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NOTE ABOUT FORWARD-LOOKING STATEMENTS

This Annual Report on Form 10-K, or Annual Report, contains forward-looking statements within the meaning of
Section 21E of the Securities Exchange Act of 1934, as amended, or the Exchange Act, and section 27A of the
Securities Act of 1933, as amended, or the Securities Act. All statements contained in this Annual Report other than
statements of historical fact, including statements regarding our future results of operations and financial position,
business strategy, market size, potential growth opportunities, nonclinical and clinical development activities, efficacy
and safety profile of our product candidates, use of net proceeds from our public offerings, our ability to maintain and
recognize the benefits of certain designations received by product candidates, the timing and results of nonclinical
studies and clinical trials, commercial collaboration with third parties, and the receipt and timing of potential

regulatory designations, approvals and commercialization of product candidates, are forward-looking statements. The
words “believe,” “may,” “will,” “potentially,” “estimate,” “continue,” “anticipate,” “predict,” “target,” “intend,” “could,” “wot
“project,” “plan,” “expect,” and similar expressions that convey uncertainty of future events or outcomes are intended to
identify forward-looking statements, although not all forward-looking statements contain these identifying words.
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These forward-looking statements are subject to a number of risks, uncertainties and assumptions, including those
described in Item 1A, “Risk Factors” and elsewhere in this Annual Report. Moreover, we operate in a very competitive
and rapidly changing environment, and new risks emerge from time to time. It is not possible for our management to
predict all risks, nor can we assess the impact of all factors on our business or the extent to which any factor, or
combination of factors, may cause actual results to differ materially from those contained in any forward-looking
statements we may make. In light of these risks, uncertainties, and assumptions, the forward-looking events and
circumstances discussed in this Annual Report may not occur and actual results could differ materially and adversely
from those anticipated or implied in the forward-looking statements.

You should not rely upon forward-looking statements as predictions of future events. Although we believe that the
expectations reflected in the forward-looking statements are reasonable, we cannot guarantee that the future results,
levels of activity, performance or events and circumstances reflected in the forward-looking statements will be
achieved or occur. We undertake no obligation to update publicly any forward-looking statements for any reason after
the date of this report to conform these statements to actual results or to changes in our expectations, except as
required by law. You should read this Annual Report with the understanding that our actual future results, levels of
activity, performance and events and circumstances may be materially different from what we expect.
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Unless the context indicates otherwise, as used in this Annual Report, the terms “Aeglea,” “the Company,” “we,” “us,” and “ot
refer to Aeglea BioTherapeutics, Inc., a Delaware corporation, and its subsidiaries taken as a whole, unless otherwise

noted. “Aeglea” and all product candidate names are our common law trademarks. This Annual Report contains

additional trade names, trademarks and service marks of other companies, which are the property of their respective

owners. We do not intend our use or display of other companies’ trade names, trademarks or service marks to imply a
relationship with, or endorsement or sponsorship of us by, these other companies.
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PARTI

ITEM 1. BUSINESS
Overview

We are a biotechnology company that designs and develops innovative human enzyme therapeutics for patients with
rare genetic diseases and cancer. We believe our novel approach of utilizing human enzymes offers advantages that
provide a greater likelihood of clinical success and commercial adoption.

Our drug-hunting capabilities in enzyme engineering, preclinical disease modeling, and drug development in both rare
genetic disease and cancer allow us to identify and advance innovative opportunities to address important unmet
medical needs for the benefit of patients. Our programs and the decisions we make to progress assets into clinical
studies are driven by the following considerations:

-Potential for enhancement of human enzymatic activity

- Ability to create novel human enzymatic activity

-Strong preclinical data and rationale

-Limited or no competition

-Meaningful commercial opportunities

-Worldwide commercial rights
We are a patient-focused organization conscious of the fact that people with a rare genetic disease or cancer have
limited treatment options, and we recognize that their lives and well-being are highly dependent upon our efforts to
develop improved therapies. For this reason, we are passionate about designing and developing novel therapeutics to
address significant unmet medical need for rare genetic disease and cancer.

Our Strategy

Our goal is to build a world-class biotechnology company dedicated to the discovery, development, and
commercialization of human enzyme-based therapeutics that transform the lives of patients by addressing unmet
medical needs in both rare genetic disease and cancer. To achieve that goal, we intend to:

Successfully advance our lead product candidate, pegzilarginase, through clinical development.

-For Arginase 1 Deficiency, we believe we have the only therapeutic in clinical development that addresses the
underlying drivers of disease progression. Pegzilarginase is currently being evaluated in two ongoing clinical trials
for Arginase 1 Deficiency, consisting of one Phase 1/2 clinical trial for the treatment of Arginase 1 Deficiency and
one open label extension study for patients with Arginase 1 Deficiency. In December 2018, we announced the
design of our global pivotal Phase 3 PEACE (Pegzilarginase Effect on Arginase 1 Deficiency Clinical Endpoints)
trial with a primary endpoint of plasma arginine reduction and secondary endpoints which include assessments of
clinical outcomes on mobility and adaptive behavior, safety and pharmacokinetics. We finalized the design of the
PEACE trial to be a single, global pivotal trial based on FDA and EMA feedback. We expect to dose the first patient
in the Phase 3 PEACE trial in the second quarter of 2019 and anticipate that topline data from the study will be
available in the first quarter of 2021. Additional repeat dose data from our Phase 1/2 clinical trial of pegzilarginase
in Arginase 1 Deficiency is expected in the first half of 2019.
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For our oncology indications, pegzilarginase is currently being evaluated in two ongoing clinical trials, consisting of
one Phase 1 clinical trial for the treatment of advanced solid tumors, and one Phase 1/2 combination clinical trial of
pegzilarginase with Merck’s anti-PD-1 therapy, KEYTRUDA (pembrolizumab) for the treatment of patients with
small cell lung cancer (SCLC). After determining the maximum tolerated dose in the Phase 1b combination study,
we advanced to Phase 2 in December 2018 and dosed the first patients. We expect that topline data from open label
Phase 2 study will be available in the first half of 2020.
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Target enzyme-based therapeutic opportunities within rare genetic disease and cancer where regulation of abnormal
metabolism provides the potential for important medical benefits.

Our focus is on rare genetic diseases and cancers where there is a plausible link between disease development,
progression, and metabolite levels including amino acids. Advancing to clinical development is gated by strong
biological rationale and preclinical data. We favor diseases where there are meaningful potential commercial markets
with limited or no current competition and where potential therapy can transform patient outcomes.

Concurrently develop and commercialize multiple product candidates.

We are committed to the discovery and development of multiple product candidates of engineered human enzymes, as
we believe this results in a diversified portfolio, leverages organizational efficiencies, and utilizes economies of scale.
This includes continually investing in our internal research capabilities to expand our portfolio.

Develop and implement our precision medicine strategy to increase the probability of clinical success.

An integral part of our product development programs is a precision medicine strategy designed to identify patient
populations for subjects with the greatest potential to benefit from our metabolism focused approaches. In rare genetic
disease this strategy is focused on identifying mis-diagnosed and undiagnosed patients. In the United States, we
continue to pursue avenues to improve disease state awareness and diagnosis of Arginase 1 Deficiency. In oncology,
we are exploring biomarkers to identify patients with tumors sensitive to amino acid deprivation. We believe that
targeting these patients will both enhance our ability to detect evidence of clinical activity earlier in clinical
development and improve the probability of treating their cancers effectively.

Seek global approval and commercialization of our product candidates.

We retain worldwide intellectual property rights to all of our product candidates. We intend to pursue clinical and
regulatory programs for approval in the United States and internationally. Ultimately, our plan is to establish a
multi-country commercial organization in rare genetic disease and seek commercial partnerships in select regional
markets. In cancer, we plan to build a focused commercial organization in the United States and strategically evaluate
partnership opportunities globally.

Our Focus—Enzyme-based Therapeutic Opportunities in Metabolism

Our company was initially founded to develop therapeutics for diseases characterized by abnormal amino acid
metabolism. We have broadened the scope of our metabolic focus, which we believe allows us to better leverage our
enzyme engineering capabilities. Metabolism refers to fundamental chemical reactions that are critical to
life-sustaining processes. Metabolism follows specific pathways that are comprised of various biochemical reactions
generally catalyzed by proteins known as enzymes. Enzymes accelerate complex reactions and serve as key regulators
of metabolic pathways by responding to changes in the cell’s environment or signals from other cells.
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An in-depth understanding of abnormal metabolic pathways is crucial to developing therapies that may address
various disease states, including rare genetic diseases and cancer. Our core capability of exploiting these abnormal
metabolic pathways has allowed us to develop engineered human enzyme therapies with the potential to reduce toxic
levels of amino acids that may lead to novel, disease-modifying treatments for these rare genetic diseases. In addition,
with our focus on the innovative field of cancer cell metabolism, we strive to leverage our engineered human enzyme
product candidates to degrade the key nutrients needed for cancer cell survival and proliferation. The mechanism of
action of our drugs also presents the potential for novel combination therapies when used together with existing or
emerging standards of care.

Background on Rare Genetic Disease and Arginase 1 Deficiency

The incidence of a single metabolic abnormality typically occurs in fewer than one per 100,000 live births. While rare,
most of these diseases have severe or life-threatening characteristics and many metabolic abnormalities are likely to be
under-diagnosed. Current treatment options for these disorders are limited. While diet modification or nutrient
supplementation can provide some benefit to patients, several metabolic abnormalities have been treated successfully
with enzyme therapy.
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We are targeting Arginase 1 Deficiency, a urea cycle disorder, with our lead product candidate, pegzilarginase.
Arginase 1 Deficiency is a serious progressive disease with significant morbidity and early mortality. This disease is
caused by deficiency of a key arginine metabolizing enzyme. This leads to two important harmful metabolic effects:
(1) the accumulation of high levels of arginine and other arginine derived metabolites, and (2) an impairment of the
urea cycle which leads to elevation of ammonia levels, especially at times of stress. The high plasma arginine level is
believed to be the key driver of the spasticity, developmental delays, and seizures that develop in early childhood and
progress over time. The impairment of the urea cycle also means that these patients are at risk of episodic and
sometimes persistent hyperammonemia, which causes irritability, nausea, and vomiting with potential to progress to
brain swelling, encephalopathy, and death.

There is currently no approved therapeutic agent specifically indicated for Arginase 1 Deficiency or effective
treatment options for these patients. Current disease management practice includes a medical diet with protein
restriction and ammonia scavengers. Medical literature suggests that disease progression can be slowed with strict
adherence to dietary protein restriction, which often includes the use of specially formulated supplements. Such
dietary modification has been shown to partially reduce plasma arginine levels, but generally does not reach the range
stipulated by medical guidelines. Therefore, this disease management approach is difficult to manage, unpalatable,
and generally inadequate to treat the majority of patients. Ammonia-scavenging drugs such as RAVICTI (glycerol
phenylbutyrate) and BUPHENYL (sodium phenylbutyrate) are used to manage elevated ammonia levels. Liver
transplantation has been reported to achieve normalization of arginine levels; however, this intervention is available
only to a small fraction of patients and carries significant procedural risk.

The lack of a treatment option that directly address the cause of Arginase 1 Deficiency supports the need for a therapy
that manages the harmful metabolic effects caused by accumulation of high levels of arginine and other
arginine-derived metabolites (also referred to as guanidino compounds), as well as the accumulation of ammonia
caused by the disease related slowing of the urea cycle. The development of an arginine reducing therapeutic
introduced early in a patient’s life could potentially minimize the exposure to the neurotoxic effects of arginine, its
metabolites, and ammonia, as well as potentially enabling improved protein intake. Reduction of plasma arginine
levels to below the recommended guidelines for an extended period during the pegzilarginase dosing schedule has the
potential to slow or halt the progression of the disease, thereby offering the potential for more normal growth and
development in these patients.

Arginase 1 Deficiency is a rare disorder, and disease prevalence has not been established in the medical literature.
Newborn screening data for two reliably detected urea cycle disorders allowed disease experts to estimate the
incidence of Arginase 1 Deficiency at 1:950,000 births. Assuming a less than normal life span, we believe that at least
600 individuals in global addressable markets have Arginase 1 Deficiency. Presently, only 34 U.S. states and
jurisdictions screen for Arginase 1 Deficiency, and screening in Europe is not universal. Because the symptoms of
Arginase 1 Deficiency may overlap with other disorders such as cerebral palsy or epilepsy, the prevalence of Arginase
1 Deficiency may be underestimated in regions that do not mandate newborn screening for this disease. To date we
have identified more than 170 patients in the major addressable markets, primarily in the U.S. and Europe.

Background on Cancer

Cancer is the second-leading cause of death in the United States. The National Cancer Institute estimates that in 2018
there were approximately 1.7 million new cases and approximately 610,000 deaths from cancer in the United States.
Cancer originates from defects in the cell’s genetic code, or DNA, that disrupt the mechanisms that normally prevent
uncontrolled cell growth.

We believe that the altered metabolism of cancer cells—the atypical uptake and breakdown of nutrients— provides an
opportunity to develop important new cancer treatments. Cancer cells rapidly change how they take up and utilize
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nutrients. However, while cancer cell metabolic abnormalities fuel tumor growth and alter tumor immune response,
they also expose vulnerabilities that can be targeted to selectively destroy tumor cells. It is our belief that depriving
cancer cells of key amino acids that are essential for cell survival and tumor growth will provide an effective treatment
for some cancers, both as a single agent and in combination with existing or emerging standards of care.

Enzyme-based therapies that degrade amino acids have shown clinical benefit in the treatment of cancer. For example,
Oncaspar (pegaspargase) and Erwinaze (asparaginase Erwinia chrysanthemi) were approved as part of a multi-agent
chemotherapeutic regimen for the treatment of patients with acute lymphoblastic leukemia. Degrading the amino acid
asparagine with Oncaspar (pegaspargase), an E. coli-derived L-asparaginase enzyme, in combination with
chemotherapy generates much improved remission rates as compared with chemotherapy alone. Aeglea and other
companies have also reported clinical responses with arginine degrading enzyme treatment in some cancers known to
be arginine dependent. However, the clinical impact reported by other third parties appear limited as the
microbial-derived arginine-degrading enzyme elicited an immune response that appears to neutralize the activity of
the drug and therefore may result in limited clinical utility.

11
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The use of microbial enzymes as human therapeutics is often limited by an immune response to a foreign protein. We
expect our enzyme product candidates, which are engineered from human proteins, may have more favorable
drug-like properties and be less likely to elicit an immune response compared with microbial enzymes. This is
supported by our experience with pegzilarginase to date in our clinical programs compared to clinical trials reported in
the medical literature with a bacterial-derived arginine depleting enzyme. We believe our approach may provide
greater flexibility with respect to the target amino acids that can be addressed.

Using pegzilarginase to enzymatically deplete extracellular arginine needed by some cancer cells provides an
approach that, when used alone or in combination with existing or emerging standards of care, has the potential to be
an effective treatment paradigm for cancer patients. Published literature suggests that a variety of cancers could
potentially respond to amino acid deprivation, which offers us several potential targets for cancer treatment
opportunities.

Our Development Programs
Pegzilarginase Overview

Our lead product candidate, pegzilarginase, is an enhanced human arginase that enzymatically degrades the amino
acid arginine. Pegzilarginase is a recombinant, human Arginase 1 enzyme with modifications that enhance the
stability and arginine-degrading activity of the enzyme in human plasma, and we believe it may have a lower
likelihood of immunogenicity in patients than bacterial arginine-degrading enzymes. Our lead program,
pegzilarginase, is in early clinical development for two indications.

1. Arginase 1 Deficiency, which is a rare progressive autosomal recessive metabolic disease caused by a marked
decrease in the activity of the native arginase 1 enzyme, which appears to play a key role in the degradation of
arginine as part of the urea cycle.

2. Arginine dependent cancers, which demonstrate a potential vulnerability that leads to an increased dependency on
extracellular arginine

Pegzilarginase in Rare Genetic Disease

PEACE Global Pivotal Phase 3 Study of Pegzilarginase in Patients with Arginase 1 Deficiency: In December 2018,
we announced the design of our single, global pivotal Phase 3 PEACE trial to evaluate the safety and efficacy of
pegzilarginase. The trial is believed to be the first-ever investigative therapy that addresses the high arginine levels
that are the key drivers of this devastating disease for patients with Arginase 1 Deficiency. We designed the PEACE
trial based on input from the FDA and EMA. We expect to dose the first patient in the PEACE trial in the second
quarter of 2019 and anticipate that topline data from the Phase 3 PEACE study will be available in the first quarter of
2021. PEACE is a global, randomized, double-blind, placebo-controlled trial designed to assess the effects of
treatment with pegzilarginase versus placebo over 24 weeks with a primary endpoint of plasma arginine reduction
from baseline. The primary endpoint is intended to assess the effectiveness of pegzilarginase in lowering plasma
arginine levels given the evidence that improved plasma arginine control has the potential to improve the clinical
status and slow disease progression in patients with Arginase 1 Deficiency. Secondary endpoints will include mobility
and adaptive behavior as assessments of clinically meaningful effects, in addition to safety and pharmacokinetics. The
FDA and EMA indicated that data from this Phase 3 PEACE trial showing plasma arginine reduction in conjunction
with improvements in clinically meaningful aspects of the disease may be sufficient to support a marketing
application for pegzilarginase in Arginase 1 Deficiency.

We plan to enroll 30 (pediatric and adult) patients with Arginase 1 Deficiency. Patients enrolled in the trial are
randomized on a two-to-one basis to receive weekly infusions of pegzilarginase (0.1 mg/kg), or placebo for the
double-blind treatment period of 24 weeks. Dose adjustments during this period can be made to optimize plasma
arginine control for levels outside the range of 50 to 150 uM.

12
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Patients will be considered eligible for the PEACE trial during screening if they exhibit average plasma arginine of
greater than 250 pM, are greater than two years of age and have a deficit in at least one dimension of mobility or
adaptive behavior. All assessments and dose adjustments will be conducted in a blinded fashion at pre-specified
intervals. Patients will remain on current disease management for the duration of the Phase 3 PEACE trial.

In addition to the primary endpoint of plasma arginine reduction, secondary endpoints in the Phase 3 PEACE trial will
evaluate pegzilarginase relative to placebo through a multi-dimensional assessment of clinical response. A clinical
responder is defined as a patient exhibiting improvement from baseline in mobility (2 Minute Walk Test or Functional
Mobility Assessment) or adaptive behavior (Vineland Adaptive Behavior Scale). Additional secondary endpoints
include a response rate for each individual assessment, the total number of mobility and adaptive behavior responses
per patient and the proportion of patients with plasma arginine below medical guidance of 200 pM. Additional interim
clinical data from our Phase 1/2 clinical trial reporting repeat dose administration of pegzilarginase is expected in the
first half of 2019.
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Phase 1/2 Open Label Study of Pegzilarginase in Patients with Arginase 1 Deficiency: We are conducting a Phase 1/2
clinical trial for the treatment of patients with Arginase 1 Deficiency to assess the safety and clinical activity of
pegzilarginase. The Phase 1/2, multi-center, single-arm, open label trial of pegzilarginase enrolled 16 adult and
pediatric patients with Arginase 1 Deficiency in the United States, Canada, and Europe, exceeding the initial target of
10 patients. The Phase 1/2 dosing was completed in February 2019, with 14 patients completing 8 weeks of repeat
dosing. The trial is investigating both single ascending doses (Part 1) and repeated dosing (Part 2). The primary
endpoint of the trial is safety and tolerability of intravenous administration of pegzilarginase in patients with Arginase
1 Deficiency. The trial also will evaluate the pharmacokinetic and pharmacodynamic effects of repeated doses of
pegzilarginase on plasma arginine levels. Additionally, patients who complete the repeat dose part of the Phase 1/2
trial are eligible to enroll in a long-term open label extension study.

In October 2018, we announced new positive interim clinical data at the 2018 American Society of Human Genetics
(ASHG) Conference from our ongoing Phase 1/2 trial of pegzilarginase in patients with Arginase 1 Deficiency. We
reported clinical improvements with repeat dose administration of pegzilarginase after only eight weeks, including
consistent reduction of arginine and improvement in mobility or adaptive behavior. Pegzilarginase was generally well
tolerated; most treatment-related adverse events were mild, and while investigators considered some of the
hypersensitivity events as serious adverse events, they were generally manageable with standard measures and all
patients continued study treatment. Additionally, we completed and exceeded our enrollment target with 16 patients in
the Phase 1/2 clinical trial.

If the data from our Phase 1/2 and open label extension trials are supportive, we may seek to accelerate our
development plan for pegzilarginase by requesting to use established regulatory pathways, such as Breakthrough
Therapy Designation. Regardless of whether we receive this designation, we anticipate initiating a pivotal trial in the
second quarter of 2019 and, if successful, we expect that this trial would support registration filing in the US and
Europe.

Phase 1/2 Open Label Extension Study to Evaluate the Long-Term Safety, Tolerability and Effects of Pegzilarginase
in Patients with Arginase 1 Deficiency Who Received Treatment in a Previous Study: After completing the repeat
dose portion of the Phase 1/2 study and at least four weeks of post-treatment observation, patients are allowed to
continue treatment with pegzilarginase by enrolling in a long-term open label extension study. This study is expected
to provide important insights into the longer term clinical effects of reducing plasma arginine. In December 2017, we
announced the initiation of this study with the recruitment of two patients who had previously completed the repeat
dose phase (Part 2) of the previous study. Currently, 10 patients have enrolled in the long-term open label extension
study, and we expect to enroll 13 patients by the second quarter of 2019.

Regulatory Designations: We have obtained orphan drug designation from the FDA and EMA, as well as Fast Track
Designation from the FDA, for pegzilarginase for the treatment of patients with Arginase 1 Deficiency. In addition,
we announced in October 2018 that the FDA granted a rare pediatric disease designation for pegzilarginase for the
treatment of Arginase 1 Deficiency. This designation by the FDA confirms our eligibility to receive a rare pediatric
disease priority review voucher upon approval of a qualifying biologics license application for pegzilarginase if
completed before October 1, 2022.

Pegzilarginase in Cancer

Background Biology: We are developing pegzilarginase to target arginine-dependent cancers. Arginine is considered a
semi-essential amino acid because, under conditions such as enhanced proliferation, tissue injury, or stress, cells are
unable to make enough arginine and are therefore dependent on an extracellular source. The role of arginine and its
metabolites in cancer has been studied extensively in preclinical models with demonstrated effects, including
enhancement of tumor growth and cellular proliferation. Conversely, restriction of dietary arginine attenuates tumor
growth in experimental tumor models.
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Many types of cancers lack the ability to synthesize intracellular arginine due to lack of expression of
argininosuccinate synthasel (ASS1), argininosuccinate lyase (ASL), or ornithine transcarbamoylase (OTC), which are
enzymes in the urea cycle. As a result, these cancers depend on extracellular arginine without which they may exhibit
reduced protein synthesis and proliferation, and undergo autophagy and/or apoptosis, establishing a correlation
between their inability to synthesize arginine and vulnerability to arginine deprivation. Based on data from our
preclinical studies and the published scientific and medical literature, arginase 1 degrades arginine to ornithine and
urea. Ornithine cannot be used to make arginine by cancer cells that lack expression of OTC, ASS or ASL.
Pezilarginase is intended to target cancer cells that depend on extracellular arginine by depriving the cells of the
amino acid that is essential for cell survival and tumor growth. We believe pegzilarginase has the potential to provide
an effective treatment option in combination with existing or emerging standards of care for patients with some
cancers.
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Diagnostic Potential: As documented in scientific and medical literature and from our own preclinical research, the
lack of expression of any one or more of the enzymes OTC, ASS1 or ASL in tumor cells has been shown to be
associated with cancer cell sensitivity to arginine depletion. Our preclinical research has focused on the reduction or
loss of expression of ASS1 as the predominant cause of tumor arginine dependence. We found that low or no
expression of ASS1 in nonclinical patient derived xenograft models of melanoma or SCLC can result in sensitivity to
arginine depletion by pegzilarginase.

Phase 1/2 Combination Trial in Patients with SCLC: In the first quarter of 2018, we initiated an open label Phase 1b
clinical collaboration with Merck to evaluate the combination of pegzilarginase with Merck’s anti-PD1 therapy,
pembrolizumab, for the treatment of patients with SCLC that relapsed or progressed after platinum-based
chemotherapy. The primary objectives in Phase 1b were to determine the safety and recommended dose of
pegzilarginase to be used in combination with pembrolizumab in Phase 2. In March 2019, we announced the Phase 1b
topline data from 16 patients enrolled across three cohorts. The recommended Phase 2 dose was established at 0.27
mg/kg/week of pegzilarginase in combination with pembrolizumab. Of nine patients in Phase 1b treated at the
recommended Phase 2 dose, three patients had stable disease at 9 weeks, one partial response was observed, and three
patients remained on treatment as of the data cutoff. The safety profile was consistent with pegzilarginase
monotherapy observations.

We initiated enrollment in open label Phase 2 in December 2018 with topline data expected in the first half of 2020.
The Phase 2 primary objective is objective response rate (ORR), and secondary objectives include safety, clinical
benefit rate, time to response, duration of response, progression free survival (PFS), and overall survival.

Phase 1 Dose Escalation Trial of Pegzilarginase in Patients with Advanced Solid Tumors: In October 2015, we
initiated the Phase 1 open label, multiple dose, dose escalation clinical trial in patients with advanced solid tumors.
The primary objective of dose-escalation is to determine the maximum tolerated dose, and secondary objectives are to
evaluate the safety, tolerability, and pharmacokinetic profile of pegzilarginase. The inclusion criteria include patients
with locally advanced or metastatic solid tumors that failed to respond to or progressed under standard treatment,
could not tolerate standard therapies, or for which no standard therapy exists.

In December 2017, we reported topline results of the dose escalation trial in which 40 patients were enrolled. The
maximum tolerated dose was established at 0.33 mg/kg weekly by intravenous infusion, based on observations of
reversible rash and reversible tremor at 0.40 mg/kg/week. Two dose-limiting toxicities (DLT) were observed: failure
to thrive and maculopapular rash. Other treatment-related serious or Grade 3/4 adverse events (AEs) that were not
DLTs per protocol, including those that occurred after the DLT window, were hypophosphatemia, anemia (developed
from a Grade 1 baseline), neutropenia (developed from a Grade 1 baseline), tremor, weakness, and transient
hypertension. Treatment-related AEs in 10% or more of patients included nausea, stomatitis/mouth sores, fatigue,
vomiting, rash, decreased appetite, and diarrhea, which were primarily Grades 1 or 2. Other serious adverse events,
including death, occurred on study but were not considered related to pegzilarginase treatment. Most patients
discontinued due to disease progression, and only one patient discontinued due to an adverse event that was
considered related to pegzilarginase (tremor). Clinical proof of mechanism was demonstrated, with a rapid and
sustained reduction of plasma arginine to levels substantially less than the normal range in cancer patients.
Additionally, preliminary evidence suggesting clinical activity was observed in two patients with forms of melanoma
who had stable disease longer than 12 weeks while receiving pegzilarginase.

Upon completion of the dose escalation in patients with advanced solid tumors, we initiated three separate cohort
expansions of patients with SCLC, uveal melanoma, and cutaneous melanoma. These cancer types were selected
because nonclinical studies and the medical literature suggested that a significant fraction of patients are expected to
have cancers that are dependent on extracellular arginine. The primary endpoint of each cohort expansion is to assess
the safety of pegzilarginase in patients with each tumor type. Secondary endpoints include the assessment of
pharmacokinetics, pharmacodynamics and clinical response. We plan to also use the data to inform the viability of
companion diagnostic development, which has the potential to enrich patient populations with the greatest likelihood
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In March 2019, we announced the completion of enrollment to three separate cohort expansions of patients with
heavily pre-treated SCLC, uveal melanoma, and cutaneous melanoma, with clinical data expected to be submitted for
publication later in 2019. We previously presented interim clinical data at the European Society for Medical Oncology
(ESMO) 2018 Congress in October 2018, demonstrating that pegzilarginase monotherapy resulted in anti-tumor
activity in heavily pre-treated patients with advanced uveal and cutaneous melanoma. Across the two advanced
melanoma cohorts, 28 patients were enrolled with one confirmed partial response observed and eight patients with
stable disease at 8 weeks. Three patients experienced treatment-related, Grade 3 serious adverse events, including
asthenia and failure to thrive, vomiting and dehydration. For the SCLC cohort, no objective responses and no new
safety findings were observed in the 13 heavily-pretreated patients in the single agent expansion arm, which
completed enrollment in December 2018. Anti-tumor activity appeared greater in melanomas lacking
argininosuccinate synthetase 1 (ASS1) expression, which is consistent with preclinical studies that suggest tumors
lacking ASS1 expression are dependent on extracellular arginine for survival. Additionally, pegzilarginase was shown
to rapidly and sustainably deplete plasma arginine. The results, combined with preclinical evidence of synergy with
immune checkpoint inhibitors, support further clinical evaluation of pegzilarginase in immunotherapy combinations.

Preclinical Pipeline
AEB4104 in Patients with Homocystinuria

AEB4104 is a novel recombinant human enzyme that degrades the amino acid homocysteine and its oxidized form
homocystine. Aeglea is developing AEB4104 for the treatment of patients with cystathionine beta synthase (CBS)
deficiency, also known as Classical Homocystinuria.

Homocystinuria is an inherited disorder of methionine metabolism caused by mutations in CBS and other genes
leading to elevated levels of plasma and tissue homocysteine and homocystine, which affect multiple organ systems
and cause early mortality. Current disease management, which includes dietary protein (methionine) restriction,
vitamins, and betaine supplementation, is insufficient to effectively control the more severe forms of the disease.

In October 2018, we announced preclinical efficacy data on our AEB4104 homocystinuria program at the 2018
American Society of Human Genetics (ASHG) Conference, demonstrating that AEB4104 improved survival and
correction of disease-related abnormalities in a preclinical model of homocystinuria. AEB4104 decreased
homocysteine and homocystine levels in the plasma, including the cystathionine beta synthase (CBS) deficient model
(CBS-/-) and the high methionine diet-induced model of homocystinuria. Treatment with AEB4104 prevented early
mortality, stopped disease progression, and reversed liver pathology in the cystathionine beta synthase (CBS) deficient
model (CBS-/-).

We believe homocystinuria represents a viable market opportunity with significant unmet medical need, which we
plan to address by continuing our preclinical development of AEB4104. Given the severity of the disease, the
limitations of current disease management approaches, and the data demonstrating improved survival in a preclinical
model of the disease, Aeglea initiated IND-enabling activities and is progressing manufacturing, pharmacology and
other activities to support preclinical toxicology studies and advancement towards clinical trials. We anticipate filing
an IND or CTA in the first quarter of 2020.

AEBS5100 in Patients with Cystinuria

AEB5100 is a novel recombinant human enzyme that degrades plasma cystine and cysteine. Aeglea is developing
AEB5100 for the treatment of patients with cystinuria, a rare genetic disease characterized by frequent and recurrent
kidney stone formation requiring multiple procedural interventions, and by an increased risk of chronic kidney
disease. Cystinuria occurs due to genetic mutations in amino acid transporters that lead to increased amounts of
cystine in the urine. This results in high cystine concentrations in the urine and formation of kidney stones.
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In October 2018, we announced preclinical efficacy data on our AEB5100 cystinuria therapeutic program at the 2018
American Society of Nephrology (ASN) Conference, demonstrating that AEB5100 lowered blood levels of cystine,
decreased the amount of cystine in the urine and reduced both cystine crystal and kidney stone formation in a
preclinical model of cystinuria. Given the compelling preclinical data and the limitations of current disease
management approaches, Aeglea initiated IND-enabling activities and is progressing manufacturing, pharmacology
and other activities to support preclinical toxicology studies and advancement towards clinical trials. We anticipate
filing an IND or CTA in the second half of 2020.
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AEB3103

AEB3103 is an engineered human enzyme that targets the degradation of the amino acid cysteine/cystine. Initial
efficacy testing in preclinical models demonstrated significant depletion of glutathione and significantly increased
levels of ROS in HM VP2 prostate cancer cells.

AEB2109

AEB2109 is an engineered human enzyme that targets the degradation of the amino acid methionine. Earlier work
from our enzyme engineering program has been presented in the scientific literature describing activity in an animal
tumor model. We believe AEB2109 provides us with the opportunity to exploit a tumor vulnerability not yet
successfully exploited for therapeutic benefit. We plan to continue our preclinical development efforts for AEB2109
and, if appropriate, proceed to IND-enabling studies with a development candidate from this program.

Intellectual Property

Our success depends in part on our ability to obtain and maintain patents and other forms of intellectual property
rights, including in-licenses of intellectual property rights of others, for our product candidates, methods used to
manufacture our product candidates and methods for treating patients using our product candidates, as well as our
ability to preserve our trade secrets, to prevent third parties from infringing upon our proprietary rights and to operate
without infringing upon the proprietary rights of others.

As of December 31, 2018, we are the owner of seven U.S. patents, expiring between 2029 and 2032, absent any
extensions; three patents of which are directed to the compositions or methods of preparing pegzilarginase, and three
patents of which are directed to compositions of methionine-gamma lyase enzymes, methods of treatment using the
enzymes, nucleic acids encoding the enzymes, or methods of identifying the enzymes. One U.S. patent is to arginase
variants other than pegzilarginase. As of December 31, 2018, we are the owner of three U.S. patent applications that
include methods of treatment that can use pegzilarginase. As of December 31, 2018, we are the owner of one U.S.
patent application that includes methionine-gamma-lyase enzymes that can include AEB2109 having L-methionine
degrading activity. As of December 31, 2018, we are also the owner of three pending U.S. patent provisional
applications that include methods of treatment that can use pegzilarginase.

As of December 31, 2018, we also controlled two U.S. patents and five U.S. patent applications, exclusively licensed
to us by the Board of Regents of The University of Texas System, or the University. The two U.S. patents include
compositions, methods of treatment, or nucleic acids encoding the compositions that include AEB2109. One U.S.
patent application is directed to cystathionine-gamma-lyase variants other than AEB2109. One U.S. patent application
is directed to a method of treatment that include using AEB2109. Three of the U.S. patent applications include
compositions or methods of treatment that include AEB3103. One U.S. application includes enzyme variants and
methods of treatment using the enzyme variants that can include AEB4104. As of December 31, 2018, we also
controlled one U.S. provisional patent application that includes compositions that include AEB5100. Any patents and
patents issuing from the foregoing licensed U.S. patent applications are expected to expire between 2034 to 2038,
absent any adjustments or extensions.

As of December 31, 2018, we owned a total of eight patents and five patent applications in foreign jurisdictions
variously including: Australia, Canada, China, Europe, Japan, Hong Kong, Taiwan, and South Korea. As of December
31, 2018, we are the owner of two PCT applications. Any issued foreign patents or patents issuing from these foreign
patent applications, are expected to expire between 2029 and 2038, absent any adjustments or extensions. These
owned foreign patent applications and patents include compositions of pegzilarginase or methods of using
pegzilarginase to treat cancer or arginine 1 deficiency, or compositions and methods of using
methionine-gamma-lyase enzyme variants. As of December 31, 2018, we also controlled one Europe patent, three
PCT applications, and thirteen pending foreign patent applications in Australia, Canada, China, Europe, Israel, Japan
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and South Korea, which are also exclusively licensed to us by the University. The controlled foreign Europe patent
includes cystathionine-gamma-lyase variants, their formulations and use in treatment in cancer and includes
AEB2109. The controlled foreign patent applications include compositions and their use in treatment that can include
AEB2109 or AEB3103. One PCT application includes compositions that can include AEB4104. Any foreign patent
and foreign patents issuing from these controlled foreign applications are expected to expire between 2034 and 2038,
absent any adjustments or extensions.

Patents may extend for varying periods according to the date of patent filing or grant and the legal term of patents in
various countries where patent protection is obtained. The actual protection afforded by a patent, which can vary from
country to country, depends on the type of patent, the scope of its coverage and the availability of legal remedies in
the country.
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We also use other forms of protection, such as trademark, copyright and trade secret protection, to protect our
intellectual property, particularly where we do not believe patent protection is appropriate or obtainable. We aim to
take advantage of all of the intellectual property rights that are available to us and believe that this comprehensive
approach will provide us with proprietary positions for our product candidates, where available.

We also protect our proprietary information by requiring our employees, consultants, contractors and other advisors to
execute nondisclosure and assignment of invention agreements upon commencement of their respective employment
or engagement. In addition, we also require confidentiality or service agreements from third parties that receive our
confidential information or materials.

Licensing

On December 24, 2013, two of our wholly-owned subsidiaries, AECase, Inc., or AECase, and AEMase, Inc., or
AEMase, entered into license agreements with the University under which the University has granted to AECase and
AEMase exclusive, worldwide, sublicenseable licenses. The University granted to AECase a license under a patent
application relating to the right to use, develop, manufacture, and market technology related to our AEB3103 product
candidate. The University granted to AEMase license under a patent relating to the right to use technology related to
our AEB2109 product candidate. In January 2017, we entered into an Amended and Restated Patent License
Agreement, or the Restated License, with the University which consolidated the two license agreements dated
December 24, 2013, revised certain obligations, and licensed additional patent applications to Aeglea. We have also
entered into amendments to the Restated License in August 2017, December 2017, and December 2018 to license
additional patent applications.

With respect to each product candidate covered by the Restated License, we could be required to pay the University
up to $6.4 million in milestone payments based on the achievement of certain development milestones, including
clinical trials and regulatory approvals, the majority of which are due upon the achievement of later development
milestones, including a $5.0 million payment due on regulatory approval of a product and a $0.5 million payment
payable on final regulatory approval of a product for a second indication. In addition, we are required to pay the
University a low single digit royalty on worldwide-net sales of products covered under the Restated License, together
with a revenue share on non-royalty consideration received from sublicensees. The rate of the revenue share ranges
from 6.5% to 25%, depending on the date the sublicense agreement is signed. The term of the Restated License
continues until the expiration of the last to expire of the patents licensed thereunder. The University may terminate the
agreement under certain circumstances, including for a breach by us that is not cured within 30 or 60 days of notice
(depending on the type of breach), or if we or any of our affiliates or sublicensees participate in any proceeding to
challenge the licensed patent rights (unless, with respect to sublicensees, we terminate the applicable sublicense). As
of December 31, 2018, we have paid $0.1 million under these license agreements.

In connection with the above license agreements, we and each of our wholly-owned subsidiaries also entered into a
Sponsored Research Agreement, or SRA, with the University on December 24, 2013, which was subsequently
amended. Pursuant to the SRA, we agreed to sponsor research to be conducted at the laboratory of Professor George
Georgiou at the University related to the systemic depletion of amino acids for cancer therapy, and enzyme
replacement for the treatment of patients having inborn metabolic defects. The SRA expired on August 31, 2018. For
the year ended December 31, 2018, we paid $0.2 million to the University under the SRA.

Grant Agreement
In June 2015, we entered into a Cancer Research Grant Contract, or the Grant Contract, with the Cancer Prevention
and Research Institute of Texas, or CPRIT, under which CPRIT awarded us a grant not to exceed $19.8 million to be

used to develop novel cancer treatments by exploiting the unique metabolism of cancer cells. The contract ended in
May 2018 with the full $19.8 million in grant proceeds collected and recognized as revenue under the Grant Contract.
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Pursuant to the Grant Contract, we granted to CPRIT a non-exclusive, irrevocable, royalty-free, perpetual, worldwide
license to any technology and intellectual property resulting from the grant-funded activities and any other intellectual
property that is owned by us and necessary for the exploitation of the technology and intellectual property resulting
from the grant-funded activities, or the Project Results, for and on behalf of CPRIT and other governmental entities
and agencies of the State of Texas and private or independent institutions of higher education located in Texas for
education, research and other non-commercial purposes only. The terms of the Grant Contract require that we pay
tiered royalties in the low- to mid-single digit percentages on revenues from sales and licenses of products or services
that are based upon, utilize, are developed from or materially incorporate Project Results. Such royalties reduced to
less than one percent after a mid-single-digit multiple of the grant funds have been repaid to CPRIT in royalties. Such
royalties are payable for so long as we have marketing exclusivity or patents covering the applicable product or
service (or twelve years from first commercial sale of such product or service in certain countries if there is no such
exclusivity or patent protection).
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If we abandon patent applications or patents covering Project Results in certain major market countries, CPRIT can, at
its own cost, take over the prosecution and maintenance of such patents and is granted a non-exclusive, irrevocable,
royalty-free, perpetual license with right to sublicense in such country to the applicable Project Results. We are
required to use diligent and commercially reasonable efforts to commercialize at least one commercial product or
service or otherwise bring to practical application the Project Results. If CPRIT notifies us of our failure with respect
to the foregoing, and such failure is not owing to material safety concerns, then, at CPRIT’s option, the applicable
Project Results would be transferred to CPRIT and CPRIT would be granted a non-exclusive license to any other
intellectual property that is owned by us and necessary for the exploitation of the Project Results, and CPRIT, at its
own cost, can commercialize products or services that are based upon, utilize, are developed from or materially
incorporate Project Results. CPRIT’s option is subject to our ability to cure any failures identified by CPRIT within 60
days and a requirement to negotiate in good faith with us with respect to an alternative commercialization strategy for
a period of 180 days.

Competition

While we believe that our preclinical development experience and scientific knowledge provide us with competitive
advantages, we face potential competition from many different sources, including major pharmaceutical companies,
specialty pharmaceutical companies, biotechnology companies, and ultimately biosimilar and generic drug companies.
Recent advances in gene-based medicine, such as gene therapy have resulted in market approvals of DNA and
RNA-based therapeutics in certain rare genetic diseases. However, no gene therapy drugs have yet to demonstrate
clinical success in the type of complex diseases targeted by our research approach with novel enzyme therapeutics.
Any product candidates that we successfully develop and commercialize will compete with existing therapies and new
therapies that may become available in the future.

The acquisition or licensing of pharmaceutical products is also very competitive, and a number of more established
companies, which have acknowledged strategies to license or acquire products, may have competitive advantages as
may other emerging companies taking similar or different approaches to product acquisitions. These established
companies may have a competitive advantage over us due to their size, cash flows, and institutional experience.

We compete in the segments of the pharmaceutical, biotechnology and other related markets that address rare genetic
disease and cancer.

Rare genetic disease. With respect to pegzilarginase for Arginase 1 Deficiency, there are currently no approved
therapeutics that address the underlying cause of the disease and we are not aware of any other therapeutics that do so
in clinical development. It is possible that competitors may produce, develop, and commercialize therapeutics, or
utilize other approaches to treat Arginase 1 Deficiency. The current medical management of patients with Arginase 1
Deficiency includes dietary protein restriction, essential amino acid supplementation, and ammonia scavengers, which
appears to slow the disease progression in some cases. Ammonia scavengers such as Horizon Pharma’s RAVICTI
(glycerol phenylbutyrate) and BUPHENYL (sodium phenylbutyrate) are used for the management of elevated blood
ammonia in urea cycle disorders in combination with dietary approaches. Erytech Pharma announced a potential
collaboration to explore preclinical development of an Arginase 1 Deficiency candidate.

Cancer. With respect to our oncology product candidates, we compete with other companies that pursue a cancer
metabolism approach, as well as companies that employ more common methods of treating patients such as surgery,
radiation and drug therapy. These drug therapies include chemotherapy, hormone therapy and targeted drugs,
including biologic products such as engineered antibodies.

There are a variety of available drug therapies marketed for cancer. In many cases, these drugs are administered in
combination to enhance efficacy. Our product candidates may compete with many such therapies whether used in
combination with or as an adjunct to other cancer therapies. Some of the currently approved drug therapies are
branded and subject to patent protection, and others are available on a generic basis. Many of these approved drugs are
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well-established therapies and are widely accepted by physicians, patients and third-party payors. In general, although
there has been considerable progress over the past few decades in the treatment of cancer and the currently marketed
therapies provide benefits to many patients, most of these therapies are limited to some extent in their efficacy and
frequency of adverse events, and none are successful in treating all patients. As a result, the level of morbidity and
mortality from cancer remains high.

In addition to currently marketed therapies, there are also a number of medicines in late-stage clinical development to
treat cancer. While there are currently no approved drugs targeting tumor arginine dependence, we are aware of a
number of compounds that are in clinical development and enrolling patients with solid and hematological
malignancies, including Polaris Group’s microbial ADI-PEG 20 and Athenex’s pegylated native human arginase 1.
Additionally, Calithera Biosciences is targeting a therapy that inhibits arginase 1 as an immune modulator. These
medicines in development may provide efficacy, safety, convenience and other benefits that are not provided by
currently marketed therapies. As a result, they may provide significant competition for our product candidate
pegzilarginase.
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Many of our competitors may have significantly greater financial resources and expertise in research and
development, manufacturing, nonclinical testing, conducting clinical trials, obtaining regulatory approvals and
marketing approved medicines than we do. Mergers and acquisitions in the pharmaceutical and biotechnology
industries may result in even more resources being concentrated among a smaller number of our competitors. These
competitors also compete with us in recruiting and retaining qualified scientific and management personnel and
establishing clinical trial sites and patient registration for clinical trials, as well as in acquiring technologies
complementary to, or necessary for, our programs. Smaller or early stage companies may also prove to be significant
competitors, particularly through collaborative arrangements with large and established companies.

The key competitive factors affecting the success of all of our product candidates, if approved, are likely to be their
efficacy, safety, convenience, price, the effectiveness of assays or tests that are essential to identifying an appropriate
patient population, which we refer to as companion diagnostics, in guiding the use of related therapeutics, the level of
biosimilar competition and the availability of reimbursement from government and other third-party payors.

Manufacturing

We currently contract with third parties for the manufacturing and testing of our product candidates for nonclinical
and clinical studies and intend to do so for future studies as well. We may qualify additional manufacturers to provide
potential alternative sources for the active pharmaceutical ingredient and fill-and-finish services for pegzilarginase as
the compound progresses through clinical development, prior to seeking marketing approval from FDA. We believe
we have sufficient supplies of pegzilarginase for our ongoing and currently expected Phase 1/2 clinical trial to
evaluate the combination of pegzilarginase with pembrolizumab for the treatment of patients with small cell lung
cancer and the Phase 3 pivotal trial in conjunction with the open label extension study for the treatment of patients
with Arginase 1 Deficiency.

The Diosynth Agreement

In November 2018, we entered into a master services agreement (Diosynth Agreement) with Fujifilm Diosynth
Biotechnologies UK Limited, Fujifilm Diosynth Biotechnologies Texas, LLC, and Fujifilm Diosynth Biotechnologies
U.S.A., Inc. (collectively, Fujifilm). Under the Diosynth Agreement, Fujifilm provides research, development, testing
and manufacturing services of certain of our products, which are or will be designated as programs pursuant to scope
of work agreements. The fees for such services are or will be set out in each scope of work agreement. We may pay
additional fees in consideration of certain research and development and technical consultancy services in relation to
the procurement, testing and management of consumables, subcontracted work (including delivery of material to and
from such subcontractors), process-specific equipment (including installation and qualification thereof), modifications
and special waste. Either party may terminate the Diosynth Agreement by giving six months written notice to the
other party, provided there are no uncompleted programs existing at the date such notice is given, or upon material
breach. We may also be required to pay Fujifilm cancellation fees in the event that we decide to terminate any scope
of work prior to its completion, calculated as a percentage of the fees payable under the applicable scope of work
agreement. Additionally, upon providing written notice, we may cancel certain stages or programs for convenience,
and Fujifilm may terminate for certain unforeseen technical errors.

Government Regulation and Product Approval

Government authorities in the United States, at the federal, state and local level, and in other countries and
jurisdictions, including the European Union, extensively regulate, among other things, the research, development,
testing, manufacture, quality control, approval, packaging, storage, recordkeeping, labeling, advertising, promotion,
distribution, marketing, post-approval monitoring and reporting, and import and export of pharmaceutical products.
The processes for obtaining regulatory approvals in the United States and in foreign countries and jurisdictions, along
with subsequent compliance with applicable statutes and regulations and other regulatory authorities, require the
expenditure of substantial time and financial resources.
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FDA approval process

In the United States, pharmaceutical products are subject to extensive regulation by the United States Food and Drug
Administration, or the FDA. The Federal Food, Drug, and Cosmetic Act, or the FDC Act, and other federal and state
statutes and regulations, govern, among other things, the research, development, testing, manufacture, storage,
recordkeeping, approval, labeling, promotion and marketing, distribution, post-approval monitoring and reporting,
sampling, and import and export of pharmaceutical products. Biological products used for the prevention, treatment,
or cure of a disease or condition of a human being are subject to regulation under the FDC Act, except the section of
the FDC Act which governs the approval of new drug applications, or NDAs. Biological products are approved for
marketing under provisions of the Public Health Service Act, or PHSA, via a Biologics License Application, or BLA.
However, the application process and requirements for approval of BLAs are very similar to those for NDAs, and
biologics are associated with similar approval risks and costs as drugs. Failure to comply with applicable U.S.
requirements may subject a company to a variety of administrative or judicial sanctions, such as clinical hold, FDA
refusal to approve pending NDAs or BLAs, warning or untitled letters, product recalls, product seizures, total or
partial suspension of production or distribution, injunctions, fines, civil penalties, and criminal prosecution.

Biological product development for a new product or certain changes to an approved product in the United States
typically involves preclinical laboratory and animal tests, the submission to the FDA of an investigational new drug
application, or IND, which must become effective before clinical testing may commence, and adequate and
well-controlled clinical trials to establish the safety and effectiveness of the drug for each indication for which FDA
approval is sought. Satisfaction of FDA pre-market approval requirements typically takes many years and the actual
time required may vary substantially based upon the type, complexity, and novelty of the product or disease.

Preclinical tests include laboratory evaluation of product chemistry, formulation, and toxicity, as well as animal trials
to assess the characteristics and potential safety and efficacy of the product. The conduct of some preclinical tests
must comply with federal regulations and requirements, including good laboratory practices. The results of preclinical
testing are submitted to the FDA as part of an IND along with other information, including information about product
chemistry, manufacturing and controls, and a proposed clinical trial protocol. Long term preclinical tests, such as
animal tests of reproductive toxicity and carcinogenicity, may continue after the IND is submitted. A 30-day waiting
period after the submission of each IND is required prior to the commencement of clinical testing in humans. If the
FDA has neither commented on nor questioned the IND within this 30-day period, the clinical trial proposed in the
IND may begin. Clinical trials involve the administration of the investigational biologic to healthy volunteers or
patients under the supervision of a qualified investigator. Clinical trials must be conducted: (i) in compliance with
federal regulations; (ii) in compliance with good clinical practice, or GCP, an international standard meant to protect
the rights and health of patients and to define the roles of clinical trial sponsors, administrators, and monitors; as well
as (iii) under protocols detailing the objectives of the trial, the parameters to be used in monitoring safety, and the
effectiveness criteria to be evaluated. Each protocol involving testing on U.S. patients and subsequent protocol
amendments must be submitted to the FDA as part of the IND.

The FDA may order the temporary, or permanent, discontinuation of a clinical trial at any time, or impose other
sanctions, if it believes that the clinical trial either is not being conducted in accordance with FDA requirements or
presents an unacceptable risk to the clinical trial patients. The trial protocol and informed consent information for
patients in clinical trials must also be submitted to an institutional review board, or IRB, for approval. An IRB may
also require the clinical trial at the site to be halted, either temporarily or permanently, for failure to comply with the
IRB’s requirements, or may impose other conditions.

Clinical trials to support BLAs for marketing approval are typically conducted in three sequential phases, but the
phases may overlap. In Phase 1, the initial introduction of the biologic into healthy human subjects or patients, the
product is tested to assess safety, metabolism, pharmacokinetics, pharmacological actions, side effects associated with
increasing doses, and, if possible, early evidence on effectiveness. Phase 2 usually involves trials in a limited patient
population to determine the effectiveness of the drug or biologic for a particular indication, dosage tolerance, and
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optimal dosage, and to identify common adverse effects and safety risks. If a compound demonstrates evidence of
effectiveness and an acceptable safety profile in Phase 2 evaluations, Phase 3 trials are undertaken to obtain the
additional information about clinical efficacy and safety in a larger number of patients, typically at geographically
dispersed clinical trial sites, to permit the FDA to evaluate the overall benefit-risk relationship of the drug or biologic
and to provide adequate information for the labeling of the product. In most cases, the FDA requires two adequate and
well-controlled Phase 3 clinical trials to demonstrate the efficacy of the biologic. A single Phase 3 trial with other
confirmatory evidence may be sufficient in rare instances where the trial is a large multicenter trial demonstrating
internal consistency and a statistically very persuasive finding of a clinically meaningful effect on mortality,
irreversible morbidity or prevention of a disease with a potentially serious outcome and confirmation of the result in a
second trial would be practically or ethically impossible.
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In addition, the manufacturer of an investigational drug in a Phase 2 or Phase 3 clinical trial for a serious or
life-threatening disease is required to make available, such as by posting on its website, its policy on evaluating and
responding to requests for expanded access to such investigational drug.

After completion of the required clinical testing, a BLA is prepared and submitted to the FDA. FDA approval of the
BLA is required before marketing of the product may begin in the United States. The BLA must include the results of
all preclinical, clinical, and other testing and a compilation of data relating to the product’s pharmacology, chemistry,
manufacture, and controls. The cost of preparing and submitting a BLA is substantial. The submission of most BLAs
is additionally subject to a substantial application user fee, and the applicant under an approved BLA is also subject to
an annual program fee for each prescription product. Beginning in fiscal year 2018, this annual program fee replaces
the annual product and established fees. These fees are typically increased annually. The FDA has 60 days from its
receipt of a BLA to determine whether the application will be accepted for filing based on the agency’s threshold
determination that it is sufficiently complete to permit substantive review. Once the submission is accepted for filing,
the FDA begins an in-depth review. The FDA has agreed to certain performance goals in the review of BLAs. Most
such applications for standard review biologic products are reviewed within ten months of the date the FDA files the
BLA; most applications for priority review biologics are reviewed within six months of the date the FDA files the
BLA. Priority review can be applied to a biologic that the FDA determines has the potential to treat a serious or
life-threatening condition and, if approved, would be a significant improvement in safety or effectiveness compared to
available therapies. The review process for both standard and priority review may be extended by the FDA for three
additional months to consider certain late-submitted information, or information intended to clarify information
already provided in the submission.

The FDA may also refer applications for novel biologic products, or biologic products that present difficult questions

of safety or efficacy, to an advisory committee—typically a panel that includes clinicians and other experts—for review,
evaluation, and a recommendation as to whether the application should be approved. The FDA is not bound by the
recommendation of an advisory committee, but it generally follows such recommendations. Before approving a BLA,
the FDA will typically inspect one or more clinical sites to assure compliance with GCP. Additionally, the FDA will
inspect the facility or the facilities at which the biologic product is manufactured. The FDA will not approve the
product unless compliance with current good manufacturing practice, or cGMP, is satisfactory and the BLA contains
data that provide substantial evidence that the biologic is safe, pure, potent and effective in the intended indication.

After the FDA evaluates the BLA and the manufacturing facilities, it issues either an approval letter or a complete
response letter. A complete response letter generally outlines the deficiencies in the submission and may require
substantial additional testing, or information, in order for the FDA to reconsider the application. If, or when, those
deficiencies have been addressed to the FDA’s satisfaction in a resubmission of the BLA, the FDA will issue an
approval letter. The FDA has committed to reviewing such resubmissions in two or six months depending on the type
of information included. An approval letter authorizes commercial marketing of the biologic with specific prescribing
information for specific indications. As a condition of BLA approval, the FDA may require a risk evaluation and
mitigation strategy, or REMS, to help ensure that the benefits of the biologic outweigh the potential risks. REMS can
include medication guides, communication plans for healthcare professionals, and elements to assure safe use, or
ETASU. ETASU can include, but are not limited to, special training or certification for prescribing or dispensing,
dispensing only under certain circumstances, special monitoring, and the use of patient registries. The requirement for
a REMS can materially affect the potential market and profitability of the product. Moreover, product approval may
require substantial post-approval testing and surveillance to monitor the product’s safety or efficacy.

Once granted, product approvals may be withdrawn if compliance with regulatory standards is not maintained or
problems are identified following initial marketing. Changes to some of the conditions established in an approved
application, including changes in indications, labeling, or manufacturing processes or facilities, require submission
and FDA approval of a new BLA or BLA supplement before the change can be implemented. A BLA supplement for
a new indication typically requires clinical data similar to that in the original application, and the FDA uses the same
procedures and actions in reviewing BLA supplements as it does in reviewing BLAs.
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Fast track designation and accelerated approval

The FDA is required to facilitate the development, and expedite the review, of biologics that are intended for the
treatment of a serious or life-threatening disease or condition for which there is no effective treatment and which
demonstrate the potential to address unmet medical needs for the condition. Under the fast track program, the sponsor
of a new biologic candidate may request that the FDA designate the candidate for a specific indication as a fast track
biologic concurrent with, or after, the filing of the IND for the candidate. The FDA must determine if the biologic
candidate qualifies for fast track designation within 60 days of receipt of the sponsor’s request. Under the fast track
program and FDA'’s accelerated approval regulations, the FDA may approve a biologic for a serious or life-threatening
illness that provides meaningful therapeutic benefit to patients over existing treatments based upon a surrogate
endpoint that is reasonably likely to predict clinical benefit, or on a clinical endpoint that can be measured earlier than
irreversible morbidity or mortality, that is reasonably likely to predict an effect on irreversible morbidity or mortality
or other clinical benefit, taking into account the severity, rarity, or prevalence of the condition and the availability or
lack of alternative treatments.

In clinical trials, a surrogate endpoint is a measurement of laboratory or clinical signs of a disease or condition that
substitutes for a direct measurement of how a patient feels, functions, or survives. Surrogate endpoints can often be
measured more easily or more rapidly than clinical endpoints. A biologic candidate approved on this basis is subject to
rigorous post-marketing compliance requirements, including the completion of Phase 4 or post-approval clinical trials
to confirm the effect on the clinical endpoint. Failure to conduct required post-approval trials, or confirm a clinical
benefit during post-marketing trials, will allow the FDA to withdraw the biologic from the market on an expedited
basis. All promotional materials for biologic candidates approved under accelerated regulations are subject to prior
review by the FDA.

In addition to other benefits such as the ability to use surrogate endpoints and engage in more frequent interactions
with the FDA, the FDA may initiate review of sections of a fast track product’s BLA before the application is
complete. This rolling review is available if the applicant provides, and the FDA approves, a schedule for the
submission of the remaining information and the applicant pays applicable user fees. However, the FDA’s time period
goal for reviewing an application does not begin until the last section of the BLA is submitted. Additionally, the fast
track designation may be withdrawn by the FDA if the FDA believes that the designation is no longer supported by
data emerging in the clinical trial process.

Breakthrough therapy designation

The FDA is also required to expedite the development and review of the application for approval of biological
products that are intended to treat a serious or life-threatening disease or condition where preliminary clinical evidence
indicates that the biologic may demonstrate substantial improvement over existing therapies on one or more clinically
significant endpoints. Under the breakthrough therapy program, the sponsor of a new biologic candidate may request
that the FDA designate the candidate for a specific indication as a breakthrough therapy concurrent with, or after, the
filing of the IND for the biologic candidate. The FDA must determine if the biological product qualifies for
breakthrough therapy designation within 60 days of receipt of the sponsor’s request.

Orphan drug designation

Under the Orphan Drug Act, the FDA may grant orphan drug designation to biological products intended to treat a
rare disease or condition—generally a disease or condition that affects fewer than 200,000 individuals in the United
States, or if it affects more than 200,000 individuals in the United States, there is no reasonable expectation that the
cost of developing and making a product available in the United States for such disease or condition will be recovered
from sales of the product.
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Orphan drug designation must be requested before submitting a BLA. After the FDA grants orphan drug designation,
the generic identity of the biological product and its potential orphan use are disclosed publicly by the FDA. Orphan
drug designation does not convey any advantage in, or shorten the duration of, the regulatory review and approval
process. The first BLA applicant to receive FDA approval for a particular active moiety to treat a particular disease
with FDA orphan drug designation is entitled to a seven-year exclusive marketing period in the United States for that
product for that indication. During the seven-year exclusivity period, the FDA may not approve any other applications
to market a biological product containing the same principal molecular structural features for the same disease, except
in limited circumstances, such as a showing of clinical superiority to the product with orphan drug exclusivity. A
product is clinically superior if it is safer, more effective or makes a major contribution to patient care. Orphan drug
exclusivity does not prevent the FDA from approving a different drug or biological product for the same disease or
condition, or the same biological product for a different disease or condition. Among the other benefits of orphan drug
designation are tax credits for certain research and a waiver of the BLA user fee.
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Rare pediatric disease priority review voucher program

Under the Rare Pediatric Disease Priority Review Voucher program, FDA may award a priority review voucher to the
sponsor of an approved marketing application for a product that treats or prevents a rare pediatric disease. The
voucher entitles the sponsor to priority review of one subsequent marketing application.

A voucher may be awarded only for an approved rare pediatric disease product application. A rare pediatric disease
product application is an NDA or BLA for a product that treats or prevents a serious or life-threatening disease in
which the serious or life-threatening manifestations primarily affect individuals aged from birth to 18 years; in
general, the disease must affect fewer than 200,000 such individuals in the U.S.; the NDA or BLA must be deemed
eligible for priority review; the NDA or BLA must not seek approval for a different adult indication (i.e., for a
different disease/condition); the product must not contain an active ingredient that has been previously approved by
FDA; and the NDA or BLA must rely on clinical data derived from studies examining a pediatric population such that
the approved product can be adequately labeled for the pediatric population. Before NDA or BLA approval, FDA may
designate a product in development as a product for a rare pediatric disease, but such designation is not required to
receive a voucher.

To receive a rare pediatric disease priority review voucher, a sponsor must notify FDA, upon submission of the NDA
or BLA, of its intent to request a voucher. If FDA determines that the NDA or BLA is a rare pediatric disease product
application, and if the NDA or BLA is approved, FDA will award the sponsor of the NDA or BLA a voucher upon
approval of the NDA or BLA. FDA may revoke a rare pediatric disease priority review voucher if the product for
which it was awarded is not marketed in the U.S. within 365 days of the product’s approval.

The voucher, which is transferable to another sponsor, may be submitted with a subsequent NDA or BLA and entitles
the holder to priority review of the accompanying NDA or BLA. The sponsor submitting the priority review voucher
must notify FDA of its intent to submit the voucher with the NDA or BLA at least 90 days prior to submission of the
NDA or BLA and must pay a priority review user fee in addition to any other required user fee. FDA must take action
on an NDA or BLA under priority review within six months of receipt of the NDA or BLA.

The Rare Pediatric Disease Priority Review Voucher program was reauthorized in the 21st Century Cures Act,
allowing a product that is designated as a product for a rare pediatric disease prior to October 1, 2020 to be eligible to
receive a rare pediatric disease priority review voucher upon approval of a qualifying NDA or BLA prior to October 1,
2022.

Disclosure of clinical trial information

Sponsors of clinical trials of FDA-regulated products, including biological products, are required to register and
disclose certain clinical trial information. Information related to the product, patient population, phase of
investigation, trial sites and investigators, and other aspects of the clinical trial is then made public as part of the
registration. Sponsors are also obligated to discuss the results of their clinical trials after completion. Disclosure of the
results of these trials can be delayed in certain circumstances for up to two years after the date of completion of the
trial. Competitors may use this publicly available information to gain knowledge regarding the progress of
development programs.

Pediatric information

Under the Pediatric Research Equity Act, or PREA, NDAs or BLAs or supplements to NDAs or BLAs must contain
data to assess the safety and effectiveness of the biological product for the claimed indications in all relevant pediatric
subpopulations and to support dosing and administration for each pediatric subpopulation for which the biological
product is safe and effective. The FDA may grant full or partial waivers, or deferrals, for submission of data. Unless
otherwise required by regulation, PREA does not apply to any biological product for an indication for which orphan
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designation has been granted.
Additional controls for biologics

To help reduce the increased risk of the introduction of adventitious agents and related process impurities, the PHSA
emphasizes the importance of manufacturing controls for products whose attributes cannot be precisely defined. The
PHSA also provides authority to the FDA to immediately suspend licenses in situations where there exists a danger to
public health, to prepare or procure products in the event of shortages and critical public health needs, and to authorize
the creation and enforcement of regulations to prevent the introduction or spread of communicable diseases in the
United States and between states.

18

35



Edgar Filing: Aeglea BioTherapeutics, Inc. - Form 10-K

After a BLA is approved, the product may also be subject to official lot release as a condition of approval. As part of
the manufacturing process, the manufacturer is required to perform certain tests on each lot of the product before it is
released for distribution. If the product is subject to official release by the FDA, the manufacturer submits samples of
each lot of product to the FDA together with a release protocol showing a summary of the history of manufacture of
the lot and the results of all of the manufacturer’s tests performed on the lot. The FDA may also perform certain
confirmatory tests on lots of some products, such as viral vaccines, before releasing the lots for distribution by the
manufacturer. In addition, the FDA conducts laboratory research related to the regulatory standards on the safety,
purity, potency, and effectiveness of biological products. As with drugs, after approval of biologics, manufacturers
must address any safety issues that arise, are subject to recalls or a halt in manufacturing, and are subject to periodic
inspection after approval.

Patent term restoration

After approval, owners of relevant drug or biologic patents may apply for up to a five year patent extension. The
allowable patent term extension is calculated as half of the drug’s testing phase—the time between IND application and
NDA or BLA submission—and all of the review phase—the time between NDA or BLA submission and approval up to a
maximum of five years. The time can be shortened if FDA determines that the applicant did not pursue approval with

due diligence. The total patent term after the extension may not exceed 14 years.

For patents that might expire during the application phase, the patent owner may request an interim patent extension.
An interim patent extension increases the patent term by one year and may be renewed up to four times. For each
interim patent extension granted, the post-approval patent extension is reduced by one year. The director of the U.S.
PTO must determine that approval of the drug covered by the patent for which a patent extension is being sought is
likely. Interim patent extensions are not available for a drug or biologic for which an NDA or BLA has not been
submitted.

Biosimilars

The Biologics Price Competition and Innovation Act of 2009, or BPCIA, creates an abbreviated approval pathway for
biological products shown to be highly similar to or interchangeable with an FDA-licensed reference biological
product. Biosimilarity sufficient to reference a prior FDA-approved product requires that there be no differences in
conditions of use, route of administration, dosage form, and strength, and no clinically meaningful differences
between the biological product and the reference product in terms of safety, purity, and potency. Biosimilarity must be
shown through analytical trials, animal trials, and a clinical trial or trials, unless the Secretary of Health and Human
Services waives a required element. A biosimilar product may be deemed interchangeable with a prior approved
product if it meets the higher hurdle of demonstrating that it can be expected to produce the same clinical results as the
reference product and, for products administered multiple times, the biologic and the reference biologic may be
switched after one has been previously administered without increasing safety risks or risks of diminished efficacy
relative to exclusive use of the reference biologic. The first biosimilar was approved by FDA in 2015, and no
interchangeable products have been approved under the BPCIA. Complexities associated with the larger, and often
more complex, structures of biological products, as well as the process by which such products are manufactured,
pose significant hurdles to implementation, which is still being evaluated by the FDA.

A reference biologic is granted 12 years of exclusivity from the time of first licensure of the reference product, and no
application for a biosimilar can be submitted for four years from the date of licensure of the reference product. The
first biologic product submitted under the abbreviated approval pathway that is determined to be interchangeable with
the reference product has exclusivity against a finding of interchangeability for other biologics for the same condition
of use for the lesser of (i) one year after first commercial marketing of the first interchangeable biosimilar, (ii) 18
months after the first interchangeable biosimilar is approved if there is no patent challenge, (iii) eighteen months after
resolution of a lawsuit over the patents of the reference biologic in favor of the first interchangeable biosimilar
applicant, or (iv) 42 months after the first interchangeable biosimilar’s application has been approved if a patent
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lawsuit is ongoing within the 42-month period.
Post-approval requirements

Once a BLA is approved, a product will be subject to certain post-approval requirements. For instance, the FDA
closely regulates the post-approval marketing and promotion of biologics, including standards and regulations for
direct-to-consumer advertising, off-label promotion, industry-sponsored scientific and educational activities and
promotional activities involving the internet. Biologics may be marketed only for the approved indications and in
accordance with the provisions of the approved labeling.
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Adverse event reporting and submission of periodic reports is required following FDA approval of a BLA. The FDA
also may require post-marketing testing, known as Phase 4 testing, REMS, and surveillance to monitor the effects of
an approved product, or the FDA may place conditions on an approval that could restrict the distribution or use of the
product. In addition, quality control, biological product manufacture, packaging, and labeling procedures must
continue to conform to cGMPs after approval. Biologic manufacturers and certain of their subcontractors are required
to register their establishments with the FDA and certain state agencies. Registration with the FDA subjects entities to
periodic unannounced inspections by the FDA, during which the agency inspects manufacturing facilities to assess
compliance with cGMPs. Accordingly, manufacturers must continue to expend time, money, and effort in the areas of
production and quality-control to maintain compliance with cGMPs. Regulatory authorities may withdraw product
approvals or request product recalls if a company fails to comply with regulatory standards, if it encounters problems
following initial marketing, or if previously unrecognized problems are subsequently discovered.

FDA regulation of companion diagnostics

If use of an in vitro diagnostic is essential to safe and effective use of a drug or biologic product, then the FDA
generally will require approval or clearance of the diagnostic, known as a companion diagnostic, at the same time that
the FDA approves the therapeutic product. The FDA has generally required in vitro companion diagnostics intended
to select the patients who will respond to cancer treatment to obtain a pre-market approval, or PMA, for that
diagnostic simultaneously with approval of the therapeutic. The review of these in vitro companion diagnostics in
conjunction with the review of a cancer therapeutic involves coordination of review by the FDA’s Center for Drug
Evaluation and Research and by the FDA’s Center for Devices and Radiological Health. Approval and clearance of a
companion diagnostic also requires a high level of coordination between the drug or biologic manufacturer and device
manufacturer, if different companies.

The PMA process, including the gathering of clinical and preclinical data and the submission to and review by the
FDA, can take several years or longer. It involves a rigorous premarket review during which the applicant must
prepare and provide the FDA with reasonable assurance of the device’s safety and effectiveness and information about
the device and its components regarding, among other things, device design, manufacturing and labeling. PMA
applications are subject to a substantial application fee, which is typically increased annually. In addition, PMAs must
generally include the results from extensive preclinical and adequate and well-controlled clinical trials to establish the
safety and effectiveness of the device for each indication for which FDA approval is sought. In particular, for a
diagnostic, the applicant must demonstrate that the diagnostic has adequate sensitivity and specificity, has adequate
specimen and reagent stability, and produces reproducible results when the same sample is tested multiple times by
multiple users at multiple laboratories. As part of the PMA review, the FDA will typically inspect the manufacturer’s
facilities for compliance with the Quality System Regulation, or QSR, which imposes elaborate testing, control,
documentation and other quality assurance requirements.

PMA approval is not guaranteed, and the FDA may ultimately respond to a PMA submission with a not approvable
determination based on deficiencies in the application and require additional clinical trial or other data that may be
expensive and time-consuming to generate and that can substantially delay approval. If the FDA’s evaluation of the
PMA application is favorable, the FDA typically issues an approvable letter requiring the applicant’s agreement to
specific conditions, such as changes in labeling, or specific additional information, such as submission of final
labeling, in order to secure final approval of the PMA. If the FDA concludes that the applicable criteria have been
met, the FDA will issue a PMA for the approved indications, which can be more limited than those originally sought
by the applicant. The PMA can include post-approval conditions that the FDA believes necessary to ensure the safety
and effectiveness of the device, including, among other things, restrictions on labeling, promotion, sale and
distribution.

After a device is placed on the market, it remains subject to significant regulatory requirements. Medical devices may

be marketed only for the uses and indications for which they are cleared or approved. Device manufacturers must also
register their establishment(s), including payment of an annual establishment registration fee, and list their device(s)
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with the FDA. A medical device manufacturer’s manufacturing processes and those of its suppliers are required to
comply with the applicable portions of the QSR, which cover the methods and documentation of the design, testing,
production, processes, controls, quality assurance, labeling, packaging and shipping of medical devices. Domestic
facility records and manufacturing processes are subject to periodic unscheduled inspections by the FDA. The FDA
also may inspect foreign facilities that export products to the United States.
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Other U.S. healthcare laws and compliance requirements

In the United States, our activities are potentially subject to regulation by various federal, state and local authorities in
addition to the FDA, including but not limited to, the Centers for Medicare and Medicaid Services, or CMS, other
divisions of the U.S. Department of Health and Human Services (e.g., the Office of Inspector General), the U.S.
Department of Justice, or DOJ, and individual U.S. Attorney offices within the DOJ, and state and local governments.
For example, sales, marketing and scientific/educational grant programs must comply with the anti-fraud and abuse
provisions of the Social Security Act, the false claims laws, the privacy provisions of the Health Insurance Portability
and Accountability Act, or HIPAA, and similar state laws, each as amended.

The federal Anti-Kickback Statute prohibits, among other things, any person or entity, from knowingly and willfully
offering, paying, soliciting or receiving any remuneration, directly or indirectly, overtly or covertly, in cash or in kind,
to induce or in return for purchasing, leasing, ordering or arranging for the purchase, lease or order of any item or
service reimbursable under Medicare, Medicaid or other federal healthcare programs. The term remuneration has been
interpreted broadly to include anything of value. The Anti-Kickback Statute has been interpreted to apply to
arrangements between pharmaceutical manufacturers on one hand and prescribers, purchasers, and formulary
managers on the other. There are a number of statutory exceptions and regulatory safe harbors protecting some
common activities from prosecution. The exceptions and safe harbors are drawn narrowly and practices that involve
remuneration that may be alleged to be intended to induce prescribing, purchasing or recommending may be subject to
scrutiny if they do not qualify for an exception or safe harbor. Failure to meet all of the requirements of a particular
applicable statutory exception or regulatory safe harbor does not make the conduct per se illegal under the
Anti-Kickback Statute. Instead, the legality of the arrangement will be evaluated on a case-by-case basis based on a
cumulative review of all of its facts and circumstances. Our practices may not in all cases meet all of the criteria for
protection under a statutory exception or regulatory safe harbor.

Additionally, the intent standard under the Anti-Kickback Statute was amended by the Affordable Care Act, or ACA,
to a stricter standard such that a person or entity no longer needs to have actual knowledge of the statute or specific
intent to violate it in order to have committed a violation. In addition, the ACA codified case law that a claim
including items or services resulting from a violation of the federal Anti-Kickback Statute constitutes a false or
fraudulent claim for purposes of the federal False Claims Act (discussed below).

The civil monetary penalties statute imposes penalties against any person or entity who, among other things, is
determined to have presented or caused to be presented a claim to a federal health program that the person knows or
should know is for an item or service that was not provided as claimed or is false or fraudulent.

The federal False Claims Act prohibits, among other things, any person or entity from knowingly presenting, or
causing to be presented, a false claim for payment to, or approval by, the federal government or knowingly making,
using, or causing to be made or used a false record or statement material to a false or fraudulent claim to the federal
government. As a result of a modification made by the Fraud Enforcement and Recovery Act of 2009, a claim
includes “any request or demand” for money or property presented to the U.S. government. Recently, several
pharmaceutical and other healthcare companies have been prosecuted under these laws for allegedly providing free
product to customers with the expectation that the customers would bill federal programs for the product. Other
companies have been prosecuted for causing false claims to be submitted because of the companies’ marketing of the
product for unapproved, and thus generally non-reimbursable, uses.

HIPAA created new federal criminal statutes that prohibit knowingly and willfully executing, or attempting to
execute, a scheme to defraud or to obtain, by means of false or fraudulent pretenses, representations or promises, any
money or property owned by, or under the control or custody of, any healthcare benefit program, including private
third-party payors and knowingly and willfully falsifying, concealing or covering up by trick, scheme or device, a
material fact or making any materially false, fictitious or fraudulent statement in connection with the delivery of or
payment for healthcare benefits, items or services.
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Also, many states have similar fraud and abuse statutes or regulations that apply to items and services reimbursed
under Medicaid and other state programs, or, in several states, apply regardless of the payor. We may be subject to
data privacy and security regulations by both the federal government and the states in which we conduct our business.
HIPAA, as amended by the Health Information Technology for Economic and Clinical Health Act, or HITECH, and
its implementing regulations, imposes requirements relating to the privacy, security and transmission of individually
identifiable health information. Among other things, HITECH makes HIPAA’s privacy and security standards directly
applicable to business associates, independent contractors or agents of covered entities that receive or obtain protected
health information in connection with providing a service on behalf of a covered entity. HITECH also created four
new tiers of civil monetary penalties, amended HIPAA to make civil and criminal penalties directly applicable to
business associates, and gave state attorneys general new authority to file civil actions for damages or injunctions in
federal courts to enforce the federal HIPAA laws and seek attorneys’ fees and costs associated with pursuing federal
civil actions. In addition, state laws govern the privacy and security of health information in specified circumstances,
many of which differ from each other in significant ways and may not have the same effect, thus complicating
compliance efforts.
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Additionally, the federal Physician Payments Sunshine Act within the ACA, and its implementing regulations, require
that certain manufacturers of drugs, devices, biological and medical supplies for which payment is available under
Medicare, Medicaid or the Children’s Health Insurance Program (with certain exceptions) to report information related
to certain payments or other transfers of value made or distributed to physicians and teaching hospitals, or to entities
or individuals at the request of, or designated on behalf of, the physicians and teaching hospitals and to report annually
certain ownership and investment interests held by physicians and their immediate family members. The reported data
are posted in searchable form on a public website on an annual basis. Failure to submit required information may
result in civil monetary penalties. Effective January 1, 2022, we will also be required to report on transfers of value to
physician assistants, nurse practitioners or clinical nurse specialists, certified registered nurse anesthetists, and
certified nurse-midwives.

In order to distribute products commercially, we must comply with state laws that require the registration of
manufacturers and wholesale distributors of drug and biological products in a state, including, in certain states,
manufacturers and distributors who ship products into the state even if such manufacturers or distributors have no
place of business within the state. Some states also impose requirements on manufacturers and distributors to establish
the pedigree of product in the chain of distribution, including some states that require manufacturers and others to
adopt new technology capable of tracking and tracing product as it moves through the distribution chain. Several
states have enacted legislation requiring pharmaceutical and biotechnology companies to establish marketing
compliance programs, file periodic reports with the state, make periodic public disclosures on sales, marketing,
pricing, clinical trials and other activities, and/or register their sales representatives, as well as to prohibit pharmacies
and other healthcare entities from providing certain physician prescribing data to pharmaceutical and biotechnology
companies for use in sales and marketing, and to prohibit certain other sales and marketing practices. All of our
activities are potentially subject to federal and state consumer protection and unfair competition laws.

If our operations are found to be in violation of any of the federal and state healthcare laws described above or any
other governmental regulations that apply to us, we may be subject to penalties, including without limitation, civil,
criminal and/or administrative penalties, damages, fines, disgorgement, exclusion from participation in government
programs, such as Medicare and Medicaid, injunctions, private “qui tam” actions brought by individual whistleblowers
in the name of the government, or refusal to allow us to enter into government contracts, contractual damages,
reputational harm, administrative burdens, diminished profits and future earnings, and the curtailment or restructuring
of our operations, any of which could adversely affect our ability to operate our business and our results of operations.

Coverage, pricing and reimbursement

Significant uncertainty exists as to the coverage and reimbursement status of any product candidates for which we
obtain regulatory approval. In the United States and markets in other countries, sales of any products for which we
receive regulatory approval for commercial sale will depend, in part, on the extent to which third-party payors provide
coverage, and establish adequate reimbursement levels for such products. In the United States, third-party payors
include federal and state healthcare programs, private managed care providers, health insurers and other organizations.
The process for determining whether a third-party payor will provide coverage for a product may be separate from the
process for setting the price of a product or for establishing the reimbursement rate that such a payor will pay for the
product. Third-party payors may limit coverage to specific products on an approved list, also known as a formulary,
which might not include all of the FDA-approved products for a particular indication. Third-party payors are
increasingly challenging the price, examining the medical necessity and reviewing the cost-effectiveness of medical
products, therapies and services, in addition to questioning their safety and efficacy. We may need to conduct
expensive pharmaco-economic studies in order to demonstrate the medical necessity and cost-effectiveness of our
products, in addition to the costs required to obtain the FDA approvals. Our product candidates may not be considered
medically necessary or cost-effective. A payor’s decision to provide coverage for a product does not imply that an
adequate reimbursement rate will be approved. Further, one payor’s determination to provide coverage for a product
does not assure that other payors will also provide coverage for the product. Adequate third-party reimbursement may
not be available to enable us to maintain price levels sufficient to realize an appropriate return on our investment in
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product development.

Different pricing and reimbursement schemes exist in other countries. In the EU, governments influence the price of
pharmaceutical products through their pricing and reimbursement rules and control of national health care systems
that fund a large part of the cost of those products to consumers. Some jurisdictions operate positive and negative list
systems under which products may only be marketed once a reimbursement price has been agreed. To obtain
reimbursement or pricing approval, some of these countries may require the completion of clinical trials that compare
the cost-effectiveness of a particular product candidate to currently available therapies. Other member states allow
companies to fix their own prices for medicines, but monitor and control company profits. The downward pressure on
health care costs has become very intense. As a result, increasingly high barriers are being erected to the entry of new
products. In addition, in some countries, cross-border imports from low-priced markets exert a commercial pressure
on pricing within a country.
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The marketability of any product candidates for which we receive regulatory approval for commercial sale may suffer
if the government and third-party payors fail to provide adequate coverage and reimbursement. In addition, emphasis
on managed care in the United States has increased and we expect will continue to increase the pressure on healthcare
pricing. Coverage policies and third-party reimbursement rates may change at any time. Even if favorable coverage
and reimbursement status is attained for one or more products for which we receive regulatory approval, less favorable
coverage policies and reimbursement rates may be implemented in the future.

Healthcare reform

The ACA has the potential to substantially change healthcare financing and delivery by both governmental and private
insurers, and significantly impact the pharmaceutical and biotechnology industry. The ACA will impact existing
government healthcare programs and will result in the development of new programs.

Among the ACA provisions of importance to the pharmaceutical and biotechnology industries, in addition to those
otherwise described above, are the following:

an annual, nondeductible fee on any entity that manufactures or imports certain specified branded prescription drugs
and biologic agents apportioned among these entities according to their market share in some government healthcare
programs, that began in 2011;
an increase in the statutory minimum rebates a manufacturer must pay under the Medicaid Drug Rebate Program,
retroactive to January 1, 2010, to 23.1% and 13% of the average manufacturer price for most branded and generic
drugs, respectively and capped the total rebate amount for innovator drugs at 100% of the Average Manufacturer
Price, or AMP;
a Medicare Part D coverage gap discount program, in which manufacturers must agree to offer 50% point-of-sale
discounts (increased to 70% beginning in 2019) off negotiated prices of applicable brand drugs to eligible
beneficiaries during their coverage gap period, as a condition for the manufacturers’ outpatient drugs to be covered
under Medicare Part D;
extension of manufacturers’ Medicaid rebate liability to covered drugs dispensed to individuals who are enrolled in
Medicaid managed care organizations;
expansion of eligibility criteria for Medicaid programs by, among other things, allowing states to offer Medicaid
coverage to additional individuals beginning in 2014 and by adding new mandatory eligibility categories for
individuals with income at or below 133% of the federal poverty level, thereby potentially increasing manufacturers’
Medicaid rebate liability;
expansion of the entities eligible for discounts under the Public Health Service pharmaceutical pricing program; and
a new Patient-Centered Outcomes Research Institute to oversee, identify priorities in, and conduct comparative
clinical effectiveness research, along with funding for such research.
We anticipate that the ACA will result in additional downward pressure on coverage and the price that we receive for
any approved product, and could seriously harm our business. Any reduction in reimbursement from Medicare and
other government programs may result in a similar reduction in payments from private payors. The implementation of
cost containment measures or other healthcare reforms may prevent us from being able to generate revenue, attain
profitability, or commercialize our products.

On January 20, 2017, federal agencies with authorities and responsibilities under the ACA were directed to waive,
defer, grant exemptions from, or delay the implementation of any provision of the ACA that would impose a fiscal
burden on states or a cost, fee, tax, penalty or regulatory burden on individuals, healthcare providers, health insurers,
or manufacturers of pharmaceuticals or medical devices. More recently, the Tax Cuts and Jobs Act was signed into
law in December 2017, which eliminated certain requirements of the ACA, including the individual mandate, and
plans to repeal all or portions of the ACA have also been suggested. We cannot predict whether these challenges will
continue or whether other proposals will be made or adopted, or what impact these efforts may have on us.
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The Foreign Corrupt Practices Act

The Foreign Corrupt Practices Act, or FCPA, prohibits any U.S. individual or business from paying, offering, or
authorizing payment or offering of anything of value, directly or indirectly, to any foreign official, political party or
candidate for the purpose of influencing any act or decision of the foreign entity in order to assist the individual or
business in obtaining or retaining business. The FCPA also obligates companies whose securities are listed in the
United States to comply with accounting provisions requiring the company to maintain books and records that
accurately and fairly reflect all transactions of the corporation, including international subsidiaries, and to devise and
maintain an adequate system of internal accounting controls for international operations.

Additional regulation

In addition to the foregoing, state and federal laws regarding environmental protection and hazardous substances,
including the Occupational Safety and Health Act, the Resource Conservancy and Recovery Act and the Toxic
Substances Control Act, affect our business. These and other laws govern our use, handling and disposal of various
biological, chemical and radioactive substances used in, and wastes generated by, our operations. If our operations
result in contamination of the environment or expose individuals to hazardous substances, we could be liable for
damages and governmental fines. We believe that we are in material compliance with applicable environmental laws
and that continued compliance therewith will not have a material adverse effect on our business. We cannot predict,
however, how changes in these laws may affect our future operations.

Europe / rest of world government regulation

In addition to regulations in the United States, we will be subject to a variety of regulations in other jurisdictions
governing, among other things, clinical trials and any commercial sales and distribution of our products. Whether or
not we obtain FDA approval of a product, we must obtain the requisite approvals from regulatory authorities in
foreign countries prior to the commencement of clinical trials or marketing of the product in those countries. Certain
countries outside of the United States have a similar process that requires the submission of a clinical trial application
much like the IND prior to the commencement of human clinical trials. In the EU, for example, a clinical trial
application must be submitted to each country’s national health authority and an independent ethics committee, much
like the FDA and IRB, respectively. Once the clinical trial application is approved in accordance with a country’s
requirements, clinical trial development may proceed. Because biologically sourced raw materials are subject to
unique contamination risks, their use may be restricted in some countries.

The requirements and process governing the conduct of clinical trials, product licensing, pricing and reimbursement
vary from country to country. In all cases, the clinical trials are conducted in accordance with GCP and the applicable
regulatory requirements and the ethical principles that have their origin in the Declaration of Helsinki.

To obtain regulatory approval of an investigational drug or biological product under EU regulatory systems, we must
submit a marketing authorization application. The application used to file the BLA in the United States is similar to
that required in the EU, with the exception of, among other things, country-specific document requirements.

For other countries outside of the EU, such as countries in Eastern Europe, Latin America or Asia, the requirements
governing the conduct of clinical trials, product licensing, pricing and reimbursement vary from country to country. In
all cases, again, the clinical trials are conducted in accordance with GCP and the applicable regulatory requirements
and the ethical principles that have their origin in the Declaration of Helsinki.

If we or our potential collaborators fail to comply with applicable foreign regulatory requirements, we may be subject

to, among other things, fines, suspension or withdrawal of regulatory approvals, product recalls, seizure of products,
operating restrictions and criminal prosecution.
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Corporate Information

We were formed as a limited liability company under the laws of the State of Delaware in December 2013 and
converted to a Delaware corporation in March 2015. Our principal executive offices are located at 901 S. MoPac

Expressway, Barton Oaks Plaza One, Suite 250, Austin, Texas 78746, and our telephone number is (512) 942-2935.

Our website address is www.aegleabio.com. The information contained on, or that can be accessed through, our
website is not part of this Annual Report, and you should not consider information on our website to be part of this
Annual Report.
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Employees

As of December 31, 2018, we had a total of 61 full-time employees. None of our employees is represented by a labor
union or covered by a collective bargaining agreement. We have not experienced any work stoppages, and we
consider our relations with our employees to be good.

Financial Information

We manage our operations and allocate resources as a single reporting segment. Financial information regarding our
operations, assets and liabilities, including our net loss for the years ended December 31, 2018, 2017 and 2016 and our
total assets as of December 31, 2018 and 2017, is included in our Consolidated Financial Statements in Item 8 of this
Annual Report.

Available Information

We file Annual Reports on Form 10-K, Quarterly Reports on Form 10-Q, Current Reports on Form 8-K and other
information with the Securities and Exchange Commission (SEC). Our filings with the SEC are available free of
charge on the SEC’s website at www.sec.gov and on our website under the “Investors” tab as soon as reasonably
practicable after we electronically file such material with, or furnish it to, the SEC.
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ITEM 1A. RISK FACTORS

Investing in our common stock involves a high degree of risk. You should carefully consider the risks and
uncertainties described below, together with all of the other information in this annual report on Form 10-K, including
our consolidated financial statements and related notes and “Management’s Discussion and Analysis of Financial
Condition and Results of Operations,” before investing in our common stock. The risks and uncertainties described
below are not the only ones we face. Additional risks and uncertainties that we are unaware of, or that we currently
believe are not material, may also become important factors that affect us. If any of the following risks occur, our
business, operating results and prospects could be materially harmed. In that event, the price of our common stock
could decline, and you could lose part or all of your investment.

Risks Related to Our Business and Industry

Our limited operating history may make it difficult for you to evaluate the success of our business to date and to assess
our future viability.

We are a biotechnology company. We began operations as a limited liability company in December 2013 and
converted to a Delaware corporation in March 2015. Our operations to date have been limited to organizing and
staffing our company, business planning, raising capital, acquiring and developing our technology, identifying
potential product candidates, undertaking nonclinical studies, and preparing for, commencing and conducting clinical
trials of our most advanced product candidate, pegzilarginase.

We have not yet demonstrated our ability to successfully complete any clinical trials, including large-scale, pivotal
clinical trials, obtain marketing approvals, manufacture a commercial scale product or arrange for a third party to do
so on our behalf, or conduct sales and marketing activities necessary for successful product commercialization.
Products, on average, take ten to 15 years to be developed from the time they are discovered to the time they are
approved and available for treating patients. Although we have recruited a team that has experience with clinical trials,
as a company we have little experience in conducting clinical trials. In part because of this lack of experience, we
cannot be certain that planned or ongoing clinical trials will begin or be completed on time, if at all. Consequently,
any predictions you make about our future success or viability based on our short operating history to date may not be
as accurate as they could be if we had a longer operating history or an established track record in commercializing
products or conducting clinical trials.

In addition, as a new business, we may encounter unforeseen expenses, difficulties, complications, delays and other
known and unknown factors. We will need to transition from a company with a research focus to a company capable
of supporting commercial activities. We may not be successful in such a transition.

We have no source of product revenue and we have incurred significant losses since inception. We expect to incur
losses for the foreseeable future and may never achieve or maintain profitability.

We have a limited operating history. We have no approved products and have only begun clinical development of
pegzilarginase. Our ability to generate revenue and become profitable depends upon our ability to successfully
complete the development of any of our product candidates, including pegzilarginase, for any of our target indications
and to obtain necessary regulatory approvals. To date, we have recognized revenue solely from a fully utilized
government grant and have not generated any product revenue. Even if we receive regulatory approval for any of our
product candidates, we do not know when these product candidates will generate revenue for us, if at all.

In addition, since inception, we have incurred significant operating losses. For the years ended December 31, 2018,
2017, and 2016, we reported a net loss of $44.3 million, $27.2 million and $21.7 million, respectively. As of
December 31, 2018, we had an accumulated deficit of $116.9 million. We have financed our operations primarily
through private placements of our preferred stock, the initial public offering, or IPO, of our common stock, follow-on
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public offerings of our common stock, and collection of a research grant. We have devoted substantially all of our
efforts to research and development. Currently, we are only conducting clinical development for pegzilarginase for the
treatment of Arginase 1 Deficiency and advanced solid tumors, including a combination clinical trial of pegzilarginase
with pembrolizumab. We have not initiated clinical development of our other product candidates and expect that it
will be many years, if ever, before we have a product candidate ready for commercialization. We expect to continue to
incur significant expenses and increasing operating losses for the foreseeable future, and the net losses we incur may
fluctuate significantly from quarter to quarter. We anticipate that our expenses will increase substantially if and as we:

continue our research, nonclinical and clinical development of our product candidates;

seek to identify additional product candidates;

conduct additional nonclinical studies and initiate clinical trials for our product candidates;
26
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seek marketing approvals for any of our product candidates that successfully complete clinical trials, including

pivotal trials;

establish a sales, marketing and distribution infrastructure to commercialize any product candidates for which we

may obtain marketing approval;

maintain, expand and protect our intellectual property portfolio;

hire additional executive, clinical, quality control and scientific personnel;

add operational, financial and management information systems and personnel, including personnel to support our

product development; and

acquire or in-license other product candidates and technologies.
We are unable to predict the timing or amount of increased expenses, or when, or if, we will be able to achieve or
maintain profitability because of the numerous risks and uncertainties associated with product development. In
addition, our expenses could increase significantly beyond expectations if we are required by the FDA, EMA, MHRA,
or other relevant regulatory authorities, or the Health Authorities, to modify protocols of our clinical trials or perform
studies in addition to those that we currently anticipate. Even if pegzilarginase, or any of our other product candidates,
is approved for commercial sale, we anticipate incurring significant costs associated with the commercial launch of
any product candidate.

To become and remain profitable, we must develop and eventually commercialize a product candidate or product
candidates with significant market potential. This will require us to be successful in a range of challenging activities,
including completing nonclinical testing, initiating and completing clinical trials of one or more of our product
candidates, obtaining marketing approval for these product candidates, manufacturing, marketing and selling those
product candidates for which we obtain marketing approval and satisfying any post-marketing requirements. We may
never succeed in these activities and, even if we do, we may never generate revenues that are significant or large
enough to achieve profitability. We are currently only conducting clinical development for pegzilarginase for the
treatment of Arginase 1 Deficiency and advanced solid tumors, as well as a combination clinical trial of
pegzilarginase with pembrolizumab and are only in the nonclinical development stages for our remaining product
candidates. If we do achieve profitability, we may not be able to sustain or increase profitability on a quarterly or
annual basis. Our failure to become and remain profitable would decrease the value of the company and could impair
our ability to raise capital, maintain or expand our research and development efforts, expand our business or continue
our operations. A decline in the value of our company would also cause you to lose part or even all of your
investment.

We may not be successful in advancing the clinical development of our product candidates, including pegzilarginase.

In order to execute on our strategy of advancing the clinical development of our product candidates, we are currently
conducting multiple clinical trials for pegzilarginase, consisting of one Phase 1/2 clinical trial for the treatment of
Arginase 1 Deficiency, one Phase 1 clinical trial for the treatment of patients with advanced solid tumors with
multiple cohort expansions, and one Phase 1/2 clinical trial to evaluate the combination of pegzilarginase with
pembrolizumab for the treatment of patients with small cell lung cancer. We have initiated the planned expansion
cohorts of our Phase 1 trial of pegzilarginase for the treatment of advanced solid tumors to study small cell lung
cancer, uveal melanoma, and cutaneous melanoma, and each of these histologies has been shown in published
literature and preclinical studies to demonstrate a dependence on arginine in a substantial proportion of tumors. If our
product candidate fails to work as we expect, or if we need to conduct additional studies to better understand the
relationship between our product candidate and clinical activity, our ability to assess the therapeutic effect, seek
regulatory approval or otherwise begin or further clinical development, could be compromised. For instance, we
discontinued clinical development of pegzilarginase for the treatment of the hematological malignancies acute
myeloid leukemia (AML) and myelodysplastic syndrome (MDS) in December 2017 due to lack of evidence of clinical
benefit. Also, while there is an established link between seizures and elevated levels of certain arginine metabolites,
we may not be able to determine the relationship between clinical activity and arginine and its metabolites, if any, for
the treatment of Arginase 1 Deficiency. Any such events may result in longer development times, larger trials and a
greater likelihood of terminating the trial or not obtaining regulatory approval.
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In addition, as we pursue oncology-related applications of our product candidates, because the natural history of
different tumor types is variable, we will need to study our product candidates, including pegzilarginase, in clinical
trials specific for a given tumor type and this will result in increased time and cost. Even if our product candidate
demonstrates efficacy in a particular tumor type, we cannot guarantee that any product candidate, including
pegzilarginase, will behave similarly in all tumor types, and we will be required to obtain separate regulatory
approvals for each tumor type we intend a product candidate to treat. If any of our ongoing or planned clinical trials
are unsuccessful, our business will suffer.
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We or third parties may not be successful in developing companion diagnostic assays for our product candidates.

In developing a product candidate, we expect that if we use a biomarker-based test in cancer trials to identify and only
enroll patients in clinical trials with tumors that express the biomarker, the FDA will require the development and
regulatory approval of a companion diagnostic assay as a condition to approval of the product candidate. We do not
have experience or capabilities in developing or commercializing these companion diagnostics and plan to rely in
large part on third parties to perform these functions. Companion diagnostic assays are subject to regulation by the
FDA as medical devices and require separate regulatory approval prior to the use of such diagnostic assays with a
therapeutic product candidate. If we, or any third parties that we engage to assist us, are unable to successfully develop
companion diagnostic assays for use with our product candidates, or experience delays in development, we may be
unable to identify patients with the specific profile targeted by our product candidates for enrollment in our clinical
trials. Accordingly, further investment may be required to further develop or obtain the required regulatory approval
for the relevant companion diagnostic assay, which would delay or substantially impact our ability to conduct further
clinical trials or obtain regulatory approval. In addition, if a companion diagnostic is necessary for any of our product
candidates, the delay or failure to obtain regulatory approval of the companion diagnostic would delay or prevent the
approval of the therapeutic product candidate. EMA, MHRA or comparable foreign regulatory authorities may also
require the development and regulatory approval of a companion diagnostic assay as a condition to approval of the
product candidate. Additionally, clinical trials that utilize a biomarker-based test to select patients are likely to take
longer and require additional funding.

We will need substantial additional funding. If we are unable to raise capital when needed, we would be compelled to
delay, reduce or eliminate our product development programs or commercialization efforts.

We expect our expenses to increase in parallel with our ongoing activities, particularly as we continue our discovery
and nonclinical development to identify new clinical candidates and initiate and continue clinical trials of, and seek
marketing approval for, our product candidates. In addition, if we obtain marketing approval for any of our product
candidates, we expect to incur significant commercialization expenses related to product sales, marketing,
manufacturing and distribution. Furthermore, we expect to continue to incur additional costs associated with operating
as a public company. Accordingly, we will need to obtain substantial additional funding in connection with our
continuing operations. If we are unable to raise capital when needed for any reason, including but not limited to a
federal government shutdown, or on acceptable terms, we would be forced to delay, reduce or eliminate our discovery
and nonclinical development programs, our ongoing clinical development, or any future clinical development or
commercialization efforts.

Based upon our planned use of our cash, cash equivalents, and marketable securities as of December 31, 2018, in
conjunction with the net proceeds received from our public offering in February 2019, we estimate such funds will be
sufficient for us to fund completion of our global pivotal Phase 3 PEACE clinical trial and ongoing Phase 1/2 trial for
the treatment of patients with Arginase 1 Deficiency, our ongoing Phase 1 clinical trial for the treatment of patients
with advanced solid tumors, as well as our ongoing Phase 1/2 combination clinical trial of pegzilarginase with
pembrolizumab for the treatment of patients with small cell lung cancer. Our future capital requirements will depend
on many factors, including:

the costs associated with the scope, progress and results of compound discovery, nonclinical development, laboratory
testing and clinical trials for our product candidates;

the costs related to the extent to which we enter into partnerships or other arrangements with third parties in order to
further develop our product candidates;

the costs and fees associated with the discovery, acquisition or in-license of product candidates or technologies;

our ability to establish collaborations on favorable terms, if at all;

the costs of future commercialization activities, if any, including product sales, marketing, manufacturing and
distribution, for any of our product candidates for which we receive marketing approval;
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revenue, if any, received from commercial sales of our product candidates, should any of our product candidates
receive marketing approval; and
the costs of preparing, filing and prosecuting patent applications, maintaining and enforcing our intellectual property
rights and defending intellectual property-related claims.
Our product candidates, if approved, may not achieve commercial success. Our commercial revenues, if any, will be
derived from sales of product candidates that we do not expect to be commercially available for many years, if at all.
Accordingly, we will continue to rely on additional financing to achieve our business objectives, which may not be
available to us on acceptable terms, or at all.
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Raising additional capital may cause dilution to our stockholders, restrict our operations or require us to relinquish
rights to our technologies or product candidates.

Until such time, if ever, as we can generate substantial product revenues, we expect to finance our cash needs through
a combination of equity or equity-linked offerings, debt financings, grants from research organizations and license and
collaboration agreements. We do not have any committed external source of funds other than our grant agreement
with the Cancer Prevention and Research Institute of Texas, or CPRIT, which ended on May 31, 2018. As of
December 31, 2018, the full $19.8 million of grant proceeds had been collected. To the extent that we raise additional
capital through the sale of equity or convertible debt securities, or if existing holders of warrants exercise their rights
to purchase common stock, your ownership interest will be diluted, and the terms of these securities may rank senior
to our common stock and include liquidation or other preferences, covenants or other terms that adversely affect your
rights as a common stockholder. Further, any future sales of our common stock by us or resale of our common stock
by our existing stockholders could cause the market price of our common stock to decline. Debt financing and
preferred equity financing, if available, may involve agreements that include covenants limiting or restricting our
ability to take specific actions, such as incurring additional debt, making capital expenditures or declaring dividends.

If we raise additional funds through collaborations, strategic alliances or marketing, distribution or licensing
arrangements with third parties, we may have to relinquish valuable rights to our technologies, future revenue streams,
research programs or product candidates or grant licenses on terms that may not be favorable to us and/or that may
reduce the value of our common stock.

We depend heavily on the success of our most advanced product candidate, pegzilarginase. All of our product
candidates, other than pegzilarginase, are still in nonclinical development or nonclinical testing, and for
pegzilarginase, the early stages of clinical development. Existing and future clinical trials of our product candidates,
including pegzilarginase, may not be successful. If we are unable to commercialize our product candidates or
experience significant delays in doing so, our business will be materially harmed.

We have invested a significant portion of our efforts and financial resources in the nonclinical and clinical
development and testing of our most advanced product candidate, pegzilarginase, for the treatment of patients with
Arginase 1 Deficiency and advanced solid tumors, including a combination clinical trial of pegzilarginase with
prembrolizumab in patients with small cell lung cancer. Our ability to generate product revenues, which we do not
expect will occur for many years, if ever, will depend heavily on the successful development and eventual
commercialization of pegzilarginase. The success of pegzilarginase and our other product candidates will depend on
many factors, including the following:

successful enrollment of patients in, and the completion of, our ongoing and planned clinical trials;

receiving required regulatory approvals for the development and commercialization of our product candidates as
monotherapy or in combination with other products;

establishing commercial manufacturing capabilities or making arrangements with third-party manufacturers;
obtaining and maintaining patent and trade secret protection and non-patent exclusivity for our product candidates
and their components;

enforcing and defending intellectual property rights and claims;

achieving desirable therapeutic properties for our product candidates’ intended indications;

{aunching commercial sales of our product candidates, if and when approved, whether alone or in collaboration with
third parties;

acceptance of our product candidates, if and when approved, by patients, the medical community and third-party
payors;

effectively competing with other therapies; and

maintaining an acceptable safety profile of our product candidates through clinical trials and following regulatory
approval.
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If we do not achieve one or more of these factors in a timely manner or at all, we could experience significant delays
or an inability to successfully commercialize our product candidates, which would materially harm our business.
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Clinical drug development involves a lengthy and expensive process with an uncertain outcome. We may experience
delays in completing, or ultimately be unable to complete, the development and commercialization of any of our
product candidates.

We have initiated clinical trials with our lead product candidate, pegzilarginase. The risk of failure for all of our
product candidates is high. Before obtaining marketing approval from regulatory authorities for the sale of any
product candidate, we must complete nonclinical development and then conduct extensive clinical trials to
demonstrate the safety and efficacy of our product candidates in humans for the respective target indications. Clinical
testing is expensive, difficult to design and implement, can take many years to complete, and its outcome is inherently
uncertain. Failure can occur at any time during the clinical trial process.

The results of nonclinical studies and early clinical trials of our product candidates may not be predictive of the results
of later-stage clinical trials that will likely differ in design and size from early-stage clinical trials, and interim results
of a clinical trial do not necessarily predict final results. For example, while we have observed a reduction in blood
arginine and arginine metabolite levels due to administration of pegzilarginase in patients with Arginase 1 Deficiency,
and a reduction in blood arginine levels due to pegzilarginase in patients with advanced solid tumors, this data may
not necessarily be predictive of the final results of all patients intended to be enrolled in these ongoing clinical trials or
in future trials, and may also not be predictive of pegzilarginase’s ability to reduce arginine or arginine metabolite
levels for these patients over a longer term nor predictive of positive clinical outcomes. In addition, while we have
announced interim data from our ongoing clinical trials of pegzilarginase for the treatment of Arginase 1 Deficiency
and advanced solid tumors, such reports were based on unaudited data provided by our clinical trial investigators. An
audit or subsequent review of this data may change the conclusions drawn from this unaudited data provided by our
clinical trial investigators indicating less promising results than we anticipate. In addition, our observations of clinical
improvements, through clinician and assessor feedback or assessment tools in the Phase 1/2 open label study of
pegzilarginase in patients with Arginase 1 Deficiency after eight and twenty weeks of dosing may not be
representative of our observations with subsequently dosed patients out to eight weeks or longer. We have announced
the design of our single, global pivotal Phase 3 PEACE (Pegzilarginase Effect on Arginase 1 Deficiency Clinical
Endpoints) trial to evaluate the safety and efficacy of pegzilarginase. We expect to dose the first patient in the PEACE
trial in the second quarter of 2019 and anticipate that data from the Phase 3 PEACE study will be available in the first
quarter of 2021. Furthermore, our ongoing Phase 1/2 clinical trial for the treatment of patients with Arginase 1
Deficiency and our Phase 1 clinical trials for the treatment of advanced solid tumors will primarily evaluate the safety
of our product candidates. Moreover, nonclinical and clinical data are often susceptible to varying interpretations and
analyses, and many companies that have believed their product candidates performed satisfactorily in nonclinical
studies and clinical trials have nonetheless failed to obtain marketing approval of their products. It is impossible to
predict when or if any of our product candidates will prove effective or safe in humans or will receive regulatory
approval.

We may experience delays in our ongoing and planned clinical trials and we do not know whether planned clinical
trials will begin or enroll subjects on time, whether enrolled subjects will complete trials on time or at all, whether
they will need to be redesigned or whether they will be able to be completed on schedule, if at all. There can be no
assurance that the Health Authorities will allow us to begin clinical trials or that they will not put any of the trials for
any of our product candidates that enter or have entered clinical development on clinical hold in the future. We may
experience numerous unforeseen events during, or as a result of, clinical trials that could delay or prevent our ability
to receive marketing approval or commercialize our product candidates. Clinical trials may be delayed, suspended or
prematurely terminated because costs are greater than we anticipate or for a variety of reasons, such as:

delay or failure in reaching agreement with the Health Authorities on a trial design that we are able to execute;
delay or failure in obtaining authorization to commence a trial or inability to comply with conditions imposed by a
regulatory authority regarding the scope or design of a clinical trial;

delays in reaching, or failure to reach, agreement on acceptable clinical trial contracts or clinical trial protocols with
planned trial sites;
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modifications to our ongoing and planned clinical trial protocols due to regulatory requirements or decisions made by
regulatory authorities;

weographic complexities of managing the design and completion of clinical trials across different Health Authorities
in the United States, Canada, Europe, etc.;

reports of safety issues, side effects or dose-limiting toxicities, or any additional or more severe safety issues in
addition to those observed to date;
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tnability, delay, or failure in identifying and maintaining a sufficient number of trial sites, many of which may
already be engaged in other clinical programs;
delay or failure in recruiting and enrolling suitable subjects to participate in one or more clinical trials;
delay or failure in having subjects complete a trial or return for post-treatment follow-up. For instance, in March
2018, a pediatric patient previously dosed in Part 1 of our Phase 1/2 clinical trial of pegzilarginase for the treatment
of Arginase 1 Deficiency withdrew from the trial due to personal reasons;
clinical sites and investigators deviating from the trial protocol, failing to conduct the trial in accordance with
regulatory requirements, or dropping out of a trial;
a clinical hold for any of our ongoing or planned clinical trials, including for pegzilarginase, where a clinical hold in
a trial in one indication could result in a clinical hold for clinical trials in other indications;
clinical trials of our product candidates may produce negative or inconclusive results, and we may decide, or
regulators may require us, to conduct more clinical trials than we anticipate or abandon product development
programs;
the number of patients required for clinical trials of our product candidates may be larger than we anticipate,
enrollment in these clinical trials may be slower than we anticipate or insufficient or participants may drop out of
these clinical trials at a higher rate than we anticipate;
we may experience delays or difficulties in the enrollment of patients with Arginase 1 Deficiency or patients with
tumors, including the identification of patients with Arginase 1 Deficiency or development or identification of a test,
if needed, to screen for those cancer patients;
our third-party contractors may fail to comply with regulatory requirements or meet their contractual obligations to
us in a timely manner, or at all;
we may have difficulty partnering with experienced CROs that can screen for patients with tumors dependent on
arginine that pegzilarginase is designed to target and with CROs that can run our clinical trials effectively;
regulators may require that we or our investigators suspend or terminate clinical research for various reasons,
including noncompliance with regulatory requirements or a finding that the participants are being exposed to
unacceptable health risks or privacy concerns;
the supply or quality of our product candidates or other materials necessary to conduct clinical trials of our product
candidates may be insufficient or inadequate; or
*  there may be changes in governmental regulations or administrative
actions.
If we are required to modify our ongoing clinical trial protocols, conduct additional clinical trials or other testing of
our product candidates beyond those that we currently contemplate, if we are unable to successfully initiate or
complete clinical trials of our product candidates or other testing, if the results of these trials or tests do not
demonstrate sufficient clinical benefit or if our product candidates do not have an acceptable safety profile, we may:

be delayed in obtaining marketing approval for our product candidates;
not obtain marketing approval at all;
cease development of our product candidates;
obtain approval for indications or patient populations that are not as broad as intended or desired;
obtain approval with labeling that includes significant use or distribution restrictions or safety warnings that would
reduce the potential market for our product candidates or inhibit our ability to successfully commercialize our
product candidates;
be subject to additional post-marketing restrictions and/or testing requirements; or
have the product removed from the market after obtaining marketing approval.
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We do not know whether any of our planned or current nonclinical studies, or ongoing or planned clinical trials, will
need to be restructured or will be completed on schedule, or at all. For example, in June 2017, we delayed enrollment
of pediatric patients in our Phase 1/2 trial of pegzilarginase for the treatment of Arginase 1 Deficiency due to a
difference in opinion with the FDA on data required to support inclusion of pediatric patients. Although we reached an
agreement with the FDA in November 2017 and began dosing pediatric patients, the FDA may require additional
information or studies to be conducted, or impose conditions that could further delay or restrict our other planned
clinical activities in the future. We announced the design of our global pivotal Phase 3 PEACE trial in which we
intend to study plasma arginine reduction from baseline as our primary endpoint. However, evidence of stabilization
or improvement of clinical signs and symptoms of Arginase 1 Deficiency, such as our secondary endpoints with the
assessment of clinical outcomes on mobility and adaptive behavior, as well as clinician and caregiver global
impressions of effectiveness, may be required in addition to the primary endpoint to support approval. We may face
difficulties or delays in enrolling our Phase 3 trial in Arginase 1 Deficiency because we are restricting enrollment to
patients with baseline clinical abnormalities at a level that provides an opportunity to demonstrate neuromotor and/or
neurocognitive outcomes. If we are unable to demonstrate sufficient improvement on such clinical endpoints, the FDA
may determine that there is inadequate justification to support that the endpoints we have chosen are reasonably likely
to predict clinical benefit, which would potentially prohibit approval under various approval pathways. For example,
the FDA indicated that longer duration dosing may increase the likelihood of seeing changes in clinical outcomes.
Significant nonclinical or clinical trial delays also could shorten any periods during which we may have the exclusive
right to commercialize our product candidates or allow our competitors to bring products to market before we do and
impair our ability to successfully commercialize our product candidates and may materially harm our business and
results of operations.

We may not be able to submit INDs, or foreign equivalents outside of the United States, to commence clinical trials
for product candidates on the timeframes we expect, and even if we are able to, the Health Authorities may not permit
us to proceed with planned clinical trials.

We are currently conducting nonclinical development of our product candidates other than our clinical trials for
pegzilarginase for the treatment of patients with Arginase 1 Deficiency and advanced solid tumors, including a
combination clinical trial of pegzilarginase with pembrolizumab. Progression of any candidate into clinical trials is
inherently risky and dependent on the results obtained in nonclinical programs, and other potential results such as the
results of other clinical programs and results of third-party programs. If results are not available when expected or
problems are identified during therapy development, we may experience significant delays in clinical development.
This may also impact our ability to achieve certain financial milestones and the expected timeframes to market any of
our product candidates. Failure to submit or have effective INDs, CTAs or other comparable foreign equivalents and
commence clinical programs will significantly limit our opportunity to generate revenue.

Our engineered human enzyme product candidates for our oncology indications represent a novel approach to cancer
treatment, which could result in heightened regulatory scrutiny, delays in clinical development, or delays in our ability
to achieve regulatory approval or commercialization of our product candidates.

Engineered human enzyme products are a new category of therapeutics. Because this is a relatively new and
expanding area of novel therapeutic interventions, there can be no assurance as to the length of the trial period, the
manufacturing and quality control standards required to be met by regulators, the number of patients the Health
Authorities will require to be enrolled in the trials in order to establish the safety, efficacy, purity and potency of
engineered human enzyme products, or that the data generated in these trials will be acceptable to the FDA or another
applicable regulatory authority to support marketing approval.

We have only initiated early-stage clinical trials for pegzilarginase for the treatment of certain conditions. We have not
dosed any of our other product candidates in humans. Our existing and future planned clinical trials may reveal
significant adverse events, toxicities or other side effects not seen in our nonclinical studies and may result in a safety
profile that could inhibit regulatory approval or market acceptance of any of our product candidates.
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In order to obtain marketing approval for any of our product candidates, we must demonstrate the safety and efficacy
of the product candidate for the relevant clinical indication or indications through nonclinical studies and clinical trials
as well as additional supporting data. If our product candidates are associated with undesirable side effects in
nonclinical studies or clinical trials, in monotherapy or combination therapy, or have characteristics that are
unexpected, we may need to interrupt, delay or abandon their development or limit development to more narrow uses
or subpopulations in which the undesirable side effects or other characteristics are less prevalent, less severe or more
acceptable from a risk-benefit perspective.
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We are currently conducting clinical trials for pegzilarginase for the treatment of patients with Arginase 1 Deficiency
and advanced solid tumors, as well as a combination clinical trial of pegzilarginase with pembrolizumab in patients
with previously-treated small cell lung cancer. Given the nature of the patient populations enrolled in these trials, we
have observed and expect to continue to observe serious adverse events that could be related or unrelated to
pegzilarginase. In a Phase 1 trial of pegzilarginase for the treatment of patients with advanced solid tumors and a
previously concluded trial of pegzilarginase for the treatment of the patients with hematological malignancies AML
and MDS, we have observed serious adverse events in some patients, including death. In 2018, we reported results
from these trials in which we observed serious adverse events that were considered possibly or probably related to the
administration of pegzilarginase including asthenia, fatigue, failure to thrive, hypertension, diarrhea, nausea, vomiting,
dehydration, dizziness, intracranial hemorrhage, and encephalopathy manifested as acute agitation. In October 2018,
we announced updated interim clinical data from our ongoing Phase 1/2 trial of pegzilarginase for the treatment of
patients with Arginase 1 Deficiency, in which we observed 4 hypersensitivity events of at least moderate severity that
were considered related to the administration of pegzilarginase in 3 patients. Three of these hypersensitivity events
were considered by investigators as serious adverse events. These hypersensitivity events were due to the
development of anti-drug antibodies to pegzilarginase. Hypersensitivity reactions and immunogenicity manifest as
anti-drug antibodies could impact the safety and efficacy of pegzilarginase. Subjects in our ongoing and planned
clinical trials with pegzilarginase may suffer minor, significant, serious, or even life-threatening adverse events,
including those that are drug-related. Subjects in our ongoing and planned clinical trials may also suffer side effects
not yet observed in any of our prior and ongoing clinical or nonclinical studies, including, but not limited to, toxicities
to the nervous system, liver, heart, lung, kidney, blood, pulmonary or immune system. We have not dosed any of our
other product candidates in humans.

Testing in animals, such as our primate studies for pegzilarginase, may not uncover all side effects in humans or any
observed side effects in animals may be more severe in humans. For example, it is possible that patients” immune
systems may recognize our engineered human enzymes as foreign and trigger an immune response. This risk is
heightened in some patients who lack the target enzyme, as is the case with patients with Arginase 1 Deficiency that
we are treating in our Phase 1/2 trial, open label extension study, and our future trials for this rare genetic disease. In
addition, our product candidates such as pegzilarginase break down target amino acids such as arginine, thereby
releasing metabolites such as ornithine into the bloodstream. Some patients may be sensitive to these metabolites,
increasing the risk of an adverse reaction due to treatment, which risk may not be able to be mitigated through dosing.
Finally, although our engineered human enzyme product candidates such as pegzilarginase are engineered from the
human genome, pegzilarginase is produced in E. coli. This manufacturing process could lead pegzilarginase to be
more likely to trigger an immune response than we expect.

To the extent significant adverse events or other side effects are observed in any of our clinical trials, we may have
difficulty recruiting patients to the clinical trial, patients may drop out of our trial, or we may be required to abandon
the trial or our development efforts of that product candidate altogether. Some potential therapeutics developed in the
biotechnology industry that initially showed therapeutic promise in early-stage studies have later been found to cause
side effects that prevented their further development. Even if the side effects do not preclude the drug from obtaining
or maintaining marketing approval, undesirable side effects may inhibit market acceptance of the approved product
due to its tolerability versus other therapies. Any of these developments could materially harm our business, financial
condition and prospects.

Further, toxicities associated with our product candidates may also develop after regulatory approval and lead to the
withdrawal of the product from the market. We cannot predict whether our product candidates will cause organ or
other injury in humans that would preclude or lead to the revocation of regulatory approval based on nonclinical
studies or early stage clinical testing.

If we experience delays or difficulties in the enrollment of patients in our ongoing or planned clinical trials, our
receipt of necessary regulatory approvals could be delayed or prevented.
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We may not be able to initiate or continue our ongoing or planned clinical trials if we are unable to locate and enroll a
sufficient number of eligible patients to participate in these trials as required by the Health Authorities. More
specifically, many of our product candidates, including pegzilarginase, initially target indications that may be
characterized as orphan markets, which can prolong the clinical trial timeline if sufficient patients cannot be enrolled
in a timely manner. Arginase 1 Deficiency is a rare disorder, and there are no published reports of disease prevalence.
Newborn screening data for two reliably detected urea cycle disorders allowed disease experts to estimate the
incidence of Arginase 1 Deficiency at 1:950,000 births. Assuming a less than normal life span, we believe that at least
600 individuals in global addressable markets have Arginase 1 Deficiency. Presently, only 34 U.S. states and
jurisdictions screen for Arginase 1 Deficiency, and screening in Europe is not universal. Due to screening
requirements and enrollment restrictions in our clinical trial protocol, or any additional restrictions that may be
imposed by regulatory agencies, not all pediatric patients may be eligible for inclusion in our planned global pivotal
Phase 3 trial. To date, we have identified more than 170 patients in the global addressable markets, primarily in the
U.S. and Europe.
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Delays in patient enrollment could result in increased costs, delays in advancing our product development, delays in
testing the effectiveness of our technology or termination of the clinical trials altogether.

Patient enrollment is affected by factors including:

the severity of the disease under investigation;

the design of the clinical trial protocol;

the novelty of the product candidate and acceptance by physicians;

the patient eligibility criteria for the study in question;

the size of the total patient population;

the design of the clinical trials;

the perceived risks and benefits of the product candidate under study;

the availability and efficacy of competing therapies and clinical trials;

our payments for conducting clinical trials;

the patient referral practices of physicians;

the ability to monitor patients adequately during and after treatment with the product candidate; and

the proximity and availability of clinical trial sites for prospective patients.
In addition, some patients with Arginase 1 Deficiency suffer from heightened levels of ammonia, or
hyperammonemia. Horizon Pharma plc has gained approval for its products RAVICTI (glycerol phenylbutyrate) and
BUPHENYL (sodium phenylbutyrate) to treat patients with urea cycle disorders suffering from hyperammonemia.
Some patients who may be eligible for our ongoing or planned clinical trials may instead pursue treatment for this
effect of their condition by taking RAVICTI (glycerol phenylbutyrate) or through dietary protein restriction. Our
inability to enroll a sufficient number of patients for any of our clinical trials could result in significant delays and
could require us to abandon one or more clinical trials altogether. Enrollment delays in our clinical trials may result in
increased development costs for our product candidates and in delays to commercially launching our product
candidates, if approved, which would cause the value of our company to decline and limit our ability to obtain
additional financing.

The safety or efficacy profile of pegzilarginase may differ in combination therapy with other existing or future drugs,
and therefore may preclude its further development or approval, which would materially harm our business.

From time to time, our commercialization strategy may include the combination of our product candidates with
third-parties’ products or product candidates. For example, we are currently conducting a combination trial with Merck
to evaluate the combination of pegzilarginase with Merck’s anti-PD-1 therapy, KEYTRUDA® (pembrolizumab), for
the treatment of patients with small cell lung cancer. These combination studies involve additional risks due to their
reliance on circumstances outside our control, such as those relating to the availability and marketability of the
third-party product involved in the study. Although Merck has agreed to provide pembrolizumab in connection with
our ongoing combination trial, we may be unable to secure and maintain a sufficient supply of such third-party
products when needed on commercially reasonably terms. Any such shortages could cause us to delay or terminate

our combination trials.

It is also difficult to predict the way in which pegzilarginase will interact with third-party products used in
combination clinical trials. As a result, such combination trials may demonstrate reduced efficacy, increase or
exacerbate side effects that have been seen with pegzilarginase alone, or result in new side effects that have not
previously been identified with pegzilarginase alone. In addition, data obtained from any combination trials may be
subject to a variety of interpretations. For instance, positive data may not guarantee the ability to move forward due to
changes in the landscape for the treatment of targeted indications, and failure to achieve our primary endpoints may
not necessarily preclude a viable commercial path. Any undesirable side effects, lack of efficacy seen in combination
trials, changing regulatory and commercial requirements for approval, differing interpretation of clinical data or other
unforeseen circumstances may affect our ability to continue with and obtain regulatory approval for the combination
therapy, as well as our ability to continue with and obtain regulatory approval for pegzilarginase monotherapy.
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Further, evaluating pegzilarginase in combination with other products in clinical development may require us to
establish collaborations, licensing arrangements or alliances with third parties. There is no assurance that we will be
able to enter into such arrangements on favorable terms, or at all.

Even though we have obtained orphan drug designation for pegzilarginase in the United States and Europe for the
treatment of hyperargininemia, we may not obtain or maintain orphan drug exclusivity for pegzilarginase and we may
not obtain orphan drug designation or exclusivity for any of our other product candidates or indications.

Regulatory authorities in some jurisdictions, including the United States and Europe, may designate drugs or biologics
for relatively small patient populations as orphan drugs. Under the Orphan Drug Act, the FDA may designate a
product as an orphan drug if it is a drug or biologic intended to treat a rare disease or condition, which is generally
defined as a patient population of fewer than 200,000 individuals in the United States. Similarly, the European
Commission may designate a product as an orphan drug under certain circumstances.

Generally, if a product with an orphan drug designation subsequently receives the first marketing approval for the
indication for which it has such designation, the product is entitled to a period of marketing exclusivity, which
precludes the FDA or the EMA from approving another marketing application for the same drug for the same disease
for that time period. The applicable period is seven years in the United States and ten years in the European Union.
The European exclusivity period can be reduced to six years if a drug no longer meets the criteria for orphan drug
designation or if the drug is sufficiently profitable so that market exclusivity is no longer justified. Orphan drug
exclusivity may be lost if the FDA or EMA determines that the request for designation was materially defective or if
the manufacturer is unable to assure sufficient quantity of the drug to meet the needs of patients with the rare disease
or condition.

In March 2015, we obtained orphan drug designation in the United States for pegzilarginase for the treatment of
patients with Arginase 1 Deficiency. In July 2016, we also received orphan drug designation in Europe for
pegzilarginase for the treatment of patients with Arginase 1 Deficiency. A company that first obtains FDA or EMA
approval for a designated orphan drug for the designated rare disease or condition receives orphan drug marketing
exclusivity for that drug for the designated disease for a period of seven years in the United States or ten years in the
European Union, respectively. This orphan drug exclusivity prevents the FDA or EMA from approving another
application, including a Biologics License Application, or BLA, in the United States or a MAA in the European
Union, to market a drug containing the same principal molecular structural features for the same orphan indication,
except in very limited circumstances, including when the FDA or the EMA concludes that the later drug is safer, more
effective or makes a major contribution to patient care. In addition, a designated orphan drug may not receive orphan
drug exclusivity if it is approved for a use that is broader than the indication for which it received orphan designation.

Even though we have received orphan drug designation for pegzilarginase for the treatment of Arginase 1 Deficiency
in the United States and Europe, we may not be the first to obtain marketing approval for the orphan-designated
indication in these jurisdictions due to the uncertainties associated with developing pharmaceutical product
candidates. We may also seek to obtain orphan drug designations in other international jurisdictions. However, there is
no guarantee that we would be able to do so on a timely basis, or at all. Further, even if we obtain orphan drug
exclusivity for a product, that exclusivity may not effectively protect the product from competition because different
drugs with different active moieties can be approved for the same condition or a drug with the same principal
molecular structural features can be approved for a different indication. Orphan drug designation neither shortens the
development time or regulatory review time of a drug nor gives the drug any advantage in the regulatory review or
approval process. In addition, even if we intend to seek orphan drug designation for other product candidates or
indications, we may never receive such designations or obtain orphan drug exclusivity.

A Rare Pediatric Disease designation by the FDA does not guarantee that the NDA or BLA for the product will
qualify for a priority review voucher upon approval, and it does not lead to a faster development or regulatory review
process, or increase the likelihood that any of our product candidates will receive marketing approval.
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Under the Rare Pediatric Disease Priority Review Voucher program, upon the approval of a qualifying BLA or NDA
for the treatment of a rare pediatric disease, the sponsor of such an application would be awarded a rare pediatric
disease priority review voucher that can be used to obtain priority review for a subsequent BLA or NDA. In
September 2018, the FDA notified us that we obtained Rare Pediatric Disease designation for pegzilarginase for the
treatment of patients with Arginase 1 Deficiency. If a product candidate is designated before October 1, 2020, as is the
case with pegzilarginase, the sponsor of a qualifying NDA or BLA for such a product is eligible to receive a voucher
if the NDA or BLA is approved before October 1, 2022. However, there is no guarantee that any of our product
candidates will be approved by that date, or at all, and, therefore, we may not be in a position to obtain a priority
review voucher prior to expiration of the program, unless Congress further reauthorizes the program. Additionally,
designation of a drug for a rare pediatric disease does not guarantee that a BLA will meet the other eligibility criteria
for a rare pediatric disease priority review voucher at the time the application is approved. Finally, a Rare Pediatric
Disease designation does not lead to faster development or regulatory review of the product, or increase the likelihood
that it will receive marketing approval.
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Failure to obtain marketing approval in international jurisdictions would prevent our product candidates from being
marketed abroad.

In order to market and sell our products in the European Union and many other jurisdictions, we or our third-party
collaborators must obtain separate marketing approvals and comply with numerous and varying regulatory
requirements. The approval procedure varies among countries and can involve additional testing and different criteria
for approval. The time required to obtain approval may differ substantially from that required to obtain FDA approval.
The regulatory approval process outside the United States generally includes all of the risks associated with obtaining
FDA approval. In addition, in many countries outside the United States, it is required that the product be approved for
reimbursement before the product can be approved for sale in that country. We, or our third-party collaborators, may
not obtain approvals from regulatory authorities outside the United States on a timely basis, if at all. Approval by the
FDA does not ensure approval by regulatory authorities in other countries or jurisdictions, and approval by one
regulatory authority outside the United States does not ensure approval by regulatory authorities in other countries or
jurisdictions or by the FDA. However, failure to obtain approval in some countries or jurisdictions may compromise
our ability to obtain approval elsewhere. We may not be able to file for marketing approvals and may not receive
necessary approvals to commercialize our products in any market.

The market opportunities for our product candidates may be limited to those patients who are ineligible for or have
failed prior treatments.

Cancer therapies are sometimes characterized as first-line, second-line or third-line based on the order they should be
used in relation to other products, and the FDA often approves new therapies initially only for third-line use. Initial
approvals for new cancer therapies are often restricted to later lines of therapy for patients with advanced or metastatic
disease, limiting the number of patients who may be eligible for such new therapies, which may include our product
candidates.

If the market opportunities for our product candidates are smaller than we believe they are, our future product
revenues may be adversely affected and our business may suffer.

Our understanding of both the number of people who suffer from conditions such as Arginase 1 Deficiency or who
have advanced solid tumors dependent on arginine, as well as the potential subset of those who have the potential to
benefit from treatment with our product candidates such as pegzilarginase, are based on estimates. We expect our
product candidates targeting rare diseases to target the smaller patient populations that suffer from the respective
diseases we seek to treat. These estimates may prove to be incorrect and new studies may reduce the estimated
incidence or prevalence of these diseases. The number of patients in the United States, Europe or elsewhere may turn
out to be lower than expected, may not be otherwise amenable to treatment with our product candidates or patients
may become increasingly difficult to identify and access, all of which would adversely affect our business, financial
condition, results of operations and prospects.

Further, there are several factors that could contribute to making the actual number of patients who receive our
potential product candidates less than the potentially addressable market. These include the lack of widespread
availability of, and limited reimbursement for, new therapies in many underdeveloped markets. Additionally, our
assumptions regarding the addressable market may be incorrect and the addressable market may change over time,
including from the announcement date of a product candidate to the approval by Health Authorities and
commercialization. Even if we obtain significant market share for our product candidates, because certain of the
potential target populations are small, we may never achieve profitability without obtaining regulatory approval for
additional indications.
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Even if any of our product candidates receives marketing approval, it may fail to achieve the degree of market
acceptance by physicians, patients, third-party payors and others in the medical community necessary for commercial
success.

Even if any of our product candidates receives marketing approval, it may nonetheless fail to gain sufficient market
acceptance by physicians, patients, third-party payors and others in the medical community necessary for commercial
success. For example, current cancer treatments like chemotherapy and radiation therapy are well established in the
medical community, and physicians may continue to rely on these treatments instead of adopting the use of
pegzilarginase for the treatment of patients with arginine dependent cancers. In addition, many new drugs have been
recently approved and many more are in the pipeline to treat patients with cancer. Additionally, current treatments for
Arginase 1 Deficiency include dietary protein restriction and, in some instances, nitrogen-scavenging drugs such as
RAVICTI (glycerol phenylbutyrate). If our product candidates do not achieve an adequate level of acceptance, we
may never generate significant product revenues and we may not become profitable. The degree of market acceptance
of our product candidates, if approved for commercial sale, will depend on a number of factors, including:

their efficacy, safety and other potential advantages compared to alternative treatments;

our ability to offer them for sale at competitive prices;

their convenience and ease of administration compared to alternative treatments;

the willingness of the target patient population to try new therapies and of physicians to prescribe these therapies;

the strength of marketing and distribution support;

the availability of third-party coverage and adequate reimbursement for our product candidates;

the prevalence and severity of their side effects;

any restrictions on the use of our product candidates together with other medications;

tnteractions of our product candidates with other products patients are taking; and

tnability of patients with certain medical histories to take our product candidates.
We expect to expand our development and regulatory capabilities and potentially implement sales, marketing and
distribution capabilities, and, as a result, we may encounter difficulties in managing our growth, which could disrupt
our operations.

We expect to experience significant growth in the number of our employees and the scope of our operations,
particularly in the areas of product candidate development, regulatory affairs and, if any of our product candidates
receives marketing approval, sales, marketing and distribution.

We currently do not have a marketing or sales team for the marketing, sales and distribution of any of our product
candidates that are potentially able to obtain regulatory approval. In order to commercialize any product candidates,
we must build on a territory-by-territory basis marketing, sales, distribution, managerial and other non-technical
capabilities or make arrangements with third parties to perform these services, and we may not be successful in doing
so. If our product candidates receive regulatory approval, we intend to establish an internal sales or marketing team
with technical expertise and supporting distribution capabilities to commercialize our product candidates, which will
be expensive and time consuming and will require significant attention of our executive officers to manage. We will
also have to compete with other pharmaceutical and biotechnology companies to recruit, hire, train and retain
marketing and sales personnel. Any failure or delay in the development of our internal sales, marketing and
distribution capabilities would adversely impact the commercialization of any of our product candidates that we obtain
approval to market.

With respect to the commercialization of all or certain of our product candidates, we may choose to collaborate, either
globally or on a territory-by-territory basis, with third parties that have direct sales forces and established distribution
systems, either to augment our own sales force and distribution systems or in lieu of our own sales force and
distribution systems. We may have little or no control over the marketing and sales efforts of such third parties and
our revenue from product sales may be lower than if we had commercialized our product candidates ourselves. We
also face competition in our search for third parties to assist us with the sales and marketing efforts of our product
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candidates. If we are unable to enter into such arrangements when needed on acceptable terms, or at all, we may not
be able to successfully commercialize any of our product candidates that receive regulatory approval or any such
commercialization may experience delays or limitations. If we are not successful in commercializing our product
candidates, either on our own or through collaborations with one or more third parties, our future product revenue will
suffer and we may incur significant additional losses.
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To manage our anticipated future growth, we must continue to implement and improve our managerial, operational
and financial systems, expand our facilities and continue to recruit and train additional qualified personnel. Due to our
limited financial resources and the limited experience of our management team in managing a public company with
such anticipated growth, we may not be able to effectively manage the expansion of our operations or recruit and train
additional qualified personnel. The expansion of our operations may lead to significant costs and may divert our
management and business development resources. Any inability to manage growth could delay the execution of our
business plans or disrupt our operations.

We face significant competition from other biotechnology and pharmaceutical companies and our operating results
will suffer if we fail to compete effectively.

The biotechnology and pharmaceutical industries are intensely competitive. We have competitors both in the United
States and internationally, including major multinational pharmaceutical companies, biotechnology companies,
universities and other research institutions. Many of our competitors have substantially greater financial, technical and
other resources, such as larger research and development staff and experienced marketing and manufacturing
organizations and well-established sales forces. Competition may increase further as a result of advances in the
commercial applicability of technologies and greater availability of capital for investment in these industries. Our
competitors may succeed in developing, acquiring or licensing, on an exclusive basis, product candidates that are
more effective or less costly than any product candidate that we are currently developing or that we may develop.

We face intense competition from companies developing products to address urea cycle disorders. For example,
Horizon Pharma plc has gained approval for its drug RAVICTI (glycerol phenylbutyrate), which is used to treat
patients with urea cycle disorders suffering from hyperammonemia, which may include patients suffering from
Arginase 1 Deficiency. Patients with Arginase 1 Deficiency may also benefit from taking RAVICTI (glycerol
phenylbutyrate). Erytech Pharma announced a potential collaboration to explore preclinical development of an
Arginase 1 Deficiency candidate. We also face intense competition from companies developing products and therapies
to treat cancer. For example, Polaris Group is conducting numerous clinical trials of ADI-PEG 20, an enzyme derived
from mycoplasma, which degrades arginine in the blood.

Our ability to compete successfully will depend largely on our ability to leverage our experience in product candidate
discovery and development to:

discover and develop product candidates that are superior to other products in the market;

attract qualified management, scientific, product development and commercial personnel;

obtain and maintain patent and/or other proprietary protection for our product candidates and technologies;

obtain required regulatory approvals; and

successfully collaborate with research institutions or pharmaceutical companies in the discovery, development and

commercialization of new product candidates.
The availability and price of our competitors’ products could limit the demand, and the price we are able to charge, for
any of our product candidates, if approved. We will not achieve our business plan if acceptance is inhibited by price
competition or the reluctance of physicians to switch from existing drug products or other therapies to our product
candidates, or if physicians switch to other new drug products or choose to reserve our product candidates for use in
limited circumstances.

Established biotechnology companies may invest heavily to accelerate discovery and development of products that
could make our product candidates less competitive. In addition, any new product that competes with an approved
product must demonstrate compelling advantages in efficacy, convenience, tolerability and safety in order to
overcome price competition and to be commercially successful. Accordingly, our competitors may succeed in
obtaining patent protection, receiving FDA or non-U.S. regulatory approval or discovering, developing and
commercializing product candidates before we do, which would have a material adverse impact on our business. In
addition, approved products may be used outside of the approved patient population, particularly in cancer, where
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approved drugs often receive preferential commercial and regulatory treatment on new indications and alternative
lines of therapy. Many of our competitors have greater resources than we do and have established sales and marketing
capabilities, whether internally or through third parties. We will not be able to successfully commercialize our product
candidates without establishing sales and marketing capabilities internally or through strategic partners.
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The insurance coverage and reimbursement status of newly-approved products is uncertain. Failure to obtain or
maintain adequate coverage and reimbursement for new or current product candidates could limit our ability to market
those product candidates and decrease our ability to generate revenue.

The availability and extent of reimbursement by governmental and private payors is essential for most patients to be
able to afford expensive treatments. Sales of any of our product candidates that receive marketing approval will
depend substantially, both in the United States and internationally, on the extent to which the costs of our product
candidates will be paid by health maintenance, managed care, pharmacy benefit and similar healthcare management
organizations, or reimbursed by government health administration authorities, private health coverage insurers and
other third-party payors. If reimbursement is not available, or is available only to limited levels, we may not be able to
successfully commercialize our product candidates. Even if coverage is provided, the approved reimbursement
amount may not be high enough to allow us to establish or maintain pricing sufficient to realize a sufficient return on
our investment.

There is significant uncertainty related to the insurance coverage and reimbursement of newly approved products. In
the United States, the principal decisions about reimbursement for new products are typically made by the Centers for
Medicare & Medicaid Services, or CMS, an agency within the U.S. Department of Health and Human Services since
CMS decides whether and to what extent a new product will be covered and reimbursed under Medicare. Private
payors tend to follow CMS to a substantial degree. It is difficult to predict what CMS will decide with respect to
reimbursement for novel products such as ours since there is no body of established practices and precedents for these
new products. Reimbursement agencies in Europe may be more conservative than CMS. For example, a number of
cancer drugs have been approved for reimbursement in the United States and have not been approved for
reimbursement in certain European countries.

Outside the United States, international operations are generally subject to extensive governmental price controls and
other market regulations, and we believe the increasing emphasis on cost-containment initiatives in Europe, Canada
and other countries has and will continue to put pressure on the pricing and usage of therapeutics such as our product
candidates. In many countries, particularly the countries of the European Union, the prices of medical products are
subject to varying price control mechanisms as part of national health systems. In these countries, pricing negotiations
with governmental authorities can take considerable time after the receipt of marketing approval for a product. To
obtain reimbursement or pricing approval in some countries, we may be required to conduct a clinical trial that
compares the cost-effectiveness of our product candidate to other available therapies. In general, the prices of products
under such systems are substantially lower than in the United States. Other countries allow companies to fix their own
prices for products, but monitor and control company profits. Additional foreign price controls or other changes in
pricing regulation could restrict the amount that we are able to charge for our product candidates. Accordingly, in
markets outside the United States, the reimbursement for our products may be reduced compared with the United
States and may be insufficient to generate commercially reasonable revenues and profits.

Moreover, increasing efforts by governmental and third-party payors, in the United States and internationally, to cap
or reduce healthcare costs may cause such organizations to limit both coverage and level of reimbursement for new
products approved and, as a result, they may not cover or provide adequate payment for our product candidates. The
U.S. government has similarly expressed concerns over the pricing of pharmaceutical products and there can be no
assurance as to how this scrutiny will impact future pricing of pharmaceutical products generally. We expect to
experience pricing pressures in connection with the sale of any of our product candidates due to the trend toward
managed healthcare, the increasing influence of health maintenance organizations and additional legislative changes.
The downward pressure on healthcare costs in general, particularly prescription drugs and surgical procedures and
other treatments, has become very intense. As a result, increasingly high barriers are being erected to the entry of new
products into the healthcare market.

In addition to CMS and private payors, professional organizations such as the National Comprehensive Cancer
Network and the American Society of Clinical Oncology can influence decisions about reimbursement for new
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products by determining standards for care. In addition, many private payors contract with commercial vendors who
sell software that provide guidelines that attempt to limit utilization of, and therefore reimbursement for, certain
products deemed to provide limited benefit to existing alternatives. Such organizations may set guidelines that limit
reimbursement or utilization of our product candidates.
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Furthermore, some of our target indications, including for Arginase 1 Deficiency for pegzilarginase, are orphan
indications where patient populations are small. In order for therapeutics that are designed to treat smaller patient
populations to be commercially viable, the reimbursement for such therapeutics must be higher, on a relative basis, to
account for the lack of volume. Accordingly, we will need to implement a coverage and reimbursement strategy for
any approved product candidate that accounts for the smaller potential market size. If we are unable to establish or
sustain coverage and adequate reimbursement for any future product candidates from third-party payors, the adoption
of those products and sales revenue will be adversely affected, which, in turn, could adversely affect the ability to
market or sell those product candidates, if approved, and ultimately our financial results.

Our future success depends on our ability to retain key executives and to attract, retain and motivate qualified
personnel.

We are a clinical-stage biotechnology company with a limited operating history, and, as of December 31, 2018, had
only 61 employees, including four executive officers. We are highly dependent on the research and development,
clinical and business development expertise of our executive officers, as well as the other principal members of our
management, scientific and clinical team. Any of our management team members may terminate their employment
with us at any time. We do not maintain “key person” insurance for any of our executives or other employees.

Recruiting and retaining qualified scientific, clinical, manufacturing and sales and marketing personnel will also be
critical to our success. The loss of the services of our executive officers or other key employees could impede the
achievement of our research, development and commercialization objectives and seriously harm our ability to
successfully implement our business strategy. Furthermore, replacing executive officers and key employees may be
difficult and may take an extended period of time because of the limited number of individuals in our industry with
the breadth of skills and experience required to successfully develop, facilitate regulatory approval of and
commercialize product candidates. Competition to hire from this limited pool is intense, and we may be unable to hire,
train, retain or motivate these key personnel on acceptable terms given the competition among numerous
pharmaceutical and biotechnology companies for similar personnel. We also experience competition for the hiring of
scientific and clinical personnel from universities and research institutions.

In addition, we rely on consultants and advisors, including scientific and clinical advisors such as our scientific
advisory board, to assist us in formulating our discovery and nonclinical and clinical development and
commercialization strategy. Our consultants and advisors, including members of our scientific advisory board, may be
employed by employers other than us and may have commitments under consulting or advisory contracts with other
entities that may limit their availability to us. If we are unable to continue to attract and retain high quality personnel,
our ability to pursue our growth strategy will be limited.

Our product candidates for which we intend to seek approval as biologic products may face competition sooner than
anticipated.

With the enactment of the Biologics Price Competition and Innovation Act of 2009, or BPCIA, an abbreviated
pathway for the approval of biosimilar and interchangeable biological products was created. The abbreviated
regulatory pathway establishes legal authority for the FDA to review and approve biosimilar biologics, including the
possible designation of a biosimilar as interchangeable based on its similarity to an existing reference product. Under
the BPCIA, an application for a biosimilar product cannot be approved by the FDA until 12 years after the original
branded product is approved under a BLA. On March 6, 2015, the FDA approved the first biosimilar product under
the BPCIA. However, the law is complex and is still being interpreted and implemented by the FDA. As a result, its
ultimate impact, implementation, and meaning are subject to uncertainty. While it is uncertain when the processes
intended to implement BPCIA may be fully adopted by the FDA, any such processes could have a material adverse
effect on the future commercial prospects for our biological products.
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We believe that if any of our product candidates are approved as a biological product under a BLA, it should qualify
for the 12-year period of exclusivity. However, there is a risk that the FDA will not consider any of our product
candidates to be reference products for competing products, potentially creating the opportunity for biosimilar
competition sooner than anticipated. Additionally, this period of regulatory exclusivity does not apply to companies
pursuing regulatory approval via their own traditional BLA, rather than via the abbreviated pathway. Moreover, the
extent to which a biosimilar, once approved, will be substituted for any one of our reference products that may be
approved in a way that is similar to traditional generic substitution for non-biological products is not yet clear, and
will depend on a number of marketplace and regulatory factors that are still developing.
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We may not be successful in our efforts to identify additional product candidates. Due to our limited resources and
access to capital, we must prioritize development of certain product candidates, which may prove to be wrong and
may adversely affect our business.

Although we intend to explore other therapeutic opportunities, in addition to the product candidates that we are
currently developing, we may fail to identify viable new product candidates for clinical development for a number of
reasons. If we fail to identify additional potential product candidates, our business could be materially harmed.

Research programs to pursue the development of our existing and planned product candidates for additional
indications and to identify new product candidates and disease targets require substantial technical, financial and
human resources whether or not they are ultimately successful. Our research programs may initially show promise in
identifying potential indications and/or product candidates, yet fail to yield results for clinical development for a
number of reasons, including:

the research methodology used may not be successful in identifying potential indications and/or product candidates;
potential product candidates may, after further study, be shown to have harmful adverse effects or other
characteristics that indicate they are unlikely to be effective drugs;
1t may take greater human and financial resources than we will possess to identify additional therapeutic
opportunities for our product candidates or to develop suitable potential product candidates through internal research
programs, thereby limiting our ability to develop, diversify and expand our product portfolio; or
alternative research or therapeutic methodologies may be more efficient than the research approaches provided by
Aeglea.
Because we have limited financial and human resources, we intend to initially focus on research programs and product
candidates for a limited set of indications. As a result, we may forego or delay pursuit of opportunities with other
product candidates or for other indications that later prove to have greater commercial potential or a greater likelihood
of success. Our resource allocation decisions may cause us to fail to capitalize on viable commercial products or
profitable market opportunities.

Accordingly, there can be no assurance that we will ever be able to identify additional therapeutic opportunities for
our product candidates or to develop suitable potential product candidates through internal research programs, which
could materially adversely affect our future growth and prospects. We may focus our efforts and resources on
potential product candidates or other potential programs that ultimately prove to be unsuccessful.

If we fail to develop additional product candidates, our commercial opportunity will be limited.

Developing and obtaining regulatory approval for and commercializing any additional product candidates we identify
will require substantial additional funding and is prone to the risks of failure inherent in medical product development.
We cannot provide you any assurance that we will be able to successfully advance additional product candidates, if
any, through the development process.

Even if we receive FDA approval to market additional product candidates for the treatment of the diseases we target,
we cannot assure you that any such product candidates will be successfully commercialized, widely accepted in the
marketplace or more effective than other commercially available alternatives. If we are unable to successfully develop
and commercialize additional product candidates, our commercial opportunity will be limited. Moreover, a failure in
obtaining regulatory approval of additional product candidates may have a negative effect on the approval process of
other product candidates of ours or result in losing approval of any approved product candidate.

41

77



Edgar Filing: Aeglea BioTherapeutics, Inc. - Form 10-K

Our information technology systems, or those used by our CROs, contractors or consultants, may fail or suffer
security breaches, which could harm our business and operations.

Cyberattacks are increasing in their frequency, sophistication and intensity, and have become increasingly difficult to
detect. Despite the implementation of security measures, our information technology systems and those of our
strategic partners and third-parties on whom we rely are vulnerable to cyberattacks, damage from computer viruses,
unauthorized access, natural disasters, terrorism, war and telecommunication and electrical failures. Furthermore, we
have little or no control over the security measures and computer systems of third parties including any CROs we may
work with in the future. While we and, to our knowledge, our third-party strategic partners have not experienced any
such system failure, accident or security breach to date, if such an event were to occur, it could result in material
negative consequences for us including interruptions in our operations, the operations of our strategic partners, or our
manufacturers or suppliers, misappropriation of confidential business information and trade secrets, disclosure of
corporate strategic plans, and result in material disruptions of our product candidate development programs. For
example, the loss of clinical trial data from completed or ongoing or planned clinical trials could result in delays in our
regulatory approval efforts, and we may incur substantial costs to attempt to recover or reproduce the data. If any
disruption or security breach resulted in a loss of or damage to our data or applications, or inappropriate disclosure of
confidential or proprietary information, we could incur liability or the further development of our product candidates
could be delayed.

We depend on our information technology and infrastructure.

We rely on the efficient and uninterrupted operation of information technology systems to manage our operations, to
process, transmit, and store electronic and financial information, and to comply with regulatory, legal and tax
requirements. We also depend on our information technology infrastructure for communications among our personnel,
contractors, consultants and suppliers. System failures or outages could materially compromise our ability to perform
these functions in a timely manner, which could harm our ability to conduct business or delay our financial reporting.
In addition, we depend on third parties to operate and support our information technology systems. Failure by these
providers to adequately deliver the contracted services could have an adverse effect on our business, which in turn
may materially adversely affect our operating results and financial condition.

Risks Related to Our Reliance on Third Parties

We currently rely and will rely on third parties to conduct our ongoing and future planned clinical trials, and those
third parties may not perform satisfactorily, including failing to meet deadlines for the completion of such trials.

We currently rely and will continue to rely on third parties to provide manufacturing and clinical development
capabilities. For example, we currently rely on third party contract manufacturing organizations, to manufacture and
supply nonclinical and clinical trial quantities of the biological substance of our lead product candidate, pegzilarginase
and pipeline product candidates. We also expect to continue to rely on such third parties to manufacture and supply
commercial quantities of pegzilarginase. In addition, we rely on Merck to provide pembrolizumab for the conduct of
our combination trials.

We rely on third-party CROs to conduct our ongoing and future planned clinical trials of pegzilarginase. We do not
plan to independently conduct clinical trials of our other product candidates. These agreements might terminate for a
variety of reasons, including a failure to perform by the third parties. If we need to enter into alternative arrangements,
that would delay our product development activities.

Our reliance on these third parties for research and development activities will reduce our control over these activities
but will not relieve us of our responsibilities. For example, we will remain responsible for ensuring that each of our
ongoing and future planned clinical trials is conducted in accordance with the general investigational plan and
protocols for the trial. Moreover, the FDA requires us to comply with regulatory standards, commonly referred to as
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good clinical practices for conducting, recording and reporting the results of clinical trials to assure that data and
reported results are credible and accurate and that the rights, integrity and confidentiality of trial participants are
protected. Other countries’ regulatory agencies also have requirements for clinical trials with which we must comply.
We also will be required to register ongoing clinical trials and post the results of completed clinical trials on a
government-sponsored database, ClinicalTrials.gov, within specified timeframes. Failure to do so can result in fines,
adverse publicity and civil and criminal sanctions.
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Furthermore, these third parties may also have relationships with other entities, some of which may be our
competitors. If these third parties do not successfully carry out their contractual duties, meet expected deadlines or
conduct our ongoing and future planned clinical trials in accordance with regulatory requirements or our stated
protocols, we will not be able to complete our clinical trials, obtain, or may be delayed in obtaining, marketing
approvals for our product candidates and will not be able to, or may be delayed in our efforts to, successfully
commercialize our product candidates.

We also expect to rely on other third parties to store and distribute drug supplies for our clinical trials. Any
performance failure on the part of our distributors could delay clinical development or marketing approval of our
product candidates or commercialization of our product candidates, producing additional losses and depriving us of
potential product revenue.

We contract with third parties for the manufacture of our product candidates for nonclinical studies and our ongoing
and future planned clinical testing and expect to continue to do so for commercialization. This reliance on third parties
increases the risk that we will not have sufficient quantities of our product candidates at an acceptable cost and
quality, which could delay, prevent or impair our development or commercialization efforts.

We do not own or operate facilities for the manufacture of our product candidates. We currently have no plans to build
our own clinical or commercial scale manufacturing capabilities. We rely, and expect to continue to rely, on third
parties, for the manufacture of our product candidates for nonclinical studies and for our existing and future planned
clinical trials. We also expect to rely on third parties, for commercial manufacture if any of our product candidates
receive marketing approval. This reliance on third parties increases the risk that we will not have sufficient quantities
of our product candidates or such quantities at an acceptable cost or quality, which could delay, prevent or impair our
development or commercialization efforts.

Any performance failure on the part of our existing or future manufacturers could delay clinical development or
marketing approval. We do not currently have arrangements in place for redundant supply or a source for bulk drug
substance. Currently, third party manufacturers are supplying, and are expected to continue to supply, the drug
substance requirements for our ongoing and planned clinical trials with pegzilarginase. If such third party
manufacturers cannot supply us with sufficient amounts, pursuant to product requirements as agreed, we may be
required to identify alternative manufacturers, which would lead us to incur added costs and delays in identifying and
qualifying any replacement.

The formulation used in early studies is not a final formulation for commercialization. If we are unable to demonstrate
that our commercial scale product is comparable to the product used in clinical trials, we may not receive regulatory
approval for that product without additional clinical trials. We have contracted with third party manufacturers for
certain studies related to potential commercial scale manufacturing of pegzilarginase, but there is no guarantee that
such studies, the transfer of technology to or any potential manufacturing at such facility, will be completed
successfully, on time, or at all. We also cannot guarantee that we will be able to make any required modifications
within currently anticipated timeframes or that such modifications, if and when made, will obtain regulatory approval
or that the new processes or modified processes will be successfully implemented by or transferred to any third-party
contract suppliers within currently anticipated timeframes. These may require additional studies, and may delay our
clinical trials and/or commercialization.

We expect to rely on third-party manufacturers, or third-party strategic partners for the manufacture of commercial
supply of any product candidates for which our strategic partners or we obtain marketing approval. We may be unable
to establish any additional agreements with third-party manufacturers, or to do so on acceptable terms. Even if we are
able to establish agreements with third-party manufacturers on acceptable terms, such third-party manufacturers may
have limited experience manufacturing pharmaceutical drugs for commercialization, and reliance on third-party
manufacturers for the commercial supply of our products may expose us to various risks, including:
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possible noncompliance by the third party with regulatory requirements and quality assurance;
the possible breach of the manufacturing agreement by the third party;
the possible misappropriation of our proprietary information, including our trade secrets and know-how; and
the possible termination or nonrenewal of the agreement by the third party at a time that is costly or inconvenient for
us.
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Third-party manufacturers may not be able to comply with current good manufacturing practices, or cGMP, or similar
regulatory requirements outside the United States. Although we do not have day-to-day control over third-party
manufacturers’ compliance with these regulations and standards, we are responsible for ensuring compliance with such
regulations and standards. Our failure, or the failure of our third-party manufacturers, to comply with applicable
regulations could result in sanctions being imposed on us, including clinical holds, fines, injunctions, civil penalties,
delays, suspension or withdrawal of approvals, license revocation, seizures or recalls of product candidates, operating
restrictions and criminal prosecutions, any of which would significantly and adversely affect supplies of our product
candidates and our business. If a third-party manufacturer’s facilities do not pass a pre-approval inspection or do not
have a cGMP compliance status acceptable to the FDA or a comparable foreign regulatory agency, our product
candidate will not be approved.

In addition, the process of manufacturing and administering our product candidates is complex and highly regulated.
As a result of the complexities, our manufacturing and supply costs are likely to be higher than those at more
traditional manufacturing processes and the manufacturing process is less reliable and more difficult to reproduce.

We also expect to rely on other third parties to store and distribute drug supplies for our clinical trials. Any
performance failure on the part of our distributors could delay clinical development or marketing approval of our
product candidates or commercialization of our product candidates, producing additional losses and depriving us of
potential product revenue.

Our product candidates and any products that we may develop may compete with other product candidates and
products for access to manufacturing facilities. There are a limited number of manufacturers that operate under cGMP
regulations and that might be capable of manufacturing for us.

Our current and anticipated future dependence upon others for the manufacture of our product candidates may
adversely affect our future profit margins and our ability to commercialize any product candidates that receive
marketing approval on a timely and competitive basis.

Failure of any future third-party collaborators to successfully commercialize companion diagnostics developed for use
with our therapeutic product candidates for oncology indications could harm our ability to commercialize these
product candidates.

We do not plan to develop companion diagnostics internally and, as a result, we are dependent on the efforts of our
third-party strategic partners to successfully commercialize any needed companion diagnostics. Our strategic partners:

may not perform their obligations as expected;

may encounter production difficulties that could constrain the supply of the companion diagnostics;

may have difficulties gaining acceptance of the use of the companion diagnostics in the clinical community;

may not pursue commercialization of any companion diagnostics;

may elect not to continue or renew commercialization programs based on changes in the strategic partners’ strategic

focus or available funding, or external factors, such as an acquisition, that divert resources or create competing

priorities;

may not commit sufficient resources to the marketing and distribution of such companion diagnostic product

candidates; and

may terminate their relationship with us.
If companion diagnostics needed for use with our therapeutic product candidates in oncology fail to gain market
acceptance, our ability to derive revenues from sales of these therapeutic product candidates could be harmed. If our
strategic partners fail to commercialize these companion diagnostics, it could adversely affect and delay the
development or commercialization of our therapeutic product candidates.
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We may not be successful in finding strategic partners for continuing development of certain of our product
candidates or successfully commercializing or competing in the market for certain indications.

We may seek to develop strategic partnerships for developing certain of our product candidates, due to capital costs
required to develop the product candidates or manufacturing constraints. We may not be successful in our efforts to
establish such a strategic partnership or other alternative arrangements for our product candidates because our research
and development pipeline may be insufficient, our product candidates may be deemed to be at too early of a stage of
development for collaborative effort or third parties may not view our product candidates as having the requisite
potential to demonstrate safety and efficacy. In addition, we may be restricted under existing collaboration agreements
from entering into future agreements with potential strategic partners. We cannot be certain that, following a strategic
transaction or license, we will achieve an economic benefit that justifies such transaction.

If we are unable to reach agreements with suitable strategic partners on a timely basis, on acceptable terms or at all,
we may have to curtail the development of a product candidate, reduce or delay its development program, delay its
potential commercialization, reduce the scope of any sales or marketing activities or increase our expenditures and
undertake development or commercialization activities at our own expense. If we elect to fund development or
commercialization activities on our own, we may need to obtain additional expertise and additional capital, which
may not be available to us on acceptable terms or at all. If we fail to enter into collaborations and do not have
sufficient funds or expertise to undertake the necessary development and commercialization activities, we may not be
able to further develop our product candidates and our business, financial condition, results of operations and
prospects may be materially and adversely affected.

Our employees may engage in misconduct or other improper activities, including non-compliance with regulatory
standards and requirements, which could cause significant liability for us and harm our reputation.

We are exposed to the risk of employee fraud or other misconduct, including intentional failures to (i) comply with
FDA regulations or similar regulations of comparable non-U.S. regulatory authorities, (ii) provide accurate
information to the FDA or comparable non-U.S. regulatory authorities, (iii) comply with manufacturing standards we
have established, (iv) comply with the Foreign Corrupt Practices Act and federal and state healthcare fraud and abuse
laws and regulations and similar laws and regulations established and enforced by comparable non-U.S. regulatory
authorities, or (v) report financial information or data accurately or disclose unauthorized activities to us. Employee
misconduct could also involve the improper use of information obtained in the course of clinical trials, which could
result in regulatory sanctions and serious harm to our reputation. It is not always possible to identify and deter
employee misconduct, and the precautions we take to detect and prevent this activity may not be effective in
controlling unknown or unmanaged risks or losses or in protecting us from governmental investigations or other
actions or lawsuits stemming from a failure to be in compliance with such laws, standards or regulations. If any such
actions are instituted against us, and we are not successful in defending ourselves or asserting our rights, those actions
could have a significant impact on our business and results of operations, including the imposition of significant fines
or other sanctions.

If product liability lawsuits are brought against us, we may incur substantial liabilities and may be required to limit
commercialization of our product candidates.

We face an inherent risk of product liability as a result of testing our product candidates in clinical trials and will face
an even greater risk if we commercialize any products. For example, we may be sued if our product candidates cause
or are perceived to cause injury or are found to be otherwise unsuitable during clinical trials, manufacturing,
marketing or sale. Any such product liability claims may include allegations of defects in manufacturing, defects in
design, a failure to warn of dangers inherent in the product, negligence, strict liability or a breach of warranties.
Claims could also be asserted under state consumer protection acts. If we cannot successfully defend ourselves against
product liability claims, we may incur substantial liabilities or be required to limit commercialization of our product
candidates. Even successful defense would require significant financial and management resources. Regardless of the
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merits or eventual outcome, liability claims may result in:

tnability to bring a product candidate to the market;
decreased demand for our products;
tnjury to our reputation;
withdrawal of clinical trial participants and inability to continue clinical trials;
tnitiation of investigations by regulators;
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costs to defend the related litigation;

diversion of management's time and our resources;

substantial monetary awards to trial participants or patients;

product recalls, withdrawals or labeling, marketing or promotional restrictions;

doss of revenue;

exhaustion of any available insurance and our capital resources;

the inability to commercialize any product candidate; and

decline in our share price.
Our product liability insurance policies may also have various exclusions, and we may be subject to a product liability
claim for which we have no coverage. We may have to pay any amounts awarded by a court or negotiated in a
settlement that exceed our coverage limitations or that are not covered by our insurance, and we may not have, or be
able to obtain, sufficient capital to pay such amounts. Even if our agreements with any future corporate collaborators
entitle us to indemnification against losses, such indemnification may not be available or adequate should any claim
arise.

We may be subject to claims by third parties asserting that our employees or we have misappropriated their
intellectual property, or claiming ownership of what we regard as our own intellectual property.

Many of our employees were previously employed at universities or other biotechnology or pharmaceutical
companies, including our competitors or potential competitors. Although we try to ensure that our employees do not
use the proprietary information or know-how of others in their work for us, we may be subject to claims that these
employees or we have used or disclosed intellectual property, including trade secrets or other proprietary information,
of any such employee’s former employer. Litigation may be necessary to defend against these claims.

In addition, while it is our policy to require our employees and contractors who may be involved in the development
of intellectual property to execute agreements assigning such intellectual property to us, we may be unsuccessful in
executing such an agreement with each party who in fact develops intellectual property that we regard as our own. Our
and their assignment agreements may not be self-executing or may be breached, and we may be forced to bring claims
against third parties, or defend claims they may bring against us, to determine the ownership of what we regard as our
intellectual property.

If we fail in prosecuting or defending any such claims, in addition to paying monetary damages, we may lose valuable
intellectual property rights or personnel. Even if we are successful in prosecuting or defending against such claims,
litigation could result in substantial costs and be a distraction to management.

We and our strategic partners that we rely on may be adversely affected by natural disasters, and our business
continuity and disaster recovery plans may not adequately protect us from a serious disaster.

Natural disasters could severely disrupt our operations or the operations of our third party manufacturers’ facilities and
have a material adverse effect on our business, financial condition, results of operations and prospects. If a natural
disaster, power outage or other event occurred that prevented us from using all or a significant portion of our
headquarters, that damaged critical infrastructure, such as our third party manufacturers’ facilities, or that otherwise
disrupted operations, it may be difficult or, in certain cases, impossible for us to continue our business for a substantial
period of time. The disaster recovery and business continuity plans we have in place currently are limited and may not
prove adequate in the event of a serious disaster or similar event. Substantially all of our current supply of product
candidates are located at a single third party manufacturer’s facilities, and we do not have any existing back-up
facilities in place or plans for such back-up facilities. We may incur substantial expenses as a result of the limited
nature of our disaster recovery and business continuity plans, which could have a material adverse effect on our
business, financial condition, results of operations and prospects.
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Risks Related to Government Regulation

If we are not able to obtain, or if there are delays in obtaining, required regulatory approvals in the United States or in
foreign jurisdictions, we will not be able to commercialize our product candidates, and our ability to generate revenue
will be materially impaired.

Our product candidates must be approved by the FDA pursuant to a BLA in the United States, and by the EMA
pursuant to a MAA, and by other comparable regulatory authorities outside the United States prior to
commercialization. The process of obtaining marketing approvals, both in the United States and internationally, is
expensive and takes many years, if approval is obtained at all, and can vary substantially based upon a variety of
factors, including the type, complexity and novelty of the product candidates involved. The approval procedure varies
among countries and can involve additional testing. The time required to obtain approval in Europe or another
non-U.S. jurisdiction may differ substantially from that required to obtain FDA approval. The regulatory approval
process outside the United States generally includes all of the risks associated with obtaining FDA approval. In
addition, in many countries outside the United States, it is required that the product be approved for reimbursement
before the product can be approved for sale in that country. We or our third-party strategic partners may not obtain
approvals from regulatory authorities outside the United States on a timely basis, if at all. Approval by the FDA does
not ensure approval by regulatory authorities in other countries or jurisdictions, and approval by one regulatory
authority outside the United States does not ensure approval by regulatory authorities in other countries or
jurisdictions or by the FDA. We may not be able to file for marketing approvals and may not receive necessary
approvals to commercialize our product candidates in any market.

Failure to obtain marketing approval for a product candidate will prevent us from commercializing the product
candidate. We have not received approval to market any of our product candidates from regulatory authorities in any
jurisdiction. We have no experience in filing and supporting the applications necessary to gain marketing approvals
and expect to rely on third-party CROs to assist us in this process. Securing marketing approval requires the
submission of extensive nonclinical and clinical data and supporting information to regulatory authorities for each
therapeutic indication to establish the product candidate’s safety and efficacy. Securing marketing approval also
requires the submission of information about the product manufacturing process to, and inspection of manufacturing
facilities by, the regulatory authorities. Our product candidates may not be effective, may be only moderately effective
or may prove to have undesirable or unintended side effects, toxicities or other characteristics that may preclude our
obtaining marketing approval or prevent or limit commercial use. Regulatory authorities have substantial discretion in
the approval process and may refuse to accept any application or may decide that our data are insufficient for approval
and require additional nonclinical, clinical or other studies. In addition, varying interpretations of the data obtained
from nonclinical and clinical testing could delay, limit or prevent marketing approval of a product candidate. Changes
