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CANCER

More Than 1,200 Medicines and Vaccines in
Clinical Testing for Cancer

In the last 30 years, significant progress has been made in the fight against
cancer. Since peaking in 1991, cancer death rates have declined 29%, leading to
more than 2.9 million cancer deaths avoided.' The most recent data show that
between 2016 and 2017 alone, death rates declined by 2.2%, the largest single-
year drop ever recorded.? Accordingly, rates of cancer survivorship also continue
to rise. The number of cancer survivors living in the United States has increased
from three million in 1971 to 16.9 million as of January 1, 2019.

Approximately 73% of survival gains in cancer are attributable to treatment
advances including new medicines.® Between 1988 and 2000, advances in
treatment for cancer have saved 23 million years of life and added $1.9 trillion to
society based on improved productivity, extended life and other factors.*

While meaningful progress has been and continues to be made against cancer, it
is still the second leading cause of death in the United States, accounting for 21%
of all deaths.® As 2020 comes to a close, it is estimated that more than 1.8 million
new cancer cases will be diagnosed and more than 606,000 Americans will

die from cancer this year alone (more than 1,600 people per day)." (Note: These
estimates are prior to COVID-19. The pandemic has impacted treatment access
and cancer screenings and may impact these estimates.)

With cancer cases expected to increase, the demand for cancer prevention,
screening and treatment services as well as the overall costs to care for the
growing number of patients are projected to dramatically increase.® Today, the
direct medical costs of cancer care are estimated at $80.2 billion in the U.S.
annually. And the indirect costs of lost productivity each year due to cancer-
related mortality include $94.4 billion in lost earnings.” With cancer incidence
expected to increase, these costs underscore not only the need for new
treatments to address substantial unmet medical needs, but for earlier diagnosis
and treatment to head off these costs and lead to longer and healthier lives in the
years ahead.
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To continue the progress and deliver hope to those battling cancer, biopharmaceutical research companies are working to
develop more effective and better tolerated treatments. Today, 1,361 medicines and vaccines for various cancers are currently in
development by innovative biopharmaceutical research companies, all of which are in clinical trials or awaiting review by the U.S.
Food and Drug Administration (FDA).2 The medicines in development include:

« 145 for several types of leukemia, which account for more than three percent of all new cases of cancer.’

« 141 for lung cancer, the leading cause of cancer death in the U.S. with 228,820 new cases and more than 135,000 deaths
expected in 2020

« 129 for lymphoma, including non-Hodgkin lymphoma, which account for nearly five percent of all new cancer diagnoses.'

« 108 for breast cancer, the leading cancer diagnosed in women in the U.S. with more than 279,000 new cases and more than
42,000 deaths expected in 2020. The female breast cancer death rate peaked in 1989, then declined by 40% in 2017!

« 85 for prostate cancer, accounting for nearly 11% of cancer diagnoses. The death rate from prostate cancer has declined by 52%
since 1993 mainly attributed to earlier detection through Prostate-specific antigen (PSA) testing and advances in treatment.!

« 72 for multiple myeloma, with an estimated 32,270 new cases being diagnosed in 2020 and 12,830 deaths.’
« 67 for brain tumors, including gliomas, which represent about 33% of all brain tumors.®

« 49 for ovarian cancer, with an estimated 21,750 new cases being diagnosed in 2020 and 13,940 deaths.'

A robust pipeline of additional medicines and vaccines are in development targeting bladder cancer, colorectal cancer,
kidney cancer, pancreatic cancer, skin cancer, stomach cancer, childhood cancers and other solid tumors.

While a particular type of cancer has historically been classified based on the tissue in which the cancer cells
first began to develop, researchers are working to more precisely and accurately define cancers based on
cellular and molecular characteristics. The ability to identify particular cancers in scientifically and clinically
meaningful ways lays the groundwork for the hurdle ahead: researching and developing new medicines that
will be safe and effective in treating those cancers.

For some cancers, the basic scientific understanding of their root causes provides
researchers with better targets for discovering and developing medicines,
particularly in cases when the disease is associated with a single gene

mutation or known set of mutations. For example, a mutation in the BRAF

gene is found in about 50-60% of all cases of cutaneous melanoma.” For

many other cancers, however, advances in scientific knowledge have revealed
the redundancy and complexity of the pathways involved. In these cases, a
combination of medicines that hit the cancer from different angles will likely

be needed as targeting just one molecular driver could allow the cancer to
develop resistance. This is just one example of why the development of effective
medicines is extremely challenging.

While there has been enormous progress in understanding many cancers and the
underlying biology which drive them, we have also learned how much more there

is to learn about this remarkably complex set of diseases. The potential for progress
has never been greater but realizing that promise is a challenge that requires talented,
dedicated researchers.
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Medicines in the Pipeline

Cancer is not just one disease but instead a collection of hundreds of diseases characterized by the growth and spread of
abnormal cells. Researchers are exploring game-changing methods and technologies to fight cancer as well as innovative ways
to use existing medicines, either alone or in combination with other therapies. This rapid pace of scientific advances ushered in
a new era of medicine for cancer patients over the last decade. Biopharmaceutical researchers’ understanding of the underlying
biological mechanisms that lead to cancer cell growth create promising avenues for treatment advances. Research into the

role of the body’s immune system in fighting cancer has yielded some of the most exciting advances, resulting in a new wave of
immunotherapies that specifically target cancers. Some of the exciting new medicines in the pipeline include:

« A CD19-directed (a biomarker commonly found on leukemia and lymphoma B-cells) CAR-T cell therapy is in development
for relapsed or refractory large B-cell lymphoma, including diffuse large B-cell ymphoma. CAR-T cell therapy is a type of
immunotherapy where a patient’s own T-cells are collected and engineered in the lab to recognize and kill cancer cells. The
engineered T-cells are then returned to the patient treat the cancer. The T-cells in this treatment are modified to recognize and
kill malignant B-cells with the protein CD19 on the surface.

.

A therapeutic vaccine for non-small cell lung cancer (NSCLC) which uses messenger RNA (mRNA) to mobilize the patient’s own
immune system to fight the tumor(s). mRNA is the cell’s blueprint to make proteins and subsequently send them to various parts
of the body. mMRNA medicines take advantage of the body’s biological processes to create a desired therapeutic effect. The
vaccine in development targets six specific tumor-associated antigens (substances produced in tumors that trigger an immune
response) that are overexpressed in lung cancer. It is being studied in combination with cancer immunotherapy.

.

A first-in-class treatment in development for higher-risk myelodysplastic syndromes (HR-MDS) targets the NEDD-8 activating
enzyme (NAE). Inhibiting the NAE enzyme blocks the modification of select proteins, resulting in disruption of the cell cycle
progression and cell survival, leading to cancer cell death. In clinical trials, the medicine used in combination with other
anticancer therapies demonstrated promising clinical activity. If approved, it would be the first new treatment for HR-MDS in
more than a decade.

.

A second-generation CAR-T cell therapy comprised of genetically-modified T cells is designed to target B-cell maturation
antigen (BCMA) and to redirect the T-cells to recognize and kill malignant myeloma cells. BCMA is a surface protein that is
absent in most normal tissues but found in normal plasma cells and the majority of multiple myeloma cells.

.

A potential treatment for bladder cancer, renal cell carcinoma and melanoma, among others, is designed to stimulate cancer
killing cells in the body by targeting CD122 on the surface of the immune cells. This experimental immunotherapy is being
studied in combination with an approved immune checkpoint inhibitor which works by unleashing the body’s own powerful
immune system to target and kill cancer cells. The treatment works by increasing the number of tumor-infiltrating lymphocytes
(TILs) which generate an immune response leading to increased therapeutic activity of the checkpoint inhibitor to attack cancer

cells while leaving normal cells alone.




Bladder B 1 30
Brain I 167
Breast I § 108
Colorectal 1 47
Gastric mmm 33
Head and Neck 1l 46

Hematologic Malignancies I 1109
Kidney MEI26
Leukemia N 1145
Liver = 40
Lung | — N 141
Lymphoma | E— m 129

Multiple Myeloma —EESS———) 72

Myelodysplastic Syndromes ~EEEEEN 46
Ovarian T 49

Pancreatic - 50
Prostate ~— B85
Sarcoma ™ 25
Skin - 59
Solid Tumors, Unspecified I — I 527
Others ——— m 34
Unspecified m 34
(o} 100 200 300 400 500
Note: Some medicines may be in more than one category. . Phase | Phase Il Phase llI . Application

Submitted

The Full Impact of New Cancer Medicines Accumulates Over Time

Post-approval research on existing medicines and new uses is particularly important in cancer treatment and has yielded
critical information about the full impact of certain cancer treatments. For example, an initial approval indicating seemingly small
improvements in overall survival rates, after longer term study, may be found to result in longer survival rates and/or may find
fewer side effects compared to other treatments. Additionally, the initial approval of a novel cancer medicine is a significant
milestone for many patients, but it is often just the beginning as researchers continue to explore the effectiveness of treatment
in other forms of cancer or in combination with other cancer therapies through continued clinical trials and real-world clinical
practice. Demonstrating the importance of expanded uses of existing cancer medicines, the American Association of Cancer
Research reports that while the FDA approved 18 new cancer treatments in 2018, they also expanded approvals for 10 previously
approved cancer treatments. These expanded approvals can include approvals in different stages of disease or different types
of cancer. These subsequent approved uses following clinical trials of existing medicines are often first-time treatments or even
breakthrough options for many cancer patients.

As one example, a PD1 checkpoint inhibitor, initially approved to treat metastatic melanoma in 2014, has subsequently been
found effective in treating a wide range of cancers in adults and children. In the span of just 6 years, post-approval research led to
new indications for the treatment of 13 different cancers. In many of these cancers, approvals were based on clinical trial results
which showed the checkpoint inhibitor improved overall progression-free survival. The medicine later became the first cancer
treatment approved based on the genetic composition of a tumor regardless of where the tumor originated in the body. This year,
the medicine also obtained a second so called “tissue agnostic” approval, thus enabling treatment across an even wider range of
cancers and in many cases providing treatment options for patients who previously had none."




Subsequent approvals which expand the use of cancer medicines alongside other treatments are also extremely valuable. For
many cancers, continued exploration post-approval of combinations with different cancer medicines often significantly improves
treatment outcomes. New uses for approved medicines require extensive clinical trial data which can lead to fewer side effects,
less frequent dosing, new indications, new patient populations and alternative delivery options.

For example, a range of checkpoint inhibitors as well as personalized medicines known as BRAF inhibitors and MEK inhibitors

were initially approved to treat metastatic melanoma beginning in 2011 and through additional clinical trials have been proven

effective in different stages of melanoma and in combination both within and across these classes. In 2015, the FDA approved
the use of two of checkpoint inhibitors in combination as a first-line treatment for some patients with metastatic melanoma after
clinical trials showed that 60% of patients responded to the combination compared with 11% who responded to monotherapy.™
Similarly, in 2018 the FDA approved two different combinations of BRAF and MEK inhibitors for metastatic melanoma patients.
Just this year a triple combination treatment, including a checkpoint inhibitor and a BRAF and MEK inhibitor, was approved for
certain metastatic melanoma patients after demonstrating 15 months of progression-free survival in patients.”

Long-term data has revealed tremendous survival outcomes in advanced melanoma, with 40 percent of patients alive three
years after starting treatment with a checkpoint modulator in a recent study.”™ Before the arrival of the first immunotherapy in 2011,
survival for these patients was measured in months.

Success of clinical trials following the original approval is not guaranteed. There is tremendous risk and unpredictability in testing
a previously approved medicine in a new population or new indication. Biopharmaceutical companies often invest time and
resources only to experience devastating late phase failures. Intellectual property protection and other incentives help enable
companies to take on the risk and explore a medicine beyond the original indication.

For many cancer patients, additional research and development following initial FDA approval leading
to new formulations and fewer administrations can result in reduced side effects, increased

compliance with the treatment regimen and/or provide greater convenience or quality of life. N

QY
Continued innovation that enables delivery of a medicine via a different route provides S 4 >
tremendous value to cancer patients who are often undergoing chemotherapy '& _ {
and require frequent and burdensome infusions. For example, in 2019 the FDA f\ ‘
approved a subcutaneous (under the skin) injection formulation of a common |- 4

treatment for certain HER2-positive breast cancer which was previously
administered via infusion. This new formulation includes the same monoclonal
antibody as the intravenous treatment along with a recombinant enzyme
which enables the delivery of the treatment under the skin. The new
formulation delivered via injection can be administered in 2 to 5 minutes,
compared to 30 to 90 minutes for the intravenous version allowing less time
in the clinic and more comfortable administration for patients."™

Likewise, continued research and development that results in safe and effective combinations of
multiple medicines that may be part of the same treatment protocol or regimen into a single dosage

form may significantly reduce treatment burden. For a cancer patient with often complex treatment
regimens, such an innovation can be remarkably valuable. For example, this year the



FDA approved a fixed-dose formulation of two monoclonal antibodies for the treatment of certain HER2-positive breast cancer
patients. Relative to the previous infusion of each respective therapy, the new combined formulation can decrease breast cancer
treatment from sequential 1to 2.5-hour intravenous infusions to a single 5-minute injection.”

Fixed-dose combinations chemically bring medicines together in ways that they cannot be separated, and the effect of the
medicines combined are often, synergistic, or more beneficial than the medicines separately.® Combination medicines are

difficult to engineer requiring significant research and testing to ensure each individual medicine in the combination is delivered
in the proper dosage and released at the same time. This strategy is often incentivized by patents and represents new and novel
formulations which are safe and effective compared to the individual products.”

Continued research and development can also result in new approaches, forms, technologies and systems for delivering
medicine to a patient which can simplify treatment protocols and improve quality of life for cancer patients. A long-approved
medicine to treat neutropenia (a low white blood cell count that can lead to dangerous infections) in patients undergoing
chemotherapy is now available in a single-use prefilled syringe and on-body injector (12 after initial approval). This convenient
approach to administration allows health care providers to start administration of the neutropenia treatment on the same day
as chemotherapy in appropriate patients. Prior to this new delivery system, patients were required to visit the cancer clinic or
hospital the day after chemotherapy to receive their treatment.?°

Increasing Diversity in Cancer Clinical Trials

Clinical trials are critical to the development and proof of efficacy for new treatments in all diseases, including cancer.
Unfortunately, less than one in 20 adult patients with cancer participate in a clinical trial.*! This disparity is even starker for non-
white racial and ethnic groups?' with data showing that the clinical trial enroliment of these groups has actually decreased over
the past 14 years.?? In 2012, only 17% of patients enrolled in industry-sponsored clinical trials were of a racial or ethnic group other
than white, despite these groups making up about one-third of the population.?® One evaluation found that Black participation
reached 10% for only two of the 31 cancer drugs studied.?* Clinical trial participants are disproportionately non-Hispanic white men
with higher education levels and household incomes.?"?

PhRMA and its member companies are committed to enhancing diverse participation in clinical trials including identifying and
addressing potential barriers to enroliment. Working with the FDA, patient advocacy organizations and other stakeholders across
the research ecosystem, biopharmaceutical companies collaborate and employ strategies to encourage greater participation in
clinical trials. The FDA Reauthorization Act of 2017, Prescription Drug User Fee Act and the 21st Century Cures Act further enable
science-based approaches, including the use of innovative clinical trial approaches and incorporation of patient perspectives into
drug development to advance the innovation of clinically meaningful products for patients.

In November 2020, PhRMA member companies launched the first ever industry-wide principles on clinical trial diversity.?® These
principles build on our commitment to earnt trust and address the systemic issues that deter black and brown communities form
participating in clinical trials, so that people who want to participate, can.

Three of the primary barriers to diverse clinical trial participation?” include:

- Lack of knowledge. Many patients do not understand what clinical trials are and are not aware of clinical trials as a treatment
option.

- Financial constraint. For many, participating in a clinical trial means taking time off work or care-giving to travel to the clinical

trial site. Providing appropriate financial support for participation may help address these barriers and increase clinical trial
participation.
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« Lack of trust. Some patients may not trust medical research due to historical mistreatment of participants, such as those involved
in the U.S. Public Health Service Syphilis Study at Tuskegee, 1932-1972. Education of healthcare providers and community
outreach to build trust and increase clinical trial awareness can directly help address recruitment, enroliment, and retention of a

diverse clinical trial population, while also expand access to investigational treatments for underserved populations.

Biopharmaceutical companies are addressing the systemic challenges and skepticism that keep Black and Brown communities
from participating in clinical trials because of historic wrongs. Clinical trials can give people access to potentially lifesaving
medicines and high-quality care. Enhancing diversity in clinical trial participation may lead to evidence that better reflects the
patients most likely to use the medicine if approved. As an industry, biopharmaceutical research companies are dedicated to
earning the trust, and addressing the systemic issues, that prevent Black and Brown communities from enrolling in clinical trials so
that people who want to participate, can.

New Approaches in Treatment Find Success

While new medicines have played a key role in cancer survival gains, much of this progress is due, in part, to advances in molecular
and genomic research that have revealed the unique complexities of cancer and changed our understanding of the disease. Today,
scientists recognize that no two cancers are alike; cancer is far more complex and varied. Just as each person’s genetic material is
unique to them, every patient’s cancer is impacted and driven by a variety of unique factors. The condition broadly referred to as
cancer is in fact a group of hundreds of different diseases.

These advances have expanded our knowledge of how cancer develops and how to target medicines for specific cancer types,
which has resulted in new, more effective therapies for patients. In fact, an average of 85% of medicines in the oncology pipeline
are likely to be first-in-class medicines, meaning they use a new and unique mechanism for treating a disease.?® This includes 79%
in the clinical research phase that may be first-in-class medicines.?® Examples of the exciting science behind potential new cancer
treatments include:

Adoptive Cell Therapy

White blood cells, called T-cells, play a role in many cancer immunotherapy approaches. In healthy individuals, T-cells identify and
kill infected or abnormal cells, including cancer cells. Two promising technologies in development that activate a patient’s own
T-cells to attack cancer cells are genetically modified chimeric antigen receptor T-cell therapy (CAR-T) and non-genetically modified
T-cell receptors (TCR) therapy. Other types of adoptive cell therapy include tumor infiltrating-lymphocytes (TILs) and natural killer
cells.

CAR-T therapy is intended to permanently alters a patient’s T-cells to multiply in the body into an army to fight the root cause of
disease. To receive the treatment, a patient’s blood is filtered to remove a population of T-cells, which are then altered in the lab
by inserting a gene that targets cancer. The T-cells are then returned to the patient intravenously, where they can then identify and
target cancer cells.
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CAR-T THERAPY DRIVING BREAKTHROUGHS FOR CANCER PATIENTS

Engineered immune T-cells can recognize, zero in on and kill cancer cells

T-cells are engineered Reengineered T-cells

to express specific receptors that are grown and expanded
recognize cancer cells. in culture.

»
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Modified T-cells are
reintroduced to patient.

T-cells are isolated from patient.

Antibody-Drug Conjugates

Antibody-drug conjugates (ADCs) are monoclonal antibodies linked to a therapeutic cytotoxic drug. Monoclonal antibodies can be
designed to be highly-selective for tumor-associated antigens, allowing them to target specific cancer cells without harming normal
or healthy cells. Because improved targeting leaves more healthy cells unharmed, ADCs have the potential to cause fewer side
effects than traditional chemotherapy, providing patients with a higher quality of life. When combined with a cytotoxic drug, the
antibody binds to specific cancer cells and this antibody-drug combination is taken up by the cancer cells, releasing the cytotoxic
drug and causing cancer cell death.

Gene Therapy

Gene therapy seeks to modify or introduce genes into a patient’s body with the goal of treating, preventing or potentially curing a
disease. Examples of gene therapy approaches include replacing or silencing a mutated gene that causes disease; or introducing
a new or modified gene that codes for molecules that block disease into the body.

Gene Editing

Gene editing is a technique involving the alteration of genes to correct mutations, introduce new genetic information or remove
specific DNA sequences. In gene editing, DNA sections are inserted, replaced, removed or modified at particular locations in the
human genome in order to treat a specific cancer.

Immune Checkpoint Modulators

The body’s immune system must include many checks and balances to protect the body from invading pathogens while preventing
itself from inadvertently attacking normal cells in the body. The immune system uses “checkpoint” proteins in order to either
activate or prevent an immune response. Years of research have revealed that some tumors have high levels of proteins that put
the brakes on the immune system, preventing it from attacking cancer cells.

Since this discovery, researchers have worked to understand the role of these checkpoint proteins and to target them in order to

“release the brakes” on the immune system. Current checkpoint modulators commonly target three proteins — CTLA-4, OX40 and
PD-1/PD-L1.
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Metabolic Inmunotherapy

Immuno-oncology therapies use many different pathways to activate the body’s immune system to attack cancer cells. Metabolic
immuno-oncology involves using metabolic pathways to improve the immune system’s ability to attack cancerous tumors. It is
believed that cellular metabolism plays an important role in moderating parts of the immune system. In cancer, tumor cells can
deplete nutrients the immune system needs to work correctly and support the development of immunosuppressive metabolites,
making it difficult for the immune system to recognize and attack the tumors. Metabolic immuno-oncology hopes to modulate the
activity of immune system and enhance its ability to activate an anti-tumor response by targeting key metabolic enzyme.

Personalized Medicine—Diagnosis and More Precise Treatment

The use of diagnostic tools to identify genetic mutations, the presence of specific proteins, or other molecules that relate to the
cancer (biomarkers) allows clinicians to assess which medical treatment would be most effective for each individual patient. For
example, a greater understanding of the molecular basis of disease has transformed what was known collectively as “disease of the
blood” 60 years ago, into about 40 unique types of leukemia and 50 types of lymphoma, opening up new treatment approaches.
Recently, treatments approved for melanoma with specific genetic mutations were accompanied by a diagnostic test to determine
which patients would benefit from the treatments. An emerging technology in personalized medicine uses artificial intelligence (Al).
For example, Al can help manage the use of chemotherapy drugs and help predict treatment tolerance by patients for an optimal
treatment regimen. Al can also match a patient’s genetic profile with the most effective treatments. Targeted medicines have grown
from 26% in 2003 to 46% in 2013.2°

RNA Interference

RNA interference (RNAI) and antisense RNA are relatively new areas of research and capitalize on a pathway that uses DNA
sequence to turn the gene off or modify the gene’s expression. These therapeutics are not cell or gene therapies, but they do offer
a new understanding of how genes are regulated in the body’s cells. RNA therapeutics can potentially block the mechanism of
disease-causing proteins.

Tumor Agonistic Therapy

Tumor agnostic therapies are treatments for tumors based a specific genetic mutation or molecular structure, regardless of the
cancer type or where it started in the body. This approach provides a new way of thinking about treating patients that is quite
different than how treatment plans were developed in the past and provide hope to patients across a wide range of cancers. The
first tumor agnostic therapy was approved in May 2017, and to date, the FDA has approved 3 therapies that are targeted towards a
specific genetic change across any cancer.

Vaccines

Cancer vaccines are a form of cancer immunotherapy and are considered biological response modifiers. These modifiers work by
either stimulating or restoring the immune system’s ability to fight infection and disease. Cancer vaccines can either be preventive,
which are intended to prevent cancer from developing in healthy people, or meant to treat cancer by strengthening the body’s
natural immune response against the cancer (called therapeutic vaccines). Currently available preventive vaccines for cervical
cancer helps protect against strains of the human papillomavirus (which is known to cause the disease), and one therapeutic
vaccine (for prostate cancer) is approved in the United States.

All of the categories of medicine described above undergo a comprehensive research process in order to meet rigorous FDA
standards for safety and efficacy. In addition to carefully conducted pre-clinical and clinical studies, this also includes research to
establish robust manufacturing and storage plans, in order to ensure the purity and potency of the therapy. The comprehensive
research into cancers and potential treatments, alongside advances in manufacturing these complex treatments, have positioned
the biopharmaceutical industry to continue the great progress made in the treatment of these diseases.
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Researching Cancer Medicines — Setbacks and Stepping Stones

Novel medicines that target the underlying causes of the disease are improving the outlook for many patients. But behind every
medicine that makes it to patients there are many investigational medicines that fail. The biopharmaceutical pipeline includes
many of these so-called “failures” which should more appropriately be considered setbacks. The nature of conducting research
in areas of high scientific complexity and regulatory uncertainty is that failure is inevitable. The knowledge gained helps to.inform
future research and development projects, including new therapeutic strategies and potential treatment combinations.

An analysis®° of nine different cancers — malignant melanoma, brain cancer, acute myeloid leukemia, kidney cancer, liver cancer,
lung cancer, pancreatic cancer, ovarian cancer and prostate cancer — shows just how challenging the process can be. Since 1998,
there have been many unsuccessful attempts and also some triumphs with medicines beating the odds and garnering approval
by the FDA with 1,315 drug failures and 111 approvals to treat the 9 cancers examined in the analysis.

These numbers give a sense of the magnitude of the complexities in cancer research and underscore the hurdles inherent in the
process, as well as the progress represented by new treatments that emerge from years of research and setbacks. Many of these
medicines target the root cause of cancers at the molecular level, some harness the body’s immune system to attack cancer cells,
while some work in conjunction with other medicines to unlock new progress.

Brain Cancer

The American Cancer Society estimates about 18,020 adults and children in the U.S. will die this year from brain and spinal cord
tumors, and about 23,890 new cases will be diagnosed." Brain cancer treatment and research is complicated by the blood-brain
barrier, which is designed to keep chemicals in the blood from getting into the brain, including anti-cancer treatments.

There is significant unmet need for patients with an aggressive form of brain cancer called glioblastoma multiforme (GBM).
Researchers are committed to continue in their efforts to research and develop new treatments for GBM, but they have faced
significant hurdles. Since 1998, there have only been 3 new drug approvals for GBM, while another 122 medicines have failed
in the development process having been discontinued, suspended, or had no development reported.*® That is a 41:1 ratio of
unsuccessful attempts to FDA-approved medicines.

Like most cancers, researchers are working to better understand brain tumors at the molecular level, the mutations driving them,
the biomarkers that reflect their state, how they interact with the immune system, and how best to treat each
patient individually.

Immunotherapies that harness the body’s own powerful ability to kill cancer cells
are considered particularly promising. A recent trial for GBM patients tested an
immune checkpoint inhibitor and found that when the inhibitor was given to
GBM patients before surgery it nearly doubles median survival time (417 days
compared with 228 days).*

Researchers are also exploring the development of vaccines in the fight

against glioblastoma. One study that released promising results in 2019

focused on a therapeutic vaccine in development made from the patient’s

own tumor cells designed to help the immune system recognize and attack the

tumor. The study showed that the vaccine suspended cancer growth, slowed
recurrence, and extended survival.3? In addition, preclinical research has suggested
that combining three immunotherapies which work by three different mechanisms may
have potential in leading to long-term remission.
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Acute Myeloid Leukemia (AML)

A flurry of recent approvals for AML followed nearly two decades without major new treatment options for the disease. But,
during that time, researchers were tirelessly working to better understand the genetic drivers of AML and testing potential
treatments.

AML is an extremely heterogeneous disease. A wide range of mutations are involved and different drivers are responsible for
the development of AML from patient to patient, and even cell to cell.** Preclinical models struggle to capture the heterogeneity
of the disease making success in clinical trials less likely.3® In the years since 1998, 91 medicines intended for AML failed in

the development process having been discontinued, suspended, or had no development reported.*® Meanwhile, 7 medicines
received approval. That is a 13:1 ratio of unsuccessful attempts to FDA-approved medicines, but these setbacks laid the
groundwork for the recent approvals as well as future progress. Outside of these setbacks, researchers are working to better
understand how best to use these new treatments in combination or in a particular sequence.3®

Understanding which patients will benefit most from which approach is also an important area to expand our knowledge. In
2018, an extensive dataset for AML covering genomic, clinical, and drug data was published by a partnership called Beat AML.
The partnership brought together 11 pharmaceutical and biotechnology companies as well as 11 academic medical centers. Over
30,000 data points were collected spanning across treatments and outcomes, pathology and genetic reports, demographics

of patients, and diagnostic information. This data set has the potential to provide predictions for markers of drug sensitivity and
resistance, in turn supporting the development of more effective drugs.®

Finally, immunotherapy is a promising approach that has actually been used for AML for many years. Stem cell transplants are a
form of immunotherapy and have been used for nearly four decades to treat AML. Researchers are currently working to better
understand how AML interacts with the immune system and have identified multiple immune checkpoints that are involved
including PD-1and OX40. Clinical trials are currently underway targeting these pathways with checkpoint inhibitors. While PD-1
Inhibitors have been successful in several other forms of cancer, inhibitors of OX40 represent a novel approach.®

Antibiotics play an important role in public health and are widely used in modern medicine in a variety of scenarios to fight off
dangerous bacteria and avoid potentially life-threatening complications. But bacteria are becoming increasingly resistant to
available antibiotics. According to the Centers for Disease Control and Prevention (CDC), antibiotic resistance is one of the biggest
public health challenges of our time. Each year in the U.S,, at least 2.8 million people get an antibiotic-resistant infection, and more
than 35,000 people die.®®

For cancer patients undergoing treatment—resulting in weakened immune systems—effective antibiotics are critical. Cancer
patients are at a higher risk of contracting serious infectious diseases and rely on antibiotics for the prevention and treatment of
infections, which is one of the most common life-threatening complications of their illness and treatment. A recent survey found

that 95% of the oncologists surveyed worry that antibiotic resistant bacteria will negatively impact the viability of chemotherapy.*




Solutions for Advancing Value in Cancer Care-

Advances in regulatory science are creating efficiencies and enhancing the tools needed to drive innovative cancer drug
discovery, development and approval. Solutions for accelerating cancer treatment progress include:

« Integrating the patient perspective by incorporating patient input and increasing patient engagement.

« Accelerating the qualification and use of biomarkers and increasing the acceptance of novel outcome measures and the
development of tissue agnostic therapies.

» Advancing the use of real-world evidence by allowing the use of both safety and efficacy data in regulatory decision making.
- Increasing the acceptance of novel clinical trial design to enhance the use of adaptive and other flexible study designs.

Biopharmaceutical research companies are advancing patient-centered solutions for better value treatments and improving the
use of medicines. Specifically, biopharmaceutical research companies are supporting the following principles:

- Expanding innovative contract uptake by advocating for modernization of outdated regulations.

- Leveraging new data, including real world data, and innovative tools to support informed decision-making by patients,
physicians and payers on value.

- Developing quality measures that close gaps in clinical and patient-focused quality measures.
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