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BREAST CANCER-RESPONSE PREDICTION SUBTYPES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of priority to U.S. Provisional Application No.
63/341,579, filed May 13, 2022 and U.S. Provisional Application No. No. 63/314,065 filed

February 25, 2022, each of which is incorporated by reference in its entirety for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support under grant no. PO1 CA210961
awarded by The National Institutes of Health. The government has certain rights in the

invention.

BACKGROUND OF THE INVENTION
[6003] Though breast cancer treatment has improved over the past decades, over 40,000
women die annually in the US alone and worldwide, on average one in three patients will die
of their disease (DeSantis et al., 2015). Patients who achieve pathologic complete response
(pCR) after neoadjuvant therapy, defined by the absence of invasive disease in breast and
lymph nodes, have excellent long-term outcomes (Spring et al., 2020; Yee et al., 2020). By
improving pCR rates in the early disease setting, we can reduce the risk of subsequent
metastatic disease and death from breast cancer. The I-SPY2 trial is an ongoing multicenter,
Phase II neoadjuvant platform trial for high-risk, early-stage breast cancer designed to rapidly
identify new treatments and treatment combinations with increased efficacy compared to
standard-of-care (sequential weekly paclitaxel followed by doxorubicin/cyclophosphamide
(T-AC) chemotherapy). In I-SPY2, multiple novel treatment regimens are simultaneously
and adaptively randomized against the shared control arm (Chien et al., 2019; Nanda et al.,
2020; Park et al., 2016; Rugo et al., 2016). The primary efficacy endpoint is pCR (Yee et al,,
2020).

[0004] The goal of the trial is to assess the activity of new drugs, typically combined with

weekly paclitaxel, in g priori defined biomarker subsets based on hormone receptor (HR),
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Human Epidermal Growth Factor Receptor-2 (HER2) expression, and MammaPrint (MP)
status. Among HR+HER2- patients, only MammaPrint (MP) high cases are eligible for the
trial. For all patients, tumor biology is further subdivided into high (MP1) or ultra-high
(MP2) status (Chien et al., 2019; Nanda et al., 2020; Park et al., 2016; Rugo et al., 2016). An
experimental arm “graduates” when it reaches >85% predictive probability of demonstrating
superiority to control in a future 1:1 randomized 300-patient Phase Il neoadjuvant trial in the
most responsive subset (Chien et al., 2019; Clark et al., 2021; Nanda et al., 2020; Park et al.,
2016; Rugo et al., 2016).

[06005] It is well established that HR/HER?2 subtyping is well suited for predicting response
to endocrine and HER2-targeted agents {Waks and Winer, 2019). However, the landscape of
targeted breast cancer therapeutics is expanding. Breast cancer treatment now includes
platinum agents, PARP inhibitors, PIK3CA inhibitors, mTOR inhibitors, dual HER2-
targeting regimens, and immunotherapy for specific HR/HER2-defined subtypes (Bergin and
Loi, 2019; McAndrew and Finn, 2020; Wuerstlein and Harbeck, 2017). The aggregate
mechanisms of action of the compendium of currently clinically available targeted
therapeutics for breast cancer extends well beyond the biology that HER and HR expression

captures.

[06006] Within the I-SPY2 biomarker program, there are two primary biomarker platforms
assayed at the pretreatment time-point — gene expression arrays and reverse phase protein
arrays (RPPA). In the case of RPPA, upfront enrichment and purification of tumor
epithelium, stromal, and intra-tumoral immune cell compartments via laser capture
microdissection (LCM) is performed prior to separately assaying each population.
Biomarkers are classified as standard, qualifving, or exploratory. Standard biomarkers are
routinely used, US Food and Drug Administration cleared or approved, or have
investigational device exemption (IDE) status (i.e. HR, HER2, MammaPrint, MRI functional
tumor volume) and employed for clinical decision making. Qualifying biomarkers are pre-
specified for analysis based on existing evidence suggesting a role in treatment response
prediction and are tested in a CLIA setting; they may vary from drug to drug and are tested
prospectively for their specific response-predictive value using a pre-specified statistical
framework (Wolf et al,, 2017, 2020a; Wulfkuhle et al., 2018). Exploratory biomarkers are
hypothesis-generating and include discovery efforts using clinical data to identify predictive

biomarkers (Sayaman et al., 2020).
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[0067] The goal of the trial is to assess the activity of various drugs in combination, mostly
in combination with weekly paclitaxel, in various ¢ priori defined biomarker subsets based
on hormone receptor (HR) and Human Epidermal Growth Factor Receptor-2 (HER2)
expression, and MammaPrint status. Among HR+HER?2- patients, only MammaPrint (MP})

5 high cases are eligible. For all patients, tumor biology is further subdivided into high (MP1)
or ultra-high (MP2) status (Chien et al., 2020; Nanda et al., 2020; Park et al., 2016; Rugo et
al., 2016; Pusztai et al., 2021). An experimental arm “graduates” when it reaches a >85%
predictive probability of demonstrating superiority to control in a future 1:1 randomized 300-
patient phase 3 neoadjuvant trial in the most responsive subset (Chien et al., 2020; Nanda et

10 al, 2020; Patk et al., 2016; Rugo et al., 2016).

BRIEF SUMMARY
[0008] The I-SPY?2 trial and associated datasets provides an opportunity to develop new
breast cancer subtype classifications because of its comprehensive multi-omic molecular
characterization of all tumors and the diverse array of drugs targeting different molecular
15 pathways. As of September January 27, 2022, 2096 patients were randomized to I-SPY?2, and
20 novel drugs were tested in the trial, of which 16 have completed evaluation. Experimental
treatments include pan-HER?2 inhibitors and anti-HER2 agents, PARP inhibitor/DNA
damaging agent combinations, an AKT mhibitor, immunotherapy, and ANG1/2, IGFIR and
HSP90 inhibitors added to standard of care chemotherapy. This disclosure is based, at least in
20 part, on analyses across 10 arms of [-SPY2: the first 9 experimental arms that completed
evaluation and the control arm. We determined that molecular subtyping categories
incorporating biology outside of HR and HER2 status could be created fo better inform
treatment selection for individual patients and maximize efficacy {i.e., pCR rate) over the

entire population.

25 [0009] As described herein, we summarized and further explored qualifying biomarker
results across 10 arms of I-SPY2, combining information from standard and qualifying
biomarkers to create biological treatment response-predicting subtypes (RPS) that represent
better matches for the tested drugs than the standard HR/HER2-based subtypes (i.e.,

maximize pCR rate for a given drug, or class of agent, in a given subtype). Accordingly, the

|8
<

present disclosure provides a new RPS classification schema.

[0010] In one aspect, the disclosure provides a classification scheme to assign a Stage I or

Stage 111 breast cancer patient o a treatment for which the patient has an increased likelthood
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of having a positive response. Described herein is a method of selecting a therapeutic
treatment for a high-risk HER2+ or HER2- Stage II or Stage III breast cancer that is hormone
receptor+ or hormone receptor-, the method comprising:
classifying the Stage I or Stage 111 breast cancer as having a positive or negative immune
5  response profile for responding to an immunotherapy treatment, wherein a positive immune

response profile is assigned by determining that the expression pattern of at least one panel of
immune status genes reaches or exceeds a threshold that is associated with a high pathology
complete response (pCR) rate for patients treated with an immune pathway-targeted therapy
compared to patients treated with therapies that do not target the immune response; and a

10 negative immune response profile is assigned by determining that the expression pattern is
lower than the threshold;
classifying the Stage I or Stage 111 breast cancer as having a positive or negative DNA
Repair Defect (DRD) profile for responding to a DNA repair treatment, wherein a positive
DRD response profile is assigned by determining that the expression pattern of at least one

15 panel of DRD status reaches or exceeds a threshold that is associated with a high pathology
complete response (pCR) rate for patients treated with a DNA repair-targeted therapy
compared to patients treated with therapies that do not target DNA repair; and a negative
DRD response profile is assigned by determining that the expression pattern 1s lower than the
threshold; and

20 assigning the breast cancer to a treatment subtype selected from the group consisting of
HER2-/Immune-/DRD-, HER2-/Immune-/DRD+, HER2-/Immune+, HER2+/BP-HER2-type
or Basal-type, and HER2+/BP-Luminal.-type.

[0011] In some embodiments, classifying the Stage I or Stage II1 breast cancer as having a
positive or negative immune response profile comprises evaluating expression levels of at

25  least one panel of immune status genes, and wherein the panel is selected from a TcellBcell
biomarker panel, a dendritic biomarker panel, a chemokine biomarker panel, a MastCell
biomarker panel, a STAT1! biomarker panel, and a B-cell biomarker panel as set forth in

Table B.

[0012] In some embodiments, the breast cancer is hormone receptor-positive (HR+).
30 some emboidments, the breast cancer is HR+ and HER2-. In some embodiments, classifying
the Stage IT or Stage III breast cancer as having a positive or negative immune response

profile comprises evaluating expression levels of B-cell and Mast-cell biomarker panels.
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[0013] In some embodiments, the breast cancer is estrogen receptor-negative, progesterone
receptor-negative and HER2-negative (triple negative). In some embodiments, classifying
the Stage II or Stage III breast cancer as having a positive or negative inumune response
profile comprises evaluating expression levels of a dendritic cell panel and a STAT1 and/or
chemokine panel. In some emobdiments, classifying the breast cancer as having a positive
DRD profile comprises determining that the expression patiern of a VCpred TN gene panel
set forth in Table B falls within a range that is associated with a high pCR rate for patients
treated with a therapeutic agent that targets DNA repair compared to patients treated with a

therapy that does not target DNA repair.

[0014] In some embodiments, classifying the Stage IT or Stage I1II breast cancer as having a
positive DRD response profile comprises evaluating expression levels of a PARPi7 or

PARP17 plus MP2 panel.

[0015] In some embodiments, Stage I breast cancer is classified as a high-risk HER2+

breast cancer by MammaPrint® analysis.

[0016] In some embodiments, the method of selecting a therapeutic treatment further
comprises

selecting a DNA repair targeted therapy for a patient having a breast cancer assigned to the
HER2-/Immune//DRD+ subtype, selecting an immune response therapy for a patient having a
breast cancer assigned to the HER2-/Immune+ subtype; selecting a dual-anti-HER?2 therapy
for a patient assigned to the HER2+ that are not luminal subtype; selecting a combination
therapy that comprises an AKT pathway-inhbitor for a patient assigned to the HER2+/BP-
Luminal subtypes; and selecting neoadjuvant endocrine therapy for a patient assigned to the
HER2-/Immune-/DRD- subtype. In illustrative embodiments, the immune response therapy
is an PDL1/PD1 checkpoint inhibitor therapy, the DNA repair therapy is a platinum based
therapy or PARP inhibitor; and the AKT pathway inhibitor is an AKT inhibitor.

[0017] In a further aspect, one of the biologies, e.g., DNA repair or immune response, can

be represented by an additional or alternative gene profile representing the same bioclogy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1. Trial design and data. a) [-SPY?2 trial schematic, b) timeline of I-SPY2

investigational agents/combinations for the first 10 arms, ¢) pCR rate across arms by receptor
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subtype (blue arrows=graduated; grey arrows=graduated in group containing subtype (e.g.

HER2+ for HR+HER2+), d) ISPY2-990 mRNA/RPPA Data Resource consort/schematic.

[0019] Figure 2. Clustered heatmap of mechanism-of-action ‘qualifying” biomarkers
across 10 arms. Heatinap showing unsupervised clustering of mechanism-of-action
biomarkers (rows) and patient samples {columns), with biomarkers annotated by platform
(dark=mRNA) and pathway, and samples annotated by HR/HER2 status (dark=positive),
MP1/2 class (dark=MP?2), response (dark=pCR), receptor subtype, PAMS0 subtype, TNBC
subtype (7- and 4-classes), and arm. Clustering uses Pearson correlation and complete

linkage, with clusters C1-7 defined by a dendrogram cutpoint of 1.5

[0020] Figure 3. pCR association analysis of continuous mechanism-of-action
biomarkers across 10 arms. This figure shows the pCR-association dot-plot showing the
level and direction of association between each signature (column) and pCR in the
population/arm as labeled (rows): Overall population, in all 10 arms, in a model adjusting for
HR, HER2, and Tx (top row) and by arm, in a model adjusting for HR and HER2 (next 10
rows); HR+HER2- subset, in a model adjusting for arm (row 12) and within each of the &
arms where HER2-negative patients were eligible (rows 13-20). Similarly, the remaining
rows show pCR association results for TN (rows 21-29), HR+HER2+ (rows 30-36) and HR-
HER2+ (rows 37-42) subsets, overall in a model adjusting for treatment arm and within each
treatment arm. Key=red/blue dot indicates higher/lower levels ~ pCR; darker/lighter color
intensity ~ higher/lower magnitude of coefficient of association (\exp(OR per unit standard
deviation)!); size of dot ~ strength of association (1/p), with white background indicating
p<0.05; X denotes missing data. For analysis in the overall population (rows 1-11), logistic
regression models pCR ~Biom+HR+HER2+Tx (all arms; row 1) and pCR~Biom+HR+HER?2
{one arm; rows 2-11) were used; whereas within HR/HER2 subsets (rows 12-43), models
pCR~Biom+Tx (all arms; rows 12, 21, 30 and 37) and pCR~Biom (one arm; rows 13-20, 22-
29, 31-36, and 38-42) were used. Biomarkers {columns) are color annotated at the top for

platform (dark=mRNA; light=RPPA) and pathway (see legend)..

[6021} Figure 4. Clinically motivated response-based biomarker-subsets. a-b) One-
phenotype stratification: Pie charts showing prevalence of TN/Immune+ (a, left) and
TN/DRD~ (b, left) subsets, respectively. pCR rates by biomarker subset in the VC and
Pembro arms are shown in barplots (a-b, right). p-values shown are from Fisher’s exact test

(pCR ~ biom). ¢) Two-phenotype stratification: Sankey plot showing prevalence of
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Immune/DRD biomarker subsets in TNBC, with pCR rates in VC, Pembro and control shown
in barplots to the right. d) Immune-DRD stratification in HR+HER2-: Sankey showing
prevalence of biomarker groups. e) HER2+ stratification by BluePrint subtype. Prevalence of
HER2+/BP Luminal and HER2+/BP _Her2 or Basal {Sankey diagram, left); and pCR rates

5 in Ctr, TDM1/P and MK2206 arms (right). f) Sankey diagram showing the collapse of
Immune/DRD subtypes from 8 to 3 classes. In (c), # denotes patient subset too small to be

evaluable (<5).

[0022] Figure S. Integrated treatment response-predictive subtyping 5 (RPS-5)
schema combining Immune, DRD, HER2, and BP_subtype phenotypes. a) Sankey

10 diagram illustrates the relationship between receptor subtype and RPS-3 subtypes, with
subtype prevalence and barplots on either side showing pCR rates by arm in each biomarker-
defined subset™ (highest in blue}. b) /n silico ‘thought experiment’ barplot showing pCR rates
achieved in I-SPY2’s control arm (black bar), experimental arms {orange bar); and estimated
pCR rates if treatments had been ‘optimally” assigned using receptor subtype (red bar; upper

15 right text) or RPS-5 subtyping (blue bar, lower right text). Bar grouping to the left is for the
overall population, and groupings to the right show pCR gains by HR/HER?2 status. ¢)
Hazard-ratio (HR) for Distant Recurrence-Free Survival (DRFS) for pCR versus non-pCR by
RPS-5 subtype. ¥pCR rates by receptor subtype (a-left) are calculated across the 987 patients
of this biomarker analysis and may differ from the reported pCR in Figure i¢ which

20  represents the Bayesian-estimated trial results of investigational arms versus appropriate
controls. In (a), # denotes patient subset too small to be evaluable (<5}, * denotes subtype not

eligible for the arm, and p-values are from Fisher’s exact test.

[06023] Figure 6. Response-predictive subtyping schema characteristics diagram for
11+ example schemas. Compound diagram showing the characteristics of each breast cancer

25  subtyping schema (columns), including the number and prevalence of classes (pie charts: 3-8
classes), constituent biomarkers (grid in purples (=present) and white (=absent) above pie
charts), treatment arms with the highest pCR rate in one or more class (grid with turquoise
(=selected) and cream (=not selected) squares labeled *Selected arms’), and in silico
experiment stacked barplot showing pCR rates achieved in the control amm (black),

30  experimental arms {orange); and estimated pCR rates if treatments had been optimally
assigned using receptor subtype (red) or by the response-predictive schema in the column
(blue and %pCR label). Top (pink bars) shows just the gain in pCR relative to receptor
subtype.
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[0024} Figure 7. Impact of subtyping schema on minimum required efficacy of new
agent. a) Sankey plot showing a variety of ways to combine Her2low status with other
phenotypes/biomarkers including Luminal vs. Basal and Immune/DRD. b) scatter plot
showing prevalence of HER2low subset (x-axis) vs. the minimum pCR rate a HER2low-
targeting agent would have to achieve to equal that of the I-SPY2 agent with the highest

response in that subset (minimum efficacy; y-axis).

[0025] Figure 8. Number of genes, phespho-proteins, and ‘qualifving’
biomarkers/signatures associated with pCR by arm. a) Bar chart showing % arm-subtype
pairs where a biomarker associates for pCR (y-axis) for each biomarker (x-axis), b) pCR-
association dot-plot for HER2+ subset showing the level and direction of association between
each signature (column} and pCR in the population/arm as labeled (rows): all HER2+ ina
model adjusting for Tx (top row) and by arm where HER2+ patients were eligible.
Key=red/blue dot indicates higher/lower levels ~ pCR; size of dot ~ strength of association
(1/p). with white background indicating p<0.05; X denotes missing data. ¢-d) % biomarker-
receptor subtype pairs associated with pCR by arm, for the 27 qualifying biomarkers {c) and

over the transcriptome as a whole (d).

[0026} Figure 9. a) Clustered heatmap of selected dichotomized (or binary/categorical)
biomarkers (rows) and patient samples (columns), with samples annotated by receptor
subtype, PAMS30 subtype, TNBC subtypes (7- and 4-class), pCR, and arm. b) Schematic
showing how key biological phenotypes/biomarkers (third row) are combined to create I-SPY
2 subtypes (top row), standard receptor subtype (second row), and composite subsets (third
row) that are then combined to create the ‘final’ integrated response subtyping schemas
(fourth row). Broken lines/arrrows indicate inclusion of a 3-state Her2 (HER2=0/low/+). Red
arrows indicate biomarkers/phenotypes incorporated in resulting integrated response-
predictive schemas. ¢) boxplots showing the VCpred TN signature in pCR and non-pCR
patients in the BrighTNess trial (NCT02032277; (Filho et al., 2021; Loibl et al., 2018)) in all
carbo-containing arms (top) and by arm (bottom). d) Sankey showing prevalence of
HR+HER2- patients positive for Immune and/or DRD biomarkers, and barplots to the right
showing associated pCR rates for Pembro, VC, and control arms by biomarker subset. Inset
table shows pCR rates for HR+HER2-/Immune+ vs. HR+HER2-/Immune- in the Pembro arm
with Fisher’s exact test p-value of association pCR ~biomarker; as well, pCR rates and the
association p-value are shown for HR+HER2-/DRD+ vs. HR+HER2-/DRD- in the VC arm.

In the barplots, # denotes patient subset too small to be evaluable (<5). e) Association with
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pCR by RPS-5 {(blue dots) vs. receptor subtype (red diamonds) by arm, where the y axis is -
log{LR p} and the x axis is biascorrected mutual information. Blue (red) arrows and labels
denote RPS-5 is more (less) predictive than receptor subtype. f-g) Kaplan-Meier plots for
Distant Recurrence-Free Survival (DRFS) by RPS-5subtype, within patients who achieved

pCR (f) and those with residual disease after chemo-targeted therapy (g).

[0027] Figure 10. HER2-low example of adapting a response predictive subtyping
schema to accommodate a new agent class. a) 3-state HER2: Sankey plot showing
relationship between HR status and Her2low vs HER2=0 in the HER2-negative subset with
HER2 THC data available (585/742). b) Sankey diagram illustrating the relationship between
receptor subtype and RPS-7 subtypes, with barplots to the right showing pCR rates by arm in
each biomarker-defined subset. ¢} /n silico ‘thought experiment’ barplot showing pCR rates
achieved in the control arm (black bar), experimental arms (orange bar); and estimated pCR
rates if treatments were optimally assigned using receptor subtype (red bar) or RPS-7 (blue

bar) in the population as a whole.

[0028] Figure 11. Mosaic plots showing the relationships between TN classifications by
RPS-5 with two previously published TN subtyping schemas, the 4-class Brown/Bernstein

classification (Burstein et al., 2015) (a) and the 7-class TNBCtype (Lehmann et al., 201 1) (b).

[0029] Figure 12. 343 patients with HER2-negative BC with mformation on pCR and
mRNA in 5 IO arms (Pembro: 69, Durva: 71, Pembro/SD101:72, Cemi: 60, Cemi/LAG3: 71)
plus controls (Ctr: 179) were considered. 32 continuous markers including 30 immune (7
checkpoint genes, 14 immune cell, 3 T/B-cell prognostic, | TGFB and 5 tumor-immune) and
ESRI1/PGR and proliferation signatures, were assessed for association with pCR using
logistic regression. p-values were adjusted using the Benjamini-Hochberg method (BH

p<0.05).

DETAILED DESCRIPTION

Patients to be evaluated for selection of treatment

[0030] Patients that are evaluated for assignment to a treatment prediction subtype as

described herein have Stage II or 11 breast cancer; with a minimum tumor size of 2.5 cm or
greater by clinical exam or 2.0 cm or greater by imaging. Stage Il or Stage III is determined
in accordance with anatomic standards relating to tumor size, lymph node status, and distant

metastasis. (as described by the American Joint Committee on Cancer). These patients
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include patients that have HER2 positive or negative tumors and HR positive or negative
tumors. Stage Il patients that are identified as low risk by a biomarker analysis panel, such as
a MammaPrint® biomarker panel, do not typically undergo further assessment for
assignment of a treatment prediction subtype, as chemotherapy or alternative therapeutic
regimens have not been observed to provide further therapeutic benefit over surgery and

radiation.

[0031] In some embodiments, alternative diagnostic tests are performed to determine that a
Stage 1T breast cancer is low risk and therefore typically not assigned to a treatment
prediction subtype. Such analysis of tumor profiles can employ tests such as those provided
by Oncotype Dx (Genomic Health, Redwood City, CA), Prosigna (NanoString Technologies,
Seattle WA), EndoPredict (Myriad Genetics, Salt Lake City, UT) and Breast Cancer Index
(BC1) {Biotheranostics, Inc., San Diego, CA).

[0032] A breast cancer is considered to be HER2-negative (HER2-) if it does not detectably
express HER2, whereas a breast cancer is determined to be HER2-positive (HER2+) if it does
detectably express HER2. For this purpose, detectable expression is determined by
evaluating protein expression, typically by immunohistochemistry fluorescent in situ

hybridization.

[0033] Similarly, a breast cancer is considered to be estrogen receptor-negative (ER-
negative or ER-) or progesterone receptor-negative (PR-negative or PR-) if it does not
detectably express ER or PR, respectively, whereas a breast cancer is determined to be ER-
positive (ER+) or PR-positive (PR+) if it does express ER or PR, respectively. For this
purposes, detectable expression is determined by evaluating protein expression, typically by

immunohistochemistry.
[6034] The term “HR+ refers to a breast cancer that is ER-positive and/or PR-positive.

[6035] For assignment to a treatment prediction subtype as described herein, breast cancers
are also classified as luminal or basal molecular subtype. Basal breast cancers correlate best
with triple negative (ER-negative, PR-negative, and HER2-negative) breast cancers {Rakha et
al., 2009. Clin Cancer Res 15: 2302-2310; Carey et al., 2007. Clin Cancer Res 13: 2329

2334). Luminal-like cancers are ER-positive (Nielsen et al., 2004. Clin Cancer Res 10: 5367-
5374), and HER?2 positive cancers have a high expression of the HER2 gene (Kauraniemi and

Kallioniemi. 2006. Endocr Relat Cancer 13: 39-49). The different molecular subtypes of

breast cancer have different prognoses: luminal-like tumors have a more favorable outcome
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and basal-like and HER2 subgroups appear to be more sensitive to chemotherapy {Sorlie et
al., 2001. Proc Natl Acad Sci USA 98: 10869-10874; Rouzier et al., 2005. Clin Cancer Res
11; 5678-5685; Liedtke et al., 2008. J Clin Oncol 26: 1275-1281; Krijgsman et al., 2012,

Breast Cancer Res Treat 133: 37-47).

5 [0036] The MammaPrint® biomarker assay (Agendia) measures the activity of 70 genes to
determine the 5-10-vear relapse risk from women diagnosed with early breast cancer. The
results are reported as either low-risk or high risk for developing distant metastases within 5
or 10 vears after diagnosis. Extensive validation studies (Piccarf et al., 2021, Lancet Oncol
22:476-488; Cardoso ef al., 2016. N Engl J Med 375: 717-729; Drukker ef al., 2013. Int J

10 Cancer 133: 929-936; Bueno-de-Mesquita ef /., 2007. Lancer Oncol 8: 1079-1087; van de
Vijver et al., 2002. New Engl J Med 34: 1999-2009) have demonstrated the predictive value
of the assay. The assay is described in W0O2002103320, which is incorporated by reference.
According to W02002103320, a MammaPrint® test (also termed “Amsterdam gene
signature test” or MP) is based on the expression levels of at least 5 genes from a total of 231

15  indicated in Table 3. Genes that are included in the 70 genes MP signature are PALM?2-
AKAP2, ALDH4A1, AP2B1, BC3, Cl6orf95, CAPZB, CCNE2, CDC42BPA, CDCA7,
CENPA, CMC2, COL4A2, DCK, DHXSS, DIAPH3, DTL, EBF4, ECI2, ECI2, ECT2,
EGLNI, ESM1, EXTI, FGF18, FLTI, GMPS, GNAZ, ADGRG6, GPR1&80, GRHLZ,
GSTM3, SERF1A, HRASLS, IGFBPS, JHDMID-AS1, LIN9, LPCAT1, MCM6, MELK,

20 MIR210HG, MMP9, MS4A7, MS4A 14, MSANTD3, MTDH, NDC80, NMU, NUSAP1,
ORC6, OXCTI1, PITRM1, PRC1, QSOX2, RAB6B, RFC4, RTN4RL1, RUNDCI1, SCUBE2,
SLC2A3, SMIMS35, STK32B, TGFB3, TMEM65, TMEM74B, TSPYLS, UCHLS, WiSPland
ZNF385B.

Prediction subtypes

25 [0037] Described herein are methods of classifying breast cancer tumors for assignment to
an RPS as described herein. The method comprises analysis of tumors to interrogate various
biological pathways in addition to HER2 and HR signaling pathways. As detatled herein,
tumors are assigned to a response-predictive biological phenotype by considering promising

treatments {e.g., immunotherapy, dual-HER2, and platinum-based) and basic cancer biology

LI
<

(e.g. proliferation and DNA repair deficiency).

[0038] For purposes of this disclosure, patients are considered Immune-positive

(Immune-+) if their immune-tumor state, also referred to herein as immune profile, is such
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that they are likely to respond to immunotherapy based on analysis of panels of immune
pathway markers, e.g., those provided in Table A, as described herein; and are considered
DNA repair deficient/platinum-responsive (DRD+) if response to a platinum agent with or
without PARP-inhibition is likely. As biomarkers representing the same biology are
correlated and can be subtype-specific, multiple immune and DRD markers can be used to
implement these biological phenotypes and perform similarly. Furthermore, as alternative

biomarkers come available, they can be substituted for biomarker panels described herein.

[0039] The present disclosure thus provides various classifications for selecting a therapy
based on assigning the patient to a response prediction subtype classification based on
analysis of biomarker panels comprising immune response genes, DNA repair gene, HER2
status, and assignment of Basal-type or Luminal-type status. In some embodiments, methods
of assigning a patient to a response prediction subtype comprises assigning the patient to one
of five classifications: HER2 /Immune-/DRD-, HER2-/Immune-/DRD+, HER2/Immune+,
HER2+/Blueprint-HER2 or Blueprint-Basal, and HER2+/Blueprint-Luminal.

Determination of Luminal, Basal, HER2-tvpe

[0040] As is used herein, the term “BluePrint®” (US Patent Nos. 9,175,351 10,072,301;
Krijgsman et al., 2012. Br Can Res Treat 133: 37-47) refers to a molecular subtyping test,
analyzing the activity of 80 genes to stratify breast cancer into one of three subtypes: luminal-
, basal- or HER2-type. Alternatively, the PAMS0 classifier (Parker, ef al., JCO 27, 1160~
1167 (2009) can be employed. In some embodiments, “HER2-ness” is assessed using any
test classifying a tumor with either cell membrane presence of HER2 protein and functional
activity of the pathway, e.g., using BluePrint® or PAMS0 classifier. In some embodiments
assignment of a tumor as a luminal-type, basal-type or HER2-type employ the 80-gene
BluePrint® panel, or a subset thereof, e.g., as described in US Patent Application Publication
No. 20160115552, As described in US Patent Nos. 9,175,351 and 10,072,301, BluePrint®
analysis involves determining RNA expression levels of at least adrenomedullin (ADM),
Coiled-Coil Domain Containing 74B (CCDC74B), Moesin (MSN), Thrombospondin Type 1
Domain Containing 4 (THSD4), Perl-Like Domain Containing ! (PERLD1) and
Synaptonemal Complex Protein 3 (SYCP3), of Neuropeptide Y Receptor Y1 (NPY IR),
SRY-Box Transcription Factor 11 (SOX11}, ATP Binding Cassette Subfamily C Member 11
(ABCCI11), Proline Rich 15 (PRR15) and Erb-B2 Receptor Tyrosine Kinase 2 (HER2;

12



10

20

|8
<

WO 2023/164653 PCT/US2023/063273

ERBB2}, or of a combination thereof. The 80 genes included in the BluePrint® test are

indicated in Table 4.
Determination of Immune status

[0041] In the present disclosure, “Imnune+” and” Immune — means that the patient with a
tumor of such status has a likelithood to benefit from/respond to immune modulating therapy
(if immune+) or not likely (if immune-). As used herein, determining the “immune status” or
“tmmune profile” of a tumor refers to classifying a breast cancer tumor as having a positive
or negative immune response profile for responding to an immunotherapy treatment.
Determining the immune status comprises analyzing one or more biomarker panels
comprising immune response genes to determine whether or not a patient has an immune
response profile value (e.g., based on expression pattern, e.g., mumber of immune response
genes expressed and/or level of expression), that is associated with an increased likelihood of
a high pCR to a treatment that targets one or more genes that regulate T-cell, B-cell, dendritic
cell, or natural killer (NK) cell immune functions, e.g., a checkpoint inhibitor therapy,
compared to alternative therapies, such as a therapy that targets DNA repair defects, As used
herein a “high” or “highest” pCR refers to a comparison of pCR rates among therapy options.
Thus, for example, for a HER2-/Immune+ breast cancer, a therapy such as Pembro is
considered to have the highest pcR rate relative to other therapies that target DNA repair

pathways, the AKT pathway, standard chemotherapy, etc.

[0042] In some embodiments, an immune response profile value associated with an
increased likelihood of a pCR 1s considered positive when it reaches or exceeds a threshold
value. Similarly, an immune response profile is considered negative when it is below the
threshold value. In some embodiments, an immune response profile is determined for one or

more immune response biomarker panels designated as follows and shown 1n Table A.

ModuleS TeceliBcell (PMID:24516633: Wolf et al, PLOS ONE February 7, 2014,
9(2), e883019, pages 1-16);

ICS5 (PMID:24172169; Yau et al, Bresar Cancer Res. 2013; 15(5):R103);

B-cells (PMID:28239471, Danaher et al, J. Immunother Cancer 2018 Feb 21;5:18)

Dendritic cells (PMID:28239471, Danaher ef af, 2018, supra);

Mast cells (PMID:28239471, Danaher er al, 2018, supra);

STATI sig (PMID:19272155, Rody et al, Breast Cancer Res. 2009:11(2):R15,
Epub March 9, 2009);
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Chemokinel2 {PMID:21703392, Coppola et al., Am J. Pathol. 2011 Jul:179)1):37-
45y,
Module 3 TFN (PMID:24516633, Wolf er al, 2014, supra).

[0043] The expression score can be determined using various methods. In some
embodiments, continuous biomarkers can be dichotomized using a subtype-specific cross-
validation procedure to optimize performance. For example, a cross-validation procedure can
be applied to select endpoints associated with pCR in a selected treatment arm of the trial to
identify cutoff points for biomarker positively. Logistic models can be employed 1o assess
association with response. For example, in the examples described herein, a cutpoint was
selected as ‘optimal’ if: (1) it was selected as optimal >100 times in the training set; (2) p<E-
15 in the test sets {combined using the logit method {Dewey, 2018)); and (3) the prevalence is

reasonably balanced.

[0044] One of skill understand that alternative bioinformatics algortihms can also be
emploved to determine an expression score. Thus, classification of a positive or negative
immune response profile based on gene expresson profiling of an immune response panel can
be performed by a number of statistical techniques including, but not limited to, Markov
clusterin, multi-state semi-Markov models, Cox Proportional Hazards models, shrinkage
based methods, tree based methods, Bayesian methods, kemel based methods and neural
networks. For example, established statistical algorithms and methods useful as models or
useful in designing predictive models, can include but are not limited to: analysis of variants
(ANOVA); Bayesian networks; boosting and Ada-boosting; bootstrap aggregating (or
bagging) algorithms; decision trees classification techniques, such as Classification and
Regression Trees (CART), boosted CART, Random Forest (RF), Recursive Partitioning
Trees (RPART), and others; Curds and Whey (CW); Curds and Whey-Lasso; dimension
reduction methods, such as principal component analysis (PCA) and factor rotation or factor
analysis; discriminant analysis, including Linear Discriminant Analysis (LDA), Eigengene
Linear Discriminant Analysis (ELDA), and quadratic discriminant analysis; Discriminant
Function Analysis (DFA); factor rotation or factor analysis; genetic algorithms; Hidden
Markov Models; kernel based machine algorithms such as kernel density estimation, kernel
partial least squares algorithms, kernel matching pursuit algorithms, kernel Fisher's
discriminate analysis algorithms, and kernel principal components analysis algorithms; linear
regression and generalized linear models, including or utilizing Forward Linear Stepwise

Regression, Lasso (or LASSO) shrinkage and selection method, and Elastic Net
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regularization and selection method; glmnet (Lasso and Elastic Net-regularized generalized
linear model); Logistic Regression (LogReg); meta-learner algorithms; nearest neighbor
methods for classification or regression, e.g. Kth-nearest neighbor (KNN); non-linear
regression or classification algorithms; neural networks; partial least square; rules based
classifiers; shrunken centroids {SC}; sliced imverse regression; Standard for the Exchange of
Product model data, Application Interpreted Constructs (StepAIC); super principal
component {(SPC) regression; and, Support Vector Machines (SVM) and Recursive Support

Vector Machines (RSVYM), among others.

[0045] In some embodiments, an immune response profile may be determined by
evaluating expression of a subset of genes in an immune response panel and/or by assessing
other genes that are indicators of immune pathway activation or suppression. For example,
determining an immune response profile may comprise analyzing expression of a subset of at
least five or more, or ten or more or fifteen or more, or twenty or more genes of a

Module5 TcellBcell panel; and/or three or more or five or more genes of a STATI panel or
chemokine 12 panel (see, Table A). In some embodiments, one or more genes identified as
playing a role in the pathways/cell-types indicated in the first column of Table A may be

added to the panel or substituted in the panel.

Table A

Scoring method*

*starting with
Biomarkers Genes/proteins normalized and
combined
transcriptome and
RPPA data

IGSF6, LILRB2, BTN3A3, UBD, CXCL13, GNLY, CXCRS, CTSC,
HCPS, PIM2, SP140, CCR7, CTSS, CYBB, FCN1, TFEC, SEL1L3,
FYB, GBP1, LAMP3, ADAMDECL, GPR18, {COS, GPR171,
GZMH, GZMB, GZMK, BIRC3, IFNG, IL2RG, iL15, {DO1,
CXCL10, IRF1, 1SG20, ITK, LAG3, LCK, LYN, CXCL9, NKG7,
Module5_TcellBeell | TRAT1, MGC29506, PLACS, POU2AF1, CRTAM, SLAMFS,
PSMBY, PTPN7, SLAMF7, BCL2AL, TNFRSF17, CCLS, CCLS,
CCL13, CCL18, CCL1S, CXCL11, SELL, SAMSN1, RTP4, CLECTA,
TAP1, WARS, PLA2G7, ZBED2, NPL, RUNX3, VNN2, CD3G,
1L32, CD8B, CD19, CD86, AIM2, CD38, CYTIP, LOCI6610,
CD69, CD79A

1) Mean center, 2)
take modified inner
product with
centroid as published
and described below
{though averaging
would yield similar
results), 3) Z-score

1)} Mean center, 2)
ICS5 CXCL13, CLICS, HLA-F, TNFRSF17, XCL2 average over genes,
3) Z-scare

1) Average over

BLK, CD19, FCRL2, KIAAQ125, MS4A1, PNOC, SPIB, TCL1A,
genes, 2) mean

B_cells TNFRSF17

center, 3) Z-score
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1) Average over
Dendritic_cells CCL13, CD209, HSD11B1 genes, 2) mean
center, 3) Z-score

1) Average over
Mast_cells CPA3, HDC, MS4A2, TPSAB1, TPSB2 genes, 2) mean
center, 3) Z-score

TAP1, GBP1, IFiH1, PSMB9, CXCLO, IRF1, CXCL11, CXCL1O, 1) Mean center, 2)

STAT1_sig {DO1, STAT1 average over genes,
3) Z-score
) CCL2, CCL3, CCLA, CCLS, CCL8, CCL18, CCL19, CCL21, cxcLo, | 1) Mean center, 2)
Chemokinel2 average over genes,

CXCL10, CXCL11, CXCL13
3) Z-score

1} Mean center, 2)
take modified inner
product with
centroid as published
and described below
{though averaging
would vyield similar

{F144, IF144L, DDX58, FI6, IF127, IFIT2, IFIT1, IFIT3, CXCL10,
Module3_IFN MX1, OAS1, OAS2, OAS3, HERCS, SAMDS, HERCS, DDX60,
RTP4, IFiH1, STAT1, TAP1, OASL, RSAD2, 15G15

results), 3} Z-score

[0046] In some embodiments, determination of Immune+ or Immune- status comprises
evaluating Module 5 TcellBeell, B cells, Dendritic_cells, STAT1 sig, Mast Cell, and

chemokine 12 biomarker panels.
Determination of DNA Repair Deficiency (DRD) status

[6047] In the present disclosure, “DRD+" and” DRD — means that a patient with a tumor
of such status has a likelihood to benefit from/respond to a therapy that targets a DNA repair
defict (if DRD+) or not likely (if DRD-). As used herein, determining the “DRD status” or
“DRD profile” of a tumor refers to classifying a breast cancer tumor as having a positive or
negative DRD response profile for responding to DRD-targeted treatment. Determining the
DRD status comprises analyzing one or more biomarker panels comprising genes indicative
of DNA repair status to determine whether or not a patient has a DRD response profile value
(e.g., based on expression pattern, e.g., number of DRD genes expressed and/or level of
expression), that is associated with an increased likelihood of a high pCR to a treatment that

targets DNA repair defects, compared to alternative therapies, such as immunotherapies.

[0048] In some embodiments, a DRD response profile value associated with an increased
likelihood of a pCR is considered positive when it reaches or exceeds a threshold value.
Similarly, DRD response profile is considered negative when it is below the threshold value.

In some embodiments, a VCpred TN panel is employed for tumors that are triple-negative,
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re., ER/PR/HER2". In some embodiments, a DRD response profile is determined for one or

more DRD biomarker panels designated as follows and shown in Table B.

PARPi7 (PMID: 22875744, Daemen et al, Breast Cancer Res Treat 2012,
135(2):505-517, 2012; and PMID: 28948212, Wolf ef al., NPJ Breast Cancer 2017 Aug
235;3:31, eCollectoin 2017);

PARPi7 plus MP2, Genes in PARPi7 + Genes in MP_index (PMID 28948212,
Wolfer al, 2017, supra);

VCpred TN (described herein)

[0049] The expression score can be determined using various methods. In some
embodiments, continuous biomarkers can be dichotomized using a subtype-specific cross-
validation procedure to optimize performance. For example, a cross-validation procedure can
be applied to select endpoints associated with pCR in a selected treatment arm of the trial to
identify cutoff points for biomarker positively. Logistic models can be emploved to assess
association with response. For example, in the examples described herein, a cutpoint was
selected as ‘optimal’ if: (1) it was selected as optimal >100 times in the training set; (2) p<E-
15 in the test sets {combined using the logit method (Dewey, 2018)); and (3) the prevalence is

reasonably balanced.

[6050] One of skill understand that alternative bioinformatics algortihms can also be

employed to determine an expression score. Thus, classification of a positive or negative
DRD response profile based on gene expresson profiling of a DRD response panel can be
performed by a number of statistical technique as detailed herein in the section regarding

analysis of immune response panel expression profiles.

[0051] In some embodiments, a DRD response profile may be determined by evaluating
expression of a subset of genes in a DRD response panel. For example, determining a DRD
response profile may comprise analyzing expression of a subset of at least three or more of a
PARPi7 panel; and/or at {east five or more genes of a Mammaprint (MP) index panel. In
some embodiments, one or more other biomarkers indicative of DNA Repair status can be
evaluated in addition to those listed in a panel below. In some embodiments, an alternative

biomarker indicative of DNA Repair status can substitute for one of the biomarkers below.
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Prediction genes: BRCAL, 1) divide each PARP\-7 predictor geneliev?ﬁ (not centered)
by the geometric mean of the normalization genes, 2)
CHEK2, MAPKAPK?2, . .
MRE11IA NBN TDG. XPA: log2-transform each ratio and median center, 3) calculate
PARPi7 ' ! ! ’ score as Weights*{Genes —Boundaries), using Weights={-

Normalization genes:
RPL24, ABI2, GGAZ, E2F4,
1PO8, CXXC1, RPS10

0.5320, 0.5806, 0.0713, -0.1396, -0.1876, -0.3937, -
0.2335) and Boundaries=(-0.0153, -0.006, 0.0031, -
0.0044, 0.0014, -0.0165, -0.0126), 4} standardize to sd=1

PARPi7_plus_MP2

Genes in PARPi7 + Genes in
MP_index

1) PARPI7 + MP_index_adj*{-1}, 2) Z-score

VCpred_TN

CXCL13, BRCA1, APEX1,
FEN1, CD8A, SEM1, APEX2,
RNMT, CCR7, H2AFX,
POLD3, PRKDC, C1QA,
CLIC5, RADS1, DDB2, SPP1,
OLD2 POLB, LIG1, GTF2HS5,
PMS2, LYS, SHPRH

1) mean center, 2) calculate weighted average =
{13.60*CXCL13 -6.48*BRCAL + 6.41*APEX1 + 5.32%FEN1 +
4.85*CD8A - 4.84*SEM1 + 4. 78*APEX2 - 4. 60*RNMT +
4.51*CCR7 + 3.99%H2AFX + 3.88*POLD3 - 3.49*PRKDC +
3.48*C10QA +3.33*CLIC5 - 3.24*RAD51 +3.10 *DDB2 -
2.83*SPP1 - 2.80 *POLD2 - 2.80*POLB + 2.72*LiIG1 -
2.67*GTF2H5 — 2.63*PMS2 + 2.60*LY9 -2.34*SHPRH +
6.27*ARAF), 3) Z-score

Expanded predictor subtype classification

[0052]

In some embodiments, a response predictor subtype may comprise seven

classifications, in which HER2+ subtypes are further classified based on “HERZ2-ness”. In

this schema, HER2 levels of breast cancers are assigned as HER2-0, HER2-low, or HER2+.

“HER2-ness” can be assessed based on one or more of the following ERBB2 evaluations:

HER2 Index, (PMID: 21814749, Krijgsman et al, Breast Cancer Res. Treat

133:37-47, 2012)

Mod7 ERBB2 (PMID: 24516633, Wolf er al, PLoS One 9288309, 2014)

EGFR.Y 1173 (PMID: 32914002, Wulfkuhle er o/, JCO Precis Oncol 2:

PO.18.0024, 2018)
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EGFR. Y1173 (PMID: 32914002, Wulfkuhle er a/, 2018, supra)

Table C
e ndex | ez 7, o, | 257 MR e o rr e
(HER2_type) SYCPB & 2e prop Y

centroid method in publication

1) Mean center, 2) take modified inner product with
centroid as published and described in examples, 3)
Z-score

ERBB2, GRB7, STARD3,

Moduie7_ERBB2
- PGAP3

phospho-protein ERBB2
Y1248

Z-score values

ERBB2 Y1248

phospho-protein ERBB2
Y1248

Z-score values

EGFRY1173

[0053] Accordingly, one of skill can further classify a tumor as HER2-0/HER2-low or
HER2+,

Determining expression levels of genes in a panel

[0054} The level of RNA, typically mRNA transcripts encoded by a gene, in an RNA sample
from a breast cancer sample obtained from a patient as described above can be detected or
measured by a variety of methods including, but not limited to, an amplification assay,
sequencing assay, or a hybridization assay such as a microarray chip assay. As used herein,
"amplification" of a nucleic acid sequence has its usual meaning, and refers to in vitro
techniques for enzymatically increasing the number of copies of a target sequence.
Amplification methods include both asymmetric methods in which the predominant product
is single-siranded and conventional methods in which the predominant product is double-
stranded. The term “microarray” refers to an ordered arrangement of hybridizable elements,
e.g., gene-specific oligonucleotides, attached to a substrate. Hybridization of nucleic acids
from the sample to be evaluated is determined and converted to a quantitative value

representing relative gene expression levels.
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[0055] Non-limiting examples of methods to evaluate levels of RNA include amplification
assays such as quantitative RT-PCR, digital PCR, isothermal amplification methods such as
gRT-LAMP, strand displacement amplification, ligation chain reaction, or oligonucleotide
elongation assays. In some embodiments, multiplexed assays, such as multiplexed

amplification assays are employed.

[0056] In some embodiments, expression level is determined by sequencing, e.g., using
massively parallel sequencing methodologies. For example, RNA-Seq can be employed to
determine RNA expression levels. Other sequencing methods include example, R,
sequencing-by-synthesis, paired- end sequencing, single-molecule sequencing, nanopore
sequencing, pyrosequencing, semiconductor sequencing, sequencing-by-ligation, sequencing-
by-hybridization, Digital Gene Expression, Single Molecule Sequencing by Synthesis
(SMSS), Clonal Single Molecule Array (Solexa), shotgun sequencing, Maxim-Gilbert

sequencing, primer walking, and Sanger sequencing.

[0057] Typically measured RNA values are normalized to account for sample-to-sample
variations in RNA isolation and the like. Methods for normalization are well known in the
art. In some embodiments, normalized values may be obtained using a reference level for
one or more of control gene; or exogenous RNA oligonucleotides. A control value for
normalization of RNA values can be predetermined, determined concurrently, or determined
after a sample is obtained from the subject. Thus, for example, the reference control level for
normalization can be evaluated in the same assay or can be a known control from one or

more previous assays.

[0058] In alternative embodiments, expression of a panel of genes is determined by
analyzing levels of protein expressed by the gene. Protein levels can be detected by
immunoassay or use of binding agents that bind to a protein of interest, e.g., aptamers. In
some embodiments, protein modification may be assessed, e.g., phosphorylation status of
biomarker proteins that are phosphorylated/desphosphorylated in various kinase pathways

can be assessed.

[8059] Classification methods described herein may be totally or partially performed with a
computer system including one or more processors, which can be configured to perform the
steps. Thus, some embodiments are directed to computer systems configured to perform the
steps of any of the methods described herein, potentially with different components

performing a respective step or a respective group of steps. Typically, the computer will be
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appropriately programmed for receipt and storage of the data from the device, as well as for
analysis and reporting of the data gathered. Results can be cast in a transmittable form of
information that can be communicated or transmitted to other individuals, e.g., researchers or
physictans, or patients. Such a form can vary and can be tangible or intangible. The result in
5 the individual tested can be embodied in descriptive statements, diagrams, charts, images or
any other visual forms. For example, statements regarding levels of gene expression and
levels of protein may be useful in indicating the testing results. Statements and/or visual
forms can be recorded on a tangible media or on an intangible media and transmitted. In
addition, the result can also be recorded in a sound form and transmitted through any suitable
10 media, e.g., analog or digital cable lines, fiber optic cables, etc., via telephone, wireless
mobile phone, internet phone and the like. All such forms (tangible and intangible) would
constitute a "transmittable form of information”. Thus, the information and data on a test

result can be produced anywhere and transmitted to a different location.

[0060] Received data, e.g., immune and DRD profile data, can provide immune status and

15 DNA Repair deficiency status to allow assignment of a breast cancer to a response predictor
subtype in conjunction with data for hormone receptor and HER?2 status. Additional data that
can be transmitted/received includes includes HER?2 status, hormone status, basal or luminal
classification, and/or “HER2ness”. Accordingly, patients can be classified for DNA-Repair-
Deficiency sensitivity (DRD + or -) and Immune-modulation sensitivity (Immune + or -).

20 Receptor subtypes HR+/HER2- and TN breast cancers are classified to HER2-/Immune-
/DRD-, HER2-/Immune+ (including both DRD + or — status), and HER2-/Immune-/DRD+
classes. In addition, Receptor Subtypes HR-/HER2+ and HER+/HER2+ can be reclassified
by the Response Predictive Subtypes into HER2+/BluePrint-HER 2type or Basaltype, and
HER2+/BluePrint-luminal type.

25  Selection of treatment regimens

[0061] Selection of a treatment is based on comparison of pCR rates for various treatment
protocols as described in the section “ANALYSIS OF PATIENT DATA THAT
IDENTIFIED RESPONSE PREDICTOR SUBTYPES” to assign a breast cancer tumor to a

response predictor subtype. The treatment that shows the highest pCR for tumors categorized

LI
<

into each of the subtypes classifications, e.g.,, HER2-/Immune-/DRD-, HER2-/Imimune-
/DRD+, HER2-/Immune+, HER2+/Blueprint-HER2 or Basal, and HER2+/Blueprint-

Luminal, is typically selected as a recommended therapy. However, one of skill understands
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that other considerations, such as toxicity, are taken into account when ultimately selecting a

therapy for a patient.

[0062] As is used herein, the term “combination” refers to the administration of effective
amounts of compounds to a patient in need thereof. Said compounds may be provided in one
pharmaceutical preparation, or as two or more distinct pharmaceutical preparations. Said
compounds may be administrated simultaneously, separately, or sequentially to each other.
When administered as two or more distinct pharmaceutical preparations, they may be
administered on the same day or on different days to a patient in need thereof, and using a
similar or dissimilar administration protocol, e.g. daily, twice daily, biweekly. orally and/or
by infusion. Said combination is preferably administered repeatedly according to a protocol
that depends on the patient to be treated (age, weight, treatment history, etc.), which can be
determined by a skilled physician. Said protocol may include daily administration for 1-30
days, such as 2 days. 10 days, or 21 days, followed by period of 1-14 days, such as 7 days, in

which no compound is administered.

[0063] As described herein, a therapy to treat the breast cancer can be selected based on the
response predictive subtype. In some embodiments, a checkpoint inhibitor therapy, e.g., a
PD1/PDL1 checkpoint inhibitor therapy, is selected for a breast cancer assigned to the HER2-
/Immune+ subtype. In some embodiments, a dual-anti-HER?2 therapy, e.g., anti-HER2
therapeutic antibodies, is selected for a breast cancer assigned to the HER2+ that are not
luminal subtype. In some embodiments, a DNA repair therapy, such as a platinum-based
therapy or a PARP inhibitor is selected as a therapeutic agent for a breast cancer assigned to a
HER2-/Immune-/DRD+ subtype. In some embodiments, a combination therapy including an
AKT inhibitor or AKT pathway inhibitor is selected for a breast cancer assigned to the
HER2+/BP-Luminal subtypes. In some embodiments, a necadjuvant endocrine therapy is

selected for a HR+ breast cancer assigned to the HER2-/Immune-/DRD- subtype.

[0064] [lustrative treatments for each of the categories are provided below. In this
example treatment schema, the HER2-/DRD-/Immune- is split based on either HR+ or TN
(their origin). Thus, for example, for the RPSS 5 subtypes, 6 sets of 2 regimens are:

HER2-/DRD-/Immune-/HR+: paclitaxel or paclitaxel plus AKTi

HER2-/DRD-/Immune-/TN: carboplatin + pachtaxe} or carboplatin
+paclitaxel+ PD1/PDL1 inhibitor
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HER2-/Immune +: PD-1/PDL-1 inhibitor + paclitaxel or
PD-1/PDL-1 inhibitor + paclitaxel + carboplatin

HER2-/Immune-/DRD+: carboplatin + paclitaxel or

carboplatin +paclitaxel+ PD1/PDL1 inhibitor

HER2+/BP-HER2-type or Basal-type: paclitaxel + trastuzumab + pertuzumab (THP} or
paclitaxel + carboplatin + trastuzumab +
pertuzumab (TCHP)

HER2+/BP-luminal-type: paclitaxel + trastuzumab + pertuzumab (THP),

or
paclitaxel + trastuzumab + AKTi.

In some embodiments, a patient categorized as having a HER2-/DRD-/Immune-/TN subtype

breast cancer is not administered a PD1/PDL! inhibitor. In some embodiments, HER2- can

be further subdivided into HER2-0 and HER2-low groups, for therapies that specifically

target HER2-low tumors.

[0065] The invention provides a method of typing a Stage I or Stage 111 breast cancer,
comprising 1) determining the breast cancer’s HER2 status; i1) determining a molecular
subtype, for example by determining the breast cancer’s BluePrint status, i.e. assignment of
the breast cancer BluePrint HER2+, BluePrint Basal or BluePrint Luminal subtype; iit)
determining the breast cancer’s immune response profile for responding to an
immunotherapy treatment, wherein a positive immune response profile is assigned by
determining that the expression patiern of at least one panel of immune status genes reaches
or exceeds a threshold that is associated with a high pathology complete response (pCR) rate
for patients treated with an immune pathway-targeted therapy compared to patients treated
with therapies that do not target the immune response; and a negative immumne response
profile is assigned by determining that the expression pattern is lower than the threshold; iv)
determining the breast cancer’s DNA Repair Defect (DRD) profile for responding to a DNA
repair treatment, wherein a positive DRD response profile is assigned by determining that the
expression pattern of at least one panel of DRD status reaches or exceeds a threshold that is

associated with a high pathology complete response (pCR) rate for patients treated with a
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DNA repair-targeted therapy compared to patients treated with therapies that do not target
DNA repair; and a negative DRD response response profile is assigned by determining that
the expression pattern is lower than the threshold; and v) assigning the breast cancer to a
response predictor subtype selected from the group consisting of HER2- /Immune-/DRD-,
HER2-/Immune-/DRD+, HER2- /Immune+, HER2+/BP-HER2-type or Basal-type, and
HER2+/BP-Luminal.-type, thereby typing the breast cancer for an anticipated response to a
therapeutic treatment. More specifically, the breast cancer response predictor subtypes
HER2-/Immune-/DRD-, HER2-/Immune-/DRD+, HER2-/Immune+, HER2+/BP-HER2-type
or Basal-type, and HER2+/BP-Luminal.-type, are predicted {o respond to the following
thereapeutic treatments: dual-anti-HERZ therapy, DNA repair targeted therapy, immune
therapy, dual-anti-HER?2 therapy and a combination therapy comprising an AKT pathway-

inhibitor, respectively.

[0066] The term “typing of a breast cancer”, as is used herein, refers to the classification of
a breast cancer based on the expression levels of genes, which may assist in the prediction of

a response to a therapeutic treatment.

[0067] The invention further provides a therapeutic treatment option for use in the
treatment of the a breast cancer that is typed as sSHER2-/Immune-/DRD-, HER2-/Immune-
/DRD+, HER2-/Immune+, HER2+/BP-HER2-type and/or Basal-type, and HER2+/BP-

Luminal -type.

[0068] As such, the invention provides a DNA repair targeted therapy for use in a method
of treating a Stage II or Stage Il breast cancer, wherein said cancer is typed as HER2-
/Immune-/DRD+. Said DNA repair targeted therapy preferably is or comprises a platinum
based therapy and/or a PARP inhibitor. A preferred DNA repair targeted therapy for a breast
cancer typed as subtype HER2-/Immune-/DRD+ comprises a combination of carboplatin and

paclitaxel, optionally further comprising a PD1/PDL1 inhibitor.

[0069] The invention further provides an immune therapy for use in a method of treating a
Stage II or Stage 111 breast cancer, wherein said cancer is typed as HER2-/Immune+.
Preferably, said immune response therapy is or comprises a immune check point inhibitor
such as a PDL1/PD1 checkpoint inhibitor. Most preferably, said immune response therapy
comprises a combination of an immune check point inhibitor such as a PDL1/PD1 checkpoint

inhibitor with paclitaxel, optionally further comprising carboplatin.
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[06070] The invention further provides a dual-anti-HER?2 therapy for use in a method of
treating a Stage 11 or Stage III breast cancer, wherein said cancer is typed as HER2+/BP-
HER2-type and/or Basal-type. A preferred dual-anti-HER2 therapy comprises a combination
of paclitaxel, trastuzomab and pertuzumab (known as “THP”) or a combination of paclitaxel,

carboplatin, trastuzumab and pertuzumab (known as “TCHP”).

[0071] The invention further provides a combination therapy for use in a method of treating
a Stage I or Stage III breast cancer, wherein said cancer is typed as HER2+/BP-Luminal-
type. Preferably said combination therapy comprises a combination of paclitaxel, trastuzumab
and pertuzumab (known as “THP”) or a combination of paclitaxel, trastuzumab and a AKT

mhibitor. Said combination therapy optionally comprises an AKT pathway-inhibitor

[0072] The invention further provides a neaoadjuvant endocrine therapy foruse in a
method of treating a Stage II or Stage III breast cancer, wherein said cancer is typed as

HER2-/Immune-/DRD-.

[6073] In some embodiments, an immune therapy is a checkpoint inhibitor selected to treat
a breast cancer. In some embodiments, the checkpoint inhibitor inhibits PD-1/PD-L1
interaction. In some embodiments, the immune checkpoint inhibitor is an inhibitor of PD-LI.
In some embodiments, the immune checkpoint inhibitor is an inhibitor of PD-1. In some
embodiments, a breast cancer may be classified as an Immune+ subtype and the patient is
administered an alternative checkpoint inhibitor such as a CTLA-4, PDLI, ICOS, PDL2,
IDO1, IDO2, PDI, B7-H3, B7-H4, BTLA, HVEM, TIM3, GALY, GITR, HAVCR2, LAG3,
KIR, LAIR1, LIGHT. MARCO, OX-40, SLAM. , 2B4, CD2, CD27, CD28, CD30, CD40,
CD70, CDRO, CD]6, CD137, CD160, CD39, VISTA, TIGIT. CGEN-15049, 2B4, CHK 1,
CHK2, A2aR, or B-7 family ligand inhibitor, or a combination thereof. In some
embodiments, the checkpoint inhibitor is pembrolizumab. Furthermore, many other immune
response pathway therapies targeting alternative pathways will be useful for treatment of

breast cancers assigned to the Immune+ subtype.

[0074] Suitable immune checkpoint inhibitors are CTLA-4 inhibitors such as antibodies,
including ipilimumab (Bristol-Myers Squibb) and tremelimumab (Medimmune); PD1/PDL1
inhibitors such as antibodies, including pembrolizumab (Merck), sintilimab (Eli Lilly and
Company), tislelizumab (BeiGene), toripalimab (Shangai Junshi Biosciense Company),
spartalizimab (Novartis), camrelizumab (Jiangsu HengRui Medicine C), nivolumab and

MDX-1105 (Bristol-Myers Squibb), pidilizumab (Medivation/Pfizer), MEDIO680 (AMP-
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514; AstraZeneca), cemiplimab (Regeneron) and PDROO1 (Novartis); fusion proteins such as
a PD-L2 Fc fusion protein {AMP-224; GlaxoSmithKline}; atezolizumab {Roche/Genentech),

avelumab (Merck/Serono and Pfizer), durvalumab (AstraZeneca), KNO35 (Jiangsu Alphamab
Biopharmaceuticals Company), Cosibelimab (CK-301; Checkpoint Therapeutics), BMS-

5 936559 (Bristol-Myers Squibb), BMS-986189 (Bristol-Myers Squibb); and small molecule
inhibitors such as PD-1/PD-L1 Inhibitor 1 (WO2015034820; (2S)-1-{|2,6-dimethoxy-4-[{2-
methyl-3-phenylphenyl)methoxy]phenyl| methvl|piperidine-2-carboxylic acid), BMS202
(PD-1/PD-L1 Inhibitor 2; WO2015034820; N-[2-[{{2-methoxy-6-[(2-methyl{],1'-biphenyl]-
3-yhmethoxy|-3-pyridinyljmethyljamino] ethyl}-acetamide), PD-1/PD-L1 Inhibitor 3

10 (WO/2014/151634; (3S,6S,125.15S,185,2185.245.27S,30R ,39S.42S.47aS)-3-((  H-imidazol-
5-yhmethyl}-12,18-bis({ 1 H-indol-3-ymethyl)-N,42-bis(2-amino-2-oxoethyl)-36-benzyl-
21,24-dibuty}-27-(3-guanidinopropyl)-1 5-(thydroxymethyl)-6-isobutyl-8,20,23 38,39-
pentamethyl-1,4,7,10,13), CA-170 (Curis) and ladiratuzumab vedotin (Seattle Genetics).

[0075] In some embodiments, a dual-anti-HER?2 therapy is selected for a breast cancer

15  assigned to the HER2-/Immune+ subtype. Such therapies target EGFR and HER2. In some
embodiments, the therapeutic agent is neratinib. In some embodiments the therapeutic agent
is lapatinib. In some embodiments, a dual-anti-HER2 therapy comprises treatement with
trastuzumab (optionally as an antibody-drmg conjugate such as trastuzumab deruxtecan) or
pertuzumab {optionally as an antibody-drug conjugate such as pertuzumab emtansine (T-

20 DMI)), in combination with lapatinib, tucatinib or neratinib. In some embodiments, a dual-
anti-HER2 therapy is selected for a breast cancer assigned to the HER2+ that are not luminal

subtype.

[0076] Therapies that target the AKT pathway are known. Illustrative agents are described,
e.g., by Martorana er af, Front. Pharmacol. Vol 12, Article 66223, 2021 (doi:

25 10.3389/fphar.2021.662232), which is incorporated by reference. In some embodiments, an
agent that targets the AKT pathway is an AKT inhbitior that interacts with AKT to inhibit
activity. An AKT inhibitor (AKT1) may be selected from miransertib (3-{3-{4-(1-
aminocyclobutyl)phenyl|-5-phenylimidazo[4,5-blpyridin-2-yl}pyridin-2-amine; ARQ 092,
Merck & Co. Inc), vevorisertib { N-[1-[3-[3-[4-(1-aminocvclobutyl)phenyl}-2-(2-

30  aminopyridin-3-yl) imidazo[4,5-b|pyridin-5-yl]phenyl]piperidin-4-yl|-N-methylacetamide;
ARQ 751, Merck & Co. Inc), MK-2206 (8-[4-(1-aminocyclobutyl)phenyl}-9-phenyl-2H-
[1.2,4]triazolo[3,4-f}{ 1 ,6]naphthyridin-3-one; Merck & Co. Inc), perifosine ((1,1-
dimethylpiperidin-1-tum-4-y1) octadecyl phosphate, KRX-0401, Keryx Biopharmaceuticals ),
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ATP competitive inhibitors, such as ipatasertib (Roche; (25)-2-(4-chlorophenyi)-1-|4-
[(5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-SH-cyclopenta{d|pyrimidin-4-yl{piperazin-1-yl}-
3-(propan-2-ylamino)propan-1-one; ), uprosertib (GlaxoSmithKline; (N-{(2S)-1-amino-3-
(3,4-diftuorophenyl)propan-2-vi}{-5-chloro-4-(4-chloro-2-methylpyrazol-3-yl}furan-2-
carboxamide), capivasertib (AstraZeneca; 4-amino-N-[(1S)-1-(4-chlorophenyl)-3-
hydroxypropyl]-1-(7H-pyrrolof2,3-d|pyrimidin-4-yl)piperidine-4-carboxamide) and
afuresertib (N-[(2S)-1-amino-3-(3-fluorophenyl)propan-2-yl]-5-chloro-4-(4-chloro-2-

methylpyrazol-3-vi)thiophene-2-carboxamide).

[6077] PARP inhibitors are also known. lllustrative agents are describede.g., by Rose er al,
Frontiers in Cell land Deviopmental Riol. Vol 8, Article 564601, 2020 (doi
10.3389/fcell.2020.564601), which is incorporated by reference.

[0078] A PARP inhibitor may be selected from olaparib (3-aminobenzamide, 4-(3-(1-
{cvclopropanecarbonyl)piperazine-4-carbonyl)-4-fluorobenzyl)phthalazin-1{2H)-one; AZD-
2281; AstraZeneca), rucaparib (6-fluoro-2-{4-(methylaminomethylphenyi}-3,10-
diazatricyclo}6.4.1.04,13 Jirideca-1,4,6,8(13)-tetraen-9-one; Clovis Oncology, Inc.); niraparib
tosvlate ((S)-2-(4-{piperidin-3-yl}phenyl}-2H-indazole-7-carboxamide hydrochloride; MK-
4827, GSK): talazoparib (11S,12R)-7-fluoro-1 {1 -(4-fluorophenyt)-12-(2-methyi-1,2 4-triazol-
3-y1)-2,3,10-triazatricyclof 7.3.1.05,13 hirideca-1,5(13),6,8-tetraen-4-one; BMN-673; Pfizer);
fluzoparib (4-{[4-fluoro-3-[2-(trifluoromethyl}-6,8-dihydro-5H-{1.2 4 |triazolo| 1,5-
alpyrazine-7-carbonyl]|phenyl]methyl}-2H-phthalazin-1-one; Jiangsu Hengrui
Pharmaceuticals) ;veliparib (2-[(2R)-2-methylpyrrolidin-2-yl]-1H-benzimidazole-4-
carboxamide dihydrochloride benzimidazole carboxamide; ABT-888; Abbvie); pamiparib
(2R)-14-fluoro-2-methyl-6,9,10,19-tetrazapentacyclo[14.2.1.02,6.08,18.012, 17 jnonadeca-
1(18),8,12(17),13,15-pentaen-1 1 -one; BGB-290; BeiGene); CEP-8983, and CEP 9722, a
small-molecule prodrug of CEP-8983, a 4-methoxy-carbazole inhibitor (CheckPoint
Therapeutics); E7016 (Eisai), PJ34 (2-(dimethylamino)-N-(6-oxo-5H-phenanthridin-2-

yhacetamide;hydrochloride) and 3-aminobenzamide.

[6079] Said platinum based therapy comprises platinum compounds such as cisplatin
{Bristol Myers Squibb), carboplatin (Bristol Myers Squibb), oxaliplatin (Pfizer) and
satraplatin (Yakult Honsha).
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[0080] A taxane may be selected from cabazitaxel {Sanofi), docetaxel (Sanofi), paclitaxel
(Celgene) and tesetaxel {Odonate Therapeutics). Said taxane preferably is paclitaxel,

docetaxel or cabazitaxel.

ANALYSIS OF PATIENT DATA THAT IDENTIFIED RESPONSE PREDICTOR
SUBTYPES

[0081] This section describes the analysis of I-SPY?2 patient data to generate the response

tha

predictor subtypes detailed above. Similar analyses can be performed on an expanded breaset
cancer patient population and/or an alternative breast cancer patient population that includes
therapeutic agents/treatment protocols not used in the analysis below to identify further

10 response predictor subtypes.

The I-SPY2-990 mRNA/RPPA Data Resource: patients and data

[0082] 987 patients from 10 arms of I-SPY2 [210 Control (Ctr); 71 veliparib/carboplatin
(VC); 114 neratinib (N); 93 MK2206; 106 ganitumab; 93 ganetespib; 134 trebananib; 52
TDM1/pertuzumab(P); 44 pertuzumab; 69 pembrolizumab (pembro)] were included in this

15 analysis (Figure 1a and 1b). 38% of tumors were HR+HER2-, 37% triple negative (TN), and
25% HER2+ (9% HR- and 16% HR+). Overall, 49% were classified MP (ultra) High-risk 2
{MP2) class, and 51% MP High 1 {MP1). 6 of these arms graduated within one or more

receptor subtypes (purple bars) and 3 reached maximum accrual without graduation.

[0083] Estimated pCR rates by HR/HER?2 receptor subtype for the 10 arms of the trial

20 considered herein were previously reported and are summarized in Figure 1¢ (Chien et al.,
2019; Clark et al., 2021; Nanda et al., 2020; Park et al., 2016; Pusztai et al., 2021; Rugo et al.,
2016). Even in the highest-efficacy treatment arms, 70% of HR+HER2-, 40% of triple
negative (TN), 54% of HR+HER2+, and 26% of HR-HER2+ patients did not achieve pCR,

further motivating the need for better biomarkers and subtyping schemas.

25 [0084] The I-SPY-990 data resource contains gene expression, protein/phosphoprotein and
clinical data for the patients included in this analysis (Figure 1d). All patients have
pretreatment full transcriptome expression data on over ~19,000 genes assayed on Agilent
44K. 736 patients (all arms except ganitumab and ganetespib have normalized LCM-RPPA
data for 139 key signaling proteins/phosphoproteins in cancer (See Methods). Clinical data

30  includes HR, HER2 and MP status, response {pCR or no pCR), and treatment arm. The
ISPY2-990 Data Resource is publicly available in NCBI's Gene Expression Omnibus (GEO)
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({GEO ID- record in progress]) and through the [-SPY2 Google Cloud repository (available

at http www site ispytrials.org/results/data).
Predictive I-SPY2 ‘qualifying’ biomarkers across 10 arms of I-SPY2

[0085] Twenty-seven mechanism-of-action based gene expression signatures and
proteins/phosphoproteins constituting our successfutl qualifying biomarkers reflect DNA
repair deficiency (n=2), immune activation (n=8), estrogen receptor (ER) signaling (n=2),
HER?2 signaling (n=4), proliferation (n=3), (phospho) activation of AKT and mTOR (n=3),
and ANG/TIE2 (n=1) pathways, among others (Table 1). Each pre-specified qualifying
biomarker was originally found to predict response in a specific arm in one or more standard
receptor subtypes, as previously reported (Lee et al., 2018; Wolf et al., 2018, 2017, 2020b,
2020a; Wulfkuhle et al., 2018; Yau et al.,, 2019). Table 1 also describes a newly developed
VC-response biomarker for the TN subset (VCpred TN) reflecting both DNA repair
deficiency and Immune activation that was validated in BrighTNess (Loibl et al., 2018) and
achieved qualifying status. In this analysis, we assessed whether they also predict response to
different drugs included in other arms, with the goal of gaining biologic insight into which

patients responded to what treatment and by what mechanism.

[0086] Figure 2 shows the unsupervised clustered heatmap of qualifying biomarker
expression levels. Biomarkers correlate by biologic pathway (Figure 2, side dendrogram).
Although patient profiles largely cluster by receptor subtype (Figure 2), there is mixing
between groups, highlighting the fact that for these patients, biological pathways other than
HR/HER? signaling are a stronger common denominator. Moreover, HR/HER2 sub-clusters
appear to be characterized by immune-high (Figure 2; C4, C6, C7, top dendrogram) and
immune-low (Figure 2; C1-3 and CS) signaling, though immune-high proportions differ by
subtype (TN: 58%; HER2+: 41%; and HR+HER2-: 19%). Variability in ER/PGR,

proliferation, and ECM signatures is visible as well.

[0087] We used logistic regression to test the association of these 27 biomarker panels with
pCR in all 10 arms individually, in the population as a whole (adjusting for HR, HER2 and
treatment arm), and within receptor subtypes (Figure 3 and Table 2). None of the 27
mechanism-of-action based biomarker panels associated with response exclusively in the arm

where they were first proposed, indicating broader predictive function than anticipated.

[0088] The biomarkers with broadest predictive function across drug classes were from

immune, proliferation and ER/luminal pathways (Figure 3 and Figure 8a). One or more
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immune signatures predicted response in 9 of the 10 arms in the overall population (Figure
3; rows 1-11, leftmost biomarker group-immune). However, different immune biomarkers
were most predictive depending on receptor subtype and drug/drug class. For example, in the
HER2+ subset, the B-cell gene signature predicts response to MK2206, neratinib and control
chemotherapy, but is less predictive agents in the other arms (Figure 3, rows 30-42; and
Figure 8b). In the TN subtype, the most predictive immune biomarkers are dendritic cells
and STAT! sig/chemokinel2 gene signatures for pembrolizumab and the ANG1/2 inhibitor
trebananib that affects macrophages and angiogenesis (Figure 3; rows 21-29). All immune
biomarkers were higher in pCR than non-pCR cases. The exception to the rule was the mast
cell signature, which was higher in cases with residual disease (RD) in the HR+HER2-

subtype, mainly due to its negative association with pCR in the pembrolizumab arm.

[0089] Proliferation biomarkers (i.e., adjusted MP index and basal index (continuous
scores), and modulel1 proliferation score) were also broadly predictive of higher pCR overall
(in 7 of 10 arms; Figure 3 —rows 1-11, second biomarker group from lefi-proliferation) and
also in HR+HER2- (5/8 arms) and HR+HER2+ (3/6 arms) subtypes (Figure 3; rows 12-20
and 30-36), but generally not in TN or HR-HER2+ cancers (Figure 3; rows 21-29 and 37-
423,

[0096] Luminal/ER biomarkers (i.e. BluePrint Luminal index, ER signature) predicted
resistance to multiple therapies in the HR+HER2- subtype (5/8 arms: Pembro, Ctr, N,
trebananib, and VC; Figure 3, rows 12-20, rightmost biomarker group-‘ER/Luminal’}. In
HR+HER2+ and HER2+ subtypes they also associate with non-response in the HER2-only-
targeted arms (control [trastuzumab-+paclitaxel], N, THP and TDM1/P), but not in arms with
agents that targeted other pathways (MK2206 or trebananib) added to trastuzumab (Figure 3,
rows 30-36; Figure 8b). We also confirmed that HER2 biomarkers (i.e. HER2-EGFR co-
activation, HER2index and Mod7 ERBB2 gene signatures) were predictive of pCR in
multiple HER2-targeted arms (Figure 3, fourth biomarker group from the lefi-"HER2ness’).
In the HR-HER2+ subtype, the BP-luminal and Her2ness did not generally predict response,
other than Her2ness in TDM 1/P (Figure 3, rows 37-43).

[0091] In different HER2/HR subsets we also observe that the most specific biomarker
(e.g., pPMTOR for MK2206) may not be the most predictive (e.g. immune signals in the
HER2+ subset in MK2206), and that phosphoproteins (e.g., pTIE2, pMTOR, pEGFR) may

have greater predictive specificity than expression-based biomarkers (Figure 3). Moreover, it
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appears that different biology may predict response to the same drugs in different receptor
subtypes (e.g., trebananib: immune high in TN vs. pTIE2 in HER2+ (Figure 3 and (Wolf et
al.,, 2018)); and MK2206: lower pMTOR in TN vs. higher pMTOR in HER2+ (Figure 3 and
(Wolf et al.,, 2020a)). The number of significant biomarkers observed also differs by arm.

5 Response to VC had the most significantly associated signatures and MK2206 the least (43%
and 7% of biomarker-subtype pairs, respectively Figure 8c¢). To assess whether this
difference in the number of predictive biomarkers observed between agents is specific to the
qualifying biomarker set selected, we performed whole-genome (n=19,000+ genes) analysis
and observed similar results (Figure 8d).

10 A framework for identifying a response-predictive subtyping schema for prioritizing
therapies
[0092] It is clear from our qualifying biomarker evaluation that within each HR/HER2
subtype, there is additional biology that further predicts response to I-SPY2 agents (Figure 3).
Candidate biological phenotypes that may add value to HR'HER2 include proliferation,

15 DRD, Immune, luminal, basal, and HER2nes (Figure 9a). Of the 11+ response-predictive
subtyping schemas that we explored (Figure 9b), our preferred schema incorporates biology
that discriminates response to the treatments likely to be available in the clinic, such as
platinum/P ARP-inhibition and/or immunotherapy for HER2- patients, and dual-HER2
inhibition for HER2+ patients.

20 [0093] Our stepwise approach to developing this schema was as follows: Since platinum-
based and immunotherapy — separately and together — are becoming the standard of care for
TN breast cancer, we first examined the overlap between DRD/platinum-response and
immune biomarkers as the putative drug class-specific predictors and calculated response
rates to VC and Pembro in TN patients positive for one, both, or neither biomarker (Fig 4a-c;

25  see Methods for biomarker implementation sirategy). In TN, 67% were classified as DRD+,
and 63% as Immune+ (Figure 4a-b). Immune+ TN patients had a high pCR rate to
pembrolizumab (89%; Figure 4a) and the DRD+ TN patients had a high pCR rate to VC
(75%:; Figure 4b). There is considerable overlap between Immune and DRD biomarker status
in this subset of patients: 56% of TN are high for both biomarkers, 7% are Immune+/DRD-,

30 11% Immune~/DRD+, and 26% are Immune-/DRD- (Figure 4¢). The Immune+/DRD+ class
had a very high pCR rate with either VC or pembrolizumab (pCR rates: VC: 74%, Pembro:
92%, control chemotherapy: 21%,; Figure 4c¢, bottom right). In contrast, the Immune+/DRD-

class, had the highest pCR rate to pembrolizumab (Pembro: 80%; Figure 4c¢, third down-
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right), whereas the Immune-/DRD+ class had the highest pCR to VC (VC: 80%, Pembro:
339%, controf 38%; Figure 4¢, second down-right}. For the 26% of Immune-/DRD- TN

patients, response rates were very low in all arms (<21%; Figure 4c, top right).

[0094] Given that Pembro graduated in I-SPY2 for efficacy in HR+HER2- and that a
DRD+ subset was found responsive to VC (Wolf et al., 2017), we applied the same strategy
for HR+HER2- cancers as for TN and examined the overlap between DRD and Immune
status. Nineteen percent of HR+HER2- are positive for both biomarkers, 20% are
Immune+/DRD-, 10% Immune-/DRD+, and 51% are Imnmune-/DRD- (Figure 4d). While
these proportions differ from those observed in TN, the pCR rates pattern is similar (Figure
9d). We note here that our example implementation of these response-predictive phenotypes
is subtype specific (e.g. Dendritic-cell and STAT1/chemokine signatures define Immune+ in

TN whereas B-cell and Mast-cell signatures define Immune+ in HR+HER2-; see Methods.

[0095] In HER2+ cancers, motivated by the observation that high expression of the BP-
luminal index or an ER related gene signature associated with lack of pCR in the HER2-only-
targeted arms (i.e., control {trastuzumab], N, THP and TDM1/P), but not in arms targeting an
additional pathway (i.e., MK2206 or trebananib) (Figure 3), we defined a HER2+/Luminal
phenotype and used the BluePrint subtypes to reclassify HERZ2+ patients by luminal signaling
(Figure 4¢). The HR+HER2+, triple positive, patients were assigned almost evenly into
HER2+/BP-Luminal+ and HER2+/BP- HER2 or Basal classes, whereas nearly all HR-
HER2+ cancers were HER2+/BP-HER?2 or Basal, and hardly any BP-luminal. For
HER2+/BP-HER2 or BP-Basal patients, the pCR rate in the pertuzumab arm is 78%, versus
48% in the MK2206 arm, and 39% in control. In the HER2+/BP-Luminal class, 60% of
patients achieved pCR in the MK2206 arm versus 8% in the pertuzumab and control arms,

although very few patients received MK2206 and this finding requires further validation.

Synthesis into a minimal set of response predictive subtypes: the RPS-5

[0096] Here we combine the predictive biology described above to include all patients in
one classification schema. If we add Immune, DRD, and BP-Luminal/Her2 biomarkers to
standard TN (Figure 4¢), HR+/HER2- (Figure 4d), and HER2+ (Figure 4e) status per
above, a 10-subtype schema would result. With 10 subtypes, some would include only a
handful of patients and be difficult to statistically evaluate in a trial setting. Given this
practical consideration, we combined all Immune+ patients in HR+HER2- and TN subsets

mto a single subtype HER2-/Immune+ (Figure 4f, right-bottom), as both subsets share
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pembrolizumab as the same best (highest pCR) agent (see Figures 4¢ and 9d). We also
combined TN/Immune-/DRD+ and HR+HER2-/Immune-/DRD+ patients into the subtype
HER2-/Immune-/DRD+ (Figure 4f, right-middle), as these subsets share VC as the highest-
pCR arm (see Figures 4¢ and 9d). With this schema, we can create the 5 novel subtypes that
define the RPS-5 response-predictive subtyping schema (combined Figures 4f and 4e,
respectively): HER2-/Immune-/DRD-, HER2-/Immune-/DRD+, HER2-/Immune+,
HER2+/BP-HER2-r Basal, and HER2+/BP-Luminal.

[0097] The Sankey diagram in Figure Sa shows the relationship between standard receptor
subtypes and the new RPS-5 subtyping schema in the [-SPY?2 data. Receptor subtypes and
their prevalence are shown on the left (starting with 38% HR-+HER2-, 37% TN, 16%
HR+HER2+, and 9% HR-HER2+) and the plot illustrates how receptor subtypes ‘flow” into
the new RPS-5 subtypes on the right (stratifying into 29% HER2-/Immune-/DRD-, 38%
HER2-/Immune+, 8% HER2-/Immune-/DRD+, 19% HER2+/BP-HER2o0rBasal, and 6%
HER2+/BP-Luminal). pCR rates by drug arm within each subtype are shown in the barplots

to the left for the standard receptor subtypes and to the right for the new RPS-5 subtypes.

[0098] Using the standard HR/HER?2 receptor subtype to classify patients reveals that arms
with the highest pCR rates include pembrolizumab for HR+HER2- and TN cancers with 30%
and 66% pCR rates, respectively; pertuzumab for HR-HER2+ cancers with 80% pCR and
TDM1/P for the HR+HER2+ subtype with 51% pCR. Using the RPS-5, the best drugs are
pembrolizumab for HER2-/Immune+ with 79% pCR; VC for the HER2-/Immune-DRD+
cancers with 60% pCR; and MK2206 for HER2-/Immune-/DRD- cancers with 20% pCR
though all arms performed similarly with low pCR in this subtype. In the HER2+ cancers, the
best drug was pertuzumab for HER2+/BP-HER2 or Basal cancers with 78% pCR; and
MK2206 for HER2+/BP-Luminal cancers with 60% pCR, though numbers are small.

Impact of classification schema on trial population level pCR rates and maximization of
patient benefit

[0099] A major goal of a response-predictive subtype schema is to increase the pCR rate in
the population and to maximize the probability of pCR for an individual patient. To examine
the impact of the new RPS-5 schema, we performed an in silico experiment to calculate how
the overall pCR rate would compare if treatments in the multi-arm adaptive randomization I-
SPY?2 trial (Figure 1A) had been assigned according to the RPS-5. The observed overall pCR

rate in the standard of care control arm of I-SPY2 was 19% (black bar, Figure 5b, under
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“Overall”). In the 9 experimental arms of the trial taken together, the actual observed overall
pCR rate was 35%, a 16% increase over the control arm (orange bar, Figure 5b). Had
patients been assigned to the best experimental treatment arm (that became apparent only in
hindsight) based on standard receptor subtypes, the estimated overall pCR rate in the
5  experimental arms all together would have been 51%, a further 16% increase (red bar, Figure

5b). Finally, if we had assigned patients using the new RPS-5 to their corresponding best
treatment, the overall pCR rate in the combined experimental arms would be 58%, a further
7% tmprovement (blue bar, Figure 5b). Achieving a pCR results in excellent patient
outcomes in all RPS-5 subtypes (Figure 9fe). However, similar to differences observed

10 among HR/HER?2 subtypes, the relative survival benefit varies from RPS-5 subtype to
subtype as well, with the highest hazard ratios observed in HER2-/Immune-/DRD+, HER2-
/Immune+, and HER2+/BP-HER2 or Basal (Figure Sc, Figure 9g).

[0160] The gain in pCR rate from RPS-3 reclassification is not evenly distributed across
HR/HER?2 subtypes. As illustrated to the right in Figure 5b, in the HR-HER2+ subtype there
15  1isno pCR increase by switching to the RPS-5 as they are all within the HER2+/HER2-or-
basal subtype, whereas in the HR+HER2+ receptor subtype switching to the RPS-5 could
increase pCR rate by 16% (from 51% to 67%). In addition to boosting response rates over the
population, a good subtyping schema should also discriminate between responders and non-
responders over a wide range of treatment classes. We use bias-corrected mutual information,
20 which quantifies the amount of uncertainty about pCR probability that is reduced by knowing
subtype versus not knowing it, to compare the predictive power of different subtyping
schemas. To visualize the pCR-predictive goodness of the RPS-5 schema vs. receptor subtype
we plot association p-value vs. bias-corrected mutual information for both classification
schemas in each arm of the trial {Figure 9¢). For most drug arms (7/10), the RPS-5 schema is
25  more predictive of pCR than receptor subtype as can be seen by the higher concentration of
points in the upper right quadrant with high BCMI and low p-values (Figure 9e).
Adapting response-predictive subtyping schemas te a rapidly evolving treatment
landscape
[0161] Adding new drug classes to the trial in the future may call for incorporation of new
30  biomarkers and necessitate revisions to the classification schema. For example, an agent
targeting HER2-low cancers, defined as HER2 IHC 2+ or 1+ and FISH-negative, is currently
being evaluated in I-SPY2. If we transform HER2 status from the binary HER2+/- classes to
3 fevels (HER2=0, HER2Ilow, and HER2+) as shown in the Sankey diagram in Figure 10a,

34



WO 2023/164653 PCT/US2023/063273

and integrate it with Immune, DRD, HR, HER2, and BP_Luminal, we arrive at a new 7-
subtype schema, the RPS-7, with subtypes S1: HER2+/BP-HER2 or Basal, S2:
HER2+/BP Luminal, S3: HER2=0.or low/Immune+, S4: HR-/HER 2low/Immune-/DRD-,
S5: HER2=0 or low/Immune-/DRD+, S6: HER2=0/Immune-/DRD-, and S7:

5 HR+HERZlow/Immune-DRD- (Figure 10b). Agents yielding the highest pCR rates are THP
[78%], MK2206 [60%], Pembro [79%]. ganitumab [40%]. VC [60%], N or MK2206 {20%],
and MK2206 [20%] for S1-7, respectively. This schema adds 11% pCR over optimal
assignments using receptors only, even without a HER?2 low targeted agent (pCR: 63% vs.

52%, Fig 10¢).

10 [0102] The characteristics and relative pCR rates of RPS-5, RPS-7, and the nine other
subtyping schemas defined in Figure 9b are summarized in Figure 6. For example, the RPS-
5 (third column from left) creates 5 classes defined by HER2, Immune, DRD, and Luminal
status, that if used to prioritize treatment arms by class would select Pembro, Pertuzumab,
MK?2206, and VC and result in a pCR rate of 538% overall in the [-SPY 2 population, a 7%

15 gam over the maximum possible for receptor status. Similarly, the composition and
performance of the RPS-7 (rightmost column) is summarized per above, including its
selection of ganitumab and neratinib as the best agent within a subtype. Looking at these
schemas together, we observe that different schemas select different ‘best” treatments. Some
agents are optimal for at least one subtype in nearly all schemas (e.g., Pembro and

20  Pertuzumab), while some are not selected in any schemas. Some agents are only selected
when biological phenotypes in addition to HR/HER2 are incorporated (e.g. MK2206). All
agents that graduated for efficacy appear as optimal in at least one schema, and two —
Ganetespib and Ganitumab — that did not graduate for efficacy were selected as optimal in
schemas incorporating the classes TN/Immune-/Basal or TN/HER2low/Immune-/DRD-,

25  including the RPS-7, an illustration that conventional HR/HER?2 subtyping may not be able to
identify a responding subset. Estimated maximum pCR rates differ by subtyping schema as
well, ranging from 49% to 63%, suggesting a cap of <65% pCR for the 10 treatments

mcluded in the ISPY2-990, irrespective of biomarker-based treatment assignment schema.

[0163] The RPS-7 and other HER2 3-state-containing schemas also illustrate that when

30  introducing a new class of agent such as a HER2low inhibitor, the minimum required
efficacy to improve pCR rates depends strongly on the biomarker-subset in which it is tested.
For example, in RPS-7 HER2low patients fall into four groups (RPS-7 classes S3-S5 and §7),

with pCR rates to the most efficacious agent ranging from 20% to 70% with current I-SPY2
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therapies (Figure 10b). In addition, other relevant HER2low subsets may include all
HER2low or HR+HERZ2low, among others (Figure 7a). If tested in the
HR+/HER2low/Immune-/DRD- group, a HER2low agent only has to reach a pCR rate of
20% to exceed the maximum response currently attainable from any agent tested so far in the
trial (Figure 7b). This subset constitutes 20% of all HER2-, and 38% of HR+HER?2- patients
in the I-SPY?2 trial. In contrast, if the developer were to test the agent in all HER2low
patients, although the prevalence is higher (~65% of HER2-}, the minimum efficacy for

adding value to the I-SPY2 agent arsenal is considerably higher at 44% pCR (Figure 7b).
Summary

[0164] The I-SPY2-990 mRNA/RPPA Data Resource data compendium described herein
contains containing pre-treatment gene expression data, tumor epithelium specific
protein/phosphoprotein data and clinical/response information for ~990 breast cancer patients
from the first 10 completed arms of the [-SPY?2 neocadjuvant chemo-/targeted-therapy
platform trial for high-risk, early-stage breast cancer. These high quality molecular data from
common protocols and a centralized workflow provide a valuable resource containing
patient-level response data to a wide variety of anti-cancer agents with very different
mechanisms of action, including DNA damaging agents (platinum, anthracycline), PARP
mhibitors, AKT inhibitors, angiogenesis inhibitors (Angl/2; Tie2), immunotherapy (PD1),
small molecule pan-HER2 inhibitors, and dual-HER?2 targeting therapies.

[0165] The data have been used to power our Qualifying (hypothesis testing) and
Exploratory (discovery/hypothesis generating) Biomarker programs, where we have tested
previously published mechanism-of-action biomarkers as predictors of response to platinum-
based therapy (Wolf et al., 2017), neratinib (Wulfkuhle et al., 2018), AKT-inhibitor MK2206
(Wolf et al., 2020a), PD1 inhibitor pembrolizumab (Gonzalez-Ericsson et al., 2021), dual
anti-HER?2 therapies TDM /P and Pertuzumab (Clark et al., 2021; Wolf et al., 2020b) and
anti-Ang1/2 therapy trebananib (Wolf et al., 2018), among others (Kim et al., 2021). These
examples extended our previous work by assessing the performance of successful biomarkers
across arms and found that all examined biomarkers associated with response in at least one
arm other than the one where they were proposed as predictors. Expression signatures from
immune, proliferation and ER/luminal pathways are predictive of response to multiple
regimens targeting diverse pathways in multiple subtypes, including HER2-targeted agents

for HER2+ subtypes. In contrast, phosphoproteins from HER2, EGFR, AKT/mTOR and
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other pathways appear specific in predicting response to agents targeting related mechanisms
of action. More generally, we found that the most specific biomarker may not be the most
predictive, and that different receptor subtypes may have different predictive biomarkers to

the same agents.

5 [0106] The biomarker results in this larger 10-arm context provide a more refined
understanding of who responds to which therapy and why. Responders to immunotherapy
have high levels of immune signatures, but different receptor subtypes seem to have different
predictive biology: high dendritic, chemokine, and STAT1 cells/signals best predict response
for TN, whereas high B-cell combined with {ow mast cell best predict pCR in HR+HER2-.

10 Within the TN subset, these immune signals are high in the Brown & Burstein (Burstein et
al., 2015) and Lehmann (Chen et al., 2012; Lehmann et al., 2011) immune-rich TN subtypes
(Figure 11), but many patients outside these (smal}) classes also have high levels of immune-
predictive signatures, as reflected in the high prevalence of Immune+ patients in our example
immplementation. An exploratory cross-platform immune expression biomarker analysis

15 further details immune subpopulations and their association with response (Yau et al., 2019).
RPPA-based quantitative tumor epithelium MHCII levels and activation {phosphorylation) of
STATT at pre-treatment were recently found to strongly associate with response to both
pembrolizumab in I-SPY2 (Nanda et al., 2020} and durvalumab in the neo-adjuvant setting
(NCT02489448) Gonzalez-Ericsson et al., 2021). Platinum agent plus PARP inhibitor

20 veliparib response is predicted by high DRD and STAT1-related immune signaling in TN and
by both DRD and high proliferation in the HR+HER2- subset. HER2+ dual-HER?2 targeted
therapy responders tend to have higher HER2 signaling on expression, protein,
phosphoprotein levels, with proliferation signals providing potential discrimination of

response between TDM1/P and THP in the HR+HER2+ subset (Clark et al., 2021).

25  [0107] We then applied these insights and clinical considerations to develop novel
response-predictive subtyping schemas that incorporate tumor biology beyond clinical
HR/HER?2 status that may better inform agent selection in a modern {reatment landscape.
Candidate ‘fit for purpose’ biological phenotypes to add to HR/HER2 included proliferation,
DRD, Immune, luminal, basal, and HER2ness, selected because they predict response to

30 newer agent classes likely to be found in the clinic today. However, when so many
phenotypes are considered, there is a combinatorial explosion in the possible number of
marker states, and many ways to collapse them into smaller useful response-predictive

subtyping schemas. To help sort through the options, we reasoned that an ideal response-
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predictive subtyping schema should: 1) differentiate optimal treatments, meaning that
different subtype classes should have different ‘best’ treatments yielding the highest pCR
probability; 2) result in a higher pCR rate in the population if used to optimally
assign/prioritize treatments; 3) differentiate between responders and non-responders over a
5 wide range of treatments; and 4) be robust to platform and applicable across different drugs

with the same mechanism of action and simple to implement clinically.

[0168] Of the 11+ potential mRNA expression-based response-predictive subtyping
schemas we explored, we selected the treatment Response Predictive Subtype 5 (RPS-5) for
prospective evaluation in I-SPY 2. This schema was motivated by clinical considerations in
10 TN and HER2+. Both immunotherapy and platinum-based therapy arms graduated in the TN
subset in I-SPY2. These results were subsequently validated in the large randomized trials
BrighTNess (Loibl et al., 2018) and KEYNOTE-522 (Schmid et al., 2020). These drugs are
now increasingly used in clinical practice individually or together. We classified TN patients
by Immune and DRD markers to determine whether the same, or different, populations are
15 responding to each class of therapy and whether this information could be used to spare
patients the toxicity of combined platinum-based and immunotherapy if both are not needed
to achieve pCR. We applied the same stratification to HR+HER2- patients based on the
efficacy of Pembro, the many immune markers associated with response in that arm and other
immunotherapy arms in I-SPY?2, and previous work showing that responders to VC can be
20  identified by DRD biomarkers such as PARPi7 combined with MP2 class (Wolfet al., 2017),
and also by the BluePrint(BP)-Basal subtype (Krijgsman et al., 2012). We used BP-Basal
classification as our measure to assess the DRD phenotype in HR+HER2- because the assay
is performed i a CLIA setting and is ready for clinical implementation with a pending IDE
application submission to the US FDA, even though the research assay based PARPi7-
25 high/MP2 performed somewhat better in this dataset. HER2+ patients were re-classified by
luminal signaling to better identify subsets likely to respond to dual-anti-HER2 therapy vs.

those that may need a different approach.

[0109] The resulting, simplified RPS-5 has five subtypes: HER2-/Immune-/DRD-, HER2-
Jdmmune+, HER2-/Immune-/DRD+, HER2+/BP-HER2o0rBasal, and HER2-+/BP-Luminal.
30  Using this schema to maximize pCR rates, one would prioritize platinum-based therapy for
HER2-/Immune-/DRD+, checkpoint inhibitor therapy for HER2-/Immune+, and dual-anti-
HER?2 therapy for HER2+ that are not luminal. HER2+/Luminal patients have very low

response rates to dual-anti-HER2 therapy but may respond better to combination therapy
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mncluding an AKT-inhibitor. HR-positivity, though very important in general for determining
who should receive adjuvant endocrine therapy, 1s not used in this response-predictive
schema, as further subdivisions based on HR-status would not impact agent prioritization. In
our n silico experiment, treatment assignment based on matching HR/HER?2 subsets to the

5  most effective therapy improves trial level pCR from 19% to 51%; and assignment based on

RPS-5 added a further 7% improvement to 58% pCR.

[0110] More generally, we showed that molecular subtyping categories incorporating
biology outside HR/HER?Z could be created and that these new categories can better inform
treatment assignment to new emerging therapies for breast cancer for individual patients and

10 increase efficacy (i.e. pCR rate) over the entire treatment population. However, when
comparing the relative contributions of improved biomarkers vs improved agents to response
rate over the entire trial population, we observe that most of the pCR benefit appears to
derive from the ‘right’ treatments (+30%) and an additional sizable pCR benefit comes from
improved biomarker schemas (<=10-15%). With current agents, the highest pCR rate over

15  the I-SPY2 population appears capped at ~65% in the best performing schemas incorporating
Immune, Luminal and HER2-3state biomarkers. This limitation likely derives from a sizeable
patient population with luminal biology who are Immune-negative and DRD-negative who
did not respond to any of the treatments under study. Many of these patients are predicted
endocrine responsive and may benefit from neoadjuvant endocrine therapy, an approach we

20 are considering testing in the future.

[0111] We observe that different schemas have different sets of ‘best’ treatments, with
some treatments (e.g., Pembro) chosen by all schemas, and others by a subset of schemas or
not at all, although that is partially a consequence of the biological phenotypes included. As
new agent classes that may help further improve response rate over the population become

25  available, we will need to incorporate new biological phenotypes into existing subtyping
schemas that only classify cancers optimally for existing agents. Using HER2low-targeted
agents as an example (an agent in this class is currently in I-SPY2), we developed a new
schema incorporating HER?2 status as a 3-state variable (HER2-0, HER2-low, HER2+), and
the resulting treatment Response Predictive Subtype 7 (RPS-7) classification further

30  improved pCR rates in the overall population in our in silico experiments. This example also
llustrates that the minimum efficacy required to demonstrate benefit (over best available

agent) differs by biomarker subsets.
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[0112] [t is important {o note that we make a distinction between predictive biological
phenotypes like ‘Immune+’ and their implementation. For instance, in our study Immune+ is,
based on a variety of different subtype-specific signatures (e.g. B cell signature in HR+,
STAT1/chemokine signature in TN). The implementation we selected in this study will be

5 f{ranslated to a single-sample predictor for implementation in a clinical setting. CLIA
compliant, clinically actionable versions of some of our selected biomarkers have been
developed and an IDE submission is underway to enable prospective testing in the next-
generation ‘I-SPY2.2" trial. However, the idea is that as new, improved biomarkers are

developed, the best available can be ‘swapped in’ to implement the phenotype in the clinic.

10 [0113] The ISPY2-990 Data Resource, and our analyses, have limitations. Each arm is
relatively small (44-120 patients); further dividing these groups by receptor subtype or by one
of the new response-predictive subtyping schemas, the numbers become even smaller, and
the cohort sizes are unequal. This limits the power of analysis. In addition, I-SPY?2 uses
adaptive randomization within HR/HER2/MP defined subtypes to enable efficient matching

15 of treatment regimens with their most responsive traditional clinical subtypes. This may
result in the unbalanced prevalence of biomarker-positive subsets in experimental and control
arms if a biomarker subset is correlated with a HR/HER2/MP subset that is preferentially
enriched or depleted in an experimental arm by the randomization engine. For combination
therapies {(e.g. VC and TDM1/P) it is impossible to tease out relative contributions of each

20 agent to response or to assess whether a biomarker is predictive of response to the individual
agents within the combination. Thus, the statistics described in these examples are

descriptive.

[0114] Another limitation to our underlying biomarker data is that potential platform
“batch” effects may not be possible to entirely eliminate or correct for algorithmically. Also,
25  RPPA data is not available for all patients. The tissue assayed for RPPA analysis in this
study is derived from LCM-enriched tumor epithelium, and therefore does not fully capture
elements of the tumor microenvironment such as stromal immune infiltration. Moreover,
while we utilized a multi-omic biomarker approach to generate multiplexed RNA-protein-
phosphoprotein data as well as CLIA-based platforms, the study is limited to having only two
30  biomarker platforms, and by the selection of the short list of continuous gualifying
biomarkers as the focus. For instance, we cannot include some well-studied biomarkers, such

as HRD and other DNA ‘scar’ assays for DNA repair deficiency, which requires DNA
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sequencing data, and we do not include exploratory whole-transcriptome or whole-RPPA

array analyses.

[0115] In conclusion, we found biomarkers predictive of response to a variety of agents
with different mechanisms of action and proposed a framework for identifying a response-
predictive subtyping schema for prioritizing therapies. Within this framework, we provide a
clinically relevant breast cancer classification schema incorporating immune, DRD, and
luminal-like biological phenotypes and new approaches to defining HER2 status to improve

agent prioritization for individual patients and increase pCR rates over the population. \
Immune biomarkers as defined for immune therapy response in four additional arms.

[0116] We showed above that in the pembrolizumab (Pembro) arm of I-SPY2, pCR
associates with high STAT1/chemokine/dendritic signatures in TN and with high B-cell/low
mast cell in HR+. From these results, we defined a research-grade Immune classifier
imcorporated into the RPS (PMID: 35623341}, a schema designed to increase pCR if used to
prioritize treatment. A clinical-grade version of the Immune (ImPrint) and other RPS
biomarkers are now used in I-SPY?2. Here we evaluate immune markers in 5 1O arms
{Pembro, Durvalumab/Olaparib (Durva), Pembro/SD101, Cemiplimab (Cemi), and
Cemy/fianlimab(LAG3)).

[0117} Methods: 343 patients with HER2-negative BC with information on pCR and
mRNA in 5 10 arms (Pembro: 69, Durva: 71, Pembro/SD101:72, Cemi: 60, Cemi/LAG3: 71)
plus controls (Cir: 343) were considered. 32 continuous markers including 30 immune (7
checkpoint genes, 14 immune cell, 3 T/B-cell prognostic, I TGFB and 5 tumor-immune} and
ESRI/PGR and proliferation signatures, were assessed for association with pCR using
logistic regression. p-values were adjusted using the Benjamini-Hochberg method (BH
p<0.05). Correlations to multiplex immunofluorescence (mIF) data from Pembro (immune
cell and spatial proximity markers) were calculated. Performance of ImPrint, developed with
Agendia Inc, was characterized overall and within HR subsets. Describes different treatments
controls figure with little red circles something with Denis now include figures with red and

blue cirecles

[0118] Results: A larger number of the research-grade immune markers predict response to
10 in HR+ than in TN, with the most for HR+ in combination-10 arms (27/32 Pembro/SD101
and 17/32 Cemi/LAG3).
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[0119] Tumor-immune signatures dominated by chemokines/cytokines were most
consistently associated with pCR across 1O arms and across receptor status (Figure 12).
Moreover, we found that these markers correlate to mIF spatial proximity measures reflecting
high spatial co-localization of PD1+ ymmune and PDL1+ tumor cells, in TN especially

(r=0.59; p=0.003).

[0120] The ImPrint classifier was evaluated in the IO arms. In HR+, 28% were ImPrint+;
and pCR rates were 76% in ImPrint+ vs. 16% in ImPrint-. In TN, 46% were ImPrint+; and

pCR rates were 75% in ImPrint+ and 37% in ImPrint-.

[0121] Overall (HR+ and TN, in all IO arms), pCR rates were 75% in ImPrint+ and 23% in
ImPrint-. Performance varied by arm, with the highest pCR rates for HR+/ImPrint+ in Durva
and Cemi/LAG3 (>90%); and for TN/ImPrint+ in Cemi and Cemi/LAG3 (>81%). In contrast,
PCR rates in the control arm were 34% for ImPrint+ (HR+:33%; TN: 34%) and 13% for
ImPrint- (HR+: 21%; TN:8%).

[6122] The analyses provided above demonstrate that tumor-immune signaling signatures
predict fO response in both TN and HR+HER2-. The ImPrint single-sample classifier
predicts response to a variety of 10 regimens in both subsets and may inform prioritization of
10 vs other treatments and best balance likely benefit vs risk of serious immune-related

adverse events.

EXPERIMENTAL MODEL AND SUBJECT DETAILS DEFINING RPS
I-SPY2 TRIAL Overview

Transcriptomic, protein/phospho-protein and clinical data used in this study will be available
in NCBI's Gene Expression Omnibus (GEO) (JGEQO 1Ds- record in progress}) and through the
I-SPY2 Google Cloud repository for ispytrials.org/results/data).

[0123] I-SPY2 is an ongoing, open-label, adaptive, randomized phase I, multicenter trial
of neoadjuvant therapy for early-stage breast cancer (NCT01042379; IND 105139). It is a
platform trial evaluating multiple investigational arms in parallel against a common standard
of care control arm. The primary endpoint is pCR {ypT0/is, ypNO), defined as the absence of
invasive cancer in the breast and regional nodes at the time of surgery. As I-SPY?2 is modified
intent-to-treat, patients recetving any dose of study therapy are considered evaluable; those

who switch to non-protocol therapy, progress, forgo surgery, or withdraw are deemed ‘non-
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pCR’. Secondary endpoints include residual cancer burden (RCB) and event-free and distant

relapse-free survival (EFS and DRFS) (Symmans et al., 2007)

Trial Design
[0124] Assessments at screening establish eligibility and classify participants into subtypes
5  defined by hormone recepior (HR) status, HER2, and 70-gene signature (MammaPrint®)

status (Cardoso et al., 2016; Piccart et al., 2021). Adaptive randomization in I-SPY2
preferentially assigns patients to trial arms according to continuously updated Bayesian
probabilities of pCR rates within each biomarker signature; 20% of patients are randomly
assigned to the control arm (Berry, 2011). While accrual is ongoing, a statistical engine

10 assesses the accumulating pathologic and MRI responses at weeks 3 and 12 and continuously
re-estimates the probabilities of an experimental arm being superior to the control in each
defined biomarker signature. An arm can be dropped for futility if the predicted probability of
success in a future 300-patient, 1:1 randomized, phase 3 trial drops below 10%, or graduate
for efficacy if the probability of success reaches 85% or greater in any biomarker signature.

15 The clinical control arm for the efficacy analysis uses patients randomized throughout the
entire trial. Experimental arms have variable sample sizes: highly effective therapies graduate
with fewer patients in the experimental arm; arms that are equal to, or marginally better than,
the control arm accrue slower and are stopped if they have not graduated, or terminated for
lack of efficacy, before reaching a sample size of 75. During the design of each new

20 experimental arm the investigators together with the pharmaceutical sponsor decide in which
of the 10 a priori defined biomarker signatures the drug will be tested. Upon entry to the trial,
participants are dichotomized into hormone receptor (HR) negative versus positive, HER2
positive versus negative, and MammaPrint Highl [MP1] versus High2 {MP2] status. From
these 8 biomarker combinations {2x2x2) I-SPY has created 10 biomarker signatures that

25 represent the disease subsets of interest (e.g. all patients, all HR+, all HER2+, HR+/HER?2,

etc., for complete list see reference Berry 2011) in which a drug can be tested for efficacy.

[0125] Efficacy is monitored in each of these 10 biomarker signatures separately and an
arm could graduate in any or all biomarker signature of interest. When graduation occurs,
accrual to the arm stops, final efficacy results are updated when all pathology results are

30  complete. The final estimated pCR resulis therefore may differ from the predicted pCR rate at
the time of graduation. Additional details on the study design have been published

elsewhere (Park et al., 2016; Rugo et al., 2016)
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ELIGIBILITY

[0126] Participants eligible for I-SPY2 are women >18 years of age with stage Il or HIf

breast cancer with a minimum tumor size of >2-5 cm by clinical exam, or >2-0 cm by

imaging, and Eastern Cooperative Oncology Group performance status of 0 or 1 {Oken et al,,
5 1982). HR-positive/HER2-negative cancers assessed as low risk by the 70-gene MammaPrint

test are ineligible as they receive little benefit from systemic chemotherapy.

TREATMENT
[0127] This correlative study involved 987 women with high-risk stage T and IIT early
breast cancer who were enrolled in 10 arms of I-SPY2: the first 9 experimental arms that

10 completed evaluation and the control arm as shown in the schema of Fig 1 A. During this
same period {2010-2017), one arm was stopped due to toxicity with few patients enrolled and
is not included in this evaluation. All patients received at least standard chemotherapy
(paclitaxel alone followed by doxorubicin/cyclophosphamide (T->AC; or with trastuzumab
(H) in HER2+, T+H->AC(C)) or in combination (taxane phase) with investigational agents:

15 veliparib/carboplatin (VC; HER2- only: VC -> AC); neratinib (N; All patients: T+ N->AC );
MK2206 {(M; HER2-: T+M->AC; HER2+: T+H+M->A(C); canitumab (HER2- only: T+GM-
>AC); ganetespib (HER2- only: T+GS->AC); trebananib (HER2-: T+trebananib->AC;
HER2+: T+H+AMG386->AC); TDM1/pertuzumab (P) (HER2+: TDM1/P->AC);
pertuzumab (HER2+: T+pertuzumab->AC); and pembrolizumab (Pembro; HER2-:

20 T+Pembro->AC). For HER2+ patients, N was administered instead of H, whereas M and
trebananib were administered in addition to H. Dose reductions and toxicity management
were specified in the protocol. Adverse events were collected according to the NCI Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0. After completion of AC,
patients underwent lumpectomy or mastectomy and nodal sampling, with choice of surgery at

25  the discretion of the treating surgeon. Detailed descriptions of the design, eligibility, and
efficacy of these 9 experimental arms of the [-SPY2 trial have been reported previously
{Chien et al., 2019; Clark et al., 2021; Nanda et al., 2020; Park et al., 2016; Pusztai et al.,
2021; Rugo et al., 2016).

TRIAL OVERSIGHT

30 [0128] I-SPY2 is conducted in accordance with the guidelines for Good Clinical Practice
and the Declaration of Helsinki, with approval for the study protocol and associated

amendments obtained from independent ethics committees at each site. Written, informed
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consent was obtained from each participant prior to screening and again prior to treatment.

The I-SPY2 Data Safety Monitoring Board meets monthly to review patient safety.

METHOD DETAILS

Pretreatment Biopsy Processing and molecular profiling

[0129] Core needle biopsies of 16-gange were taken from the primary breast tumor before
treatment. Collected tissue samples are immediately frozen in Tissue-Tek® O.C. T.™
embedding media and then stored in -80°C until further processing. An 8uM section is
stained with hematoxylin and eosin (H&E) and pathologic evaluation performed to confirm
the tissue contains at least 30% tumor. A tissue sample meeting the 30% tumor requirement is
further cryosectioned at 30 uM. Twenty to thirty sections are collected and emulsified in
0.5ml Qiazol solution and the tubes are sent on dry ice to Agendia, Inc., for RNA extraction
and gene expression profiling on Agilent 44K (GPL16233; n=333) or 32K (GPL20078;
n=654) expression arrays. For each array, the green channel mean signal was log2-
tranformed and centered within array to its 75" quantile as per the manufacturer’s data
processing recommendations. Al values indicated for non-conformity are NA'd out; and a
fixed value of 9.5 was added to avoid negative values. Probeset level data per array were
mean-collapsed to the gene level, and genes common to the two platforms identified.
Expression data from the first ~900 I-SPY?2 patients distributed over the two platforms
GPL16233 (n=333) and GPL20078 (n=545) were combined into a single gene-level dataset
after batch-adjusting using ComBat (Johnson et al., 2007). Linear adjustment factors were
derived from the larger ComBat operation, per platform, which can be used to batch correct
raw files. The subsequent ~90 samples, assayed on GPL20078, were batch corrected using
these factors and added to the original set, vielding a normalized expression dataset
comprising 987 patients x 19,134 (common) genes. These transcriptomic data and the
associated batch correction model coefficients are available in NCBI's Gene Expression
Omnibus (GEQO) [GEOID pending} and through the I-SPY2 Google Cloud repository (see,

www site ispytrials.org/results/data).

[0130] In addition, laser capture microdissection (LCM) was performed on pre-treatment
biopsy specimens to isolate tumor epithelium for signaling protein and phospho-protein
profiling by reverse phase protein arrays (RPPA) in the Petricoin Lab at George Mason
University, as previously published [ref]. Approximately 10,000 cells are captured per
sample. RPPA samples were assayed on three arrays, each containing hundreds of samples

from different arms of the trial quantifying up to 140 protein/phospho-protein endpoints
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(GPL28470). To remove batch effects we standardized each array prior to combining, by (1)
sampling 5000 times, maintaining a receptor subtype balance equal to that of the first ~1000
patients (HR+HER2-: (.384, TN:0.368, HR+HER2+:0.158, HR-HER2+:0.09); (2)
calculating the mean{mean) and mean(sd) for each RPPA endpoint; (3) z-scoring each
endpoint using the calculated mean/sd from (2). The consort diagram with the number of
evaluable patients for each molecular profiling analysis is shown in Figure 1B. Details of the
RPPA sample preparation and data processing are as previously described (Wulfkuhle et al.,
2018). These RPPA data for 736 patients (all arms except ganitumab and ganetespib) are
avatlable in NCBI's Gene Expression Omnibus (GEO) [GEOID pending] and through the I-

SPY2 Google Cloud repository (available at website ispytrials.org/results/data).

Continuous Gene Expression Biomarkers Assessed

[0131] Twenty-six prospectively defined, mechanism-of-action and pathway-based
expression and protein/phospho-protein continuous signatures assayed from pre-treatment
biopsies were previously found to be predictive in a particular agent/arm in pre-specified
QBE analysis. We also include an exploratory VC-response signature for the TN subset
reflecting both DNA repair deficiency and Immune expression that validated in BrighTNess
and therefore achieved qualifying status, for a total of 27 continuous biomarkers considered

in our analysis (see Table 1 for genes/proteins included per signature and scoring method).

[0132] VCpred TN derivation: VCpred TN is a continuous gene expression signature
that associates with response to VC in the TN subset. It differs from the other biomarkers in
this study 1n that it was originally developed on I-SPY?2 data, rather than previously published
and in pre-specified analysis validated (qualified) in I-SPY2. We developed this signature in
2018, when the decision was made to switch I-SPY2 tumor biopsy tissue collection from
fresh frozen (FF) as assayed for the I-SPY2-990 data compendium, to FFPE, and after
performing expression studies of 72 matched FF:FFPE pairs from I-SPY?2 that suggested that
the previous DRD biomarker implementation frontrunner, PARP17, may not translate well.
In a quest to develop a more robust DRD biomarker that might better translate from FF to
FFPE and between Agilent 44K platforms (GPL16233 and GPL20078) we developed
VCpred TN by: 1) collecting a large set of DNA repair related genes (Knijnenburg et al.,
2018} including those in the PARP17, and adding to them a subset of immune genes from
moduled {Wolfet al., 2014) and IR7 (Teschendorff and Caldas, 2008}, ESR1, and PGR, for a
total of 162 genes; 2) filtering those 162 genes for presence on both Agilent 44K array types

used in this study and for correlation between FF and FFPE samples using our 72-paired
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sample set (pearson correlation > 0.4), which vielded an 84 gene starting set for signature
development; and 3) assessing association between expression levels of each of the 84 genes
and pCR in the VC arm, in the TN subset using logistic modeling, after mean-centering the
expression data. The resulting signature is the sum of -sign{coeff)*log(p)} for the top 25 most
5 correlated genes in the starting set, where sign(coeff) the sign of association between a gene
and pCR (positive if higher levels associate with pCR. negative if higher levels associate with
non-pCR), and p = the likelihood ratio p—value. As also appears in the above Table 1,
VCpred TN = 13.60*CXCL13 -6.48*BRCAI + 6.41*APEX1 + 532*FENI1 + 4.85*CDB8A -
4 84*SEM1 + 4. 78*APEX2 - 4 60*RNMT + 4.51*CCR7 + 3.99¥H2AFX + 3 88*POLD3 -
10 349*%PRKDC + 3.48*CI1QA +3.33*CLICS - 3.24*RADS51 +3.10 *DDB2 - 2.83¥SPP1 -
2.80 *POLD2 - 2.80*¥POLB + 2.72*LIG1 -2.67*GTF2HS5 - 2.63*PMS2 + 2.60*LY9 -
2.34*SHPRH + 6.27*ARAF; where the expression data is mean-centered by gene over all
samples prior to evaluating this weighted sum, and the final signature is z-scored o have

mean=0 and sd=1.

15 BIOLOGICAL RESPONSE-PREDICTIVE PHENOTYPES: OVERVIEW AND
IMPEEMENTATION

[0133] Here we introduce the concept of and response-predictive biological phenotype,
defined by considering promising treatments (e.g. Immunotherapy, dual-HER2, and
platinum-based) and basic cancer biology (e.g. proliferation). Patients are considered

20  Immune-positive (Immune+) if their immune-tumor state is such that they are likely to
respond to immunotherapy, and DNA repair deficient/platinum-responsive (DRD+) if
response to a platinum agent with or without PARP-inhibition is likely. As biomarkers
representing the same biology are correlated and can be subtype-specific (Figure 2), multiple
immune and DRD markers can be used to implement these biological phenotypes and

25  perform similarly. Moreover, though we need to select example implementations for response
predictive phenotypes like Immune, HER2ness, Luminal, DRD, and proliferation, we do so

with the expectation that as alternative biomarkers come available, they can be “swapped in’.

[0134] In general, we prefer to use categorical biomarkers, so as to not have to select
thresholds using I-SPY?2 trial data. Here we use BluePrint subtype (Agendia; BP-Luminal,

30  BP-Her2, BP-Basal) to implement Her2ness, Luminal and Basal biological phenotypes, and
MP2 class as a proliferation biomarker based on high levels of correlation to cell

cycle/proliferation signatures.
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[0135] Where necessary, we also dichotomize continuous biomarkers using a subtype-

specific cross-validation procedure to optimize performance as follows:

Biomarker dichotomization: To identify optimal (exploratory) dichotomizing thresholds for
select biomarkers in a particular patient subset, a cross-validation procedure was applied to
selected endpoints associated with pCR in a selected treatment arm of the trial to identify
potential cut points for biomarker positivity. Two-fold cross-validation was repeated 1000
times, with test and training sets balanced over pCR, using logistic models to assess
association with response. A cutpoint was selected as ‘optimal’ if: (1) it was selected as
optimal >100 times in the training set; (2) p<E-15 in the test sets (combined using the logit

method (Dewey, 2018)); and (3) the prevalence is reasonably balanced.

[0136] Immune phenotype. example implementation: Patients are considered Immune-
positive (Immune+) if their immune-tumor state is such that they are likely o respond to
immunotherapy. In general, immune signatures are correlated, therefore there are many
possible implementations that may perform similarly. In this study we use a subtype-specific
implementation. Based on our qualifying biomarker analysis, for TN patients we used the
average of the dendritic cell and STATT1 signatures {Danaher et al., 2017; Rody et al., 2009,
Yau et al., 2019). These biomarkers were the top two most predictive of TN response to
pembrolizumab in this study (Figure 3) and the STAT1 signature has been further validated
in the previously published durvalumab/olaparib arm of I-SPY2 (Pusztai et al., 2021) and in
an independent Phase 11 trial (NCT02489448) (Blenman et al., 2020; Foldi et al., 2021;
Pusztai et al., 2021). Specifically, we (1) z-scored their average

({STAT! sig+Dendritic_sig)2, denoted STATI Dendritic_ave), and (2) optimally
dichotomized the averaged signatures per above using pCR data from the Pembro arm,
yielding a cutpoint of 0 (TN/Immune-high: STAT1 Dendritic_ave>=0; and TN/Immune-low:
STAT1 Dendritic_ave<0).

[0137] In the HR+HER2- subset, high B-cell and low mast-cell immune gene signatures
were strong predictors of pCR to immunotherapy (Figure 3) and we use them in
dichotomized form as an example implementation for our Immune+ phenotype in this subset.
This choice was based on the observation that to achieve high predictive accuracy in the
HR+HER2- subset, it is necessary to combine a ‘sensitivity’ imnmune biomarker (e.g. Beell)
with a second ‘resistance’ biomarker where high levels predict non-pCR (either Mast-cell or

ESR1/PGR averaged). Applying the above dichotomization procedure yielded cutpoints
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(0.1495 for Beell score and 1.17 for MastCell score (HR+HER2-/ITmmune-high:
(B_cells>=0.1495) AND (Mast_cells<1.17); HR+HER2-/ITmmune-low: (B_cells<0.1495} OR
(Mast_cells>=1.17)).

[0138] For HER2+ patients, we optimally dichotomized the B_cells signature in the
combined MK2206, control and neratinib arms where immune signals associate with
response, vielding a cutpoint of 0.58 (HER2+/Immune-high: B cells>=0.58;
HER2+/Immune-low: B_cells<0.58).

[0139] DRD phenotype: example implementation. Our implementation of the DRD
response-predictive phenotype is also subtype-specific. In the TN subset, we had intended to
use the previously described PARPi7 gene signature (Figure 3; (Daemen et al., 2012; Wolf et
al., 2017)) as an example implementation, but it did not validate in the BrighTNess trial
(Fitho et al., 2021; Loibl et al,, 2018) (p>0.05). Instead we used the VCpred TN signature
developed in I-SPY?2 (see above and Table 1), which validated in BrighTNess (p=5.08E-06)
(Figure 9¢). We dichotomized the VCpred TN using pCR data from the VC arm, using the
above-described cross—validation optimization procedure and also taking into account our
intention of using this biomarker in a multi-agent context with immunotherapy and an
immune biomarker. Though the optimal cutpoint if only considering performance in VC 1s
0.35, this threshold results in a clinically important subset defined by Immune-/DRD+ that is
too small {4%) to be clinically reasonable. Therefore we chose a ‘next best’ cutpoint of -0.31
(TN/DRD+: VCpred TN>(-0.31); TN/DRD-: VCpred TN<(-0.31)). With this cutpoint, the

Immune-/DRD+ subset is a more clinically actionable size at 11% .

[0140] We used BP-Basal classification as our measure to assess the DRD phenotype in
HR+HER2- (HR+HER2-/DRD+: BP_ Basal; HR+HER2-/DRD-: BP Luminal) because the
assay is performed in a CLIA setting and is ready for clinical implementation with a pending
IDE application submission to the US FDA, even though the research assay based PARPi7-
high/MP2 performed somewhat better in this dataset (Daemen et al., 2012; Wolf et al., 2017).

[0141]  Three-state clinical HER?2 status: When considering a new HER2low-targeted
agent, we used HER2 THC levels (3+, 2+, 1+, 0) and HER2 FISH to define a 3-class clinical
HER?2 biomarker HER2-3state (HER2=0: IHC 0 and FISH-; HER2low: THC 2+/1+ and
FISH-; and HER2+: IHC 3+ or FISH+ as currently defined in the trial).

Combining response-predictive phenotypes and HR/HER2 status into response-

predictive subtyping schemas
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[0142] Once multiple response-predictive phenotypes are added to HR and HER?2 status,
there 1s a combinatorial explosion 1n the number of possible states, and many ways to
collapse them into a practical number of subtypes (<8 or 9). To sort through the options, we
reasoned that an ideal response-predictive subtyping schema should: R1) differentiate
between treatments, meaning that different classes should have different best treatments
yielding the highest pCR probability; R2) result in a higher pCR rate in the population if used
to optimally assign/prioritize treatments; R3) differentiate between responders and non-
responders over a wide range of treatment classes; and R4) be robust to platform and within-
class treatments, simple to implement, and FDA approved or performed in a CLIA
environment. For (R1) we generalize the *Carnaugh Map’ method used in circuit design to
simplify digital logic (Brown, 1990). For example, if HR+HER2-/Immune-/DRD+ and
TN/Immune-/DRD+ classes both have VC as the treatment yielding the highest pCR rate, we

collapse them into a single class HER2-/Immune-/DRD+ as seen in Figure 5.

Implementation of previously published PAMS0 and TNBC-4class and -7class subtyping

schemas

[0143] In addition to standard clinical variables like HR, HER2, MP, pCR and Arm,
several biomarker heatmaps (e.g., Figure 2) are annotated for PAMS50 and two TNBC
classification schemas as well, evaluated as previously described. PAMS0 mtrinsic subtyping
was performed using Joel Parker’s centroid-based 50-gene classifier program (Parker et al.,
2009) on a total of 1151 samples including 165 in the I-SPY low-risk registry (open to those
who screen out of I-SPY2 due to assessment of low molecular risk by the 70-gene
MammaPrint test). We included the low-risk registry patients in the dataset {mostly
HR+HER2- Luminal A} prior to subtyping because I-SPY2 HR+HER?2- patients are all MP
high risk (mostly Luminal B) and we wanted the population to be more representative of the
general breast cancer patient population as is required for sensible results. We also centered
the genes on the mean value of repeated subsampling (500 times) of 1:1 ER+:ER- prior to
running the code, as previously advised by Katie Hoadley (private communication) to obtain
classifications most consistent with their original paper. Finally, we set to NA any call with a
confidence level < 0.08, of which there were 14. TNBCtype classifications (7 classes: MSL,
M, LAR, IM, BL2, BL1) were identified as published (Chen et al., 2012; Lehmann et al.,
2011) by uploading {non-median centered) expression data from the TN subset (n=363) to the
online calculator (https site cbe.app.vumc.org/tnbe/). The Burstein/Brown TN classifications

(LAR, MES, BLIS, BLIA) were identified as published (Burstein et al., 2015}, by: (1)
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quantile transforming over their predictor genes; {2} calculating Euclidean distance to the 4

published centroids; and (3) assigning class based on the closest (minimal distance) centroid.

METHODOLOGY--QUANTIFICATION AND STATISTICAL ANALYSIS
Statistical Analysis of Continuous Gene Expression Biomarkers

[0144] We assessed association between each continuous biomarker and response in the
population as a whole and within each arm and HR/HER?2 subtype using a logistic model. In
whole-population analyses, models are adjusted for HR, HER2, and treatment arm {pCR~
biomarker + HR + HER2 + Tx). Within treatment arms, models are adjusted for HR and
HER?2 as appropriate. Markers are analyzed individually; likelihood ratio (LR) test p-values

are descriptive.

[0145] We also performed exploratory whole transcriptome and whole RPPA dataset
analysis, per above, employing Benjamini-Hochberg multiple testing correction {Huang et al.,
2009), with a significance threshold of BH p<0.05. Analyses and visualizations were
performed in the computing environment R (v.3.6.3) using R Packages ‘stats’ (v.3.6.3),
‘Imtest” (v.0.9-37), ‘rjags’ (v.4-10) and “GoogleVis {v.0.6.4). Scripts are available upon

request.

Response-predictive subtyping schema characterization

[0146] For each subtype/class in each schema, we calculated pCR rates in each arm with
sufficient patients and displayed the results (100*(number of patients with pCR)/total) in bar
plots. A major goal of a response-predictive schema is to increase the pCR rate in the
population and to maximize the probability of pCR for an individual patient (R2). To
characterize the potential impact of the new classification, we calculated the overall pCR rate
in the [-SPY?2 population had treatments been optimally assigned according to the new
subtypes using the same 10 drugs. To this end, we: (1) calculated the prevalence of each
subtype in the schema (prev_STi = (number of patients in STi)/(total number of patients),
1=1n, n=number of subtypes): (2) collected highest-pCR rates observed in an I-SPY2 arm for
each subtype (pCR_max_STi); and (3) calculated a simple estimate of the pCR rate over the
population as the weighted sum pCR_max_total = prev_ST1*pCR_max STi+
prev_ST2*pCR max_ ST2 +...prev_STn*pCR max_STn. This calculation results in both an
estimate of pCR over the population using the new schema, and identification of

agents/combinations maximizing pCR for each subtype.
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To characterize the pCR-predictive power of a subtyping schema within an arm

(R3), we use bias corrected mutual information (BCMI; R package mpmi htip://r-forge.r-

project.org/projects/mpmi/), which quantifies the amount of uncertainty reduced about pCR

by knowing subtype. These values are then visualized across arms in a scatter plot with

BCMI and pCR-association p-values (LR p) on the axis, for both receptor subtype and a

response-predictive subtyping schema to visualize differences. In addition, we used Fisher’s

exact test for associations with response, and Cox proportional hazards modeling to estimate

hazard ratios for pCR within each RPS-5 subtype using the coxph and Surv functions within

the R package survival.

STAR * METHODS

RESOURCES TABLE
REAGENT or SOURCE IDENTIFIER
Biological samples
Tumor biopsy before | I-SPY2 TRIAL website

freatment

clinicaltrials.gov/ct2/show/NCT01042379

Critical commercial assays

RPPA data

Custom Agilent 44K | Agendia, Inc Website

expression arrays ncbinlm.nih.gov/geo/querviace.cgi?acc=GP
L206078;
Website
ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GP
L16233

MammaPrint Agendia, Inc agendia.com mammaprint

BluePrint Agendia, Inc Agendia.com blueprint

Reverse phase protein | Petricoin Lab, George website

array (RPPA) Mason University ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GP
L28470

Deposited data

Raw and processed This study website

transcriptomic data /console.cloud.google.con/storage/browser/wolf
_et al 2021 ispy2 subtypes 990
GEO ID Pending

Raw and processed This study Website

console.cloud.google.com/storage/browser/wolf
_et al 2021 ispy2 subtypes 990

GEO ID Pending
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Patient-level
expression signature
and clinical data

This stady

Website
console.cloud.google. com/storage/browser/wolf
_et al 2021 ispy2 subtypes 990

GEO ID pending

Software and algorithms

stats R package

R Core Team (2020)

Website stat.ethz.ch/R-manual/R-

Relationships.” R News,
2(3), 7-10.

(v.3.6.3) devel/library/stats/html/stats-package.html
Imtest R package Zeileis A, Hothorn T Website CRAN.R-
(v.0.9-37) {2002). “Diagnostic project.org/package=Imtest

Checking in Regression

rjags R package (v .4-
10)

Martyn Plummer (2019).
rjags: Bayesian
Graphical Models using
MCMC. R package v4-
10.

Website CRAN.R-project.org/package=rjags

googleVis R package
(v.0.64)

Gesmann M, de Castillo
D (2011). “googleVis:
Interface between R and
the Google Visualisation
APL” The R Journal,
3(2), 40-44

Website CRAN.R-
project.org/package=googleVis

survival R package
(v.3.1-12)

Terry M. Themeau, Patricia
M. Grambsch (2000).
Modeling Survival Data:
Extending the Cox Model.
Springer, New York. ISBN
0-387-98784-3.

Website CRAN R-
project.org/package=survival

[0148]

It is understood that the examples and embodiments described in the present

applhication are for illustrative purposes only and that various modifications or changes in

light thereof will be suggested to persons skilled in the art and are to be included within the

spirit and purview of this application and scope of the appended claims.

[0149]

All publications, patents, and patent applications cited herein are hereby

incorporated by reference for the subject matter for which they are cited.

REFERENCES cited in application by author and year
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combined
transcriptome and
RPPA data
IGSF6, LILRB2, BTN3A3, UBD,
CXCL13, GNLY, CXCR6, CTSC,
HCP5, PIM2, SP140, CCR7,
CTSS, CYBB, FCN1, TFEC,
SEL1L3, FYB, GBP1, LAMP3,
ADAMDEC], GPR18, ICOS, 1) Mean center
GPR171, GZMH, GZMB, GZMK, 2) take modiﬁeé
BIRC3, IFNG, {L2RG, IL15, inner product
IDO1, CXCL10, IRF1, 1SG20, with centroid as
ITK, LAG3, LCK, LYN, CXCLS, published and
Module5_Tcell Immune mMRNA NKG7, TRAT1, MGC29506, described below PMID: 2451663
Bcell PLACS8, POU2AF1, CRTAM, (though 3
SLAMFS8, PSMBS, PTPN7, averaging would
SLAMF7, BCL2A1, TNFRSF17, ield similar
CCL5, CCL8, CCL13, CCL1S, ‘r’:ults) 37,
CCL19, CXCL11, SELL, SAMSN1, score !
RTP4, CLEC7A, TAP1, WARS,
PLA2G7, ZBED2, NPL, RUNXS3,
VNN2Z, CD3G, iL32, CD8B,
CD19, CD86, AlM2, CD38,
CYTIP, LOC36610, CD69,
CD79A
1) Mean center,
1CS5 Immune MRNA CXCL13, CLICS, HLA-F, 2; average over] PMID: 2417216
TNFRSF17, XCL2 9
genes, 3) Z-score
BLK, CD19, FCRL2, KIAAO125, 1) Average over .
B_cells immune mRNA | MS4A1, PNOC, SPIB, TCL1A, genes, 2) mean ZMlD'2823947
TNFRSF17 center, 3) Z-score
1) Average over i
Dendritic_cells | immune mRNA | CCL13, CD209, HSD11B1 genes, 2) mean iMlD'2823947
center, 3) Z-score
CPA3, HDC, MS4A2, TPSABL, | 1) AVErageover | o er3947
Mast_celis Immune mRNA genes, 2) mean
- TPSB2 1
center, 3) Z-score
TAP1, GBP1, IFIH1, PSMBY, 1) Mean center, i
STAT1_sig Immune mRNA | CXCL9, IRF1, CXCL11, CXCL10, | 2) average over §M|D'1927215
IDO1, STAT1 genes, 3) Z-score
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CCL2, CCL3, CCL4, CCL5, CCL8, 1) Mean center, PMID:
Chemokinel2 | immune mRNA | CCL18, CCL13, CCL21, CXCLY, 2} average over 21703;392
CXCL10, CXCL11, CXCL13 genes, 3) Z-score
1) Mean center,
2) take modified
IF144, IF144L, DDXS8, IFI6, inner product
IFI27, IFIT2, IFITL, FIT3, :&tgizszzr‘;;d das
CXCL10, MX1, OAS1, OAS2Z, . PMID: 2451663
Module3_IFN | immune mRNA OAS3. HERCS, SAMDS, HERCS, Z:ltisoc:gbsd below 3
DDX60, RTP4, {FIH1, STATY, .
TAP1, OASL, RSAD2, ISG15 averaging would
yield similar
results), 3) Z-
score
CDKN3, NDC80, RNASEH2A,
CENPA, SMC2, CENPE,
RADS51AP1, PLK4, NMU, KIF2C,
TMSB15A, UBE2C, CHEK],
ZWINT, OIP5, CRABP1, ECT2,
EIF4EBP1, EZHZ, FEN1,
HSPA4L, TPX2, FOXM1,
NCAPH, PRAME, PDSS1, KIF4A,
RADS54B, ASPM, FBXO5,
ATAD2, RACGAP1, GP5M?2,
DONSON, HMMR, BIRC5,
KIF11, LMNB1, MAD2L1,
MCM4, MCM5, MKi67, 1) Mean center,
MMP1, MYBL1, MYBL2, NEK2, | 2) take modified
NUSAP1, GTSE1, GINS2, PLK1, inner product
FAMG4A, ERCC6L, NCAPG2, with centroid as
CEP55, FANCI, HIURP, published and .
Modulel11_Pro Proliferation | mRNA | MCM10, DEPDC1, Clorfil2, described below PMID: 2451663

lif

CENPN, PBK, KIF15, CIAPIN1,
ACTR3B, GPR126, SPC25,
RAD21, RFC3, RFC4, RRM2,
NCAPG, STIL, SKP2, SOX11,
SQLE, AURKA, TAF2, TARS,
BUB1B, TK1, TMPO, TOP2A,
PHLDA2, TTK, LRP8, DSCC1,
MLF1iP, E2F8, SHCBP1,
SLCT7AS, ANP32E, KIF18A,
CDC7, CDC45, RADS4L, TTF2,
PIR, ACTL6A, GGH, CCNAZ2,
CCNB1, PRC1, CCNB2, CCNE2,
EXO1, AURKB, PTTG1, TRIP13,
KIF23, APOBEC3B, MTFR1,
ESPLL, DLGAPS, CDK1, MELK,
GINS1, CDCe, CDC20, NCAPD2,
KIF14

{though
averaging would
yield similar
results), 3) Z-
score

3
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AAB34945, Al224578, 1) MP index
Al283268, ALDH4A1, AP2B1, I[{MP}) from
AW014921, AYTL2, BBC3, Agendia
Cleorfel, C200rf46, C9orf30, {proprietary but
CDCA2BPA, CDCA7, CENPA, based on
COL4A2, DCK, DIAPH3, publication), 2)
DIAPH3, DIAPHS3, adjust by
DKFZP686P18101, DTL, ECT2, platform by
EGLN1, ESM1, EXT1, FBXO31, adding 0.154 to
FGF18, FLT1, GMPS, GNAZ, MP1 from
. . GPR126, GPR180, GSTM3, samples assayed )
y(i—)mdex‘adj Profiferation | mRNA | HRASLS, {GFBPS5, {GFBPS, on Agilent 44K Fl’i/:zl;)?;SBO
KNTC2, LGP2, LOC286052, (GPL16233;
LOC643008, MCM6, MELK, n=333) and 0.336
MMP9, MS4A7, MTDH, NMU, [ tosamples
NM_004702, NUSAP1, ORC6L, | assayed on
OXCT1, PALM2-AKAP2, PECH, Agilent 32K
PECI, PITRM1, PQLC2, PRC1], (GPL20078;
QSCN6L1, RAB6A, RFC4, RP5- n=654), 3)
860F19.3, RTN4RLL, RUNDC1, | muitiply by (-1)
SCUBE2, SLC2A14, STK328B, so high values
TGFB3, TSPYL5, UCHLS5, indicate higher
WISP1, ZNF533 risk/proliferation.
ABCC11, ACADSB, AFF3, AGF2, E:sc;'r: e values
AR, CA12, CAPN13, CDCA7Y, from BluePrint
CHAD, DHRS2, ESR1, FOXAL, (Agendia)
Basal_ndex Proliferation | mRNA FOXC1, GATAS, GREBL, Scoring al;gorithm PMID:
(Basai-type) KIAA1370, MAGED2, MLPH, proprietary but 21814749
MSN, MYOS5C, PERLD1, PRR15, based on nearest
REEP6, RTN4L1, SLC16A06, centroid method
SPEF1, TBC1DS, THSD4 . L
in publication
1) Mean center, {average of 2
ESR1_PGR_av ER mRNA ESR1, PGR 2) average over genes —
€ genes, 3) Z-score | canonical ER)
ABAT, ACADSB, ACBD4, ADM,
AFF3, BCL2, BECN1, BTD,
BTRC, CA12, CCDC74B,
CDC25B, CELSR1, CELSR2, Z-score Luminal
CHAD, COQ7, DNALI1, ELOVLS, | index values from
ESR1, GATA3, GOLSYN, GREB1, | BluePrint
e e || e e s
{Luminal-type) ’ ’ ! 21814749

LILRB3, LRIG1, MYB, NAT1,
NPY1R, NUDT6, OCIAD1,
PARDS6B, PGR, PPAPDC2,
PREXZ, RERG, RUNDC1,
S100A8, SCUBE2, SOX11,
SUSD3, TAPT1, TBC1D9,
TCTN1, THSD4, TMC4,

proprietary but
based on nearest
centroid method
in publication
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TMEM101, TMSB10, TPRG1,
UBXD3, DBNDD2, VAV3, XBP1

PARPi7

DRD

mRNA

Prediction genes: BRCA1,
CHEK2, MAPKAPK2, MRE11A,
NBN, TDG, XPA; Normalization
genes: RPL24, ABI2, GGA1,
E2F4, IPOS8, CXXC1, RPS10

1) divide each
PARPi-7 predictor
gene level {(not
centered) by the
geometric mean
of the
normalization
genes, 2) log2-
transform each
ratic and median
center, 3)
calculate score as
Weights*{(Genes
—Boundaries),
using Weights=(-
0.5320, 0.5806,
0.0713,-0.139¢, -
0.1976, -0.3937, -
0.2335) and
Boundaries=(-
0.0153, -0.00¢,
0.0031, -0.0044,
0.0014, -0.0165, -
0.0126), 4)
standardize to
sd=1

PMID:2287574
A
PMID:2894821
2

PARPi7_plus_
mp2

DRD

mRNA

Genes in PARPI7 + Genes in
MP_index

1) PARPi7 +
MP_index_adj*(-
1), 2) Z-score

PMID:2894821
2
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VCpred_TN

DRD/Immune

mRNA

CXCL13, BRCAL, APEX1, FEN1,
CD8A, SEM1, APEX2, RNMT,
CCR7, H2AFX, POLD3, PRKDC,
C1QA, CLIC5, RAD5S1, DDB2,
SPP1, OLD2 POLSB, LIGH,
GTF2H5, PMS2, LY9, SHPRH

1) mean center,
2) calculate
weighted average
={13.60*CXCL13
-6.48*BRCA1 +
6.41*APEX1 +
5.32*%FEN1 +
4.85*CD8A -
4.84*SEM1 +
4.78*APEX2 -

4. 60*RNMT +

4 51*CCR7 +
3.99*H2AFX +
3.88*POLD3 -
3.49*PRKDC +
3.48*C10A +
3.33*CLIC5 -
3.24*RAD51 +
3.10 *DDB2 -
2.83*SPP1-2.80
*POLD2 -
2.80*POLB +
2.72*%LG1 -
2.67*GTF2H5 —
2.63*PMS2 +
2.60*LYS -
2.34*SHPRH +
6.27*ARAF), 3) Z-
score

Exploratory —
developed
from 1-SPY 2
data (VC arm)
as described
below, and
validated in
BrighTNess

HER2_Index
(HER2_type)

ERBB2

mRNA

ERBB2, GRB7, PERLD1, SYCPB

Z-score HER2
index values from
BluePrint
(Agendia).
Scoring algorithm
proprietary but
based on nearest
centroid method
in publication

PMID:
21814749

Module7_ERB
B2

ERBB2

mRNA

ERBB2, GRB7, STARD3, PGAP3

1) Mean center,
2) take modified
inner product
with centroid as
published and
described below,
3} Z-score

PMID: 2451663
3
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ERBB2 Y1248 hosph i | PMID:
ERBB2 RPPA phospho-protein ERBB2 Y1248 | Z-score values 32914002
EGFR Y1173 hosph i | PMID:
ERBB2 RPPA phospho-protein EGFR Y1173 Z-score values 32914002
. PMID:
mTOR $2448 AKT/mTOR RPPA phospho-protein mTOR 52448 | Z-score values
33083527
IGF1R AKT/mTOR mRNA | IGF1IR Z-score values PMID:
33083527
STMN1 AKT/mTOR mRNA | STMN1 Z-score values PMID:
32914002
DOl
10.1200/1C0.2
018.36.15_sup
TIE2 Y992 (CXBZr/TlE) RPPA phospho-protein TIE2 Y992 Z-score values glélt:zm?‘
10.1158/1538-
7445 AM2018-
2611
CDH11, CDH13, LRRC17,
SPON1, POSTN, COL1A1,
COL1A2, COL3A1, COLSAL, 1) Mean center
COL5A2, COL6A1L, COLBAZ, 2) take modiﬁeé
COL6A3, LRRC15, VCAN, inner product
PRUNE2, DPYSL3, EDNRA, FAP, ith troid as
FBN1, FGFS, NID2, FBXL7, FN1, ;V;tblizﬁg oy
Modulel0 EC ZFPM2, ANGPTL2, OLFML2B, . PMID: 2451663
M Other (ECM) | mRNA | cop124, GASI, DKK3, SRPX2, ais;:gb:d below |
ITGA4, LOX, LUM, MMP2, averaging would
MN1, NAP1L3, NiD1, DDR2, ield similar
OMD, NOX4, PCOLCE, DACT1, ‘r’:ults) 37
PDE1C, PDGFRA, PRRX1, ASPN, score !
RCN3, SLIT3, SPARC, SPOCK1,
ZEB1, TNFAIPG, SCG2,
ADAM12, JAM3, MSC, ITGBL1
RPL24 h | PMID:
Other mRNA RPL24 Z-score values 24970821
UQCRB, SESTD1, QTRT1, TIPIN, 1) Mean center
REL, STXBP2, HSBP1, COX6C, 2) calculate PCA"
RPL11, MECOM, ANKRD28, (d.pca <
JUN, ZC3H15, RPL23, preompl(~ ., data =
RPS6KA2Z, EEF2, TMA7, RP5S6, data.frame’(dat)
gg;g’BRiSYzPll'7CAO1X?\ZU N4 center=F, scale=, PMID
LYMPHS_PCA | Other mRNA TOMM34, MINOSL, na.action = 16704732

STAMBPL1, FGFS, ATF4,
RPL35, RPL31, RPS24,
DCLRE1C, C50rf49, FAM162A,
ITGB2, SLC19A1, RPL32, TPP2,
MALAT1, LSM3, TSSC1,
ATXN2L, SERPINB6, TPI1

na.omit)Srotation
[,1]), 2) Z-score,
3) multiply by {(-1)
if cor(d.pca,
mean{dat)} < -
0.25
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WHAT IS CLAIMED IS:

1. A method of selecting a therapeutic treatment for a high-risk HER2+ or
HER2- Stage II or Stage I1I breast cancer that is hormone receptor+ or hormone receptor-, the
method comprising:

classifying the Stage 11 or Stage III breast cancer as having a positive or negative
immune response profile for responding to an immunotherapy treatment, wherein a positive
immune response profile is assigned by determining that the expression pattern of at least one
panel of immune status genes reaches or exceeds a threshold that is associated with a high
pathology complete response (pCR) rate for patients treated with an immune pathway-targeted
therapy compared to patients treated with therapies that do not target the immune response; and a
negative immune response profile is assigned by determining that the expression pattern is lower
than the threshold;

classifying the Stage II or Stage HI breast cancer as having a positive or negative
DNA Repair Defect (DRD) profile for responding to a DNA repair treatment, wherein a positive
DRD response profile is assigned by determining that the expression pattern of at least one panel
of DRD status reaches or exceeds a threshold that is associated with a high pathology complete
response (pCR) rate for patients treated with a DNA repair-targeted therapy compared to patients
treated with therapies that do not target DNA repair; and a negative DRD response profile is
assigned by determining that the expression pattern is lower than the threshold; and

assigning the breast cancer to a treatment subtype selected from the group
consisting of HER2-/Immune-/DRD-, HER2-/Immune-/DRD+, HER2-/Immune+, HER2-+/BP-
HER2-type or Basal-type, and HER2+/BP-Luminal-type.

2. The method of claim 1, wherein classifying the Stage II or Stage Il breast
cancer as having a positive or negative immune response profile comprises evaluating expression
levels of at least one panel of immune status genes, and wherein the panel is selected from a

TcellBcell biomarker panel, a dendritic biomarker panel, a chemokine biomarker panel, a
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MastCell biomarker panel, a STAT! biomarker panel, and a B-cell biomarker panel as set forth

n Table B.

3. The method of claim 1 or 2, wherein the breast cancer 1s hormone

receptor-positive (HR+).
4. The method of claim 3, wherein the breast cancer is HER2-.

S. The method of claim 4, wherein classifying the Stage If or Stage I breast
cancer as having a positive or negative immune response profile comprises evaluating expression

levels of B-cell and Mast-cell biomarker panels.

6. The method of claim 1 or 2, wherein the breast cancer is estrogen

receptor-negative, progesterone receptor-negative and HER2-negative (triple negative).

7. The method of claim 6, wherein classifying the Stage Il or Stage HI breast
cancer as having a positive or negative immune response profile comprises evaluating expression

levels of a dendritic cell panel and a STAT! and/or chemokine panel.

8. The method of claim 6, wherein classifying the breast cancer as having a
positive DRD profile comprises determining that the expression pattern of a VCpred TN gene
panel set forth in Table B falls within a range that is associated with a high pCR rate for patients
treated with a therapeutic agent that targets DNA repair compared to patients treated with a

therapy that does not target DNA repair.

9. The method of claim 1, wherein classifying the Stage II or Stage Il breast
cancer as having a positive DRD response profile comprises evaluating expression levels of a

PARPi7 or PARP17 plus MP2 panel.

10.  The method of any one of claims 1-9, wherein Stage II breast cancer is

classified as a high-risk HER2+ breast cancer by MammaPrint® analysis.

11.  The method of any one of claims 1-10, further comprising
selecting a DNA repair targeted therapy for a patient having a breast cancer

assigned to the HER2-/Immune//DRD+ subtype, selecting an immune response therapy for a
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patient having a breast cancer assigned to the HER2-/Immune+ subtype; selecting a dual-anti-
HER?2 therapy for a patient assigned to the HER2+ that are not luminal subtype; selecting a
combination therapy that comprises an AKT pathway-inhbitor for a patient assigned to the
HER2+/BP-Luminal subtypes; and selecting neoadjuvant endocrine therapy for a patient

assigned to the HER2-/Immune-/DRD- subtype.

12. The method of claim 11, wherein the the immune response therapy is an
PDL1/PD1 checkpoint inhibitor therapy, the DNA repair therapy is a platinum based therapy or
PARP mbhibitor; and the AKT pathway inhibitor is an AKT inhibitor.
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MK2206:15% PCR [VS 8% OTHERS (P=0.44)]
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