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Unless the context suggests otherwise, references in this Annual Report on Form 10-K, or the Annual Report, to

“us,” “our,” “Olema,” “Olema Pharmaceuticals,
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SPECIAL NOTE REGARDING FORWARD-LOOKING STATEMENTS

This Annual Report contains forward-looking statements that involve risks, uncertainties and assumptions that,
if they never materialize or prove incorrect, could cause our results to differ materially from those expressed or
implied by such forward-looking statements. The statements contained in this Annual Report that are not purely
historical are forward-looking statements within the meaning of Section 27A of the Securities Act of 1933, as
amended, or the Securities Act, and Section 21E of the Securities Exchange Act of 1934, as amended, or the
Exchange Act. Forward-looking statements are often identified by the use of words such as, but not limited to,
“anticipate,” “believe,” “could,” “estimate,” “expect,” “intend,” “may,” “plan,” “potential,” “predict,” “project,”
“should,” “will,” “would” or the negative of those terms, and similar expressions that convey uncertainty of future
events or outcomes to identify these forward-looking statements. Any statements contained herein that are not
statements of historical facts may be deemed to be forward-looking statements. Forward-looking statements in
this Annual Report include, but are not limited to, statements about:

our financial performance;

the sufficiency of our existing cash to fund our future operating expenses and capital expenditure
requirements;

the accuracy of our estimates regarding expenses, future revenue, capital requirements, and needs
for additional financing;

the scope, progress, results and costs of developing OP-1250 or any other product candidates we
may develop, and conducting nonclinical studies and clinical trials, including our OP-1250 Phase 1/2
clinical trial;

the timing and costs involved in obtaining and maintaining regulatory approval of OP-1250 or any
other product candidates we may develop, and the timing or likelihood of regulatory filings and
approvals, including our expectation to seek special designations for our product candidates for
various diseases;

our plans relating to commercializing OP-1250 and any other product candidates we may develop, if
approved, including the geographic areas of focus and our ability to grow a sales team;

the impact of the COVID-19 pandemic on our business and operations, including enrollment in our
clinical trial;

the implementation of our strategic plans for our business and OP-1250 or any other product
candidates we may develop;

the size of the market opportunity for OP-1250 or any other product candidates we may develop in
each of the diseases we target;

our reliance on third parties to conduct nonclinical research activities, and for the manufacture of OP-
1250 and any other product candidates we may develop;

the beneficial characteristics, safety, efficacy and therapeutic effects of OP-1250 and any other
product candidates we may develop;

our estimates of the number of patients in the United States who suffer from the diseases we target
and the number of subjects that will enroll in our clinical trials;
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e the progress and focus of our current and future clinical trials, and the reporting of data from those
trials;

e our ability to advance product candidates into and successfully complete clinical trials;

e the ability of our clinical trials to demonstrate the safety and efficacy of OP-1250 and any other
product candidates we may develop, and other positive results;

e the success of competing therapies that are or may become available;

e developments relating to our competitors and our industry, including competing product candidates
and therapies;

e our plans relating to the further development and manufacturing of OP-1250 and any other product
candidates we may develop, including additional indications that we may pursue;

e existing regulations and regulatory developments in the United States and other jurisdictions;

e our potential and ability to successfully manufacture and supply OP-1250 and any other product
candidates we may develop for clinical trials and for commercial use, if approved;

e the rate and degree of market acceptance of OP-1250 and any other product candidates we may
develop, as well as the pricing and reimbursement of OP-1250 and any other product candidates we
may develop, if approved,

e our continued reliance on third parties to conduct additional clinical trials of OP-1250 and any other
product candidates we may develop, and for the manufacture of our product candidates;

e our plans and ability to obtain and protect intellectual property rights;

e the scope of protection we are able to establish and maintain for intellectual property rights, including
OP-1250 and any other product candidates we may develop;

e our ability to retain the continued service of our key personnel and to identify, hire, and then retain
additional qualified personnel; and

e our expectations regarding the impact of the COVID-19 pandemic on our business and operations,
including clinical trials, manufacturing suppliers, collaborators, use of CROs and employees.

These statements are based on the beliefs and assumptions of our management, which are in turn based on
information currently available to management. Such forward-looking statements are subject to risks,
uncertainties and other important factors that could cause actual results and the timing of certain events to differ
materially from future results expressed or implied by such forward-looking statements. Factors that could
cause or contribute to such differences include, but are not limited to, those discussed in the section entitled
“Risk Factors” included under Part I, Item 1A below. Furthermore, such forward-looking statements speak only
as of the date of this Annual Report. Except as required by law, we undertake no obligation to update any
forward-looking statements to reflect events or circumstances after the date of such statements.
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RISK FACTOR SUMMARY

Investing in our common stock involves numerous risks, including the risks described in “Part I, Item 1A. Risk
Factors” of this Annual Report. Below are some of these risks, any one of which could materially adversely
affect our business, financial condition, results of operations, and prospects.

We have not completed any clinical trials and have no products approved for commercial sale, which
may make it difficult for you to evaluate our current business and predict our future success and
viability.

We will require substantial additional capital to finance our operations. If we are unable to raise such
capital when needed, or on acceptable terms, we may be forced to delay, reduce and/or eliminate one
or more of our research and drug development programs of our only product or future
commercialization efforts.

We have incurred net losses since inception, and we expect to continue to incur net losses for the
foreseeable future. We expect to continue to incur increased expenses and operating losses for the
foreseeable future as we continue our research and development efforts and seek to obtain regulatory
approval for OP-1250. In addition, we may be unable to continue as a going concern over the long
term.

We are substantially dependent on the success of our only product candidate, OP-1250, which is
currently in the early stages of clinical development. We cannot assure you that our planned clinical
development programs for OP-1250 will be completed in a timely manner, or at all, or that we will be
able to obtain approval for OP-1250 from the FDA, or any comparable foreign regulatory authority. If we
are unable to complete development of, obtain regulatory approval for and commercialize OP-1250 in
one or more indications and in a timely manner, our business, financial condition, results of operations
and prospects will be significantly harmed.

Clinical development is a lengthy and expensive process with an uncertain outcome, and results of
earlier studies and trials may not be predictive of future trial results. Failure can occur at any stage of
clinical development. We have never completed a pivotal clinical trial or submitted a New Drug
Application, or NDA, to the FDA or similar drug approval filings to comparable foreign authorities. If we
are ultimately unable to obtain regulatory approval for OP-1250, we may be unable to generate product
revenue and our business, financial condition, results of operations and prospects will be significantly
harmed.

Even if approved, OP-1250 may not achieve adequate market acceptance among physicians, patients,
healthcare payors and others in the medical community necessary for commercial success. The
degree of market acceptance would depend on a number of factors. If OP-1250 is approved but does
not achieve an adequate level of acceptance by physicians, hospitals, healthcare payors and patients,
we may not generate or derive sufficient revenue and could significantly harm our business, financial
condition, results of operations and prospects.

We face significant competition, and if our competitors develop and market technologies or products
more rapidly than we do or that are more effective, safer or less expensive than OP-1250, or product
candidates we may develop in the future, our commercial opportunities could be negatively impacted.

We may be unable to obtain U.S. or foreign regulatory approvals and, as a result, may be unable to
commercialize OP-1250 or any future product candidate we may develop.

The outbreak of the novel coronavirus disease, COVID-19, could adversely impact our business,
including our nonclinical studies and clinical trials.
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e In order to successfully implement our plans and strategies, we will need to grow the size of our
organization, and we may experience difficulties in managing this growth. Given the small size of our
organization, we may encounter difficulties managing multiple clinical trials at the same time, which
could negatively affect our ability to manage the growth of our organization, particularly as we take on
additional responsibility associated with being a public company. If we are not able to effectively
expand our organization by hiring new employees and/or engaging additional third-party service
providers, we may not be able to successfully implement the tasks necessary to further develop and
commercialize OP-1250 and any other future product candidates we may develop and, accordingly,
may not achieve our research, development and commercialization goals.

e Our internal computer systems, or those of any of our CROs, manufacturers, other contractors,
consultants, collaborators or potential future collaborators, may fail or suffer security or data privacy
breaches or other unauthorized or improper access to, use of, or destruction of our proprietary or
confidential data, employee data, or personal data, which could result in additional costs, loss of
revenue, significant liabilities, harm to our brand and material disruption of our operations.

e Our success depends on our ability to protect our intellectual property and our proprietary technologies.
Even issued patents may later be found invalid or unenforceable or may be modified or revoked in
proceedings instituted by third parties before various patent offices or in courts. Thus, the degree of
future protection for our proprietary rights is uncertain.

e We rely, and expect to continue to rely, on third parties, including independent clinical investigators and
contract research organizations, or CROs, to conduct certain aspects of our nonclinical studies and
clinical trials. If these third parties do not successfully carry out their contractual duties, comply with
applicable regulatory requirements or meet expected deadlines, we may not be able to obtain
regulatory approval for or commercialize OP-1250 or future product candidates we may develop and
our business, financial condition, results of operations and prospects could be significantly harmed.
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Part |
Item 1. Business.
Overview

We are a clinical-stage biopharmaceutical company focused on the discovery, development and
commercialization of next generation targeted therapies for women’s cancers. Our team has spent the past
decade characterizing the structure and function of the estrogen receptor, or ER, a key driver of breast cancer
in approximately 75% of patients, in order to develop more potent, oral therapies that completely inactivate this
signaling pathway. Our lead product candidate, OP-1250, is a novel oral therapy with combined activity as both
a complete ER antagonist, or CERAN, and a selective ER degrader, or SERD, which we believe will drive
deeper, more durable responses than existing therapies. OP-1250, both as a monotherapy and in combination
with inhibitors of cyclin-dependent kinase 4 and 6, or CDK4/6, demonstrated robust tumor shrinkage in several
xenograft models, including a breast cancer brain metastasis model. In August 2020, we initiated an ongoing
Phase 1/2 dose escalation and expansion trial evaluating OP-1250 for the treatment of recurrent, locally
advanced or metastatic ER-positive, or ER+, human epidermal growth factor receptor 2-negative, or HER2-,
breast cancer. We reported initial data from the Phase 1 dose escalation portion of this trial in November 2021,
which provide proof-of-concept for OP-1250 as a monotherapy treatment for ER+/HER2- breast cancer. We
own worldwide development and commercialization rights to OP-1250. We believe OP-1250's oral formulation
and dual mechanism of action directly address the limitations of current endocrine therapies, such as fulvestrant
and tamoxifen, and position OP-1250 as a potential endocrine therapy of choice for the treatment of ER+ breast
cancers. Our goal is to transform the standard of care for women living with cancers by developing more
effective therapies that apply our deep understanding and collective expertise in endocrine-driven cancers,
nuclear receptor activities and mechanisms of acquired resistance.

We are initially focused on developing therapies for the treatment of breast cancer, which represents
approximately 30% of all new diagnoses of women’s cancer. In 2021, the American Cancer Society, or ACS,
estimated there were approximately 282,000 new cases of female breast cancer and over 43,600 deaths from
metastatic breast cancer in the United States. Treatment decisions are based on a combination of individual
patient characteristics and tumor biology, most importantly the expression of three proteins: ER, progesterone
receptor, or PR, and human epidermal growth factor receptor 2, or HER2. Approximately 75% of all breast
cancers are ER+, and approximately 65% are ER+/HER2- highlighting the central role of the ER in driving a
large majority of breast cancer. Approximately 6-10% of breast cancer patients present with metastatic disease
at diagnosis and a further 20-30% of patients initially diagnosed with early-stage disease ultimately develop
metastatic disease. The current five-year survival rate for patients with ER+ metastatic breast cancer is
approximately 30%. In 2020, worldwide sales for endocrine and targeted therapies treating ER+ breast cancer
patients totaled $20.5 billion.

The ER is a nuclear receptor that functions as a ligand regulated transcription factor. When bound to estrogen,
the ER directs the expression of genes that are essential for breast cancer cells’ survival and proliferation. For
more than four decades, researchers have been developing new approaches and therapies to prevent
activation of the ER pathway, thereby inhibiting the ability of the ER to drive tumor cell growth. In 1977, the first
endocrine therapeutic, the anti-estrogen tamoxifen, was approved by the U.S. Food and Drug Administration, or
FDA, for the treatment of breast cancer. Tamoxifen is still commonly used today but is challenged by the
development of acquired drug resistance, which in some cases may be due to its partial agonist activity. In
search for a different mechanism to target the estrogen pathway, aromatase inhibitors, or Als, were developed
in the 1990s to block the synthesis of estrogen and deprive the ER+ cells of its activating ligand. However, up to
50% of patients taking Als develop arthralgia, leading to suspension of treatment in up to 15% of patients.
Additionally, most patients with metastatic breast cancer have been shown to ultimately develop resistance to
Als. These agents are also not used to treat pre-menopausal women without the addition of ovarian
suppression.
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In 2002, fulvestrant was approved as a treatment for hormone receptor positive, or HR+, metastatic breast
cancer patients and is typically used as a second- or third-line endocrine agent. Fulvestrant was designed to be
a CERAN, and later discovered to also be a SERD, and represented a breakthrough for the field with improved
outcomes for patients whose disease had progressed on prior endocrine therapy. However, fulvestrant has
several limitations including its suboptimal drug exposure and route of administration as a monthly
intramuscular injection. Despite these drawbacks, fulvestrant achieved worldwide sales of over $1.1 billion in
2019.

More recently, the field has focused on the discovery and development of oral agents that have fulvestrant’s
dual mechanism of action to completely inactivate and degrade the ER. Some of these oral SERD agents are
CERANSs, such as OP-1250, but others have partial agonist activity despite being SERDs and thus are not
CERANSs. SERDs reduce the levels of the ER but they do not entirely eliminate it. Consequently, SERDs are not
necessarily CERANSs. Notably, estrogen itself leads to ER degradation.

We designed our lead product candidate, OP-1250, based both on a detailed structural understanding of the ER
and on known alterations to this structure induced by fulvestrant and other ligands. We have demonstrated in
nonclinical studies that OP-1250 functions both as a CERAN and a SERD, but is distinguished from fulvestrant
in several noteworthy ways, including:

e OP-1250 is orally bioavailable while fulvestrant is a highly insoluble compound that must be
administered monthly by intramuscular injection into the buttocks;

e OP-1250 has favorable biodistribution properties leading to higher drug concentrations in the plasma
and tumor than those achieved with fulvestrant, as shown in a head-to-head mouse xenograft study;
and

e OP-1250 has demonstrated the ability to shrink tumors in head-to-head nonclinical studies with
fulvestrant, in contrast to fulvestrant, which has only been shown to inhibit tumor growth.

Based on these nonclinical differences, we believe that OP-1250 has the potential to demonstrate clinical
outcomes superior to fulvestrant. Furthermore, OP-1250 has the potential to benefit patients with metastatic
breast cancer, initially for patients who have previously received endocrine therapy, as well as those who are
treatment naive in the metastatic setting, and advance into the adjuvant setting for early-stage ER+ breast
cancer. In multiple nonclinical animal models of anti-cancer activity, including patient-derived xenografts with
tumors containing activating mutations in the ER, OP-1250 monotherapy led to tumor shrinkage or in some
cases tumor eradication, as well as long-term post-treatment survival. In each of these nonclinical models, the
effect of OP-1250 was superior to that of fulvestrant, an effect which we determined was driven both by
improved pharmacokinetic, or PK, properties, and higher plasma and tumor drug concentrations. In nonclinical
studies, OP- 1250 demonstrated robust central nervous system, or CNS, penetration, and in an intracranial
breast cancer brain metastases xenograft study, OP-1250 demonstrated the ability to shrink tumors and
improve survival in mice. OP-1250 has the potential to address a critical unmet need as 10-15% of ER+ breast
cancer patients develop brain metastases for which there are currently limited treatment options. In addition, we
believe that combining OP-1250 with HER2 targeted agents may represent an opportunity to improve upon
recent advancements in the treatment of CNS disease in patients that express both ER and HER2, as up to
50% of patients with metastatic HER2+ breast cancer develop CNS disease, and the majority of patients with
HER2+ breast cancer also express ER. In nonclinical studies, the addition of OP-1250 to HER2 inhibitors
improved tumor growth inhibition in both ER+/HER2+ cell line-derived xenograft and patient-derived xenograft
models.
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As summarized in our pipeline figure below, our plan is to develop our wholly-owned lead product candidate,
OP-1250, in a number of ER+ breast cancer indications, both as a monotherapy and in combination with
approved targeted therapies that have shown improved outcomes with other endocrine therapies.

Figure 1. Olema Pipeline
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In August 2020, we initiated a Phase 1/2 clinical trial of OP-1250 in patients with recurrent, locally advanced or
metastatic ER+/HER2- breast cancer whose disease has progressed on endocrine therapy. Phase 1a consists
of monotherapy dose escalation to evaluate the safety and PK of OP-1250 and to determine the maximum
tolerated dose, or MTD, and/or the recommended Phase 2 dose, or RP2D. In November 2021, we reported
interim Phase la data, with OP-1250 demonstrating attractive pharmacokinetics with oral bioavailability and
dose-proportional exposures supporting once daily dosing; favorable tolerability with no maximum tolerated
dose defined, and no clinically significant bradycardia, ocular toxicity or diarrhea; and evidence of single-agent
activity in patients who had advanced on multiple prior therapies in the advanced setting, including CDK 4/6
inhibitors, and confirmed partial responses in patients with baseline estrogen receptor 1, or ESR1, activating
mutations. We believe that with this profile, OP-1250 has the potential to become the endocrine therapy of
choice for the treatment of ER+ / HER2- breast cancer.

We completed the Phase 1a dose escalation portion of our trial and we are currently conducting Phase 1b dose
expansion at two dose levels (60 mg and 120 mg daily), which will help inform the selection of the
Recommended Phase 2 Dose, or RP2D, to advance into Phase 2 efficacy evaluation. Phase 2 efficacy
evaluation is expected to initiate in the first half of 2022 with approximately 80 patients enrolled across three
cohorts: patients with measurable disease (n=50), patients with non-measurable disease (n=15), and patients
with CNS metastasis (n=15).

In addition, we plan to explore the potential clinical benefit of OP-1250 in combination with other approved
agents for breast cancer, such as inhibitors of CDK4/6 and phosphatidylinositol 3-kinase alpha, or PI3Ka, which
have been shown to lead to improvements in both progression-free and overall survival. In July 2020, we
entered into a non-exclusive agreement with Novartis Institutes for BioMedical Research, Inc., or Novartis, to
evaluate the combination of OP-1250 and Novartis’ KISQALI® (ribociclib), a CDK4/6 inhibitor, as well as
PIQRAY® (alpelisib), their PI3Ka inhibitor. Under the terms of the collaboration, Novartis will be responsible for
funding a capped majority of the costs for the Phase 1b clinical trial, as well as supplying their drugs. In
November 2020, we entered into a non-exclusive clinical trial agreement with Pfizer Inc., or Pfizer, to evaluate
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the safety and tolerability of OP-1250 in combination with Pfizer's proprietary CDK4/6 inhibitor IBRANCE®
(palbociclib) in patients with recurrent, locally advanced or metastatic ER+, HER2- breast cancer in a clinical
trial. Under the terms of the non-exclusive agreement, we will be responsible for conducting the clinical trial for
the combined therapy and Pfizer is responsible for supplying IBRANCE® (palbociclib) to us at no cost to us. In
December 2021, we initiated a Phase 1b clinical trial of OP-1250 in combination with palbociclib. Additional
combination studies with CDK4/6 and PI3Ka inhibitors are planned in 2022.

In addition, we plan to initiate a Phase 1b clinical trial of OP-1250 in combination with HER2+ inhibitors in
patients with ER+/HER2+ breast cancer and CNS metastasis in 2022.

Our Strategy

Our goal is to discover, develop and commercialize next generation targeted therapies for women'’s cancers.
The key elements of our business strategy to achieve this goal include:

e Applying our deep understanding of nuclear receptors — particularly the ER — and
mechanisms of resistance to develop novel therapeutic approaches for endocrine-driven
cancers. Our team has spent over a decade characterizing the structure and function of the ER and
its role in driving tumor cell proliferation in HR+ breast cancer. Our knowledge of the ER’s functional
domains combined with our medicinal chemistry expertise has allowed us to develop a potent and
oral compound that both completely inactivates and strongly promotes degradation of the ER in
nonclinical studies. We believe OP-1250's oral formulation and dual mechanism of action as a
CERAN/SERD directly address the limitations of current endocrine therapies, such as fulvestrant and
tamoxifen, and has the potential to drive deeper, more durable responses.

e Rapidly advancing our lead product candidate, OP-1250, through clinical development as a
monotherapy for ER+/HER2- breast cancer. We are currently evaluating OP-1250 monotherapy in
a Phase 1/2 dose escalation and expansion clinical trial in patients with recurrent, locally advanced
or metastatic ER+/HER2- breast cancer whose disease has progressed on endocrine therapy. We
reported initial data from this trial in November 2021. After examining safety and PK as well as
determining the RP2D, we intend to advance OP-1250 into Phase 2 efficacy evaluation, and to study
OP-1250 in patients with earlier stage disease.

e Establishing OP-1250 as the endocrine therapy of choice with targeted therapy combinations
for the treatment of metastatic ER+ breast cancers. We believe OP-1250’s differentiated product
profile has the potential to overcome many of the limitations of current treatment options. We plan to
explore the potential clinical benefit of OP-1250 in combination with other approved agents for breast
cancer, such as inhibitors of CDK4/6 and PI13Ka, which have been shown to lead to improvements in
both progression-free and overall survival. At low concentrations in nonclinical models, OP-1250
worked in combination with inhibitors of CDK4/6 and PI3Ka. In July 2020, we entered into a non-
exclusive agreement with Novartis to evaluate the combination of OP-1250 and KISQALI®
(ribociclib), a CDK4/6 inhibitor as well as PIQRAY® (alpelisib), a PI3Ka inhibitor. In November 2020,
we entered into a non-exclusive agreement with Pfizer to evaluate OP-1250 in combination with
IBRANCE®, a selective CDK4/6 inhibitor. In December 2021, we initiated a Phase 1b clinical trial of
OP-1250 in combination with palbociclib. Additional combination studies with CDK4/6 and PI3Ka
inhibitors are expected to initiate in 2022. Our goal is to successfully demonstrate improved efficacy
and a favorable tolerability profile in combination with other targeted therapies in order to position
OP-1250 as the endocrine therapy of choice.

10
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e Exploring additional clinical opportunities for OP-1250, including metastatic breast cancer
with brain metastases and other hormone sensitive tumors. Metastatic breast cancer is the
second most common cancer associated with brain metastases in the United States. Of
women with ER+ metastatic breast cancer, 10-15% will develop brain metastases, which present a
significant challenge to systemic therapy. The primary treatment for CNS metastases is typically
surgery, radiation, or a combination of both and these patients tend to have a poor prognosis. In
nonclinical studies, OP-1250 demonstrated robust CNS penetration, and in an intracranial breast
cancer brain metastases xenograft study, OP-1250 demonstrated the ability to shrink tumors and
improve survival in mice. In addition, we believe that combining OP-1250 with HER?2 targeted agents
may represent an opportunity to improve upon recent advancements in the treatment of CNS
disease in patients that express both ER and HER2, as up to 50% of patients with metastatic HER2+
breast cancer develop CNS disease, and the majority of patients with HER2+ breast cancer also
express ER. In nonclinical studies, the addition of OP-1250 to HER2 inhibitors improved tumor
growth inhibition in both ER+/HER2+ cell line-derived xenograft and patient-derived xenograft
models.

e Continuing to evaluate opportunities to accelerate development timelines and enhance the
commercial potential of our programs in collaboration with third parties. We own full worldwide
development and commercialization rights to OP-1250. We have established a clinical collaboration
with Novartis and intend to continue evaluating opportunities to work with partners that meaningfully
enhance our capabilities with respect to the development and commercialization of OP-1250. In
addition, we intend to commercialize our product candidates in key markets either alone or with
partners in order to maximize the worldwide commercial potential of our programs.

e Expanding our portfolio of therapies focused on women’s oncology through both internal
research activities and business development efforts. We are applying our internal drug
discovery capabilities to identify and evaluate novel targeted therapies that can improve the lives of
women with cancer. We have an active discovery research team exploring additional opportunities
for targeted therapies for breast cancer. We will also continue to explore opportunities to acquire
products and technologies that align with our core areas of expertise and complement our existing
portfolio.

Our Opportunity
Epidemiology and classification of breast cancer

Breast cancer is the second-most common cancer worldwide, with nearly 2 million new diagnoses per year. In
2021, the ACS estimate there were approximately 282,000 new cases of female breast cancer and over 43,600
deaths in the United States, making it the second-leading cause of cancer death in women. Approximately
2,500 men are also diagnosed with breast cancer each year in the United States. Breast cancer is a
heterogeneous disease which is grouped into several clinical subtypes based on the expression of three
proteins: ER, PR and HER2. Both ER and PR are hormone receptors, and tumors that express either of these
receptors are referred to as HR+. It is unusual for a tumor to express PR in the absence of the ER, therefore
most tumors are referred to as either ER+ or ER-. Tumors that express HER2 are denoted HER2+, and tumors
that do not express ER, PR or HER2 are classified as triple negative breast cancer. Approximately 75% of all
breast cancers are ER+, and approximately 65% are ER+/HER2-, highlighting the central role of ER signaling in
driving a large majority of breast cancer. The percentage breakdown of all breast cancers by subtype are shown
in Figure 2.

11




Table of Contents

Figure 2. Types of breast cancer
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Treating breast cancer
Early-stage breast cancer

Breast cancer stage is determined by the size of the tumor and whether or not the cancer has spread to lymph
nodes. A tumor that is confined to the breast with or without the involvement of local, ipsilateral lymph nodes is
considered early-stage breast cancer. Treatment for patients with early-stage breast cancer involves two
components. First, there is local treatment of the breast, chest wall and local lymph nodes, if any, with surgery,
either a lumpectomy or mastectomy, and potentially radiation. Second, based on the biology and characteristics
of the tumor, patients may also be offered systemic therapy, referred to as adjuvant therapy, in order to
decrease the risk of recurrence of breast cancer anywhere in the body. Systemic therapy can be given either
after surgery (adjuvant) or prior to surgery (neoadjuvant) or a combination of both.

The initial standard of care for patients with early-stage ER+ breast cancer is at least five years of adjuvant
endocrine therapy. The endocrine treatment options for early-stage disease are Als, such as anastrozole,
exemestane or letrozole, or an ER antagonist such as a tamoxifen. For patients diagnosed with early-stage ER+
breast cancer who undergo surgical and adjuvant/neoadjuvant treatment, the five-year survival rate is over
90%.

Metastatic breast cancer

When cancer has spread beyond local lymph nodes, either to distant lymph nodes, bones or visceral organs,
the cancer is now considered metastatic. Approximately 6-10% of breast cancer patients present with de novo
metastatic disease, also referred to as stage IV disease, at initial diagnosis. In addition, approximately 20-30%
of patients diagnosed with early-stage breast cancer will develop metastatic disease. In contrast to the goals of
adjuvant therapy, treatments for metastatic disease are palliative with the desired outcome of controlling
symptoms and extending survival as long as possible. The current five-year survival rate for patients with ER+
metastatic breast cancer is approximately 30%.

While there are national guidelines and recommendations for the treatment of metastatic breast cancer, the
actual treatment decision is based on a combination of individual patient characteristics and tumor biology,
including whether they received adjuvant therapy and if so, how quickly the cancer recurred. There is significant
overlap in the agents that are recommended, but guidelines vary in the sequence in which these agents are
used. In the past five years, several new classes of targeted therapies have been approved to be used in
combination with endocrine agents for the treatment of HR+/HER2- breast cancer. Inhibitors of CDK4/6, such as
palbociclib, ribociclib and abemaciclib, used in combination with an Al or fulvestrant, led to significant increases
in progression- free survival and overall survival. Alpelisib, a PI3Ka inhibitor, was approved in 2019
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in combination with fulvestrant for the treatment of HR+/HER2- breast cancers that have mutations in PIK3CA.
Figure 3 shows the endocrine treatment options available for ER+ metastatic breast cancer, and an example of
the sequence of treatments, by agent and line of therapy.

Figure 3. Available endocrine options and example of sequential alternating of endocrine
based therapy in ER+ metastatic breast cancer
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When moving a patient from one line of therapy to the next, the standard of care is to switch to an endocrine
agent with a different mechanism of action depending upon last therapy, co-morbidities, and individual patient
characteristics.

Metastatic breast cancer is the second most common cancer associated with brain metastases in the United
States. About 10-15% of women with metastatic breast cancer develop brain metastases. Brain metastases
present a significant challenge to systemic therapy, and the primary treatment for CNS metastases is typically
surgical resection, radiation, or a combination of both. Given the limited treatment options available for these
patients, the prognosis remains poor, making it an area of continued, high unmet medical need. In addition,
brain metastases in breast cancer patients are a major cause of morbidity, associated with progressive
neurologic deficits that result in a reduced quality of life.

ER signaling in cancer
The ER is a nuclear receptor that functions as a ligand regulated transcription factor. When bound to estrogen,
the ER directs the expression of genes that are essential for breast cancer cells’ survival and proliferation. The

ER has three modular functional domains:

e The amino terminal domain, which contains the activation function 1, or AF1, the activity of which can
be increased by multiple cell proliferative signaling pathways;

e The DNA binding domain, which directs the ER to bind to a specific set of ER-responsive genes; and

e The ligand binding domain, which contains the activation function 2, or AF2, which is turned on when
bound to estrogen.
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Activation of either AF1 or AF2 can drive transcription and cancer cell proliferation.

Figure 4. ER is a tripartite protein with two distinct transcription factor activation domains,
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Classes of endocrine therapies and their limitations

For more than four decades, researchers have been developing new approaches and therapies to prevent
activation of the ER pathway, thereby inhibiting the ability of the ER to drive tumor cell growth. Figure 5
describes the two major classes of endocrine therapies, als and ER antagonists. In 2020, worldwide sales for
endocrine and targeted therapies treating ER+ breast cancer patients totaled $20.5 billion.

Figure 5. Classes of endocrine therapies
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Antagonists with partial agonist activity

In 1977, the first endocrine therapeutic, tamoxifen, was approved by the FDA for the treatment of breast cancer.
Although tamoxifen directly competes with estrogen and prevents activation of the AF2 transcription factor
activation domain, it does not block AF1 activity and therefore does not completely inhibit ER function
(Figure 6). As a consequence of this partial agonist activity, tamoxifen mimics estrogen in some circumstances
and promotes proliferation. In addition, some breast cancers can develop resistance to these partial agonists by
activation of upstream AF1 signaling pathways, such as mTOR, PI3K, MAPK, c-SRC, EGFR, FGFR and IGFR.
Therefore, while tamoxifen is commonly used today, it is challenged by acquired drug resistance and a relatively
short duration of response.
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Figure 6. Partial agonists, such as tamoxifen, are unable to completely block ER activation
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In search for a different mechanism to target the estrogen pathway, als were developed in the 1990s to block
the synthesis of estrogen and deprive the ER+ tumor of its activating ligand. However, most patients with
metastatic breast cancer have been shown to ultimately develop resistance to these therapies. Similar to
tamoxifen, resistance to als, such as anastrozole, exemestane or letrozole, can develop by multiple
mechanisms, including activation of the AF1 pathway and development of mutations. Mutations in ESR1 that
confer estrogen-independent ER activity arise in 30-40% of patients receiving Al treatment.

SERDs

In the search for more potent ER antagonists, researchers focused on another class of ER drugs that were
described as SERDs. This classification arose from the observation that certain ligands bind tightly to ER
leading to ER degradation. The field shifted drug discovery efforts to SERDs based on the hypothesis that
degrading ER would be more efficacious than inhibiting it. However, similar to tamoxifen, many compounds with
SERD activity are not complete ER antagonists nor do they achieve complete degradation of the ER. Recent
experiments conducted by us and third parties in nonclinical models of breast cancer suggest that ER
degradation, as achieved by many SERDs, on its own is not sufficient to effectively treat tumors and that the
ability to completely inhibit ER function is best achieved through complete antagonism.

CERANs

A CERAN is a molecule that completely blocks the ability of both AF1 and AF2 to stimulate gene transcription
(Figure 7). CERANS inhibit activation of the AF2 transcription factor activation domain and inactivate AF1
activity by recruiting nuclear receptor corepressors of the N-CoR/SMRT family. Previous work by one of our co-
founders identified specific interactions between fulvestrant-bound ER and N-CoR and that the strength of these
interactions correlated with the ability of fulvestrant-bound ER to inactivate gene transcription through the
transcription factor activating domain, AF1.
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Figure 7. CERANSs block AF1 and AF2 activity inhibiting cell proliferation
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In 2002, fulvestrant was approved as a treatment for HR+ metastatic breast cancer and is typically used as a
second- or third-line endocrine agent. Fulvestrant represented a breakthrough for the field based on its dual-
mechanism of action as a CERAN and SERD which led to improved efficacy outcomes for patients. However,
fulvestrant, the only FDA-approved anti-estrogen lacking agonist-type effects in in vivo uterotropic assays in
immature or ovariectomized mice and rats, has several limitati