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Learning Objectives

* Explain principles of immunosuppression and historic and
current standards of care for graft-versus-host disease
(GVHD) prophylaxis and therapy in the setting of
allogeneic stem cell transplantation.

* ldentify risks of adverse outcomes due to GVHD after
allogeneic transplantation as well as the risks and side
effects of commonly used immunosuppressive medications.

* Describe how advances in T cell biology and signaling are
leading to the discovery of novel approaches to
immunosuppression that are likely to be translated to the
clinical arena.

My center most commonly uses which of
the following regimens to prevent GVHD:

A.Tacrolimus combined with methotrexate (MTX)

B. Cyclosporine combined with methotrexate

C.Tacrolimus combined with sirolimus

D.Cyclosporine combined with mycophenolate mofetil
(MMF)

E. Other




I
Since T cells mediate both good
and bad outcomes in SCT...

GVL
Protective |

] e Immunity

e
...nonspecific targeting of T cells has a catch

Removal of T cells to decrease

or
More aggressive immunosuppression

Halloran P.etal. N Engl | Med 2004:351:2715-2729
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ARS question: Which of the following is

considered the standard of care for first
line treatment of acute GVHD?

a) Methylprednisolone 10 mg/kg/day

b) Prednisone 0.5 mg/kg/day

c) Methylprednisolone 2 mg/kg/day

d) Methylprednisolone 2 mg/kg/day plus
mycophenolate mofetil 15 mg/kg BID

e) Prednisone 2.5 mg/kg/day plus pentostatin 1.5
mg/m?/day on day 1,2,3,15,16,17

e
ASBMT acute GVHD treatment guidelines

Martin P, et al, Biol Blood Marrow Transplant. 2012;18:1150-1163

o First line: The use of 6-methylprednisolone or prednisone alone...remains the
standard of care for initial treatment of acute GVHD. The survival and
response data from studies combining the use of other immunosuppressive
agents together with glucocorticoid treatment do not support this approach
as the standard of care.

. Second-line: Enrollment in well-designed clinical trials should be encouraged,
since no standard, effective second line therapy for steroid-refractory acute
GVHD has been identified, and since no treatment has been definitively
demonstrated to be superior to any others.

Appendix A. Evidence-Based Rating Syitem o Ancillary Therapy
and Supportive Care Guidelines in Chronic Grafe-versus-Host Disease

Category Definition

Strength of the recommendation

A ‘Should always be offered.

B ‘Should generally be offered.

c Evidence for efficacy is insuflicient to support a
recommendation for or against, or evidence for
efficacy might not outwelght adverse
consequences, or cost of the approach. Optional.

o Moderate evidence for lack of efficacy or for
adverse outcome supports a recommendation
against use. Should generally not be offered.

E Good evidence for lack of efficacy or for adverse
outcome supports a recommendation against
use. Should never be offored.

Quallty of evidence supporting the recommendation

1 Evidence from =1 properly randomized, controlled
trlal.

" Evidence for =1 well-designed clinical trial without
randomization, from cohort or case-controlled
analytic studies (preferable from >1 center), or
from multiple time serios or dramatic results
from uncontrolled experiments.

" Evidonce from opinions of respected authorities
based on linical experience, descriptive.

Qualifier for categories | and Il

a Evidence derived directly from study(s) in
graft-versus-host disease.

b Evidence derived indirectly from study(s) in
analogous or other pertinent disease.

Couriel D, et al, Biol Blood Marrow Transplant. 2006; 12:375




Table 4. First-Line Treatment Options in ¢cGYHD

Consensus Conference on Clinical Practice in Chronic
Graft-versus-Host Disease (GYHD): First-Line and
Topical Treatment of Chronic GYHD

Daniel Wafﬂ' Almm Gerbitz,? Francis Awk AYexandeern

Gerhard C. Hildebrandt, Georgia B. Voy elsang Sharon Elad,” Anita Lawitschko,’
Gerard Sacie,” Steven Z. Pavle

Emst Holler," Hildegard Greinix'®

Arcommerdson
(Geation number
Agent of references) _ Evidence Side effects Comments
Sterodn Al T o
of the bone. dabetes of ide efect pofie. guneraly suffcient in primary
tresment of mid CGVHO 35 single agen. may be
n combioaton with CNI in moderate
o cuem I Rens toxicty. ypersension ‘Only be used in combination with steroids,spares seroids.
lower rate of vascular necrosis o the bone, may be
Condered in combinaton with sterocs n primary
tresment ofsevere cCGVHD 35 wel s in CNI
modersce <G
MY avpieages D19 [
comsravons cocsmented
o8 I Homatologk toxciey. lectious rik  Adverse outcome i 3 rindomized trs in combination
it seercics
Thaidomide o o2 "N
thromboss.
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Wolff D, et al, Biol Blood & Marrow Transplant. 2010; 16:1611-1628

Frequency

posed by the National Institute ol Hea!lh

Monitoring
o nmlupmm Project for o Trls i Chvomc GraftVerscs ost Dise

s

mnmuv&mumm 1-12 months. hosocil,

Laboratory 1-12 months. CBE, chemistry,LFTs therapeutic érug monitoring 196 leve, lipid profil, ron studies
Puimonary 3-12months Pulmonary function tests

Endocrine Yearty TFTs bone densitometry,cakium levelsvitamin D levels

Ophthaimologic 3-4 months. Schirmerstst and glaucoma assessment

Dental 6-12months indicated
Dermatalogic Variable. Skin assessment for GVHD but also skin cancer

Gymecologic Variable Assess for GVHD as cinically indicated

Physiotherapeutic Varisble. Assess range of motion H sceroti features ae present

Newropsychiatric Yearly
Aotevatons C0C

Allogeneictem Cell Tansplantation:

Chronlc rat-Versus Host Disease Afer
Challnges i revention, Scence,nd

Tite JourNAL OF SUFROKTIVE ONCOLOGY
Vot 6, Nususa 8 » Novessen/Dicassen 2008

ORGAN SYSTEM e

Level A and B Ancillary and Support Care Recommendations as Proposed by the National Institutes of Health
Consensus Development Project for Clinical Trials in Chronic Graft-Versus-Host Disease

Skin|

Hepatic Ursodeoxycholic acid

Ocular

Respiratory. Supplemental oxygen

Immunologic

Hematologic Transfusions as necessary

LevelC-Case-sries sty o extrapolationsfom evel 8 stucies

Chronic Graft-Versus-Host Disease After

Allogeneic Stem Cell Transplantation:

gnu\eng« in Prevention, Science,and
upport

i JouruaL OF SurroRTIVE ONCOLOGY
e 6, Noscen 8  Novizex/Drcrsces 2008
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GVHD Therapy: many trials, little progress

Standard of care in GVHD prophylaxis (calcineurin inhibitors
(CNI) + methotrexate) defined in 1986 (articles by Storb and
Thomas in Blood, NEJM)

Steroids remain the mainstay of primary therapy for GVHD.

Some progress with novel agents, though many have proven
efficacious yet toxic.

Patients almost always die of infection rather than GVHD-related
end organ damage.

Can we identify potential approaches to selectively target alloreactive T
cells while sparing pathogen and cancer-specific memory cells?

Review of recent trials of alternate regimens

< Recent Randomized Controlled Trials (RCT) of GYHD
Prophylaxis:

* CTNO0402 (tacrolimus/MTX vs. tacrolimus/sirolimus)

*Randomized trials adding sirolimus to CNI-based GYHD
prophylaxis for patients with lymphoma

« RCT of standard vs. lower starting steroid dose for acute
GVHD

I
ARS Question

Sirolimus (rapamycin):

A. May cause thrombotic microangiopathy/thrombotic
thrombocytopenia purpura and hyperlipidemia

B. Has been proven superior to methotrexate (when combined with
tacrolimus)

C. May spare regulatory T cells capable of suppressing GYHD

D. Improves overall survival when added to either tacrolimus/
methotrexate or cyclosporine/MMF after allogeneic transplantation
for lymphoid malignancies

E. Answers A and C
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Sirolimus (rapamycin)
* Naturally occurring compound isolated

from Streptomyces hygroscopicus on Easter
Island (Rapa Nui).

* A Canadian expedition collected soil
samples in1964; Ayerst’s microbiology
department isolated sirolimus in 1972.

* Properties:

— Antifungal

— Antiviral

— Antineoplastic

— Immunosuppressive

from Corey Cutler, DFCI

Regulatory T cell enrichment in mice
delays or prevents GVHD
T
il I .
e lor P Lees ) Bl 8%, £ os e
cxpmaedcmmcmsh) ] § b ..
ol i
100 4§ Ly
CD25+ regulatory T cells 754 }
Pt g 3 et 85
ser bone rarrow cramplaton. e ®
Nat Med. 2003 Sepi9(9):1144-50, ] 50 69
c j B
a 254 2'g
&0 s
0=
o 20 40 60
Time after BMT (d)

Sirolimus spares regulatory T cells

* Nl lf"-ﬁiﬁ
H“ﬁf" ah4

% Death due to acute GVHD

Zeiser R, et al. Blood 2006; 108:390-399 from Corey Cutler, DFCI
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BMT CTN Protocol 0402
A Phase lll Randomized, Multicenter Trial
of GVHD Prophylaxis Regimens After
HLA-Matched, Related PBSCT

Sirolimus / Tacrolimus
Versus
Tacrolimus / Methotrexate

BLOOD AND MARROW

TRANSPLANT

CLINICAL TRIALS NETWORK

from Corey Cutler, DFCI

BMT CTN 0402: Schema

Eligibility:
AMU/ALL in remission

Randomization MDS
CML CPiAP

Infusion of PBSCs from 6/6 HLA-
matched sibling donor

Randomization continues to 312 total subjects,
156 per arm.

from Corey Cutler, DFCI

[
CTN 0402: Probability of Grade II-1V Acute

GVHD-Free Survival

100
90| f-o0
80-| Sirolimus 67% f-80
704 f-70
ES Bl SSR .-
= o f-60
H 50 Methotrexate 62% 50
?
K a0 Lao
o e p=0.38 L
204 20
104 10
0 T T T 0
0 30 60 90 120
Days
from Corey Cutler, DFCI BMICINI02
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RCT: sirolimus added for GVHD
prophylaxis in NHL Methods

*GVHD Prophylaxis

*Arm A (“experimental®)
* Tacrolimus
+ 0.05mg/kg PO bid starting day -3
* Trough goal 5-10ng/ml

« Sirolimus Arm B2 (“control UMN*)

Arm Bl (“control”)

* Tacrolimus
« Methotrexate (+day |1 for MUD)

+ 12mg/4mg PO daily starting day -3 + Cyclosporine (CSA)

0 WG AR A + 6mg/kg PO bid starting day -3

* Methotrexate | - Trough goal 200-400 ng/mi
+ Smg/m? IV days 1,3,6

« MMF
* Taper + 3g/d PO/IV divided day 3-30
+ Tacrolimus day 100-180 - Taper

* Sirolimus day 180-365 . CSA day 100-180

from Philippe Armand, DFCI (ASH 2013)

RCT: sirolimus added for GVHD prophylaxis in
NHL Survival

AmA AmB .
Outcome | TacySirosMtx | TacsMtx/CSA+MME ’ Allpatients
2-year 05 68% (55-78) 6% (53-76) 10 | 67%(58-75)
2.year PFS 59% (46-70) 56% (43-67) 09 | 57%(a865)
OS All Patients PFS All Patients
wor - amasw| | 2Dy Arm A (Siro)
—— AmB Mo siw)| | § _"\\1 —— Am B (No Sim)
0 — Z
2 |1
H
g & o & =
H §
E 40 é o
2 2 2
p=10 p=09
o o
o 6 © 18 2 o 6 © 18 2
Months from transplantation Months from transplantation

from Philippe Armand, DFCI (ASH 2013)

RCT: sirolimus added for GVHD prophylaxis in NHL
Conclusions
* Outcome with addition of sirolimus

* Generalizability of acute GVHD benefit
— Addition versus substitution of MTX

out AmA AmB.
utcome Tac+Siro+Mtx | Tac+MTX/CSA+MMF P
6maGVHD2-4 | 9% (4-18) 25% (15-35) 0015
Sirolimus  Methotrexate Pointwise p
6macvHD34 | 3%(19) 4% (1-12) 07 26% 24% 047

Acute GVHD 2—4 (competing risks)

from Philippe Armand, DFCI (ASH 2013)
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RCT with Sirolimus: Conclusions

« Despite compelling intellectual and preclinical rationale, randomized
trials substituting sirolimus for methotrexate/MMF have not
demonstrated superiority (at least in terms of progression free
survival/overall survival)

. There is a suggestion of benefit in secondary endpoints (e.g., grade 2
GVHD) but also some toxicities (thrombotic microangiopathy/
Thrombotic Thrombocytopenia Purpura, hyperlipidemia)

« >25 years later, no prophylaxis strategy better than CNI/MTX

Can we identify potential approaches to selectively target alloreactive T cells
while sparing pathogen and cancer-specific memory cells?

ASBMT acute GVHD treatment

. .
guidelines
Martin P, et al, Biol Blood Marrow Transplant. 2012;18:11500-1163

< Prophylaxis using cyclosporine A or tacrolimus, in addition to methotrexate
(MDACC:5 mg/m2ond +1,+3,+6,+ 1)

< Initiate methylprednisolone (2 mg/kg) for documented acute or chronic
GVHD, taper based on response and other clinical manifestations

< No standard of care beyond first-line therapy (other agents include
infliximab, daclizumab (no longer available in the U.S.), anti-thymocyte
globulin (ATG))

2/4/114

Standards of care for GVHD

< First line: The use of 6-methylprednisolone or prednisone alone...remains the
standard of care for initial treatment of acute GVHD. The survival and
response data from studies combining the use of other immunosuppressive
agents together with glucocorticoid treatment do not support this approach
as the standard of care.

. Second-line: Enrollment in well-designed clinical trials should be encouraged,
since no standard, effective second line therapy for steroid-refractory acute
GVHD has been identified, and since no treatment has been definitively
demonstrated to be superior to any others.




Which of the following regimens does your center use
as first-line treatment of acute GVHD occurring
despite prophylaxis (in a patient presenting with both
skin and lower Gl GVHD):

A. Steroids (equivalent of prednisone 0.5 mg/kg/day)
B. Steroids (equivalent of prednisone | mg/kg/day)
C. Steroids (equivalent of prednisone 2 mg/kg/day)
D. ATG or other biological therapy

E. Steroids combined with another agent

Efficacy and Safety of Lower-Dose
Glucocorticoids for Initial Treatment
of Acute GVHD:

A Randomized Controlled Trial

Marco Mielcarek, MD
Fred Hutchinson Cancer Research Center
University of Washington
Seattle, WA

Stratification and Randomization

Starting
Dose

Standard
2.0 mg/kg

Lower

1.0 mg/kg

diagnosed
acute GVHD

P

’
248 hrs ,

Endpoint = Day 42 of Rx

« BDP t budesonide given at discretion of treating MD
+ Rate of taper not prescribed by protocol - facilitated enroliment

2/4/114

Mielcarek M, et al. Blood. 2013;122: 703 (Abstract)
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Outcomes: Overall Group
Median Follow-Up: 27 (1-48) months

= Lower Dose
= NRM = Relapse
—— Standard Dose
«l |
ol ol
2 |
¥
£ B
O ©° = T 7 s = e ]
g Moathe tom Wnidsl Therspy. Montha Som sl Therspy.
g_’ )
«| Chronic GVHD ol
«l |
ol ol
= = Survival
o o
N T N | I
Mortha hom ol Tharspy Morha rom s Therspy

Mielcarek M, et al. Blood. 2013;122: 703 (Abstract)

Summary

* Primary endpoint (2 33% | of day-42 AUC) not reached
— Due to evolving practice of rapid prednisone taper in responding patients
treated initially at higher dose
* Grade lla at onset + lower initial dose (0.5 mg/kg/d)
— Safe and effective
Grade lIb-IV at onset + lower initial dose (I mg/kg/d)

— Increased risk of requiring 2° systemic immunosuppressant therapy
without adversely affecting survival

— Rash > 50% BSA associated with increased risk of 2° therapy

* No statistically significant differences in risks of NRM,
relapse, OS or toxicity metrics

NRM - non-relapse morcalty
05 - overal survival

Mielcarek M, et al. Blood. 2013;122: 703 (Abstract)

Recommended Initial Prednisone
Dose for Newly Diagnosed acute GVHD

Initial Prednisone
GVHD Grade at Onset | pgge (mg/kg/d)*

lla (“upper gut syndrome”) 0.5
2 |Ib (rash £50% BSA) |
2 |Ib (rash >50% BSA) Consider 2

* Add oral beclomethasone dipropionate * budesonide
if gastrointestinal symptoms present

2/4/114
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How can we more selectively inhibit T cells?

¢ Photopheresis
- Regulatory T cells
. Targeting T cell deacetylases

« Targeted inhibitors of T cell activation

(e
Randomized study of ECP in chronic GVHD

[y r— e
n= 100 1

[ et Thergy + Mo BCF ‘f

Flowers, et al. Blood 20081 12:2667-2674 e eracorotes hotopherea

Efficacy of ECP in chronic GVHD

Median Absolute Change in TSS Through Week 24
0

ute Change in TSS

Study Week

Flowers, et al. Blood 2008; 1 12:2667-2674
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Cumulative incidence of complete
or partial skin response

2

Q
2
e

. 2 p<0.0001
e & os
©
B ECP
Z
g .
& Control
0.0 !
0 3 6 9 12
Study Week

Flowers,et al. Bood 2008;112:2667-2674

Enrichment of donor grafts with regulatory T cells prevents murine GVHD

Taylor PA Lees C, Blazar BR. il :
The infusion of ex vivo actvated and expanded o
‘CDA(H)CD25(+) immune regultory cels nhiies grafe feol £
versus-host discase lthaley
Blod 2002 May 1599(1013493.9.

Blazar 2002

Hoffmann . Ermann |, Edinger M, Fathman CG, Strober S
Donor-type CDA(+)CD25(+) regulatory T cells suppress lethal acute

Strober 2002
graftversus-host disease after allogeneic bone marrow =5

wransphantation.
J Exp Med 2002 Aug 5;196(3):389-9.

Edinger M, Hoffmann P, Ermann J.Drago K, Fathman CG,
Strober 5, Negrin RS. 7
CDA#+CD25+ regulatory T cells preserve graf-versus-tumor 12 Treg Con Peats

activity while inhibiting graftversus-host disease after bone.
marrow transplancation
Not Med. 2003 Sep9(9)1144-50.

o Qe

Negrin 2003
Nat Med.

&0

g2 -3
] |

86 0B C.

Putative mechanism of ECP:
Induction of regulatory T cells in mice

co2s

Foxp3

d11Spleen  GISMLN G40 Thymus 49 Sploen

20 08 08 15
14 04 . 84 10
10 M 04 i
02 s
0s 02
00 00 00 o

[ Syn + Diluent [ Allo + Diluent [ Allo + ECP Spl

CD4*CD25*Foxp3* (x10%) ®

Gatza E, et al. Blood. 2008;112:1515-1521
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T cells in allogeneic SCT: Good and Bad

GVHD ovT Pathogen-specific

immunity

+&
- e e
@%)5—'655 ©e

aTy ©) Tumor-reactive T cells 9T

Graft-Versus-Host Disease: S
A Surge of Developments PLOS meorcme
Stanley R. Riddell, Frederick R. Appelbaum 3y 2007 | Veture | ive7 | ¢136

The goal: Eliminating GVHD while sparing beneficial T cells

GVHD % Pathogen-specific

7 "qé ey
w2 B e

{En?‘%jichment a j";‘;
H@

b) Teea

aTy

Graft-Versus-Host Disease:
ASurge of Developments

b@%) 6*652 ®

) Tumor-reactive T cells AT,

PLOS meorcme

Stanley R. Riddell, Frederick R. Appelbaum 34y 2057 | Velure 4| e | 198

Take a Bi

James L ey, Carl . June," and Bruce R. Blazar®*

Human T Regulatory Cell Therapy:
ion or So and Call Me in the Moming

Immunity

Phindersa, PA 19104, USA

ety 30, May 2. 2008 €200 Evier .

E—
gty
Coreasasdmnce: e@eicharoe oo i ULR), SozuD1Ou o5y BRS)
Pty
Aok prphent tood pheress [E——
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T T
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P
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] ]

Figure 1. Carical Applcations of Human Treg Cells In Afo-HSCT
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Adult peripheral blood apheresis Umbilcal cord blood
Negative selection o
(deplete CD8,CD14,CD19) w w
R e
Positive selection for CD25 Positive selection for CD25
- €025+ Treg cells D25+ Treg cels —
13x10 2x10 2x10
Induce Induce
proteration prolferation
Ani D3 AniCD3
Ant (Dm&:g <086 § Prp Anti (ms&:g 086 § Pre
RS o BN (W) RS o S
Costed beads K62 Coated beads K62
+1L:2,rapamycin, w2
feeder cell
17x10 ax10
025 Treg cells €025+ Treg cels
k’ Qualiy __ Infusion ¥’ W —_nfusion__ Quality J
control control
Figure 1. Cinical Applications of Human Treg Celis in Allo-HSCT Yty 3, May 2. 2009 52009 Enever .

Promising SCT graft manipulation strategies

Regulatory T cell therapy (e.g., Blazar, et al., U of MN) is safe
and may have therapeutic benefit

Chimeric antigen receptor (CAR) therapy uses engineered T
cells directed at specific tumor targets (June, et al., Penn;
multiple other groups treating ALL, CLL, NHL, others)

2/4/114

ARS question:Which of the following
modalities has been shown to decrease
the cumulative incidence of grade Il to

IV acute GVHD in phase l/ll trials?

. Selumetinib

. Vorinostat

. Chimeric antigen receptor (CAR) infusions
. Pentostatin

. None of the above

moow>
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Targeting Deacetylases As a
Novel Strategy for Prevention of
Acute GraftVersus Host Disease

* Sung Choi, M.D.

* Blood and Marrow Transplantation
Program

* University of Michigan

Study Schema

o STUDY DESIGN: IRB-approved Phase I/ll trial (two-center)
o STUDY DRUG: Vorinostat 100 mg twice daily (D-10 to D100)

D-10 Do D 56 D100 D180

D FluBu2
Tacrolimus

‘Vorinos'ai PO 100 mg BID Primary Endpoint:

S

Day 100 Grade 2-4 Acute GVHD

]

FluBu2 = fludarabine + busulfan IV

Acetylation Of Histones H3/H4

H3 Acetylation H4 Acetylation
3 15 +
g P=0.037 i P=0.014
* *

S I 15 .
3 w0 e ]
g Seqsee ALl % 10 ceeg

05 L -
g .. e g 05 oge B
§ f o
: & ) * & »

& &
& & & <®

O Control (N =13)
O Study (N = 26)
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T Cells
Absolute Lymphocyte Count . CD4* CD25* CD127 Count
3 0.08-
P=0.028 3 . P=0.012
.
s i 006 o *
i §
3 8 oos
° Fy .
2 8 o
-+ . . J
3 oml
o N=16 N=26
FoxP3 Expression
0
& P=0.008 . .. P<0.0001
a3 . * 2 b *
o 0 g »
] - H '
g H
3 —:-I!:-.— g " =
* o - o LT -
N=16 N=26 N=19 N =30
O Control
O Study

e
Primary Endpoint: Acute GVHD

08 1.0

0.6

Cumulative Incidence
04

0.2

20 40 60 80 100
Days since Transplant

0.0

—— Grade 2-4 Acute GVHD (22%)
-------- Grade 3-4 Acute GVHD (6%)

[
Conclusions

oSafe & feasible to administer vorinostat (D-10 thru D100) at a
dose that inhibited histone deacetylase activity & had good
bioavailability.

oCorrelative laboratory data were consistent with experimental
studies.

o Vorinostat combined with standard GVHD prophylaxis reduced
the cumulative incidence of grade 2—4 acute GVHD by D100.

oDemonstrate translation of our experimental observations into
a phase I/ll clinical trial of GVHD prevention.

2/4/114
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Eliminating GVHD while sparing beneficial T cells

GVHD GVT Pathogen-specific
immunity
pr -
™ ; B
}’»sf} - %
L 3

a)Ty ) Tumor-reactive T cells

Graft-Versus-Host Disease: o
A Surge of Developments PLOS meoicme
Stanley R. Riddell, Frederick R. Appelbaum 42037 | Vo 4| ue7 | €158

Eliminating GVHD while sparing beneficial T cells

GVHD Pathogen-specific
immunity
" @ ﬁ -
not
these?
Dowesd

o sle—28 @

inhibit these...

a)Ty ©) Tumor-reactive T cells

Graft-Versus Host Disease: e
A Surge of Developments PLOS meoicme
Stanley R. Riddell, Frederick R. Appelbaum 3407 | Voume | ssse | €198

The thymus generates a naive T cell pool
from which the memory repertoire is derived

Memory T cell
CD4+or CD8+

Repeat Exposure .
to Antigen

_— [ —
‘ Antigenic Stimulation ‘

Naive Thymic Emigrant
CD4+ or CD8+ T Cell Effector T cell

CD4+ or CD8+

Thymus
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Kinetics of memory T cell development

Secondary memory
Recall (boosting)

Maintenance Cmemory?)

Number of antigen-specific T cells

“Classic”effector cells

Priming Time Bmlsﬁ,‘g

S Jameson, et al., Immunity 2009; 31(6):859-71

Memory CD4" T cells do not induce
graft-versus-host disease

Britt E. Anderson,’ Jennifer McNiff;2 Jun Yan,? Hester Doyle, Mark Mamula,?
Mark J. Shlomchik, * and Warren D. Shlomchik'*
The Journal of Clinical Investigation | July2003 | Volume112 | Numberl
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27 24 36
Days after BMT

R - - -T depleted
3 100 === === aa ~— = Memory
G775
o]
=>
SO 50
5>
°\o'n 25 — Total T cells

07 —— Naive

T cell signaling differs in “naive” and
more mature T cells

CD8

@
8

*

*

g 6001 .
g |
w
400 e
»E' P e
o ° )
T 200 e :
= . —
A [
v T v T
N Teow  Tem  Temra

* p<0.01 ** p<0.0005

Shindo T, et al., Blood 2013;121:4617-4626
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Function

Alloreactivity

Pathogen
protection

MEKing it easier to prevent GVHD

™ Teu
ERK
phosphorylation

Stages of T-cell differentiation:

0-0-0-0

Tem TEMRA

Professionsl iustraton by Pauetie Denrss.

blood

NoDC oc
DMSO Tacro 1nM Tacro10nM  AZD6244 1M  AZD6244 10:M 'Azn;;xtu
@ oo I [as (m i |
3
) -\
P
8
o
- CFSE
Shindo T, et al., Blood 2013;121:4617-4626
NooC
Tocro e
oAZDG2u }
5
CFSE
2100 210
3 8
~ 80 - 8
°
3 e 3 6
; 40- ; 4
w w
2 2
S 20- S 2
B o *®
nooe owso Y TR T dow Azo nooe owso D TR T tom oazo
p<0.05
Shindo T, et al., Blood 2013;121:4617-4626
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Function
ERK
phosphorylation
Alloreactivity

Pathogen
protection

MEKing it easier to prevent GVHD

Stages of T-cell differentiation:

0-0-0-0
|
-

Professionsl iustraton by Pauetie Denrss.
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Short term MEK inhibition significantly
delays murine GVHD
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Improved Survival with MEK Inhibition
in BRAF-Mutated Melanoma

A Progression-free Survival

Hazard ratio, 0.45 (95% Cl, 0.33-0.63)
P<0.001

Trametinib
(N=214)

Chemotherapy
(N=108)

Probability of Progression-free Survival
22

Months since Randomization

No. at Risk
Chemotherapy 108 87 43 24 21 10 6 1
Trametinib 214 205 163 100 88 28 2 5

oo
co

Flaherty KT, et al. N Engl J Med 2013; 367: 107-114

Selective immunosuppression

We have identified an approach that may selectively target cells
that can cause GVHD while sparing cells that protect patients
from potentially lethal infection

Drugs developed with another rationale (in this case, safely used
to treat melanoma and other solid tumors) may be repurposed
for benefit in SCT
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Summary

We have seen dramatic advances in systems biology, cellular therapy
and immunology, but to date these have not significantly influenced
therapeutic approaches, including for GVHD.

Novel approaches including cellular therapies and novel targeted
agents are likely to yield more selective immunosuppression

Controlled studies of novel approaches will be required, with the
likelihood that we will be able to more selectively prevent and more
effectively treat acute and chronic GVHD.
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