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PART 1

ITEM 1. BUSINESS

OVERVIEW

We are in the business of discovering, developing, manufacturing and commercializing medicines for serious diseases.
We use precision medicine approaches with the goal of creating transformative drugs for patients in specialty markets.
Our business is focused on developing and commercializing therapies for the treatment of cystic fibrosis, or CF, and
advancing our research and development programs in other indications, while maintaining our financial strength.
Cystic Fibrosis

Our two marketed medicines are ORKAMBI and KALYDECO, which together are approved to treat approximately
40% of the 75,000 CF patients in North America, Europe and Australia. ORKAMBI (lumacaftor in combination with
ivacaftor) is approved as a treatment for approximately 25,000 patients who have two copies (homozygous) of the
F508del mutation in their cystic fibrosis transmembrane conductance regulator, or CFTR, gene. KALYDECO
(ivacaftor) is approved for the treatment of approximately 4,000 CF patients who have the G551D mutation or other
specified mutations in their CFTR gene. Our goal is to develop treatment regimens that will provide benefits to as
many patients with CF as possible and will enhance the benefits that currently are being provided to patients taking
our medicines.

CF Development Programs

We have multiple development programs in the field of CF, including:

Tezacaftor (VX-661) is a corrector compound that we are evaluating in a Phase 3 development program in
combination with ivacaftor in multiple CF patient populations who have at least one copy of the F508del mutation in
their CFTR gene. We expect data from this Phase 3 development program in the first half of 2017. If supported by
data from the Phase 3 development program, we plan to submit a New Drug Application, or NDA, to the United
States Food and Drug Administration, or FDA for tezacaftor in combination with ivacaftor in the second half of 2017.
VX-152, VX-440, VX-659 and VX-445 are next-generation CFTR corrector compounds that we are evaluating as
part of combination treatment regimens. We have initiated Phase 2 clinical trials of VX-152 and VX-440 and expect
data from these clinical trials in the second half of 2017. We have initiated Phase 1 clinical trials of VX-659 and
VX-445.

VX-371 is an investigational epithelial sodium channel, or ENaC, inhibitor that is being evaluated in a Phase 2
development program and which we exclusively licensed from Parion Sciences, Inc., or Parion, in 2015.

Research and Development Programs

We are engaged in a number of other research and mid- and early-stage development programs, including programs in
the areas of pain and neurology. We also have entered into third-party collaborations pursuant to which we are
engaged in the discovery and development of nucleic acid-based therapies for a variety of diseases, including CF. We
plan to continue investing in our research programs and fostering scientific innovation in order to identify and develop
transformative medicines. Our current research programs include programs targeting cystic fibrosis,
adrenoleukodystrophy, alpha-1 antritrypsin deficiency, sickle cell disease and polycystic kidney disease. We believe
that pursuing research in diverse areas allows us to balance the risks inherent in drug development and may provide
drug candidates that will form our pipeline in future years.

CYSTIC FIBROSIS

Background

CF is a rare, life-threatening genetic disease affecting approximately 75,000 people in North America, Europe and
Australia. CF is caused by a defective or missing CFTR protein resulting from mutations in the CFTR gene. To
develop CF, children must inherit two defective CFTR genes, which are referred to as alleles - one from each parent.
There are more than 1,900 known mutations in the CFTR gene, some of which result in CF. The vast majority of
patients with CF carry at least one of the two of the most prevalent mutations, the F508del mutation and the G551D
mutation.
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The F508del mutation results in a defect in the CFTR protein in which the CFTR protein does not reach the surface of
cells in sufficient quantities. The G551D mutation results in a defect in the CFTR protein in which the defective
CFTR protein reaches the surface of a cell but does not efficiently transport chloride ions across the cell membrane.
The absence of working CFTR proteins results in poor flow of salt and water into and out of cells in a number of
organs, including the lungs. As a result, thick, sticky mucus builds up and blocks the passages in many organs, leading
to a variety of symptoms. In particular, mucus builds up and clogs the airways in the lungs, causing chronic lung
infections and progressive lung damage. Ivacaftor, a CFTR potentiator, increases the open probability of the CFTR
protein channels on the cell surface increasing the flow of salt and water into and out of the cell. CFTR correctors,
such as lumacaftor, tezacaftor, VX-152, VX-440, VX-659 and VX-445 help CFTR proteins reach the cell surface. We
believe that ENaC inhibitors, such as VX-371, may help maintain mucus hydration and accelerate pulmonary mucus
clearance.

We use the brand name for our products when we refer to the product that has been approved and with respect to the
indications on the approved label. Otherwise, including in discussions of our CF development programs, we refer to
our compounds by their scientific (or generic) name.

ORKAMBI (lumacaftor in combination with ivacaftor)

ORKAMBI is an orally-administered combination therapy comprised of lumacaftor, a CFTR corrector, and ivacaftor,
a CFTR potentiator, that is approved in the United States, European Union, Australia and Canada for the treatment of
patients with CF twelve years of age and older who are homozygous for the F508del mutation in their CFTR gene. In
the United States, ORKAMBI is also approved for the treatment of patients with CF six to eleven years of age who are
homozygous for the F508del mutation in their CFTR gene.

In the fourth quarter of 2016, we announced the results of a Phase 3 clinical trial designed to support European
approval of lumacaftor in combination with ivacaftor in patients with CF six to eleven years of age who are
homozygous for the F508del mutation in their CFTR gene. The clinical trial met its primary endpoint of absolute
change in lung clearance index, or LCI, s, through 24 weeks of treatment, demonstrating a statistically significant
improvement in LCI, 5 among patients treated with ORKAMBI compared to placebo. Based on these results, we plan
to submit a Marketing Authorization Application, or MAA, line extension to the European Medicines Agency, or
EMA, seeking approval of lumacaftor in combination with ivacaftor in this patient population in the European Union
in the first half of 2017.

We are conducting a Phase 3 clinical trial for lumacaftor in combination with ivacaftor in patients with CF two to five
years of age who are homozygous for the F508del mutation in their CFTR gene. We expect enrollment in the first part
of this clinical trial to be complete in mid-2017. The first part of the two-part clinical trial is evaluating safety and
pharmacokinetics to inform dose selection for the second part of the clinical trial. The primary endpoint of the second
part of the clinical trial is safety and tolerability, with multiple efficacy measurements as secondary endpoints.
KALYDECO (ivacaftor)

KALYDECO (ivacaftor) is an orally-administered CFTR potentiator that is approved in the United States, European
Union, Australia and Canada for the treatment of certain patients with CF who have specific mutations in their CFTR
gene. In the United States, KALYDECO is approved for the treatment of patients with CF two years of age and older
who have one of the following mutations in their CFTR gene: G551D, G178R, S549N, S549R, G5518S, G1244E,
S1251N, S1255P, G1349D and R117H. In the European Union, KALYDECO is approved for the treatment of
patients with CF (i) two years of age and older who have one of the following mutations in their CFTR gene: G551D,
G178R, S549N, S549R, G551S, G1244E, S1251N, S1255P and G1349D and (ii) eighteen years of age and older who
have the R117H mutation in their CFTR gene.

We have initiated a Phase 3 clinical trial for ivacaftor in patients with CF less than two years of age to evaluate the
effect of ivacaftor on markers of CF disease in young children. The clinical trial utilizes a weight-based dose of
ivacaftor granules that can be mixed in soft foods or liquids. The clinical trial is enrolling patients with one of the ten
CFTR gene mutations for which KALYDECO is currently approved.

Tezacaftor (VX-661) in Combination with Ivacaftor

Tezacaftor is an orally-administered CFTR corrector drug candidate that we are evaluating in a Phase 3 development
program in combination with ivacaftor in multiple CF patient populations who have at least one copy of the F508del
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mutation in their CFTR gene. We expect data from this Phase 3 development program in the first half of 2017. If
supported
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by data from the Phase 3 development program, we plan to submit a NDA to the FDA for tezacaftor in combination
with ivacaftor in the second half of 2017.

The ongoing clinical trials in this Phase 3 development program are:

Two copies of the F508del in their CFTR gene: We have completed enrollment in this clinical trial and expect data
from this clinical trial to be available in the first half of 2017;

One copy of the F508del mutation in their CFTR gene and a second mutation in their CFTR gene that results in
residual CFTR function: We have completed enrollment in this clinical trial and expect data from this clinical trial to
be available in the first half of 2017; and

One copy of the F508del mutation in their CFTR gene and a second mutation in their CFTR gene that results in a
gating defect in the CFTR protein: We plan to complete enrollment in this clinical trial in the first half of 2017. Data
from this clinical trial are not expected to be included in the initial regulatory applications for tezacaftor in
combination with ivacaftor.

In the third quarter of 2016, we completed an interim futility analysis of efficacy data from the first part of a fourth
clinical trial in patients with one copy of the F508del mutation in their CFTR gene and a second mutation that results
in minimal CFTR function. The analysis showed that the combination of tezacaftor and ivacaftor did not result in a
pre-specified improvement in lung function in this patient group. The independent Data Safety Monitoring Board, or
DSMB, recommended that we stop the clinical trial and not initiate enrollment in the second part of this clinical trial.
There were no safety concerns noted in the DSMB's review of the data. We subsequently reviewed the data and
concurred with the DSMB’s assessment. We have closed this clinical trial based on the recommendation of the DSMB.
The planned NDA for tezacaftor in combination with ivacaftor will include safety data from this clinical trial.

In addition to evaluating the efficacy of the combination regimen, these Phase 3 clinical trials will provide safety data
on the combination of tezacaftor and ivacaftor to support the planned development of a triple combination regimen
that includes a next-generation corrector in combination with tezacaftor and ivacaftor.

In addition to the Phase 3 development program described above, we also are conducting a Phase 3 open-label clinical
trial evaluating the safety and tolerability of tezacaftor in combination with ivacaftor in patients with CF six to eleven
years of age who have either (i) two copies of the F508del mutation in their CFTR gene or (ii) one copy of the
F508del mutation in their CFTR gene and a second mutation in their CFTR gene that has clinically demonstrated to be
responsive to ivacaftor, including gating and residual function mutations.

Next-generation CFTR Corrector Compounds
We are developing next-generation CFTR corrector compounds that we plan to evaluate as part of triple combination
treatment regimens. We have initiated Phase 2 clinical trials of:

VX-440 to evaluate the safety and efficacy of four-week dosing of VX-440 in combination with tezacaftor and
ivacaftor in approximately 40 patients with CF who have one copy of the F508del mutation in their CFTR gene and a
second mutation that results in minimal CFTR function and approximately 25 patients with CF who have two copies
of the F508del mutation in their CFTR gene; and

VX-152 to evaluate the safety and efficacy of two-week dosing of VX-152 in combination with tezacaftor and
ivacaftor in approximately 35 patients with CF who have one copy of the F508del mutation in their CFTR gene and a
second mutation that results in minimal CFTR function and approximately 25 patients with CF who have two copies
of the F508del mutation in their CFTR gene.

Data from these clinical trials are expected in the second half of 2017 and if successful, are intended to support the
potential initiation of Phase 3 development of VX-440 and a longer-duration Phase 2b or registrational program for
VX-152.
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We have initiated a Phase 1 clinical trial of VX-659, an additional next-generation corrector, to evaluate single
ascending doses, multiple ascending doses and triple combination dosing in healthy volunteers and will include an
arm to evaluate triple combination dosing in patients with CF who have one copy of the F508del mutation in

their CFTR gene and a second mutation that results in minimal CFTR function. This clinical trial is enrolling healthy
volunteers, and we expect to begin




Edgar Filing: VERTEX PHARMACEUTICALS INC / MA - Form 10-K

enrolling CF patients in this clinical trial in the first half of 2017. Dosing of a fourth next generation corrector,
VX-445, began in the first quarter of 2017. Pending data from these Phase 1 clinical trials, we plan to begin Phase 2
development for one or both of these additional next-generation correctors in the second half of 2017.

ENaC Inhibition

In 2015, we entered into a collaboration with Parion to develop investigational ENaC inhibitors, including VX-371,
for the potential treatment of CF and other pulmonary diseases. Preclinical evaluation in human bronchial epithelial,
or HBE, cells from patients with CF who have two copies of the F508del mutation in their CFTR gene showed that
the addition of VX-371 to lumacaftor in combination with ivacaftor resulted in an additional increase in both airway
surface liquid and cilia beat frequency compared to baseline and to the use of VX-371 or lumacaftor in combination
with ivacaftor alone. Improvements in airway surface liquid height and cilia beat frequency are believed to be
measures of increased hydration of the cell surface.

In the second quarter of 2016, Parion completed a Phase 2 clinical trial in 142 patients with CF with no restriction on
the mutations in their CFTR gene. The primary endpoint of the clinical trial was safety as compared to patients on
placebo. Secondary endpoints evaluated the effect on mean absolute forced expiratory volume in one second, or
FEV, and patient-reported respiratory symptoms as reported in the CF questionnaire-revised, or CFQ-R. The clinical
trial met its primary safety endpoint and data from the clinical trial showed that VX-371 was generally well-tolerated.
There were no statistically significant changes in FEV| or CFQ-R for patients who received VX-371.

In the first quarter of 2016, we initiated a Phase 2a clinical trial evaluating VX-371 in combination with ORKAMBI,
both with and without the addition of hypertonic saline, in patients with CF twelve years of age and older who have
two copies of the F508del mutation in their CFTR gene. The primary endpoints of this clinical trial are safety and
mean absolute change from baseline in FEV | at day 28 as compared to patients on placebo. We expect data from this
clinical trial to be available in the second half of 2017.

RESEARCH AND DEVELOPMENT PROGRAMS

Our approach to project selection and drug design aims to enhance our ability to discover and develop drug candidates
by combining transformative insights into the causes of serious diseases with innovative approaches to therapeutics.
Historically, our approach to drug discovery has focused on the research and development of small molecule drugs,
which has been validated through our success in moving novel small molecule drug candidates into clinical trials and
obtaining marketing approvals for ORKAMBI, KALYDECO and INCIVEK (telapravir). Recently, we have expanded
our research capabilities to include additional innovative therapeutic approaches with a focus on

nucleic acid-based therapies. We believe that attempting to identify multiple approaches to the treatment of diseases
enhances our potential to develop treatment options that, either as monotherapies or combination therapies, are
transformational in nature.

We focus our research activities on developing products that would be prescribed by specialist physicians for the
treatment of rare or life-threatening diseases. We begin by applying our knowledge of human genetics and human
biology and focus on validated targets that have shown a causal relationship with respect to serious diseases. We
generate biological assays to query the underlying biology of disease and utilize clinical biomarkers as tools to predict
clinical response. We leverage our expertise in assay automation, medicinal and process chemistry, modeling and
informatics, drug metabolism and pharmacokinetics, toxicology, material sciences and formulation to develop, select
and advance drug candidates that have the potential to offer transformative benefits and have an efficient path to
approval. Our current research programs include programs targeting cystic fibrosis, pain, adrenoleukodystrophy,
alpha-1 antritrypsin deficiency, sickle cell disease and polycystic kidney disease.

To augment our internal research programs, we seek to collaborate with biopharmaceutical and technology companies,
leading academic research institutions, government laboratories, foundations and other organizations as needed to
advance research in our areas of therapeutic interest as well as to access technologies needed to execute on our
strategy. We have established such relationships with organizations around the world and intend to extend and
leverage that experience to further our research efforts to discover transformational medicines for serious diseases.

10
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In addition to our continuing research efforts in CF, our research and mid- and early-stage development programs
currently include VX-371 for the treatment of primary ciliary dyskinesia, VX-150 for the treatment of pain and
VX-210 for the treatment of acute cervical spinal cord injury. We are also collaborating with CRISPR Therapeutics
AG, or CRISPR, on

11
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the discovery and development of potential new treatments aimed at the underlying genetic causes of human diseases
using CRISPR-Cas9 gene editing technology and Moderna Therapeutics, Inc., or Moderna, to identify and develop
messenger ribonucleic acid, or mRNA, therapeutics for the treatment of CF.

COMMERCIAL ORGANIZATION

Our commercial organization focuses on supporting sales of ORKAMBI and KALYDECO in the markets where such
products are approved. Our sales and marketing organizations are responsible for promoting products to health care
providers and obtaining reimbursement for products from third-party payors, including governmental organizations in
the United States and non-U.S. markets.

Our U.S. field-based CF commercial team is comprised of a small number of individuals whom we believe will be
sufficient to support future needs. We focus our CF marketing efforts in the United States on a relatively small
number of physicians and health care professionals who write most of the prescriptions for CF medicines. Many of
these physicians and health care professionals are located at a limited number of accredited centers in the United
States focused on the treatment of CF. In international markets, we have a small sales force that promotes
KALYDECO and ORKAMBI in jurisdictions where these products are approved.

We market our products through personal interactions with individual physicians, advertising, sending direct mail,
public relations activities and other activities. In addition, our government affairs and public policy group advocates
for policies that promote life sciences innovation and increase awareness of the diseases on which we are focusing,
with state and federal legislatures, government agencies, public health officials and other policy-makers. We also have
established programs in the United States that provide our products to qualified uninsured or underinsured patients at
no charge or at a reduced charge, based on specific eligibility criteria.

COLLABORATIONS

We have entered into collaborations with pharmaceutical and other companies and organizations that provide us
financial and other resources, including capabilities in research, development, manufacturing and sales and marketing,
and licenses to intellectual property. These collaborations have provided us with drug candidates and/or important
financial and non-financial resources that have contributed to our products and a number of the drug candidates in our
current development pipeline. We may seek to license or acquire drugs, drug candidates and other technologies that
have the potential to add to our pipeline or to provide us with new commercial opportunities. In particular, we are
focusing on drug candidates for the treatment of patients with CF and other third-party drug candidates that could be
developed for specialty markets. Furthermore, we may seek collaborators to support, develop and/or commercialize
some of our current drug candidates and/or additional drug candidates that may emerge from our research activities.
Cystic Fibrosis Foundation Therapeutics Incorporated

We began working with the Cystic Fibrosis Therapeutics Incorporated, or CFFT, in 1998. We entered into a
collaboration agreement with CFFT in 2004 and have amended it several times to support research and development
activities. Pursuant to the collaboration agreement, as amended, we have agreed to pay tiered royalties ranging from
single digits to sub-teens on any approved drugs first synthesized and/or tested during a research term on or before
February 28, 2014, including KALYDECO, ORKAMBI, lumacaftor and tezacaftor and royalties ranging from low
single digits to mid-single digits on potential sales of certain compounds first synthesized and/or tested between
March 1, 2014 and August 31, 2016. For combination products, such as ORKAMBI, sales are allocated equally to
each of the active pharmaceutical ingredients in the combination product. Pursuant to an amendment entered into in
the fourth quarter of 2016, the CFFT paid us an upfront program award of $75.0 million and agreed to provide
development funding to us of up to $6.0 million annually.

For ivacaftor, lumacaftor and tezacaftor, we will have royalty obligations to CFFT until the expiration of patents
covering that compound. We have patents in the United States and European Union covering the
composition-of-matter of ivacaftor that expire in 2027 and 2025, respectively, subject to potential patent life
extensions. We have patents in the United States and European Union covering the composition-of-matter of
lumacaftor that expire in 2030 and 2026, respectively, subject to potential patent life extensions. We have patents in
the United States and European Union covering the composition-of-matter of tezacaftor that expire in 2027 and 2028,
respectively, subject to potential patent life extensions.

12
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Parion Sciences, Inc.

In 2015, we entered into a strategic collaboration and license agreement with Parion pursuant to which we are
collaborating with Parion to develop ENaC inhibitors, including VX-371 and VX-551, for the potential treatment of
CF and other pulmonary diseases.

We are leading development activities for VX-371 and are responsible for all costs, subject to certain exceptions,
related to its development and commercialization. We also will lead development activities for VX-551, which is in
pre-clinical development. Under the terms of the agreement, we received worldwide development and commercial
rights to VX-371 and VX-551 for the potential treatment of CF and all other pulmonary diseases and have the option
to select additional compounds discovered in Parion’s research program. Parion received an $80.0 million up-front
payment and has the potential to receive up to an additional (i) $490.0 million in development and regulatory
milestone payments for development of ENaC inhibitors in CF, including $360.0 million related to global filing and
approval milestones, (ii) $370.0 million in development and regulatory milestones for VX-371 and VX-551 in non-CF
pulmonary indications and (iii) $230.0 million in development and regulatory milestones if we elect to develop an
additional ENaC inhibitor from Parion’s research program. Parion will receive tiered royalties on potential sales of
licensed products that range from the low double digits to mid-teens as a percentage of sales. In the second quarter of
2016, we paid Parion a $5.0 million development milestone related to VX-371.

We may terminate the agreement upon 90 days’ notice to Parion prior to any licensed product receiving marketing
approval or upon 180 days’ notice after a licensed product has received marketing approval. Parion may terminate the
agreement upon 30 days’ notice if Vertex experiences a change of control prior to the initiation of the first Phase 3
clinical trial for a licensed product, subject to our right to receive specified royalties on any subsequent
commercialization of licensed products. The agreement also may be terminated by either party for a material breach
by the other, subject to notice and cure provisions. Unless earlier terminated, the agreement will continue in effect
until the expiration of our royalty obligations, which expire on a country-by-country basis on the later of (i) the date
the last-to-expire patent covering a licensed product expires or (ii) ten years after the first commercial sale in the
country.

CRISPR Therapeutics AG

In 2015, we entered into a strategic collaboration, option and license agreem