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Item 7.01 Regulation FD Disclosure

On April 20,2016, bluebird bio, Inc. (“bluebird”) conducted an investor webcast summarizing clinical data from its Starbeam clinical study of its
Lenti-D product candidate, presented at the American Academy of Neurology (AAN) 2016 Annual Meeting in Vancouver, British Columbia, Canada on April
20,2016. A copy ofthe presentation is being furnished as Exhibit 99.1 to this Current Report on Form 8-K and is incorporated herein by reference.

Item 9.01 Financial Statements and Exhibits.

(d) Exhibits

Exhibit No. Description
99.1 Investor presentation provided by bluebird bio, Inc. on April 20, 2016.
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Pursuant to the requirements of the Securities Exchange Act of 1934, the registrant has duly caused this report to be signed on its behalf by the
undersigned hereunto duly authorized.

bluebird bio, Inc.

Date: April 20,2016 By: /s/ Jason F. Cole

Jason Cole
Chief Legal Officer
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Forward-Looking Statement

These slides and the accompanying oral presentation contain forward-looking statements
and information. The use of words such as “may,” ©

might,” “Wi",!! “Should,!! Iiexpect,!! “plan,!!
“‘anticipate,” “believe,” “estimate,” “project,” “i

ntend,” “future,” “potential,” or “continue,” and
other similar expressions are intended to identify forward-looking statements. For example,

all statements we make regarding the initiation, timing, progress and results of our clinical
studies of our Lenti-D product candidate and our research and development programs, our
ability to advance product candidates into, and successfully complete, clinical studies, and
the timing or likelihood of regulatory filings and approvals are forward-looking. All forward-
looking statements are based on estimates and assumptions by our management that,
although we believe to be reasonable, are inherently uncertain. All forward-looking
statements are subject to risks and uncertainties that may cause actual results to differ
materially from those that we expected. These statements are also subject to a number of
material risks and uncertainties that are described in our most recent annual report on Form
10-K, as well as our subsequent filings with the Securities and Exchange Commission. Any
forward-looking statement speaks only as of the date on which it was made. We undertake
no obligation to publicly update or revise any forward-looking statement, whether as a result
of new information, future events or otherwise, except as required by law.
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bluebird bio: Why We Do What We Do

Our Vision — Make Hope a Reality

Committed to transforming the lives of patients with severe
genetic and rare diseases

)bLuebirdbio' 3




Starbeam Study




Cerebral Adrenoleukodystrophy (CALD):

Disease Overview

Natural I £
Course of fi)l YN B
Disease 4 S !

DISEASE

CURRENT TREATMENTS

EPIDEMIOLOGY

Ultra-orphan, X-linked, monogenic,

Untreated CALD
neurological disorder

CALD most severe
leads to dismal outcomes

form of ALD
(vegetative state and death)
; : ALD incidence:
MlJiucad gere tosuls 1 louc : 1in ~21,000 (male live births)
buildup of very long chain fatty Allogeneic stem cell transplant
acids standard for CALD
(if possible) Cerebral disease
: 3 » CALD accounts for 30-40%
Leads to cerebral inflammation & of ALD
demyelination

= AMN accounts for 40-45%
of ALD with 40% cerebral

» ACALD accounts for ~25%
of ALD

)bLuebirdbio'
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Autologous HSC Gene Therapy in CALD

Science

Need for options beyond allogeneic HCT

Hematopoietic Stem Cell Gene
Therapy with a Lentiviral Vector in
X-Linked Adrenoleukodystrophy

*  =10% treatmeni-related mortality22+4

« 45%—75% experience moderate to severe Nathalie Cartier,“** Salima Hacein-Bey-Abina,"** Cynthia €. Bartholomae, Gabor Veres,”
5345 Manifred Schidt, Ina Kutschera, Michel Vidaud,® Ulrich Abel,* Liliane: Dal-Cortivo,™*
GvHD434 Laure Caccavelli, * Nizar Mahlacui,* Véronique Kiermer,” Denice Mittelstaedt,

Céline Bellesme,” Nafiba Lahlow,™* Framgols Lefrire,’ Stéphane Blanche,” Muriel Audin™®
Emmanuel Fayen,' ™ Philippe Leboulch,™**** Bruno [Homme, Merre Bougréres,”

* Full HLA donor match is required for best Cheistof Von Kalle,* Alsin Fischer,* Marina Cavazzana-Cabvo,*** Patrick Aubourg! **1
outcomes?.2.2
» 48% of ALD transplants performed with Cartieretal., Science 326, 818 (2009)

mismatched, unrelated donors

» Time to find donor may delay treatment beyond
effective window

Proof of concept study reported 2009

Lenti-D vector
self-inactivating lentiviral vector delivering a functional
copy of ABCD1to autologous H5Cs
- : n + 2 subjects with stabilization of neurodegeneration
v 3K 14 to 16 months after gene therapy

EFTFLAF

1. GdE+ HCT-treated (N=23} subjects with Loes score <8 & NF3 =1, from time of diagnosis or time o¢f HCT, all donor seurces. bluebird bio study ALD-101, manuscriptin preparation.

2. Miller et al, Blood 2011. 3. Peters et al, Blood 2004. 4 Beam et al, Biol Blood Marrow Transplant. 2007. 5: Baumann et al, Eur J Pediatr, 2003. §: Martin et al, Biol Blood Marrow
\_ransplant. 2006.
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Measuring Neurologic Progression in CALD
Functional Outcomes

NFS Component Score  MNFS Component

Neurological Function Score Hearing/auditory ,  Walking difficuties! 1
(N FS)1 processing problems spasticity
. . Spastic gait (needs
: - Aphasia/apraxia 1 kel 2
* 15 domains; total possiblescore of il z Whaeichal E
25 communication dependence
. o i i 2
70% maintain stablesN FS‘@2 o ’ No voluntary 3
years postallo-HCT movement
Cortical blindness y @ e 1
incontinence
Swallowing dysfunctions 2 Total incontinence 2
MajOI' Functional Disabilities Tube feeding 2 Non-febrile seizures 1
(MFDs) L .
Running difficulties 1 Possible Total 25

* 6 most serious symptoms
* 81% MFD-freesurvival @ 2

years postallo-HCT?

1. Moser et al. Neuropediatrics 2000;31(5):227-2 . *Stable NFS® = change post-allo-HCT of=3
NFS points and an absolute NFS < 4 at Month 24 (£6 menths). 3. GdE+ HCT-treated (N=23)
subjects with Loes score =3 & NFS =1, fromtime of diagnosis ortime of HCT, all donor sources.
bluebird bio study ALD-101, manuscript in preparation.

»
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Measuring Neurologic Progression in CALD

MRI Measures

/Loes MRI severity score’: measurement of\ / Gadolinium enhancement: \
white matter changes by degree and extent indicator of active inflammation in
of pathological hyperintense regions (0-34) untreated patients (+/-)

-
.

\ Loes sre= 1 Loes score=15 j \ /

Images Courtesy of Or. Florian Eichler
1. Loes et al. AJNR AmJ Meuroradiol 1994;15(9):1761-1766.

LY
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SIupy

Design

15 patients (18 enrolled)
Age=17

Gad Paositive

Loes Score 0.5-9

NFS =1

No HLA-matched sibling
donor

Open label, multi-center, single arm,
global study

Primary
Endpoint

* % of Boys With Major

Functional Disabilities at 24

Months After Transplant

Secondary
Endpoints

Neurological Functional
Score (NFS)

Gad +/-

Loes Score

Safety




Starbeam Treatment Protocol Overview

/ Mobilization Pre-infusion Infusion of \
Conditioning Modified HSCs

w E Myeloabiation
b ﬁ busulfan +
= =1 Apheresis cyclophosphamide 2 years
@ 9 GCS"'(’“ follow -up
= plerixafo
Extensmn
. . study
= ; + &‘3:;3 S 15 years
E 'E . . ¥ ® Y% @ - total
! y » ; " follow-up
2 L9e0 ® g0 R AOLO
% 2 .. e_- Vg
o8 e v
=
Select CD34+ Transduce with Cryopreserve, lest
\ stem cells Lenti-D vector and release )
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Subject and Cellular Product Characteristics

N=18 consented (formally screened) and N=17 infused subjects

Ineligible n=1
-~ ~~~""""""{Loes Score >9)

. 17 subjects treated between October 2013 and July
2015

. Median follow-up 16 months (6-24m) as of March 31,
2016

* 3 completed 24 manths
* 10 with 12 to <24 months follow-up
+ 4 with =6 to <12 months follow-up

| Parameter Median (range)
Age at consent (years) 6.0 (4-13)

. Time from CALD diagnosis to

| freatment (months) SR
Time from enrollment to
treatment (months) 224032

' Baseline Loes score 20 (1.0-75)
Baseline NFS score 0 (0-0)

| MFDs present at baseline MNone

Data as of March 31, 2016

»
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Successful Autologous HSCT Procedure

Parameter Median (range)

Drug Product Cell Dose (x108/kg)  10.5 (6.0-19.4)

‘ Neutrophil engraftment’

(with and without GGSF) Day +13 (11-39)

‘ Platelet engraftment? Day +29 (16-55)

1. 3 consecutive ANC values of = 0.5 x 10%L obtained on different days. 2. 3

consecutive plateletvalues = 20x 10% /L obtained on different days (unsupported)

Grade 23 non-lab AEs in D-10 to D+43

>1 subject (N=17)

Febrile neutropenia 13 (76%) 0

Stomatitis 5(29%) 0

Nausea e i 3(18%) — [:
Vomiting 2 (12%) 0

Decreased appetite 6 (35%) 0

Epistaxis 2 (12%) 0

+  Study procedures generally well tolerated

«  No graft failure or GvHD

+  No molecular evidence of clonal
dominance or insertional oncogenesis

+  No replication competentlentivirus
detectedto date

+ Adverse events consistent with
myeloablative conditioning

* Two AEs considered possibly related to
drug product; BK-mediated viral cystitis
(SAE, grade 3) and tachycardia (grade 1)

« AllAEs and SAEs resolved with standard
measures

Data as of March 31, 2016

»
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All Patients Remain Free from Major Functional

Disabilities, 16/17 Have Stable NFS'

Neurologic Function Scores \ NF S Progression in Untreated Patients\

Starbeam Study Historical Controls (n=13), Study ALD-1012
25 4 25 - - .
e 200 & 2011
| 2002 & 2012
204 201
A 2003 & 2013
v 2004 v 2014
15 + 2005 m 205 15
W @® 2006 & 2016 o
[T . =
= = 2007 v 2017 104
104
A 2009 @® 2018
¥ 2010
5 5
n_

04 PR s . : ; : . .
T T T ! ! -12 -6 0 [ 12 18 24
01 B 12 18 24 ! 7
k el \ Manths since first GAE+ scan

1. Stable NF5: change of <3 points and an abzolute NFS = 4. 2. GdE+ untreated subjects regardless of stage of dizease with more than 1 NFS score reported (N=13), from time of first
GdE+ MRl Most recent score within 1 year prior to HCT reperted as screening score. bluebird bio study ALD-101, manuscript in preparation.

Data as of March 31, 2016

‘btuebirdbio‘ 13




All Patients Remain Free from Major Functional

Disabilities, 16/17 Have Stable NFS'

N logic F fdons \ / NF 8 Progression in BMT-Treated Fatienm
eurologic Function scores Historical Controls eligible for ALD-102 (n=27), Study ALD-1012

Starbeam Study
25 231
e 001 & 2011
B 2002 e 2012
25 A 2003 @ 2013 cly
v 2004 v 2014
15 4 e 2005 ®m 2015 154
9 ® 2006 @ 2018 i
Lsz_ W 007 v 2017 F
A 2009 @ 2018
v 2010
5 5
e
04 4 09 ; . : : :
01 B 12 18 24 u & 12 18 24

months since treatment manths from transplart

1. Stable NFS: change of <3 points and an absolute NFS = &4 2. GdE+ HCT treated (M=27}) subjects with Loes score =3 & NFS =1, fromtime of HCT, all donor sources. Most recent score
weithin 1 year priorto HCT reported as screening score. bluebird bio study ALD-101, manuscript in preparation.

Data as of March 31, 2016

.
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Loes Scores Have Stabilized!in 14/17 Patients

Loes Scores in Starbeam Study

® 2001
el = 2002
A 2003
254 v 2004
e 2005
20+ ® 2006

Loes score
o
1

)

*® o 0 4P

2007
2003
2010
2011
2012
2013

“«9 @ 4

2014
2014
2016
2017
2018

T
01 53 12
months since treatment

13

30 -

Loges scare
3

-
=
L

/ Loes Scores in BMT-Treated Patients \

Historical Controls eligible for ALD-102 (n=27), Study ALD-

1012

5

months from HCT

1. Stable Loes score: change of =5 points oran abzolute Loes Score = 9. 2. GdE+ HCT-treated (M=27} subjects with Loes score =3 & NFS =1, from time of HCT, all donor sources. bluebird bio

study ALD-101, manuscriptin preparation.
Data as of March 31, 2016
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Neuroimaging Outcomes Demonstrate Haltihg_.df,:j
Progression after Lenti-D Treatment

Subject 2001: First Patient Treated in Starbeam Study

pre treatment 1 year after Lenti-D 2 years after Lenti-D

Flair

T1Post

Loes score=2 Loes score=3 Loes score=2
Data as of March 31, 2016

bluebirdbic 16
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SubjectID

2014

2016
017

i ] i i i I i i ] ] i i ] ] i ] I

aaaaaa

\_ o

Screening 12 months
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Persistence of Vector-Marked Cells and ALDP Expression

/ Vector Copy Numberin Peripheral Blood \ ALD Protein Expressionin CD14+ 09"5\
80 - Median, IQR, min, max

£

40

\

4+

20

% CD14 cells positive for ALDP

ITr Y= -+ J_
01— T . . . T

i
T
0+ T Screening M6 M9 M12 M15 M8
0 23 [ 9 12 15 18 21 24 N=11 "N N=13 MN=14 N=13 MN=6 N=5
Months since treatment Months since treatment

* Median VCN in drug product: 1.0 (0.5-2.5) @  Monocytes (CD14+)differentiate into microglia

+ All samples have detectable VCN and ALDP -“Qo ...... o_o

expression at latest follow-up

T5{H

ey
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Summary

Initial Starbeam results suggest early treatment with Lenti-D gene therapy may halt neuro-
inflammation and demyelinationin most CALD patients, with promising safety

+ All subjects remain free of Major Functional Disabilities (MFD) to date
« Stabilization of NFS achievedin 94% (16/17)and Loes score achievedin 82% (14/17)
+ Resolution of gadolinium enhancement by month 6 in 94% (16/17)

+ Re-appearance of diffuse gadolinium enhancementin 5 subjects, resolved in those (n=2) who
have later follow-up

No deaths, graftfailure, or GvHD reportedto date

+ AE profile consistent with myeloablative conditioning with busulfan and cyclophosphamide

Lenti-D gene therapy may offer an alternative to allogeneic bone marrow transplant, particularly

for patients with no matched sibling donor

+ Additional follow-up is neededto fully assess efficacy, durability of effectand long-term safety

Data as of March 31, 2016

»
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Newborn Screening for ALD

Early detectionis critical for boys with CALD

* Rapidly degenerative disease; treatment is most successful in boys who are diagnosed
early

+ Newborn screening allows boys born with ALD to be monitored for development of
symptoms and treated early

The federal government now recommends that states add ALD to their newborn screening panels, and it
is up to the states to implement screening. Advocates continue to work on a state-by-state basis to get
broader adoption.

New York has already begun screening

+ Total number of newbarns screened in 2014 and 2015 was 469,515

Connecticut recently started screening

California, lllinois, New Jersey have agreed to add ALD to their state’s newborn screening panels

Mote: not all boys identified with ALD will convertto cerebral ALD. Literature suggests that 30 to 40% of ALD cases will convert to CALD.

TheSTOP

Foundatg ALDConnect

>
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Anticipated Significant 2016

Initiated CRB-401 CALD Initiate . LentiGlobin
Study of bb2121 Data Update HGB-207 Study of § Thal and SCD Data
(Q1) at AAN (April) LentiGlobin Update at ASH

Cash Runway Through 2018

bluebirdbic | s 21
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Making Hope a Reality

Transforming the Lives of Patients

with Severe Genetic and Rare Diseases
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