stromal compartment {stromal}).

136.  The method of arrangement 135, wherein 10% of stromal TiLs 1s used as a cutoff.

137 The method of any one of the preceding arrangements, wherein any one of the
followmng 1s used as a threshold for Tils:
a) a stromal area of 5%, 10%, 20%, 30%, 40%, or 50%,
b} a pumber of cells in mm? of:
i} wtratumoral: 40, 60, 80, 100, 120, 140, 160, 180, or 200,
it} stromal: 60, 80, 100, 120, 140, 160, 180, 200, 216, 220, 230 240, or
250

138. A method of selecting a treatment for a subject, the method comprising:

comparing a level of PE-1 1n a subject to a range of PD-1 levels; and

increasing a likelihood of admimstering radiotherapy to the subject as an inverse
function of the level of PD-1, wherein a lower PD-1 level indicates a greater benefit of
radiotherapy to the subject, thereby decreasing a risk of local breast cancer recurrence.
139, The method arrangement 138, wherein the level of PD-1 in the subject denotes a level
of protein expression, and

wherein the range of PD-1 levels denotes a range of levels of protein expression.
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140. The method of any one of the preceding arrangements, wherein a level of PD-1 is
determined by at least one of IHC/mmunofluorescence/western blot/laser capture,
microdissection, a microarray assay, normalized and non-normalized probes, and NanoString,
141, The method of any one of the preceding arrangements, further comprising:
determining that the sample has low or moderate genomic instability,
wherein intensified treatment 1s provided if the expression level of PD-L1 1s determined
to be above the threshold level and the sample 1s determined to have low or moderate genomic
mstability.
142 The method of arrangement 141, further comprising determining a level of genomic
mstability in the sample.

143 A method for treating breast cancer comprising the steps:

a) obtaining a tissue sample of a tumor from a breast cancer patient;

b) determining a level of protein or mRNA expression of PD-L1 in the sample;
c) determining that the expression level is above a threshold level;

d) determining a level of genomic instability 1 the sample;

e} determinung that the sarople has low or moderate genonuc mstabdity; and

) providing intensified ireatment as  intensitied radiotherapy  treatment,

mtenstfied systemic therapy or mastectomy to the patient based on the determunation
that the PD-L1 expression level 15 above a threshold level and that the samople has low
or moderate genomic mnstability,
144, The method of arrangement 142 or 143, wherein determining the level of genomic
mstability in the sample comprises determining 3 histologic grade and/or Ki67 level of the
sample.
145, The method of any one of arrangements 142-144, wherein the sample having a
histologic grade T or H and/or fow K167 ndicates low or moderate genomic instability.
146.  The method of any one of the preceding arrangements, wherein standard radiotherapy
is adminstered if {1} the subject has a low level of Tils and (i1} the sample 15 grade T or I,
and/or proliferation of the tumor 158 slow.
147, The method of 146, wherein proliferation of the tumor 1s low when the sample has low

Ki67.
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148, The method of any one of the preceding arrangements, wherein the additional favorable
prognostic variables comprise high genomic instability of the breast cancer.

149 The method of arrangement 148, wherein the high genomic instability comprises a
histological grade 1 and/or high Ki67 of the breast cancer.

150. The method of any one of the preceding arrangements, wherein the additional
unfavorable prognostic variables comprise low genonic instability of the breast cancer.

151, The method of arrangement 150, wherein the low genomic instalnlity comprises a
fustological grade 1 or fI, and/or low Ki67 of the breast cancer.

152, The method of arrangement 150 or 151, wherein the unfavorable prognostic variables
further comprise an ER expression level

153 The method of any one of the preceding arrangements, wherein the standard
radiotherapy 15 admunistered f PD-L1 s low and TiLs 1s low, and if the breast cancer has a
histological grade 1 or U and/or low proliferation.

154, The method of any one of the preceding arrangements, wherein the less than the
standard breast cancer therapy s admunistered if PD-L1 s low and TILs 1s low, and if the
breast cancer has a histological grade T or IF and/or low proliferation.

155 The method of arrangement 153 or 154, wherein the subject 1s ER+ and 1s adminstered
endocrine therapy.

156, The method of any one of arrangements 154 or 155, wherein the less than the standard
breast cancer therapy 1s admunistered if PD-L1 s low and TiLs 1s low, and 1t the breast cancer
has a histological grade [, and if the breast cancer has one or more other favorable vanables.
157.  The method of arrangement 156, wherein the one or more other favorable vanables
comprises one or more of small tumor size; ER positive and treated with endocring therapy;
and age greater than a threshold age.

1538 The method of arrangement 157, wherein the small tumor size comprises a tumor size
< 10 mm, and the threshold age 15 65,

1539, The method of any one of the preceding arrangements, wherein the intensified breast
cancer therapy is admimstered 1f PD-L1 1s high and TiLs is low, and if the breast cancer has a

hustological grade 1 or 11 and/or low proliferation.
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WHAT IS CLAIMED IS:

1. A method for treating breast cancer comprising the steps:

a} obtaining a tissue sample of a tumor from a breast cancer patient,

b} determining a level of protein or mRNA expression of PD-L1 in the
sample,

c) determining that the expression level 13 above a threshold level,

d} providing infensified treatment as intensified radiotherapy treatment,

intensified systemic therapy or mastectomy to the patient.

2. The method of claim 1 wherein the intensified treatment comprises

radiotherapy treatment.

3. The method of claim 1 wherein the intensified treatment comprises systemic

therapy.

4, The method of claim 2 wherein the radiotherapy treatment 1s whole breast
external radiotherapy, partial breast radiotherapy or brachytherapy or a combination thereof,
with a biologically effective dose (BED) of 73 Gy or more with a tumor alpha/beta ratio of 5
or a BED of 78 Gy or more with a tumor alpha/beta ratio of 4 or a BED of 87 Gy or more with

a tumor alpha/beta ratio of 3 or a BED of 104 Gy or more with a tumor alpha/beta ratio of 2.

5. The method of claim 1 wherein the patient has been subjected io breast

conserving surgery of total mastectomy.

6. The method of claim | wherein the breast cancer 1s an early stage mnvasive

breast cancer or breast cancer in situ.

5

7. The method of claim 1 wherein the expression level of PD-L1 s determined by

detecting the amount of PD-L1 mRNA or protemn 1n the sample.

8. The method of claim 7 wherein the PB-L1 mRNA comprises the nucleotide

sequence of SEQID NG 4 or S
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Q. A PD-L1 mRNA-binding nucleotide or a PD-L1 antibody for use in the
diagnosis of breast cancer, where the nucleotide or the antibody 15 used for quantifying the
level of PD-L1 that is expressed in a breast cancer sample, and where high expression of PD-
L1 mdicates that the patients belongs to a patient subgroup where intensified radiotherapy

treatment 1s needed.

10, A method of diagnosis comprising the steps of
a} obtaining a tissue sample of a tumor from a breast cancer patient,
b} determining the expression level of PD-L1 in the sample,
c} determining that the expression level s above a threshold expression
level,
d} thereby determining that the patient belongs to a group that would

benefit from intensified radiotherapy treatment; and

e} optionally providing the intensified radiotherapy treatment to the
patient.
11 A method of treating a subject, the method comprising:

identifying an mncremental risk to a subject of a local or regional recurrence
based on a level of PD-L1 in a sample of an invasive breast cancer in the subject; and

administering an intensified breast cancer therapy to the subject based upon the
meremental risk, wherein a hugher ncremental risk will increase:

a}a likelthood of an aggressive breast cancer therapy that is at least more
than what would be recommended by a guideline, such as, for example, NCCN,
ASTRO, ESMOQO, ESTRGO, Chuoical Practice Reconymendations Austrahia, or
NICE guideline;

b} the aggressiveness of the aggressive breast cancer; or

¢} both a) and b).

12. A method for treating a subject diagnosed with mvasive breast cancer or breast
cancer m situ to prevent local or regional recurrence, said method comprising:
providing a cancer tissue sample from a subject who has mnvasive breast cancer;

analyzing the cancer tissue sample for a level of PD-L1;
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treating the subject with an mtensified treatment if the cancer tissue sample has
a high level of PD-L1; and

treating the subject with an alternative to the intensified treatment per a current
guideling, such as, for example, NCUN, ASTRO, ESMQG, ESTRO, Clinical Practice
Recommendations Australia, or NICH guideline, if the cancer tissue sample has a low

fevel of PD-L1.

3. A method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has a high level of PD-L1;
and

administering an intensified treatment to the invasive breast cancer.

14. A method of identifying a subject who will be responsive to radiation therapy,

the method comprising:

identifying a subject with invasive breast cancer; and

determining if a cancer tissue sample from the subject has a low level of PD-
L1,

wherein if the cancer tissue sample from the subject has a low level of PD-L1,
adnurustering a therapy to the subject,

wheretn the therapy is not an intensified treatment.

185 A method for recommending a treatment to a subject, said method comprising:
analyzing a cancer tissue sample for a level of PD-L1 from a subject;
recommending that one {reat the subject with an intensified treatment if the

cancer tissue sample has a high level of PD-L1; and
recommending that one treat the subject with an alternative to the intensified

treatment if the cancer tissue sample has a low level of PD-L1, wherein the alternative

s 10 line with a current gwideline, such as, for example, NCCN, ASTRO, ESMO,

ESTRO, Clinical Practice Recommendations Australia, or NICE guideline.

16. A method for preventing an invasive breast cancer recurrence in a subject, the

method comprising:
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providing a cancer tissue sample from a subject who has invasive breast cancer;

analyzing the cancer tissue sample for a level of PD-L1;

administering an intensified treatment if the cancer tissue sample has a high
level of PD-L1; and

administering an alternative to the intensified treatment if the cancer tissue

sample has a low level of PD-L1.

17 A method for preventing a local or regional breast cancer recurrence ina subject
diagnosed with early stage breast cancer, the method comprising:
receiving an intensified treatment it a cancer has a high level of PD-L1; or
recelving an alternative to the intensified treatment if a cancer has a low level

of PD-L1.

18. A method of modifving a treatment for a subject, the method comprising:
identifying a subject with imvasive breast cancer that has a high level of PD-L1;
and
admunustering a breast cancer therapy to the subject, wherein the breast cancer
therapy 138 more aggressive than a traditional breast cancer therapy, wheremn the
traditional breast cancer therapy 1s one recommended for the subject, based on the

subject’s risk factors excluding PD-L1 levels.

19, The method of any one of the preceding claims, wherem high level of PD-L]

denotes a level of protein expression.

20, The method of any one of the preceding claums, wherein high level of PD-1L1

denotes a level of mRNA present in the sample.

21 The method of any one of the preceding claims, wherein high or low levels of

PD-L1 denotes a level of protein expression.

22, The method of any one of the preceding claims, wherein high or low level of
PD-L1 are defined by a comparison of PD-L1 protein levels from the tissue sample to a control

sample.
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23. The method of any one of the preceding claims, wherein high or low level of
PD-L1 are defined by a comparison of PD-L1 fevels from the tissue sample to a control sample

that does not include invastve cancer.

24, The method of any one of the preceding claims, wherein low, high, or both are

determined by comparison to an internal control in the sample.

25, The method of claim 24, wherem the control includes a cell population that does

not express PD-L1.

26. The method of any one of the preceding claims, comprising an external control

that 15 known to stam negative for PD-L1

27, The method of any one of the preceding claims, comprising an external control

known to stain positive for PD-L1 due to a high level of PD-L1.

28. The method of any one of the preceding claims, wherein high or low level of
PD-L1 are defined by a comparison to a standardized level set by a level of expression of a set

of one or more housekeeping gene.

29. The method of any one of the preceding claims, wheremm the intensified
treatment includes at least one of intensified radiotherapy treatment, intensified systemic

therapy or mastectomy.

30. The method of any one of the preceding claims, wherein treating the subject
with intensified radiotherapy denotes a therapy above the guidelines in at least one guideline,
for example, NCUN, ASTRQO, ESMQ, ESTRO, Chnical Practice Recommendations Australia,

of the NICE guideline, ignoring the PD-L1 marker state.

31. The method of claim 30, wherein the NCCN, ASTRO, ESMO, ESTRO,

Climcal Practice Recommendations Australia, or the NICE guideline is as of 2020,
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32 The method of any one of the preceding claims, wherein treating the subject
with intensified radiotherapy denotes a dose of at least one of: 67 Gy or more, add a boosting
dose to a standard recommended ireatment for the subject when the standard recommended
treatment does not include a boosting dose, increase a boosting dose bevond the standard
amount for the subject, increase the fraction dose on a per fraction basis above the standard for
the subject, increase the number of fractions of a recommended dose above the standard for

the subject.

33 The method of any one of the preceding claims, wherein treating the subject
comprises the standard recommended treatment from the NCUN, ASTRO, ESMO, ESTRQO,
Clinical Practice Recommendations Australia, or the NICE guideline when the subject has low

PD-L1.

34, The method of any one of the preceding claims, wheremn a low level of PD-L1
results in the subject receiving a therapy selected from at least one of the following:
omission of boost dose when otherwise indicated, less intense radiotherapy treatment than what
15 recommended in a guideline, for example, NCON, ASTRO, ESMO, ESTRO, Clinical
Practice Recommendations Australia, or the NICE guideline, de-escalate systemic treatment
or standard treatment according to the guideline, for example, NCCN, ASTRO, ESMO,

ESTRO, Chnical Practice Recommendations Australia, or the NICE guideline.

35 The method of any one of the preceding claims, wherein low PD-L1 denotes
the subject has PD-L1 levels in a lowest three quartiles of PD-L1 levels in a population of
subjects having 1nvasive breast cancer, relative to a set of one or more selected expression

levels of housekeeping genes.

36, The method of any one of the preceding claims, wherein high level PD-L1
denotes the subject has PD-L1 levels in a highest quartile of PD-L1 levels n a population of
subjects having 1nvasive breast cancer, relative to a set of one or more selected expression

levels of housekeeping genes.
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37 The method of any one of the preceding claims, wherein two or more
housekeeping genes are used {rom the sample as a control comparison for PD-L1 level to

determine high, low, or high and low PD-L1 level

38 The method of any one of the preceding claims, wherem a high or low PB-L1

level 13 determined by low being 1n a lowest 25% of a population.

39, The method of any one of the preceding claims, wherein low PD-L1T expression
1s defined as an amount less than the highest 25% of a population of subjects having mvasive

breast cancer.

40. The method of any one of the preceding claims, wherein, when radiation is
admunistered, it s administered at a biologically effective dose of (BED) of

73 Gy or more with a tumor alpha/beta ratio of 5, or

78 Gy or more with a tumor alpha/beta ratio ot 4, or

87 Gy or more with 3 tumor alpha/beta ratio of 3, or

104 Gy or more with a tumor alpha/beta ratio of 2.

41 The method of any one of the preceding claims, wheren a level of PD-L1 1s
analyzed as a continuous metric so that a continuous risk assessment 1s further provided to the

subject.

42, The method of any one of the preceding claims, wherein 1ntensified treatment
or intensitied therapy denotes at least one of intensified radiotherapy treatment, systemic
therapy, mastectomy, the addiional use of a sensitizer to another therapy; a therapy above a
level set by at feast one of the NCON, ASTRO, ESMO, Clinical Practice Recommendations
Australia, and/or NICE guidelines for the subject’s remairung indicators, or any combination

thereof.

43, The method of any one of the preceding claums, wherein a level of PD-1L1 15

determined by at least one of THC/mmmunofluorescence/western blovlaser capture,
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microdissection, RT-PCR, QPCR, PCR, deep sequencing, RNA-seq, a microarray assay,

normalized and non-normalized probes, and NanoString.

44, The method of claim 1, wherein the cancer 15 T1 to T2, node negative, non-

metasiatic invasive breast cancer.

45, The method of claim 44, wherein the cancer i1s T1 to T2, node positive, non-

metasiatic invasive breast cancer.

46, The method of claim 1, wherein the cancer is node negative, non-metastatic

mvasive breast cancer.

47 The method of claim 46, wherein the cancer 1s node positive, non-metastatic

mvasive breast cancer.

48. The method of any one of the preceding claims, wherein a predictive value 1s
continuous and therefore a more extreme result in terms of the level of PD-L1 correlates with
a larger benefit {or lack thereof) of a corresponding therapy, wherein the corresponding therapy

is the use of standard radiotherapy or an alternative to standard radiotherapy.

49, The method of any one of the preceding claims, wherein a sample s collected

from a core biopsy, fine-needle aspiration (FNA), excistonal biopsy or from surgery.

50, The method of any one of the preceding claims, wherem the cancer 1s not head

and neck cancer.

51 The method of any one of the preceding claims, wherein the method 13

performed on a pre~-operative tumor,

52. The method of any one of the preceding claims, wherein the method is

performed on a post-operative tumor.

53, The method of any one of the preceding claims, wherein the method employs

MammaPrint, PCR, rtPCR, gPCR, and/or nanostring to determine the level of PD-L1.
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54, The method of any one of the preceding claims, wherein one uses a
representative control population as an external reference, wherein the expression levels of
PD-L1 1s compared to a population of stage I/ITA breast cancer patients, and wherein a control

population is infine with the study population used in the present examples.

55. The method of any one of the preceding claims, wherein one uses housekeeping

gene data as an internal reference.

56. The method of claim 4, wherein BED s defined as a measure of a true biclogical
dose delivered by a combination of dose per fraction (d) and number of fractions {(n} to a tissue

characterized by a specific radiosensitivity {alpha/beta ratic}) BED = n X d (1 +df(aj ,8)).

57. The method of any one of the preceding claims, wheren if the method indicates
that a subject will not respond to standard radiotherapy, then one administers at least one of’
a} admuustering a more intense level of therapy than that outlined m  the
NCCN/ESMO/Climcal Practice Recommendations Australia/NICE guidelines, b} the same
NCCN/ESMO/Clinical Practice Recommendations Austraha/NICE guidelines modalities
given concurrently, e.g. RT + chemotherapy, RT+ targeted therapies, ¢} a radiation boost with
higher dose levels or with broader indications than mn current NCON/ESMO/Clhinical Practice
Recommendations Australia/NICE  guidelines d}) & mastectomy, or e} concurrent

radiochemotherapy.

58. The method of any one of the preceding claims, wherein standard radiotherapy

is administered if the subject has a low level of umor-infiltrating lymphocytes (TiLs).

59, A method of treating a subject for local recurrence, the method comprising:
administering an intensified breast cancer therapy to a subject based upon a PD-
L1 and TIL status, wherein a higher incremental risk will increase:
a) a likelthood of an aggressive breast cancer therapy that is at least more
than what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or
NICE;

b} the aggressiveness of the aggressive breast cancer; or
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¢} both a) and b),
wherein a less than standard breast cancer therapy is administered ift
1) PD-L1 1s low and TILs 1s hugh, or
i1} PD-L1 is high and TlLs is high if one or more additional variables
idicating that high PD-L1 and/or high TILs confer a favorable prognosis are
present,
wherein a standard radiotherapy is administered if
111} PD-L1 15 hugh and TlLs 1s low
v} PD-L1 15 low and TiLs 1s low, or
v} PD-L1 s high and TiLs 1s high if it cannot be determined based on
one or more additional variables that PD-L1 and/or TlLs confer a favorable or
unfavorable prognosis,
wherein the intensified breast cancer therapy 1s admunistered iff
viy PD-L1 18 high and TILs 1s high if one or more additional variables

indicating that PD-L1 and/or TLs confer an unfavorable prognosis are present.

60, A method of treating a subject for a risk of recurrence of breast cancer, the method
COMprising:
administering an intensified breast cancer therapy to a subject based upon a PD-
L1 and TIL status, wherein a higher incremental risk will increase:
a} a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE;
b) the aggressiveness of the aggressive breast cancer; or
¢} both a} and b},
wherein the mtensified breast cancer therapy 1s administered if:
1y PD-L1 15 high and TiLs 1s high f one or more additional variables
mdicating that PD-L1 and/or TILs confer an unfavorable prognosis are present,
wheremn a standard radiotherapy 1s admuistered if:
11} PD-L1 1s high and TILs 15 low,

111} PD-L.1 1s low and Tils is low; or
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1v) PD-L1 s high and TiLs 15 high if it cannot be determined based on
one or more additional variables that PD-L1 and/or TiLs confer a favorable or
unfavorable prognosis,
wherein deintensified breast cancer therapy is provided ift

v} PE-L1 s low and TiLs is high; or

viy PD-L.1 15 high and TILs 1s hugh if one or more additional variables
idicating that high PD-L1 and/or high TILs confer a favorable prognosis are

present.

61 The method of any one of the preceding claims, wherein intensified treatment
or intensified therapy denotes at least one of intensified radiotherapy treatment, systemic
therapy, mastectomy, the additional use of a sensitizer to another therapy, a therapy above a
level set by the NCUN guidelines for the subject’s remaining indicators, or any combination

thereof.

62, The method of any one of the preceding claims, wherein intensified treatment
or intensified therapy denotes at least one of intensified radiotherapy treatment, systemic
therapy, mastectomy, the additional use of a sensitizer to another therapy, a therapy above a
level set by the NICE guidelines for the subject’s remaining indicators, or any combination

thereof

63. The method of any one of the preceding claims, wherein a lower dose of
radiotherapy 1s administered if the subject has high levels of CD8+ T cells and low levels of

FOXP3+ regulatory T cells in combination with low PD-L1 expression.
64, The method of any one of the preceding claims, wheremn radiotherapy s omitted
if the subject has high levels of CD8+ T cells and low levels of FOXP3+ regulatory T cells in

combination with low PD-L1 expression,

635, The method of claims 63 and 64, wherein levels of CD&+ T cells and levels of

FOXP3+ regulatory T cells are determined by THC with antibodies specific for {D8 or FOXP3.

-271-



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

60. A method of treating a subject for ipsilateral breast tumor recurrence (Iocal
recurrence, IBTR}, the method comprising:
administering a less intensive breast cancer therapy to a subject based upon a
PD-L1 and CD& FOXP3 balance, wherein a higher incremental risk will increase:

a) a likelihood of an aggressive breast cancer therapy that is at least more
than what would be recommended by the NCON, ASTRQO, ESTRO, ESMO,
and/or NICE;

b} the ageressiveness of the aggressive breast cancer; or

¢) both a} and b},

wherein the less intensive breast cancer therapy 1s administered it

1) PD-L1 1s low and the CDS . FOXP3 balance 1s lugh, or

it} the levels of tumor-mfiltrating CDE and FOXP3 cells are high, and the
histological grade of the breast cancer 15 grade HI and/or the breast cancer has high
proliferation,
wherein a standard radiotherapy is administered if)

i1t} PD-L1 1s low and the CD8.FOXP3 balance is low, or

v} PD-L11s high and the CD8FOXP3 balance is normal

67. A method of treating a subject for a risk of recurrence of breast cancer, the
method comprising:
administering a less intensive breast cancer therapy to a subject based upon a PD-
L1 and CD8:FOXP3 balance, wherein a higher incremental risk will increase:
a} a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or NICE;
b} the aggressiveness of the aggressive breast cancer; or
¢} both a} and b},
wherein the less intensive breast cancer therapy 1s admnistered if
1) PD-L.1 15 low and the CD8.FOXP3 balance 1s high,
wherein a standard radiotherapy 1s administered
i1} PD-L1 15 low and the CDS:FOXP3 balance 1s low, or
i1y PE-L.1 1s high and the CD8:FOXP3 balance 1s normal
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68. The method of any one of the preceding claims, wherein PD-L1 15 high if 1t 1s

above 1% of lymphocytes with positive protein expression.

69, The method of any one of the preceding claims, wherein PD-L1 15 low if it 15

less than 1% of lymphocytes with positive protein expression.

70. A method of selecting whether or not to give a subject a standard radiotherapy
or an alternative therapy appropriate for one who will not benefit substantially from standard
radiotherapy, the method comprising:

it the subject has low PD-L1 and low TiLs, administering the standard
radiotherapy,

it the subject has high PD-L1 and high TiLs, administering the standard
radictherapy,

if the subject has low PD-LI and high TiLs, admimstering the alternative
therapy; and

if the subject has high PD-L1 and low TiLs, admimstering the standard

radictherapy.

7i A method of selecting whether or not to give a subject a standard radiotherapy
or an alternative therapy appropriate for one who will not benefit substantially from standard
radiotherapy, the method comprising:
if the subject has low PB-L1 and high CDBB.FOXP3 balance, administering the
tess mntense radiotherapy,
if the subject has fow PD-L1 and high CDE&FOXP3 balance, omutting
radiotherapy;
else if the subject has any other combination of PD-L1 status and CD& FOXP3

balance, admunistening standard radictherapy.

72. The method of claim 2 wherem the radiotherapy treatment 15 whole breast
external radiotherapy, partial breast radiotherapy or brachytherapy or a combination thereof,

with a biologically effective dose (BED) of:
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93 Gy or more with a tumor alpha/beta ratio of 5, or

100 Gy or more with a tomor alpha/beta ratio of 4, or

111 Gy or more with a tumor alpha/beta ratio of 3, or

133 Gy or more with a tumor alpha/beta ratio of 2 if the patient 1s recommended a

boosting dose according to guidelines.

73 The method of any one of claims 66, 67, and 71, wherein the CDS.FOXP3
balance denotes:
a number of CD&+ T cells and FOXP3+ regulatory T cells, respectively,
or
a stromal area occupied by CD8+ T cells and FOXP3+ regulatory T cells,
respectively, wherein a high balance indicates high values of CDE+ T cells and

low values of FOXP3+ regulatory T cells.

74. The method of claim 73, wherein a high value of the CD&FOXP3 balance

mdicates high values of CD8+ T cells and low values of FOXP3+ regulatory T cells.

75. The method of any one of the preceding claims, wherein, if the subject has a
reduced benefit from radiotherapy as determined by an analysis of PD-L1, then administering

an intensified radiotherapy to the subject to compensate for a reduced radiotherapy benefit.

76. A method of treating a subject, the method comprising:
wdentifying a subject with invasive breast cancer that has a high level of PD-L1;
deternuning a prognostic value of the subject;
administering an infensified treatment to the invasive breast cancer if the prognostic

value 15 not favorable,

77. The method of claim 76, further comprising treating the subject with an alternative
to the intensified treatment per a current guideline, wherem the current guideline 15 one of
NCCON, ASTRO, ESMO, ESTRO, Chnical Practice Recommendations Australia, or NICE

guidelines if the prognostic value 1s favorable.
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78. The method of claim 76, further comprising not treating the subject with

radiotherapy if the prognostic value 1s favorable.

79. The method of any one of the preceding claims, wherein the breast cancer is

mvasive breast cancer or breast cancer in sifu.

80. The method of any one of the preceding claims, wherein

a) for a subject with no boost otherwise recommended, the intensified
radiotherapy treatment is whole breast external radiotherapy, partial breast radiotherapy or
brachytherapy or a combination thereof, with a biologically effective dose of (BED) of 73 Gy
or more with a tumor alpha/beta ratio of 5, or a BED of 78 Gy or more with a tumor alpha/beta
ratio of 4, or a BED of 87 Gy or more with a tumor alpha/beta ratio of 3, ora BED of 104 Gy
or more with a tumor alpha/beta ratio of 2; or

by for a subject with a boost otherwise recommended, the intensified radiotherapy
treatment is one or more of whole breast external radiotherapy, partial breast radiotherapy or
brachytherapy or a combination thereof, with a biologically effective dose of (BED) of 93 Gy
or more with a tumor alpha/beta ratio of S, or a BED of 100 Gy or more with a tumor alpha/beta
ratio of 4, or a BED of 111 Gy or more with a tumor alpha/beta ratio of 3, or a BED of 133 Gy
or more with a tumor alpha/beta ratio of 2 for patients who are recommended a boost according

to the current guidelines.

81. A method for treating breast cancer, comprising:

a} obtaming a tissue sample of a tumor from a breast cancer patient;

b} determining a level of protem expression of PD-1 in the sample;

¢} determining a level of protein or mRNA expression of PD-L1 in the
sample;

d) determining that the PD-1 expression level 15 below a threshold level
for PD-1:

e} determining that the PD-L1 expression level is above a threshold level

for PD-L1; and
£ providing intensified treatment as intensified radictherapy treatment,

intensified systemic therapy or mastectomy to the patient.
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82. A PD-1 antibody for use in the diagnosis of breast cancer, wherein the antibody
is used for quantifying the level of PD-1 that is expressed in a breast cancer sample from a
patient, and where low expression of PD-1 indicates that the patient belongs to a patient

subgroup where intensified radiotherapy treatment 15 needed.

83. A method of diagnosis, comprising:
a) obtaming a tissue sample of a tumor from a breast cancer patient;
b} determining the expression level of PD-1 in the sample;
c} determuning the expression level of PD-L1 1n the sample;
d) determining that the PD-1 expression level is below a threshold

expression level for PD-1; and

e} determining that the PD-L1 expression level i1s above a threshold
expression level for PD-L1,

thereby determining that the patient belongs to a group that would benefit from
mtensified radiotherapy treatment,

optionally providing the intensified radiotherapy treatment to the patient.

84, A method of treating a subject, the method comprising:

identifying an incremental risk to a subject of a local or regional recurrence
based on a level of PD-1 and/or a level of PD-L1 in a sample of an mvasive breast
cancer i the subject; and

admimstering an intensified breast cancer therapy to the subject based upon the
mcremental risk, wherein a higher incremental risk will increase:

a} a likelthood of an aggressive breast cancer therapy that 1s at least more
than what would be recommended by NCCN/ASTROVESMO/ESTRO/Chinical
Practice Recommendations Australia/NICE gundelines; or

b} the aggressiveness of the aggressive breast cancer, or

¢} both a) and b).
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85. A method for treating a subject diagnosed with invasive breast cancer or breast
cancer in situ to prevent local or regional recurrence, said method comprising:

providing a cancer tissue sample from a subject who has invasive breast cancer;

analyzing the cancer tissue sample for a level of PE-1;

analyzing the cancer tissue sample for a level of PD-L1;

treating the subject with an intensified treatment if the cancer tissue sample has
a low level of PD-1 and a high level of PD-L1; and

treating the subject with an alternative to the mtensified treatment per current
NCCN/ASTRO/ESMO/ESTRO/Clinical Practice Recommendations Australia/NICE
guidehines, if the cancer tissue sample has a high level of PD-1 and a low level of PD-

Ll

§6. A method of treating a subject, the method comprising:
identifying a subject with invasive breast cancer that has a low level of PD-1
and a high level of PD-L1; and

administering an intensitied treatment to the invasive breast cancer.

87, A method of identifving a subject who will be responsive to radiation therapy,
the method comprising:
identifying a subject with invasive breast cancer; and

determuning if a cancer tissue sample from the subject has a high level of PD-

determuning if the cancer tissue sample from the subject has a low level of PD-
i

wherein if the cancer tissue sample from the subject has a high level of PD-1
and a low level of PD-L1, admunistering a therapy to the subject, and

wherein the therapy 18 not an intensified treatment,

88. A method for recommending a treatment to a subject, said method comprising;
analyzing a cancer tissue sample from a subject for a level of PD-1 and a level

of PD-L1:
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recommending treating the subject with an intensified treatment if the cancer
tissue sample has a low level of PD-1 and a high level of PD-L1; and

recommending treating the subject with an alternative to the intensified
treatment if the cancer tissue sample has a high level of PD-1 and a low level of PD-
L1, wherein the alternative is mn line with current
NCCN/ASTRO/ESMO/ESTRO/Clinical Practice Recommendations Australia/NICH

guidelines.

89. A method for preventing an invasive breast cancer recurrence in a subject, the
method comprising:
providing a cancer tissue sample from a subject who has invasive breast cancer;
analyzing the cancer tissue sample for a level of PD-1;
analyzing the cancer tissue sample for a level of PD-L1;
administering an intensified treatment 1f the cancer tissue sample has a low level
of PD-~1 and a high level of PD-L1; and
administering an aliernative to the intensitied treatment it the cancer tissue

sample has a high level of PD-1 and a low level of PD-L1

90, A method for preventing a local or regional breast cancer recurrence in a subject
diagnosed with early stage breast cancer, the method comprising:
receiving an intensified treatment if a cancer has a low level of PD-1 and a high
level of PD-L1; or
receiving an alternative to the intensified treatment it a cancer has a high level

of PD-1 and a low level of PD-L1.

91, A method of modifying a treatment for a subject, the method comprising:
wdentifyimg a subject with mvasive breast cancer that has a low level of PD-1
and a high level of PD-L1; and
administering a breast cancer therapy to the subject, wherein the breast cancer
therapy is more aggressive than a traditional breast cancer therapy, wherein the
traditional breast cancer therapy is one recommended for the subject, based on the

subject’s risk factors excluding PD-1 and PD-L1 levels.
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92, The method to any one of the preceding claims, wherein low level of PD-1 denotes

a level of protein expression.

a3. The method of any one of the preceding claims, wherein high level of PD-L1

denotes a level of protein expression.

94, The method of any one of the preceding claims, wherein high or low levels of PD-

1 denotes a level of protein expression.

o3, The method of any one of the preceding claims, wherein high level of PD-L1

denotes a level of mRNA present in the sample.

96, The method of any one of the preceding claims, wherein high or low level of PD-

L1 denoctes a level of protein expression.

97. The method of any one of the preceding clamms, wherein igh or low level of
PD-1 are defined by a comparison of PI3-1 proten levels from the tissue sample to a control

sarople.

98, The method of any one of the preceding claims, wherein high or low level of
PD-1 are defined by a comparison of PD-1 levels from the tissue sample to a control sample

that does not include imnvasive cancer.

99, The method of any one of the preceding claims, wheremn low expression level, high

expression level, or both are determined by comparison to an internal control i the sample.

100.  The method of claim 99, wherein the mternal control includes a cell population

that does not express PD-L1

101, The method of claim 99, wherein the internal control includes a cell population

that does not express PD-1.
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102,  The method of claim 99, wherein the internal control includes a cell population

that does not express PD-1 and PD-L1.

103, The method of anv one of the preceding claims, wherein low expression level,
high expression level, or both are determined by comparison to an external control that is a cell

line known to stain negative for PD-1.

104, The method of any one of the preceding claims, wherein low expression level,
high expression level, or both are determined by comparison to an external control that is a cell

line known to stain negative for PD-1 and PD-L1

105, The method of any one of the preceding claims, wherein low expression level,
hugh expression level, or both are determined by comparison to an external control known to

stainn positive for PD-L1 due to a high level of PD-L1.

106,  The method of any one of the preceding claims, wheretn low expression level,
high expression level, or both are deternuned by comparison to an external control known to

stain positive for PD-1 due to a high level of PD-1.

107 The method of any one of the preceding claims, wheremn the ntensified
treatment ncludes at least one oft intensified radiotherapy treatment, intensitied systemic

therapy or mastectomy.

108,  The method of any one of the preceding claims, wherein treating the subject
with  mitensified radiotherapy denotes a  therapy above the gudelines 1 the
NCCN/ASTRO/ESMO/ESTRO/Clinical  Practice  Recommendations  Australia/NICE

guidelines, ignoring the PD-1 marker state.

109, The method of any one of claims 1-107, wheremn treating the subject with
mtensified radiotherapy denotes a therapy above 1 the gudelines in  the
NCON/ASTRO/ESMO/ESTRO/Clinical  Practice  Recommendations  Australia/NICE

guidelines, ignoring states of the PD-1 and PD-L1 markers.
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110, The method of any one of the preceding claims, comprising treating the subject
according o the standard recommended treatment from the
NCON/ASTRO/ESMO/ESTRO/Clinical  Practice  Recommendations  Australia/NICE

cuidelines when the subject has high PD-1.

111, The method of any one of the preceding claims, wherein a high level of PD-1
results 10 the subject receiving a therapy selected from at least one of the following: omission
of boost dose when otherwise indicated, less intense radiotherapy treatment than what 1s
recommended in a guideline, for example, NCCN, ASTRQ, ESMO, ESTRO, Chnical Practice
Recommendations Australia, or the NICE guideline, de-gscalate systemic treatment or
standard treatment according to the guideline, for example, NCUN, ASTRO, ESMO, ESTRO,

Clinical Practice Recommendations Australia, or the NICE guideline.

112, The method of any one of the preceding claims, wherein a high level of PD-1

and a low level of PD-L1 results in the subject recetving a therapy selected from at least one

of the following:
i} omission of boost dose when otherwise indicated,
11} less intense radiotherapy treatment than what is recommended in

NCON/ESMO/Clinical Practice Recommendations Australia/NICE guidelines,
11t} de-escalate systemic treatment or standard tireatment according to

NCON/ESMO/Clincal Practice Recommendations Australia/NICE guidelines.

113, The method of any one of the preceding clairos, wherein high PD-~1 denotes at

least 1% of lyrophocytes m a tursor sample from the subject expresses PD-1 proten.

114, The method of any one of the preceding clains, wheren low PD-1 denotes less

than 50% of lymphocytes i a tumor sample from the subject expresses PD-1 proteimn

115 The method of any one of the preceding claims, wheremn a level of PD-1 15
analyzed as a continuous metric s¢ that a continuous risk assessment is further provided to the

subject.
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116, The method of any one of the preceding claims, wherein a predictive value 1s
continucus and therefore a more extreme result in terms of the level of PD-1 and/or the level
of PD-L1 correlates with a larger benefit (or lack thereof) of a corresponding therapy, wherein
the corresponding therapy is the use of standard radiotherapy or an alternative to standard

radiotherapy.

117, A method of treating a subject for local recurrence, the method comprising:
administering an intensified breast cancer therapy to a subject based upon a PD-
1, PD-L1, and/or TIL status, wherein a higher incremental risk will increase:

a} a likelihood of an aggressive breast cancer therapy that is at least more than
what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or NICHE
guidelines;

b} the aggressiveness of the aggressive breast cancer; or

¢} both a} and b),

wherein a less-than-standard breast cancer therapy s admunistered it

1) PD3-1 s high, PD-L1T 15 low, and TTLs s hugh, or
11} PD3-1 15 high, PD-1L.1 1s high and TILs 1s hugh if one or more additional

variables indicating that high PD-1, high PD-L1 and/or hugh TiLs confer a

favorable prognosis are present,

wherein a standard radiotherapy s admistered ift

t1) PE-L1 15 hagh, and THLs 15 fow,

wiPD-1 18 high, PD-L1 15 Jow, and TiLs s tow, or

vy PB-1 1s low, PD-L1 s high, and THs s high f 1t cannot be
determined based on one or more additional vanables that PD-1, PB-L1 and/or

TILs confer a favorable or unfavorable prognosis,

wheremn the intensified breast cancer therapy 1s admunistered if:

vi) PDB-1 13 low, PD-L1 1s lugh and TILs 15 hugh, or
vity PB-1 15 high, PD-L1 is high and TiLs 15 high if one or more
additional variables indicating that PD-1, PD-L1 and/or TILs confer an

unfavorable prognosis are present.
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118 A method of treating a subject for a risk of recusrence of breast cancer, the
method comprising:
administering an intensified breast cancer therapy to a subject based upon a PD-
L1 and TIL status, wherein a higher incremental risk will increase:

a} a likelthood of an aggressive breast cancer therapy that is at least more
than what would be recommended by the NCCN, ASTRO, ESTRO, ESMO, and/or
NICE guidelines;

b} the aggressiveness of the aggressive breast cancer; or

¢} both a) and b),

wherein the intensified breast cancer therapy s administered ift

1) PD-1 s low, PD-L1 1s high and T1Ls 15 hugh, or

i) PD-1 15 high, PD-L1 1s high and TiLs 1s high, if one or more
additional variables indicating that high PD-1, PD-L1 and/or hugh TiLs confer
an unfavorable prognosis are present,
wherein a standard radiotherapy s admistered ift

1)y PD-L1 15 hugh, and TiLs 15 low,

) PD3-1 1s hugh, PD-L1 15 fow, and TiLs s low, or

v} PD-1 1s low, PD-L1 s high and TILs s hugh if it cannot be determined
based on one or more additional variables that PD-1, PDB-L1 and/or T1s confer
a favorable or unfavorable prognosis,
wheremn demtensified treatment 18 provided it

vi) PD-1 s high, PD-L.1 1s low and TILs 15 hugh,

vity PD-L1 15 high and Tis 1 high, or

vil) PD-1 15 hagh, PD-L1 s high and TiLs s high if one or more
additional variables indicating that high PD-1, PBL1 and/or high TiLs confer a

favorable prognosis are present.

119, A method of selecting whether or not to give a subject a standard radiotherapy
or an alternative therapy appropriate for one who will not benefit substantially from standard

radiotherapy, the method comprising:
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if the subject has high PD-1 and low TILs and has a genomically unstable tumor,

administering the alternative radiotherapy;

if the subject has high PD»-L1 and low Tils and has a genonucally unstable tumor,

admuinistering the standard radiotherapy;

if the subject has low PD-1 and low TiLs and has a genomically unsiable tumor,

adminstering the standard radiotherapy or the alternative therapy (optionally intensification};

if the subject has low PD-1 and low Tils and has a genomically stable tumor,

administering the alternative therapy (optionally omission or de-escalation of radiotherapy);

if the subject has low PD-1 and high TiLs and is a genomucally stable tumor,

administering the intensified therapy;

if the subject has high PD-1 and high TllLs and has a genomucally unstable tumor,

omitting the standard radiotherapy; and

if the subject has high PD-1 and high Tils and has a genomically stable tumor,

administering the alternative radiotherapy {optionally intensified radiotherapy),

wherein the PD-1 level 15 a PD-1 protein expression level

120. A method of diagnosis comprising:

a)

b)
0

d)

5

5

obtaining a tissue sample of a tumor from a breast cancer patient,
wherein the patient has a favorable prognosis for breast cancer,
determuning expression levels of PD-1 and PD-L1 in the sample,
determining that the expression level of PD-1 18 below a threshold
expression level,

determining that the expression level of PD-L1 1s above a threshold
expression level,

thereby determining that the patient belongs to a group that would not
benefit from standard radiotherapy treatment; and

not providing the standard radictherapy treatment to the patient.

121, The method of claim 120, wherein the expression level of PD-1 denote level of

profein expression.
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122, A method for {reating a subject diagnosed with invasive breast cancer or breast
cancer in situ to prevent local or regional recurrence, said method comprising:

providing a cancer tissue sample from a subject who has invasive breast cancer,
wherein the subject has a favorable prognosis for the mvasive breast cancer;

analyzing the cancer tissue sample for levels of PD-1 and PD-L1;

not treating the subject with a radiotherapy treatment if the cancer tissue sample
has a high level of PD-L1; and

treating the subject with an alternative to radiotherapy per at least one of NCCN,
ASTRO, ESMQ, ESTRO, Clinical Practice Recommendations Australia, or NICE

guideline,

123, The method of claim 122, further comprising not treating the subject with the

radiotherapy treatment if the cancer tissue sample has a low level of PDd-1.

124, The method of claim 122, wherein a balance of CD&+ T cells and FOX3+ T

regulatory cells is determined from the sample.

125, The method of claim 124, wherein the cells are measured by ITHC as the amount
of the respective cell type infiltrating the tumor biopsy, and wherein the cells can be classified

as erther stromal or mtratumoral.

126,  The method of claim 124, wheremn a high level of CD8+ T cells and low levels
of FOXP3+ T regulatory cells denotes a very good prognosis and if the subject also expresses
low levels of PD-L1 {<1% of lymphocytes with positive staiming) then the subject will recetve
no benefit from radiotherapy, and wherein the subject i1s treated with de-escalated radiotherapy

or radiotherapy s onutted.

127 The method of claimn 124, wherein one counts a number of cells stamning
positively for {D8 and FOXP3, respectively, within a certain area of the tumor or stromal

compartiment.

128 The method of claim 124, wherein one estimaies a stromal area or an

mtratumoral area occupied by the respective cell type.
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129, The method of any one of claims 124-128, wherein a threshold is 5% and 2.5%

of the stromal area for CD&+ T cells and FOXP3+ T regulatory cells, respectively.

130, The method of any one of claims 124-128, wherein a threshold for a high
CDBFOXP3 balance means that the quantity of CD8+ T cells 1s hugher than that of FOXP3+

T regulatory cells.

131, The method of claim 130, wherein the quantity of CD8+ T cells is twice as high

as that of FOX¥P3+ T regulatory cells.

132,  The method of any one of claims 124-131, wherein CD8+ T cells are at least
one of’
a} a stromal area of any one oft 1%, 2.3%, 5%, 10%, 20%, 30%, 40%, or 50%,
b} a number of cells in mm? of:
4 intratumoral: 10, 20, 30, 40, 30, 60, or 70, or
i) stromal: 10, 20, 30, 40, 50, 60, or 70,
and wherein FOXP3+ T regulatory cells are at least one of
a} a stromal area of any one oft 1%, 2.5%, S%, 10%, 2084, 30%, 40%, of 50%,
b} a number of cells in mm’ of:
1} infratumoral: 2, S, 10, 20, 30, 40, 50, 60, or 70, or

1) stromal: 5, 10, 20, 30, 40, 50, 60, or 70.

133 The method of any one of the preceding claims, wherein an amount of PD-L1

positive lymphocytes 13 used to determine a level of PD-L1

134, The method of claim 133, wherein the amount 1s determined by

measuring a stromal area occupied by lymphocytes (tumor-mfiltrating lymphocytes,
TILs) for a first variable;

assessing a proportion of lymphocytes with positive staining for PD-L1 for a second
variable; and

combining the first and second vaniables to vield the four different combinations of

TILgHRWlow 1 ppy.y pHighlow
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135, The method of claim 134, wherein TILs are measured within the tumor

compartment (intratumoral} or stromal compartment {stromal)}.
136, The method of claim 135, wheretn 10% of stromal TiLs is used as a cutoff.

137,  The method of any one of the preceding claims, wherein any one of the
following is used as a threshold for TiLs:
a) a stromal area of: 5%, 10%., 20%. 30%, 40%, or 50%,
b} a number of cells in mm” of:
i} ntratumoral 40, 60, 80, 100, 120, 140, 160, 180, or 200,
i} stromal: 60, 80, 100, 120, 140, 160, 180, 200, 210, 220, 230, 240, or 250.

138, A method of selecting a ireatment for a subject, the method comprising:
comparing a level of PD-1 1n a subject to a range of PD-1 levels; and
increasing a likelihood of admunistering radiotherapy to the subject as an

inverse function of the level of PD-1, wherein a iower PD-1 level indicates a greater

benefit of radiotherapy to the subject, thereby decreasing a risk of local breast cancer
recurrence.

139, The method claim 138, wherein the level of PI}-1 1n the subject denotes a level

of protein expression, and

wherein the range of PD-1 levels denotes a range of levels of protein expression.

140, The method of any one of the preceding claims, wherein a level of PD-1 s
determined by at least one of IHC/mmmunofluorescence/western blot/laser capture,
micradissection, a microarray assay, normalized and non-normalized probes, and NanoString,

141, The method of any one of the preceding claims, further comprising:

determuning that the sample has low or moderate genomic nstability,

wherein intensified treatrent 15 provided if the expression level of PD-LT 1s determined
10 be above the threshold level and the sample 1s determined to have low or moderate genomic
mstability.

142, The method of claim 141, further comprising determinung a level of genomic

mstability in the sample.
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143, A method for treating breast cancer comprising the steps:

a} obtaining a tissue sample of a tumor from a breast cancer patient;

b} determining a level of protein or mRNA expression of PD-L1 in the
sample;

¢} determining that the expression level 1s above a threshold level;

d} determining a level of genomic instability in the sample;

e} determining that the sample has low or moderate genomic instability;
and

f} providing mntensified treatment as intensified radiotherapy treatment,
intensified systemic therapy or mastectomy to the patient based on the
determination that the PD-L1 expression level 15 above a threshold level
and that the sample has low or moderate genomic mstability.

144 The method of claim 142 or 143, wherein determining the level of genomic
mstability in the sample comprises determining a histologic grade and/or Ko7 level of the
sample.

145, The method of any one of clawus 142-144, wherein the sample having a
histologic grade T or H and/or low Ki67 indicates low or moderate genonuc mstability.

146, The method of any one of the preceding claims, whereim standard radiotherapy
15 admimstered f (1) the subject has a low level of TiLs and {11} the sample 15 grade T or 1T,
and/or prohiferation of the tumor 15 slow.

147 The method of 146, wherem proliferation of the tumor 18 fow when the sample
hag low K167,

148.  The method of any one of the preceding claims, wheren the additional
favorable prognostic variables comprise high genomic mstability of the breast cancer.

149, The method of claim 148, wherem the high genomic mstability comprises a
histological grade I and/or high Ki67 of the breast cancer.

150, The method of any one of the preceding claims, wheremn the additional
unfavorable prognostic vanables comprise low genomic instability of the breast cancer.

151, The method of claim 150, wherein the low genomic instability comprises a

histological grade 1 or 1, and/or low Ki67 of the breast cancer.
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152, The method of claim 150 or 151, wherein the unfavorable prognostic variables
further comprise an ER expression level

153, The method of any one of the preceding claims, wherein the standard
radiotherapy is administered of PD-L1 15 low and TilLs is low, and if the breast cancer has a
histological grade 1 or 1 and/or low proliferation.

154, The method of any one of the preceding claims, wherein the less than the
standard breast cancer therapy is administered if PD-L1 15 low and Tils s fow, and if the
breast cancer has a histological grade [ or I and/or low proliferation.

135, The method of claim 153 or 1534, wherein the subject 1s ER+ and s administered
endocrine therapy.

136, The method of any one of claims 154 or 155, wherein the less than the standard
breast cancer therapy is adnmunistered if PD-L1 15 low and Tils 1s low, and if the breast cancer
has a histological grade I, and if the breast cancer has one or more other favorable variables.

157, The method of claim 156, wherein the one or more other favorable variables
comprises one or more of small tumor size; ER positive and treated with endocrine therapy;
and age greater than a threshold age.

158, The method of claim 157, wherein the small tumor size comprises a tumor size
< 10 mum, and the threshold age 15 65.

159 The method of any one of the preceding claims, wherein the mntensified breast
cancer therapy 1s admimstered 1if PD-1L.1 1s high and TiLs is low, and if the breast cancer has a
histological grade 1 or H and/or low proliferation.

160, The method of any one of the preceding claims, wherein the mtensified breast
cancer therapy 1s admimstered f PD-L1 15 lugh and TILs 18 lugh, and if the breast cancer has
a histological grade T or I and/or low proliferation.

161, The method of any one of the preceding claims, wheremn radiotherapy 1 omitted
if the subject has high levels of CD8+ T cells and low levels of FOXP3+ regulatory T cells in
combination with low PD-L1 expression, and if the histological grade of the breast cancer is
grade L or H, and/or the breast cancer has slow proliferation.

162, The method of any one of claims 153-161, whergin the breast cancer has low

proliferation when the sample has fow Ki67.
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163,  The method of any one of the preceding claims, wherein the favorable
prognostic variables comprise high genomic instability of the breast cancer.

164,  The method of claim 163, wherein the high genomic instability comprises a
histological grade 1 and/or high Ki67 of the breast cancer.

165.  The method of any one of the preceding claims, wherein the less than the
standard breast cancer therapy comprises de-escalation of radiotherapy and/or omission of
radiotherapy.

166, The method of any one of the preceding claims, wherein the deintensified breast
cancer therapy comprises de-escalation of radiotherapy.

167.  The method of any one of the preceding claims, wherein the breast cancer has
high proliferation when Ki67 1s high

168,  The method of any one of the preceding claims, wherein the standard
radiotherapy or less intensive breast cancer therapy is administered if (1} the levels of tumor-
mfiltrating CD8 and FOXP3 cells are high, (2} the histological grade of the breast cancer is
grade 1T and/or the breast cancer has hugh proliferation, and (3} PD-L.1 1s high.

169, The method of any one of the preceding claims, wherein intensified breast
cancer therapy 15 admunstered if PD-L1 18 hgh, the levels of tumor-mfilirating CD8 and
FOXP3 cells are high, and the lustological grade of the breast cancer is grade I or grade 11
and/or the breast cancer has low proliferation.

170,  The method of any one of the preceding claims, wherein the less mtensive
breast cancer therapy comprises de-escalated radiotherapy.

171, The method of any one of the preceding claims, wherein the mtensified breast
cancer therapy 13 admumstered if PD-L1 18 agh, the levels of tumor-mfiltrating CD8 and
FOXP3 cells are high, and the hustological grade of the breast cancer 15 grade [ or grade 11

172, The method of any one of the preceding claims, wherein the standard
radiotherapy or the less intensive breast cancer therapy 18 administered if PD-L1 15 high and
the CD8 FOXP3 balance s normal, wherein the histological grade of the breast cancer is grade
LD

173, The method of any one of the preceding claims, wherein PD-L1 is high i 10%

or more lymphocytes are positive for PD-L1 protein expression.
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174,  The method of claim 70, comprising if the subject has low PD-L1 and low TiLs,
and if a histological grade of a tumor is grade { or If, administering the standard radiotherapy.

175,  The method of claim 70 or 174, comprising if the subject has high PD-L.1 and
high Tils, and if a histological grade of a tumor 15 grade Hi, administering the standard
radiotherapy or the alternative therapy.

176, A method of selecting whether or not to give a subject a standard radiotherapy,
intensified therapy or an alternative therapy appropriate for one who will not benefit
substantially from standard radiotherapy, the method comprising:

if the subject has low PD-L1 and low TilLs, and if a histological grade of a tumor 1s
grade { or If, administering the standard radiotherapy;

if the subject has low PD-L1 and low TilLs, and if a histological grade of a tumor 1s
grade i, admimistering the intensified therapy;

if the subject has high PD-L1 and high TiLs, and f a histological grade of a tumor 1s
grade { or If, administering the intensified therapy;

if the subject has high PD-L1 and high TiLs, and f a histological grade of a tumor i3
grade IT1, admnistering the standard radiotherapy or the alternative therapy;

if the subject has low PD-L.1 and high TiLs, admnisterimg the aliernative therapy; and

if the subject has high PD-L1 and low TILs, admimustering the standard radiotherapy.

177, The method of claim 176, wherein the intensified therapy comprises intensified
radiotherapy, intensified systemic therapy, mastectomy, the additional use of a sensitizer to
another therapy; a therapy above 3 level set by the NICE guidelines for the subject’s remaining
mdicators, or any combination thereof.

178, The method of claim 176 or 177, wherein if the subject has low PD-L1 and low
TiLs, and if a lustological grade of a tumor 18 grade II, the intensified therapy 15 mtensified
systenic therapy.

179, The method of any one of claims 176-178, wheremn if the subject has low PD-
L1 and low TilLs, and if a histological grade of a tumor 1s grade I, the intensified therapy is
intensified radiotherapy.

180, The method of any one of claims 70 and 174-179, wherein if the subject has
low PD-L1 and high Tils, and if a histological grade of a tumor s grade 111, the alternative

therapy is de-escalated radiotherapy.
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181, A method of selecting whether or not to give a subject a standard radiotherapy,
an alternative therapy appropriate for one who will not benefit substantially from standard
radiotherapy, or intensified therapy, the method comprising:

if the subject has low PD-L1 and high CD8FOXP3 balance, adminsstering the less
intense radiotherapy;

if the subject has low PD-L1 and high CDS FOXP3 balance, omitiing radiotherapy;

if the subject has high PD3-L1 and normal CD8: FOXP3 balance, and the levels of tumor-
mfiltrating CD8 and FOXP3 cells are high, administering the less intense radiotherapy;

if the subject has low PD-L1 and normal CDE.FOXP3 balance, the levels of tumor-
mfiltrating CDR and FOXP3 cells are low, and the histological grade of a tumor is grade I,
administering intensified therapy;

if the subject has low PD-L1 and normal CD8:FOXP3 balance, the levels of tumor-
mfiltrating CD8 and FOXP3 cells are low, and the histological grade of a tumor s grade ¥ or
I and/or proliferation of the tumor is slow, adnunistering the standard therapy or omutiing
radiotherapy;

else if the subject has any other combination of PD-L1 status, CD8& FOXP3 balance,
levels of tumor-infilirating CD8 and FOXP3 cells, histological grade and/or proliferation,
adminustering standard radiotherapy.

182, The method of claim 181, wherein the intensified therapy comprises intensified
racdiotherapy, intensified systemic therapy, mastectomy, the additional use of a sensitizer to
another therapy; a therapy above 3 level set by the NICE guidelines for the subject’s remaining
mdicators, or any combination thereof.

183, The method of claim 181 or 182, wherein the intensified therapy 1s systemic
therapy.

184, The method of any one of claims 1831-183, wherein if the subject has low PD-
L1 and normal CBB.FOXP3 balance, the levels of tumor-infiltrating CD8 and FOXP3 cells are
low, and the histological grade of a tumor 15 grade 1 or 1 and/or proliferation of the tumor s
slow, and if there are one or more additional favorable variables, omitting radiotherapy.

185 The method of claim 184, wherein the one or more additional favorable
variables comprise small tumor size, very low proliferation, high estrogen receptor expression,

high progesterone receptor expression, biological subiype, and age >65.
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min.

186,  The method of claim 185, wherein small tumor size comprises tumor size <10

187. A method of treating a subject, the method comprising:

identifving a subject with mvasive breast cancer that has a high level of TiLs;

determining a prognostic value of the subject; and

administering an intensified treatment to the invasive breast cancer if the
prognostic vahie is not favorable.
188. A method of treating a subject, the method comprising;

identifying a subject with invasive breast cancer that has a low level of PD-1
{optionally in the grade HI context),

determining a prognostic value of the subject;

administering an intensified treatment to the invasive breast cancer if the
prognostic value 1s not favorable,
189, A method of treating a subject, the method comprising:

identifying a subject with invasive breast cancer that has high values of D8+
T cells 1n the context of grade 1 or grade I,

determining a prognostic value of the subject;

administering an intensified treatment to the mvasive breast cancer if the
prognostic value is not favorable.
190. A method of treating a sabject, the method comprising:

identifying a subject with nvasive breast cancer that has high values of
FOXP3+ regulatory T cells if grade T or grade 1§

determining a prognostic value of the subject;

admimstering an intensified treatment 1o the invasive breast cancer if the
prognostic value is not favorable.
191, A method of treating a sabject, the method comprising:

wdentifying a subject with mvasive breast cancer that has a high level of PD-L1
and a high level of TiLsg;

determining a prognostic value of the subject;

administering an intensified treatment to the invasive breast cancer if the

prognostic value 1s not favorable.
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192, A method of treating a subject, the method comprising:
wdentifying a subject with invasive breast cancer that has a low level of PD-1,
high level of PD-L1, and high level of TILs;
determining a prognostic value of the subject;
administering an intensified treatment to the invasive breast cancer if the
prognostic value 1s not favorable.
193. A method for treating breast cancer, comprising:
a) obtaining a tissue sample of a tumor from a breast cancer patient;
b) determining
a level of protein expression of PD-1 in the sample; and/or
a level of protein or mRINA expression of PD-L1 in the sample;
c} determining that
the PD-1 expression level is below a threshold level for PD-1;
and/or

the PD-L1 expression level 15 above a threshold level for PD-

i
d) determuning a level of genomic mnstability in the sample;
e} determining that the sample has high genomic instability;
) deternuning a level of tumor-infilirating lymphocytes (TiLs) in the
sample;
g} determining that the sample has high level of TiLs; and
h) providing intensified treatment as intensified radiotherapy treatment.

194, A method of diagnosis, comprising:

obtaiming a tissue sample of a tumor from a breast cancer patient;

determining a level of one or more markers 1o the sample, wherein the one or
more markers comprise one or both of PDB-1 and PD-L1;

determining a histological grade and/or level of tumor proliferation in the
sample; and

administering one of standard radiotherapy, intensified breast cancer therapy,

and de-escalated radiotherapy to the patient based on the determined level of the one
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or more markers and the determuned histological grade and/or level of tumor

proliferation.

195,  The method of claim 194, comprising adnunistering the intensified breast
cancer therapy based on:

{1} a determination that (a) the level of one or both of PD3-1 and PD-L1 is high,
and (b} the histological grade is 1 or It and/or tumor proliferation is low; or

{11} a deternunation that {a) the level of one or both of PD-1 and PD-L1 1s low,
and (b} the histological grade is T and/or tumor proliferation 1s high

196, The method of claim 195, wherein if {11}, the intensified breast cancer therapy
comprises intensified systemic therapy and/or intensified radiotherapy.

197 The method of any one of claims 194-196, comprising administering de-
escalated radiotherapy based on a determination that (a) the level of one or both of PD-1 and
PD-L1 15 high, and (b} the histological grade is Il and/or tumor proliferation is high.

198.  The method of any one of claims 194-197, comprising administering the
standard radiotherapy based on a determnation that (a) the level of the one or both of PD3-1
and PD-L1 15 low {optionally, and preferably, both are low), and (b} the histological grade s 1
or If and/or tumor proliferation s low.

199, The method of any one of the preceding claims, wherein the mtensified breast
cancer therapy or the wotensified treatioent is adonurustered upon determining that at least one
of PD-1 and PD-L1 1 high (optionally, and preferably, both are high), and that the cancer
tissue sample has a histological grade T or 11 and/or low profiferation.

200,  The method of any one of the preceding claims, wherein the mtensified breast
cancer therapy or the intensified treatment 18 admunistered upon deterniinung that PD-1 15 low
and PD-L1 1s high, and that the cancer tissue sample has 3 lustological grade I or I and/or fow
proliferation.

201, The method of claim 199 or 200, wherein the intensified breast cancer therapy
or the intensified treatment 1s administered upon determining that both PD-1 and PD-L1 are
high, and that the cancer tissue sample has a histological grade [ or 1 and/or low proliferation.

202, The method of any one of the preceding claims, wherein the aliernative to the

intensified treatment or the therapy that is not an mntensified treatment is administered upon
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determining that at least one of PD-1 and PI}-L1 s high, and that the cancer tissue sample has
a histological grade 1 and/or high proliferation and/or 15 genonucally unstable.

203, The method of any one of the preceding claims, wherein the alternative to the
intensified treatment or the therapy that 1s not an mtensified treatment 1s administered upon
determining that P11 is high and PD-L1 s low, and that the cancer tissue sample has a
fustological grade I and/or high proliferation and/or is genomically unstable.

204.  The method of claim 202 or 203, wherein the alternative to the intensified
treatment or the therapy that is not an intensified treatment is administered upon determining
that both PD-1 and PD-L1 are high, and that the cancer tissue sample has a hustological grade
i and/or high proliferation and/or 1s genomically unstable.

205, The method of any one of the preceding claims, wherein the ntensified
treatment s recommended upon determining that the cancer tissue sample has a low level of
PD-1 and a high level of PD-L1, and that the cancer tissue sample histological grade T or [I
and/or low proliferation.

206, The method of claim 205, wherem the intensified treatment s reconunended
upon determining that the cancer tissue sample has high levels of PD-1 and PD-L1, and that
the cancer tissue sample hustological grade T or IT and/or low proliferation.

207 The method of any one of the preceding claims, wherein the alternative to the
mtensitied treatroent 13 recornmended upon determuning that the cancer tissue sample has a
high level of PD-1 and a low level of PD-L1, and that the cancer tissue sample histological
grade 1 and/or high proliferation.

208  The method of claim 207, wheremn the de-intensified treatment 18 recommended
upon determuning that the cancer tissue sample has high levels of PD-1 and PB-L1, and that
the cancer tissue sample histological grade HI and/or high proliferation.

209, The method of any one of the preceding claims, wherein the subject receives
the mtensified treatment upon determining that PD-1 s low and PD-L1 15 high, and that the
cancer tissue sample has a histological grade I or H and/or low proliferation.

210, The method of claim 209, wherein the subject recetves the intensified treatment
upon determining that both PD-1 and PD-L1 are high, and that the cancer tissue sample has a

histological grade 1 or I and/or low proliferation.
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211, The method of any one of the preceding claims, wherein the subject receives
the alternative to the mtensified treatment upon determining that PD-1 is high and PD-L1 s
low or that both are high, and that the cancer tissue sample has a histological grade Hi and/or
high proliferation and/or 1s genomucally unstable.

212, The method of claim 211, wherein the subject receives the alternative to the
intensified treatment upon determining that both PD-1 and PD-L1 are hugh, and that the cancer
tissue sample has a histological grade HI and/or high proliferation and/or i1s genomically
unstable.

213, The method of any one of the preceding claims, wherein the breast cancer
therapy that 1s more aggressive than a traditional breast cancer therapy is administered upon
determining that PD-1 is low and PD-L1 s high or that both are high, and that the cancer tissue
sample has a histological grade T or I and/or low proliferation.

214, The method of claim 213, wherein the breast cancer therapy that 15 more
aggressive than a traditional breast cancer therapy 1s administered upon deternuning that both
PD-1 and PD-L1T are high, and that the cancer tissue sample has a histological grade T or I
and/or low proliferation.

215 The method of any one of the preceding claims, wherein the subject 1s treated
according o the standard recommended treatment from the
NCCN/ASTROESMO/ESTRO/Chnical  Practice Recommendations  Australia/NICE
guidelines when the subject has high PD-1, and when the breast cancer has a histological grade
1 and/or hugh proliferation.

216, The method of claum 215, wherein the breast cancer 13 estrogen receptor (ER)
negative.

217 The method of any one of the preceding claims, wherein (a) a high level of PD-
1 and a low level of PD-L1, (b} a breast cancer having a histological grade T and/or high

proliferation, results in the subject recetving a therapy selected from at least one of the

following:
i} omission of boost dose when otherwise indicated,
i1} less intense radiotherapy treatment than what is recommended in

NCCN/ESMO/Clinical Practice Recommendations Australia/NICE guidelines,

and
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11} de-escalate systemic treatment or standard treatment according 1o

NCON/ESMO/Chinical Practice Recommendations Australia/NICE guidelines.
218, The method of claim 217, wherein further to {a} and (b}, one or more of

{c} the breast cancer being estrogen receptor (ER) negative,

{d) presence of additional favorable clinical varables, and

(e} lack of lymphovascular invasion,

results in the subject receiving the therapy selected from at least one of 1}, it}
and ui}.

219, The method of claim 218, wherein the additional favorable clinical variables
comprises one or more of: small tumor size, and high level of PD-L1, CD8 cells, FOXP3 cells
and/or TiLs.

220. A method of treating a subject for local recurrence, the method comprising:

administering an intensified breast cancer therapy to a subject based upon a PD-

1, PD-L1, and TIL status, wherein a higher incremental risk will increase:

a} a likelihood of an aggressive breast cancer therapy that 15 at least more
than what would be recommended by the NCCN, ASTRO, ESTRO,
ESMO, and/or NICE guidelines;
b} the aggressiveness of the aggressive breast cancer; or
¢} botha)and b,
wherein a less-than-standard breast cancer therapy 15 admnistered 1f
1} PD-~1 1s hugh, PE-L1 s high, TiLs 18 high, and the breast cancer has a
histological grade I and/or has high proliferation,
1) PD-1 15 low, PD-L1 153 low TILs 18 low, and the breast cancer has a
histological grade T or H and/or has low prohiferation, or
ni} PE-L1 1s hugh, Tis 1s hugh, and the breast cancer has a histological
grade I and/or has high proliferation, and if one or more additional varables
mndicating that high PD-L1 and/or high TiLs confer a favorable prognosis are
present,
wherein a standard radiotherapy 15 administered if:

iv) PD-1 is hugh, PD-L1 15 low, and TlLs 15 low, or
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v PD-L1 1s high, TiLs is low, and the breast cancer has a histological grade
1 and/or has high proliferation and/or 15 genomically unstable,

vi}) PD-1 s low, PD-L1 is high, and TiLs 13 high if 1t cannot be determined
hased on one or more additional vanables that PIx1, PI-L1 and/or TiLs confer a
favorable or unfavorable prognosis,
wherein the infensified breast cancer therapy is admimstered if;

vity PI-1 18 low, PD-L1 15 low, Tils 8 low, and the breast cancer has a
histological grade I and/or has high proliferation,

vitt) PD-1 s high, PD-L1 is high, T1s 1s high, and the breast cancer has a
histological grade I or H and/or has low proliferation, or

ix) PD-11s low, PD-L1 s hugh, TiLs ts high, and the breast cancer has a
histological grade 1 or I and/or has low proliferation, and if one or more additional
variables indicating that PD-1, PD-L1 and/or TiLs confer an unfavorable prognosis
are present.

221, The method of clairn 220, wherein the less~-than-standard breast cancer therapy
is adnunistered if 1), u) or 1), and if ER 1s negative.

222 The method of claim 220 or 221, wherein the less-than-standard breast cancer
therapy 1s adminustered if 11} and 1if tumor size 18 small, age > 65 or optionally age >70, and
there 18 no lymphovascular mvasion.

223,  The method of any one of claims 220-222, wherein the fess-than-standard breast
cancer therapy comprises de-escalated radiotherapy.

224, The method of any one of claims 220-223, wherein intensified breast cancer
therapy 13 admunistered f vit} and if ER 15 negative, or if vin) or ix) and if ER is positive.

225, The method of any one of claims 220-224, wherein TiLs 1s high when >10% of
stroma 1s occupied by Tils.

226, The method of claim 225, wheremn TiLs 15 high when >50% of stroma 1s
occupied by TILs.

227 A method of treating a subject for a risk of recusrence of breast cancer, the
method comprising:

administering an intensified breast cancer therapy to a subject based upon a PD-

L1 and TIL status, wherein a higher incremental risk will increase:

~299-



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934

a} a likelihood of an aggressive breast cancer therapy that is at least
more than what would be recommended by the NCUN, ASTRO,
ESTRO, ESMO, and/or NICE gundelines;
b} the aggressiveness of the aggressive breast cancer; or
¢) botha)andb),
wherein the intensified breast cancer therapy is admimstered it
1} PD-L.1 1s high, TiLs is low, and the breast cancer has a histological grade
It and/or has high proliferation and/or 1s genonucally unstable,
1) PD-1 s low, PD-L1 15 low, TILs is low, and the breast cancer has a
histological grade I and/or has high proliferation,
i1} PD-1 15 high or low, PD-L1 1s hugh, TiLs 1s hugh, and the breast cancer
has a histological grade T or H and/or has low proliferation, and it associated with
unfavorable prognostic variables,
wherein a standard radiotherapy is administered if:
) PD-1 1s hugh, PD-L1 s low, TiLs s low, and the breast cancer has a
histological grade T or I and/or has low proliferation, or
v} PD-1 s low, PD-L1 15 high, TiLs 15 high, the breast cancer has a
histological grade T and/or has high proliferation and/or ts genomically unstable,
and if neither favorable nor unfavorable prognostic variables are present,
wherein deintensified treatment 1s provided if
vi} PB-1 1s high, PD-L1 s low, TILs 1s hagh, and if the breast cancer has a
histological grade I and/or has high proliferation and/or 15 genomically unstable,
vit) PI-L1 15 high, TiLs 15 high, and if the breast cancer has a8 histological
grade HI and/or has high proliferation and/or 1s genomically unstable, and if
associated with favorable prognostic variables, or
vi} PB-1 13 low, PD-L1 15 low, TiLs is low, and the breast cancer has a
histological grade I or If and/or has low proliferation and/or 1s genomically stable
and if associated with favorable prognostic variables.
228, The method of claim 227, wherein the mntensified breast cancer therapy is

adnunistered if 1) and if ER 15 negative, or if 111} and if ER 15 positive.
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229 The method of claim 227 or 228, wherein standard radictherapy is administered

if1v) and if ER 1s positive, or if vy and if ER 1s negative.

230, The method of any one of claims 227-229, wherein deintensified treatment 1s
provided i viy or vii} and if ER s negative, or if vin) and if ER 1s positive.

231, The method of any one of claims 227-230, wherein the favorable prognostic
variables comprise one or more of small size, age > 65, and lack of lymphovascular invasion.

232, The method of claim 119, wherein a genomically unstable tumor comprises
fustological grade I and/or high proliferation of the tumor.

233, The method of claim 119 or 232, wherein a genomically stable tumor comprises
fustological grade I or I and/or low proliferation of the tumor.

234, The method of any one of claims 119, 232, and 233, wherein the alternative
therapy comprises intensified therapy ift

the subject has high PD-1 and low TiLs; or

the subject has low PD-1 and low TiLs and has a genomically unstable tumor; or

the subject has tugh PD-1 and hugh TiLs and has a genomically stable tumor

235, The method of any one of claims 119 and 232-234, wherein the alternative
therapy comprises de-escalated radiotherapy or omission of radictherapy if the subject has low
PD-1 and low TILs and has a genomically stable tumor.

236, The method of claim 122 or 123, wherem the subject is not treated with the
racdiotherapy treatment if the cancer tissue sample has a high level of PD-L1, and if the cancer
tissue sample has a histological grade 111, and one or more of high TILs, high PB-1, ligh CD8
mftltration, and high FOXP3 nfiltration.

237, The method of claim 236, wheremn the subject 1s treated with de-escalated
racdiotherapy if the cancer tissue sample has a high level of PD-L1, and if the cancer tissue
sample has 3 lstological grade IH1, and one or more of high Tils, ligh PD-1, lugh CDE&
mftltration, and high FOXP3 nfiltration.

238 The method of any one of claims 122, 123, 236, and 237, wherein the subject
is treated with intensified radiotherapy if the cancer tissue sample has a high level of PD-L1,

and if the cancer tissue sample has a histological grade T or IL
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239, The method of claim 238, wherein the subject 15 treated with intensified
radiotherapy if the cancer tissue sample has a high level of PD-L1, if the cancer tissue sample
has a histological grade I or H, and further if ER 15 postiive.

240, The method of claim 238 or 239, wherein the subject is treated with intensified
radiotherapy if the cancer tissue sample has a high level of PD-L1, if the cancer tissue sample
has a histological grade [ or Il, and further if the cancer tissue sample has one or more of high
Tils, igh PD-1, high CD8 infiliration, and high FOXP3 infiltration.

241, The method of any one of claims 122, 123, and 237-240, wherein the subject is
treated with intensified therapy if the cancer tissue sample has a low level of PD-L1 and if the
cancer tissue sample has a histological grade L

242 The method of claim 241, wherein the subject is treated with intensified therapy
it the cancer tissue sample has a low level of PD-L1, and f the cancer tissue sample has a
histological grade 1L, and further of ER 1s negative.

243, The method of claim 241 or 242, wherein the subject is treated with intensified
therapy if the cancer tissue sample has a low level of PD-L1, and if the cancer tissue sample
has a histological grade T, and further it the cancer tissue sample has one or more of low TILs,
low PD-1, low CD8 mfiltration, and low FOXP3 mfiltration.

244, The method of any one of claims 241-243, wherein the intensified therapy
comprises itensified systemic therapy.

245, The method of any one of claims 241-243, wherein the ntensified therapy 1s
not miensified radiotherapy.

246, The method of any one of claims 122, 123, and 237-245, wherein the subject 1s
treated with demntensified radiotherapy if the cancer tissue sample has a fow level of PD-L1,
and if the cancer tissue sample has a lstological grade T or I

247, The method of claim 246, wherein the subject is treated with demntensified
racdiotherapy if the cancer tissue sample has a low level of PI-LI, and if the cancer tissue
sample has a histological grade  or i, and {urther if ER is positive.

248 The method of claim 246 or 247, wherein the subject is treated with
demntensified radiotherapy if the cancer tissue sample has a low level of PD-L1, and if the
cancer tissue sample has a histological grade { or 1, and further if the cancer tissue sample has

one or more of low TILs, low PI3-1, low CDR mfiltration, and low FOXP3 infiliration.
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249 The method of claim 123, wherein the subject is not treated with the
radiotherapy treatment if the cancer tissue sample has a low level of PD-1 and it the cancer
tissue sample has a3 histological grade I or 1L

250, The method of claim 249, wherein the subject 15 not treated with the
radiotherapy treatment if the cancer tissue sample has a low level of PD-1 and if the cancer
tissue sample has a histological grade 1 or 11, and further if the cancer tissue sample has one or
more of low TiLs, low PD-1, low CD8 infiltration, and low FOXP3 mfiliration.

251, The method of claim 249 or 250, wherein the subject is treated with de-
escalated radiotherapy.

252, The method of claim 124, wherein the subject 15 treated with de-escalated
radiotherapy or radiotherapy 1s omitted if the cancer tissue sample has a histological grade 11,
hugh level of CD8+ T cells and low levels of FOXP3+ T regulatory cells and if the patient
expresses high or low level of PD-L1 (<1% of lymphocytes with positive staining}.

253, The method of claim 124, wherein the subject 15 treated with de-escalated
radiotherapy or radiotherapy 15 omitted if the cancer tissue sample has a histological grade 117,
high level of CD&+ T cells and low levels of FOXP3+ T regulatory cells and if the patient
expresses high level of PD-L1 (<1% of lymphocytes with positive staining).

254, The method of claimn 124, wherein the subject 15 treated with de-escalated
radiotherapy or radiotherapy 15 omitted if the cancer tissue sample has a histological grade 117,
high level of CD&+ T cells and low levels of FOXP3+ T regulatory cells and if the patient
expresses high level of PD-L1 and PD-~1 (<1% of lymphocytes with positive staming).

255 The method of any one of the preceding claims, wherein 10% of stromal Ti.s
15 used as a cutoff when the breast cancer has a histological grade L.

256, The method of any one of the preceding clanms, wherein 10%, 20%, or 30% of
stromal TiLs 15 used as a cutoff when the breast cancer has a histological grade IL

257 The method of any one of the preceding clamms, wherein 10%, 20%, or 30% of
stromal TiLs is used as a cutoff when the breast cancer has a histological grade I

258 The method of any one of the preceding claims, wherein high TiLs denotes a

-

high number of intratumoral TiLs, and low TiLs denotes a low number of intratumoral Tiks.
259 The method of claim 138, wherein the subject’s breast cancer has a histological

grade Il and/or 1s genomically unstable.
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260,  The method of claim 138, wherein the subject’s breast cancer has a histological

grade I and 15 ER negative.

-304-



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934
1/3

/" 110

Analyze predictive factors (e.g., immunological
biomarkers, etc.), optionally any one of the
markers and combinations thereof listed in

Tables A-C, 2A-2C, 3A-3C, 5A-5C

/" 120

Determine predicted benefit from standard of
care treatment

/130

Recommend/provide therapy

FIG. 1



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934
2/3

/\210

Analyze immunological \
biomarkers, optionally any /\ 220
one of the immunological

biomarkers and combinations .
thereof listed in Tables A-C, Analyze prognostic value
\_ 2A2C.3A3C 5ASC (optional)

-

/\ 230

/ Predicted outcome from standard of care treatment \
Low benefit, Low benefit, favorable
unfavorable prognosis prognosis High benefit
(Undertreatment) (Overtreatment)

o /
/\ 240
\

/ \/ \j \j

De-intensified relative
to standard of care (or Standard of care
treatment omitted)

Intensified relative to
standard of care

k Treatment recommended and/or provided /

FIG. 2



CA 03215869 2023-09-29

WO 2022/212775 PCT/US2022/022934
3/3

Stroma

Xt Tumor cell
N

=

Lymphocyte




/" 110

Analyze predictive factors (e.g., immunological
biomarkers, etc.), optionally any one of the
markers and combinations thereof listed in

Tables A-C, 2A-2C, 3A-3C, 5A-5C

/" 120

Determine predicted benefit from standard of
care treatment

Y /130

Recommend/provide therapy

FIG. 1



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - DESCRIPTION
	Page 82 - DESCRIPTION
	Page 83 - DESCRIPTION
	Page 84 - DESCRIPTION
	Page 85 - DESCRIPTION
	Page 86 - DESCRIPTION
	Page 87 - DESCRIPTION
	Page 88 - DESCRIPTION
	Page 89 - DESCRIPTION
	Page 90 - DESCRIPTION
	Page 91 - DESCRIPTION
	Page 92 - DESCRIPTION
	Page 93 - DESCRIPTION
	Page 94 - DESCRIPTION
	Page 95 - DESCRIPTION
	Page 96 - DESCRIPTION
	Page 97 - DESCRIPTION
	Page 98 - DESCRIPTION
	Page 99 - DESCRIPTION
	Page 100 - DESCRIPTION
	Page 101 - DESCRIPTION
	Page 102 - DESCRIPTION
	Page 103 - DESCRIPTION
	Page 104 - DESCRIPTION
	Page 105 - DESCRIPTION
	Page 106 - DESCRIPTION
	Page 107 - DESCRIPTION
	Page 108 - DESCRIPTION
	Page 109 - DESCRIPTION
	Page 110 - DESCRIPTION
	Page 111 - DESCRIPTION
	Page 112 - DESCRIPTION
	Page 113 - DESCRIPTION
	Page 114 - DESCRIPTION
	Page 115 - DESCRIPTION
	Page 116 - DESCRIPTION
	Page 117 - DESCRIPTION
	Page 118 - DESCRIPTION
	Page 119 - DESCRIPTION
	Page 120 - DESCRIPTION
	Page 121 - DESCRIPTION
	Page 122 - DESCRIPTION
	Page 123 - DESCRIPTION
	Page 124 - DESCRIPTION
	Page 125 - DESCRIPTION
	Page 126 - DESCRIPTION
	Page 127 - DESCRIPTION
	Page 128 - DESCRIPTION
	Page 129 - DESCRIPTION
	Page 130 - DESCRIPTION
	Page 131 - DESCRIPTION
	Page 132 - DESCRIPTION
	Page 133 - DESCRIPTION
	Page 134 - DESCRIPTION
	Page 135 - DESCRIPTION
	Page 136 - DESCRIPTION
	Page 137 - DESCRIPTION
	Page 138 - DESCRIPTION
	Page 139 - DESCRIPTION
	Page 140 - DESCRIPTION
	Page 141 - DESCRIPTION
	Page 142 - DESCRIPTION
	Page 143 - DESCRIPTION
	Page 144 - DESCRIPTION
	Page 145 - DESCRIPTION
	Page 146 - DESCRIPTION
	Page 147 - DESCRIPTION
	Page 148 - DESCRIPTION
	Page 149 - DESCRIPTION
	Page 150 - DESCRIPTION
	Page 151 - DESCRIPTION
	Page 152 - DESCRIPTION
	Page 153 - DESCRIPTION
	Page 154 - DESCRIPTION
	Page 155 - DESCRIPTION
	Page 156 - DESCRIPTION
	Page 157 - DESCRIPTION
	Page 158 - DESCRIPTION
	Page 159 - DESCRIPTION
	Page 160 - DESCRIPTION
	Page 161 - DESCRIPTION
	Page 162 - DESCRIPTION
	Page 163 - DESCRIPTION
	Page 164 - DESCRIPTION
	Page 165 - DESCRIPTION
	Page 166 - DESCRIPTION
	Page 167 - DESCRIPTION
	Page 168 - DESCRIPTION
	Page 169 - DESCRIPTION
	Page 170 - DESCRIPTION
	Page 171 - DESCRIPTION
	Page 172 - DESCRIPTION
	Page 173 - DESCRIPTION
	Page 174 - DESCRIPTION
	Page 175 - DESCRIPTION
	Page 176 - DESCRIPTION
	Page 177 - DESCRIPTION
	Page 178 - DESCRIPTION
	Page 179 - DESCRIPTION
	Page 180 - DESCRIPTION
	Page 181 - DESCRIPTION
	Page 182 - DESCRIPTION
	Page 183 - DESCRIPTION
	Page 184 - DESCRIPTION
	Page 185 - DESCRIPTION
	Page 186 - DESCRIPTION
	Page 187 - DESCRIPTION
	Page 188 - DESCRIPTION
	Page 189 - DESCRIPTION
	Page 190 - DESCRIPTION
	Page 191 - DESCRIPTION
	Page 192 - DESCRIPTION
	Page 193 - CLAIMS
	Page 194 - CLAIMS
	Page 195 - CLAIMS
	Page 196 - CLAIMS
	Page 197 - CLAIMS
	Page 198 - CLAIMS
	Page 199 - CLAIMS
	Page 200 - CLAIMS
	Page 201 - CLAIMS
	Page 202 - CLAIMS
	Page 203 - CLAIMS
	Page 204 - CLAIMS
	Page 205 - CLAIMS
	Page 206 - CLAIMS
	Page 207 - CLAIMS
	Page 208 - CLAIMS
	Page 209 - CLAIMS
	Page 210 - CLAIMS
	Page 211 - CLAIMS
	Page 212 - CLAIMS
	Page 213 - CLAIMS
	Page 214 - CLAIMS
	Page 215 - CLAIMS
	Page 216 - CLAIMS
	Page 217 - CLAIMS
	Page 218 - CLAIMS
	Page 219 - CLAIMS
	Page 220 - CLAIMS
	Page 221 - CLAIMS
	Page 222 - CLAIMS
	Page 223 - CLAIMS
	Page 224 - CLAIMS
	Page 225 - CLAIMS
	Page 226 - CLAIMS
	Page 227 - CLAIMS
	Page 228 - CLAIMS
	Page 229 - CLAIMS
	Page 230 - CLAIMS
	Page 231 - CLAIMS
	Page 232 - CLAIMS
	Page 233 - CLAIMS
	Page 234 - CLAIMS
	Page 235 - CLAIMS
	Page 236 - CLAIMS
	Page 237 - DRAWINGS
	Page 238 - DRAWINGS
	Page 239 - DRAWINGS
	Page 240 - REPRESENTATIVE_DRAWING

