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GvHD is a major complication of alloSCT

Donor-derived * Up to 50% of patients develop GvHD,

immune cells are

transferred to the despite immunosuppressive prophylaxis3

recipient along with
the hematopoietic
stem cells (graft)'2 0 0 @ o @

9‘.

Host cells are o ) & o o
recognized as

foreign and

attacked'?

1. Ferrara JL, et al. Lancet. 2009;373:1550-61. 2. Spoerl S, et al. Blood. 2014;123:3832-42.
3. Zeiser R, Blazar BR. N Engl J Med. 2017;377:2167-79. 4. Jagasia M, et al. Inmunotherapy.
alloSCT, allogeneic stem cell transplant; GvHD, graft-versus-host disease 2018;10:391-402. 5. Martin PJ, et al. Biol Blood Marrow Transplant. 2012;18:1150-63




Pathophvsiocology of Graft versus Host Disease
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Conditioning regimens damage - Host APCs activate donor = T cells migrate to target tissues
tissues : T cells and cause tissue destruction

= Inflammatory cytokines, such as = T cells proliferate and = Th1 cells promote proliferation
TNF-c, IL-1, and IL-6, are differentiate into different and differentiation of CTLs and
released subsets stimulate NK cells, inducing

apoptosis via effector
molecules (e.g. perforin,
granzymes, IFN-y)

- Host APCs are activated
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Comparative analysis of risk factors for acute graft-versus-host disease and for
chronic graft-versus-host disease according to National Institutes of Health
consensus criteria
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Table 3, Summary offactors associated with increased risk of grades 24 acute and chronic GVHD

& Acute GVHD _.__'0'_ Matched unrelated donar
= NIH Chronic GVHD -— Mismatched related donor Acute GVHD Chronic GVHD
— _&—>— Mismalched unrelated donor : ;
’ Factor Previously reported" Current study Previously reportedt Current studyy
— . Female donor/male recipient
TO—  _a Mobilized blood cell graf HLA mismatch or nrelated donor Jes Jes Jes Jes
—— Diagnosis of CML Obr pafentage Jes 0 Jes e
T Total body iradiation Olerdonor age 1es jes Jes e
—— Conditioning with rabbit ATG N
Female donor for male recipiet Jes Vs Jes Jes
v - Patient age (per decade) St o e ——
% Donor age (per decade) it of famale donor (alosenstization Jes § J8s §
0 06 08 10 20 Intensity of conditoning egimen Jes | 0 |
Hazard Ratio Mobiized blood cel raft nolyes 0 Jes Jes
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Hazard ratios are relative to patients without the risk factor.
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* Calcineurin inhibitors (tacrolimus/Tac and cyclosporine/CyA) inhibit
the proliferation and activation of Tcells and have been used in
combination with either methotrexate (MTX) or mycophenolate
mofetil (MMF) as standard prophylaxis in HLA-matched HSCT

* The combination of Tac/MTX was found to be significantly superior to
CyA/MTX is the prevention of grade II-IV aGVHD and extensive
chronic GVHD in HLA-matched sibling and unrelated donors, although
a benefit in overall survival (OS) was not shown



* Therefore, both regimens are considered standard backbones to most
GVHD prevention strategies for patients undergoing allogeneic HCT.



Mycophenolate mofetil (MMF)

* a selective inhibitor of inosine monophosphate dehydrogenase that is
a key enzyme in the de novo synthesis of guanine nucleotides

* A recent Center for International Blood and Marrow Transplant
Research study of 3979 matched sibling donors and 4163 unrelated
donors showed significantly inferior GVHD and survival outcomes
with CSA MMF compared with Tac, MTX, CSA, MTX, and Tac, MMF
in myeloablative transplantation, suggesting an advantage of MTX
over MMF for GVHD prevention.



* Sirolimus is a mTOR inhibitor which inhibits effector Tlymphocytes
and in in-vitro studies appeared to spare regulatory T-lymphocytes.

* shown to be associated with better GVHD outcomes and hence
sirolimus has an immunologic profile that was thought to be
potentially beneficial for GVHD prevention.
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* sirolimus in combination with tacrolimus was compared with the
standard Tac/MTX platform.

* There was no difference in grades II-IV aGVHD and Cgvhd

* better grade IlI-IV aGVHD outcomes with sirolimus/Tac were seen



* Tac + sirolimus is thus considered an important alternative for
patients undergoing total body irradiation-based transplantation,
particularly for may be at higher risk for developing severe mucositis
or require faster engraftment for risk of infection.



Translational Advances in GVHD Prophylaxis

* In-vivo T-Cell Depletion/Modulation
e Post-transplant Cyclophosphamide
* Anti-thymocyte Globulin

* Ex-vivo T-Cell Depletion/Modulation



ATG versus post-transplant cyclophosphamide for GvHD prophylaxis?
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ATG versus post-transplant cyclophosphamide for GvHD prophylaxis?

Rationale for the Cyclophosphamide-Based Haplo Approach

* Properties of post-transplantation Cy:

— Selectively toxic to proliferating, alloreactive T cells over non-

proliferating, non-alloreactive T cellS (rucns £y, et ai. Bone Marrow Transpiant. 2015;50 suppi
2(0 2):531-6.)

— Non-toxic to hematopoietic stem cells (ruggeri A, et ai. Haematoiogica. 2017;102(2):401-410.)
— Decreases acute GvHD in animal models (Luzik L, et ai. Biood. 2001;98(12):3456-64.)

Signatures of GVHD and relapse after posttransplant
cyclophosphamide revealed by immune profiling and
machine learning

Blood. 2022:139(4).608-623.



ATG versus post-transplant cyclophosphamide for GvHD prophylaxis?

Summary of rATG Mechanisms of Action

« The polyclonal nature of rATG is

reflected in its diverse effects on « foreign » A _—
the immune system : cells L J
— T-cell depletion in blood and / {:g >
peripheral lymphoid tissues Immature -
— Interference with DC 3
leukocyte/endothelium ¢
interactions

— Apoptosis in all B-cell lineages
— Induction of Tregs/NKT cells

rATG provides multifaceted
immunomodulation

e S s oa. SAE: Mt A (9 % oo, Adapted from Mohty M. Leukemia. 2007:21(7):1387-94.




Table 3. Randomized studies of rabbit ATG as GvHD prevention in patients given allogeneic hematopoietic cell transplantation.
N of ATGbrand /  Acute GHD  Chronic GVHD  Non-relapse Relapse Overall
patients total dose -V mortality survival
(mg,/kg
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b Table 4. Proposed indications for immunoregulation with ATG in patients given PBSC from allogeneic donors.

Recommendation for ATG  Dose and timing of ATG

Myeloablative PBSCT from matched sibling donors® standard of care ATG-F 10 mg/kg/day on days -3, -2 and -1.

Myeloablative PBSCT from HLA-matchedunrelated donors™* standard of care ATG-F 20 mg/kg/day on days -3, -2 and -1
ATG-T 0.5 mgkg on day -2 and 2 mg/kg on days -1 and +1.

RIC-PBSCT fludarabine-busulfan® recommended ATG-T 25 mg/kg/day on days -2 and - .
Non-myeloablative PBSCT developmental /
HLA-haplo-identical stem cell transplantation (Bejing approach)®  standard of care ATG-T L5 mg/kg/day from days -3 to -

* some centers use smaller doses such as 1 mg/kg total dose.
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Posttransplant cyclophosphamide vs antithymocyte
globulin in HLA-mismatched unrelated

donor transplantation
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Retrospective study using the registry data of the ALWP of the EBMT to perform a matched-pair analysis comparing two
strategies, PTCY versus ATG, in 3 9/10 MMUD setting; 93 patients receiving PTCY were matched with 179 patients
receiving ATG

yto Giotutn. GvHD. Graft versus

ATG. Arttrymmos
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Afanasyev,” Inken Higendori,® Johannes Schetelig.”

® PTCY resultsin alower
incidence of severe
acute GVHD compared
with ATG in patients
transplanted from 9/10
MMUD for acute
myeloid leukemia.

® PTCY results in better
survival compared
with ATG in patients
transplanted from
9/10 MMUD for acute
myeloid leukemia.
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ATG versus post-transplant cyclophosphamide for GvHD prophylaxis?

PTCy versus ATG after RIC allogeneic cell transplantation:
conclusions

- The use of PTCY for GVHD prophylaxis resulted in similar
outcomes compared to ATG in patients who underwent FB2
allogeneic stem cell transplantation with a 10/10 HLA-matched

related or unrelated donor.

- Both PTCY or ATG can be used for GVHD prophylaxis in patients
receiving FB2 conditioning prior to allogeneic stem cell

transplantation with a 10/10 HLA-matched related or unrelated donor.
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nid s Gubdl) Gra® varsem bMost Dssass

Brissot E, et al. Presidential Symposium #GS2-2. Van Bekkum Award; EBMT 2021



ATG versus post-transplant cyclophosphamide for GvHD prophylaxis?

What’s next ?



ATG versus post-transplant cyclophosphamide for GvHD prophylaxis?

Lower dose of ATG combined with post-transplant
cyclophosphamide for HLA matched RIC alloHCT is
associated with effective control of GVHD and less

viral infections

ersus post-transplant cyclophosphamide for GvHD prophylaxi

ATG and PtCy combination

Retrospective multicenter study inclfuding oiil consecutive patients with R/R hematological malignaoncy who underwent aito-SCT with TEC-RIC sequentiol conditioning
between April 201 3 ond February 2016 [ N=72.
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ATG versus post-transplant cyclophosphamide for GvHD prophylaxis?

ATG and PtCy Combination

Total Haplo MRD p-value
Outcomes at Year 2 (n=72) (n=27) (n=16) (comparison

between Haplo, MRD

n (%) n (%) n (%) & UD groups)

Relapse incidence P=0.858

NRM : . P=0.376

Acute GVHD IlI-IV a - : z P=0.027 \

Chronic GVHD i X P=0.909

Dulery R, et al. Biol Blood Marrow Transplant. 2018;24(5):1013-1021.
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GRAFT MANIPULATION INFUSED CELLS ADVANTAGES DISADVANTAGES
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Table 1. Clinical trials with TCR-a3 /CD19-depleted haematopoietic stem cells (HSCs).

Graft-versus-Host Disease

Acute/Chronic

Patients Disease (GVHD) Prophylaxis GVHD TRM EFS(DFS)/OS Reference
28 HR-AML FK506, MTX 39%/30% 10% 60%/67% (2 years) [19]
FK506, MTX; FK506, MMF; ” 3.3%
37 PID CYA MTX 22% (27% GF) 96.7% (15 months) [20]
41 AL MMF 10%/9% N, A/Alpatientsalive: op
after 1.6 years
23 Non-malignant None 13%/0% 9.3% 91% (2 years) [16,22]
34 HR-AL N.A. 5.9%/6.1% 14.7% 42%/54% (1 year) [23]
80 AL None AYG; voextensivg 5% 71%/72% (5 years) 24]

chronic GVHD

Legend: HR-AML = high-risk acute myeloid leukaemia; CYA = cyclosporine-A; MTX = methotrexate;
DFS = disease-free survival; EFS = event-free survival; OS = overall survival; GF = graft failure; PID = primary
immune deficiencies; AL = acute leukaemia; HR-AL = high-risk acute leukaemia; MMF = mycophenolate mofetil;
N.A. = not available; TRM = transplantation-related mortality.



Table 2. Clinical trials with CD45RA T-cell depletion.

Graft-Versus-Host
Patients Disease Disease (GVHD) Acute/Chronic GVHD TRM EFS(DFS)/0S Reference
Prophylaxis
High-risk . o y o _
35 leuk aemia Tacrolimus 66%; 9% 9% 70%,/78% (2 years) [29]
1 patient died of .
B Solid tumours Sirolimus No acute GVHD or GF  sinusoidal obstruction NA. (median follow-up [34]
was 184 days)
syndrome

17.6% grades -1V 76.5% of patients alive at
17 Haematnluﬁlcal Sirolimus and MME EIL‘LI’IEE L‘l_.-’HD,"' 6 patients wo a median of 223 days after 13]

malignancies with signs of oral or haematopoietic stem cell

skin chronic GVHD transplantation (HSCT)

DFS = disease-free survival; EFS = event-free survival; OS = overall survival; TRM = transplantation-related
mortality; GF = graft failure; MMF = mycophenolate mofetil; N.A. = not available.
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Abatacept for GVHD prophylaxis can reduce racial disparities by
abrogating the impact of mismatching in unrelated donor stem cell transplantation
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How | prevent GVHD in high-risk patients: posttransplant cyclophosphamide
and beyond
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Table 1. Novel approaches to GVHD

Ongoing clinical

Therapies Mechanisms of action Data trials
Prevention
Tocilizumab Human monoclonal antibody against Phase 2 study of tocilizumab + Tac + MTX: NCT03434730
IL-6R 14% grade 2-4 acute GVHD, 3% grades
3 and 4 acute GVHD at 100 d*°
Abatacept Costimulation blockade of CD28: 2 of 10 patients with grade 2-4 acute GVHD, NCTO01743131
CD80/86 to inhibit T cells no day 100 TRM*° NCT02867800
Tregs Regulate self-tolerance, limit GVHD Modified expanded umbilical cord NCT01660607
while maintaining GVL effect blood-derived Tregs: grade 2-4 acute NCT00602693
GVHD 9% at 100 d** NCT01818479
NCT01795573
T-cell depletion (CD34 Depletion of alloreactive T cells and CD34+ selection: grade 2-4 acute GVHD NCT02323867
selection and selective selective o T-cell depletion, with 22.7%, chronic GVHD 6.8%%° NCT02600208
ex vivo T-cell depletion) preservation of yd T cells and NK cells NCT03301168
NCT03047746
NCT02345850
Statins Inhibit proinflammatory Th-1 Phase 2 study of statin to both donors and NCT03066466
differentiation, induce Treg expansion, recipients with Tac + MTX—grade 2-4
and downregulate APCs 3.3%; chronic GVHD 52.3%%°
Vorinostat Histone deacetylase inhibitor decreases Phase 2 study of vorinostat + Tac + MTX: NCT01790568
inflammatory cytokines, enhances Treg grade 2-4 acute GVHD 22%, grades 3
function, and reduces GVHD while and 4 acute GVHD 8%; chronic GVHD
preserving GVL 29%"°"
JAK inhibitors (itacitinib, Reduction of proinflammatory cytokines, Preclinical studies and use in treatment NCT03320642

ruxolitinib)

T-cell activation and function,
preserves Tregs, GVL effect

setting
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Randomized Phase Il BMT CTN Trial of
Calcineurin Inhibitor—Free Chronic Graft-
Versus-Host Disease Interventions in
Myeloablative Hematopoietic Cell
Transplantation for Hematologic Malignancies

Leo Luznik, MD'; Marcelo C. Pasquini, MD, MS<; Brent Logan, PhD?; Robert J. Soiffer, MD>; Juan Wu, PhD*; Stewven M. Devine, MD=;
Mancy Geller, PhD%; Sergio Giralt, MD"; Helen E. Heslop, MD®; Mary M. Horowitz, MD, MS=; Richard J. Jones, MD'; Mark R. Litzow, MD%;
Adam Mendizabal, PhD*; Lori Muffly, MD'®; Eneida R. Nemecek, MD'%; Lynn O'Donnell, PhD*?; Richard J. O'Reilly, MD;

Raguel Palencia, PharmD'#*; Johannes Schetelig, MD?; Leyla Shune, MD'?; Scott R. Solomon, MD'S; Sumithira Vasu, MDZ;
Vincent T. Ho, MD¥*; and Miguel-Angel Perales, MD™

PURPOSE Calcineurin inhibitors {CMI) are standard companents of graft-versus-host disease (GVWVH D) prophiylaxis
after hematopoietic cell transplantation (HCT). Prior data suggested that CMNI-free approaches using donor T-cell
depletion, either by ex vivo CD34 selection or in vivo post-transplant cyclophosphamide (PFTCy) as a single agent,
are associated with lower rates of chronic GYHD (cGWHD).

METHODS This multicenter phase |l trial randomly assigned patients with acute leukemia or myelodysplasia and
an HLA-matched donor to receive CD34d-selected periphearal blood stem cell, PTCy after a bone marrow {(BM)
graft, or tacrolimus and methotrexate after BM graft (control). The primary end point was cGWYHD (moderate or
severe) or relapse-free survival (CRFS).

RESULTS Among 346 patients enrolled, 327 received HCT, 300 per protocol. Intent-to-treat rates of 2-year
CRFS were 90 .6% for CD34 selection (hazard ratio [HR] compared with control, 0.80; 9525 CI, 0.56t0 1.15;
P = 24) 48.1%% for PTCy (HR, 0.86; 0.61 to 1.23; A= .41), and 41.0% for control. Corresponding rates of
averall survival were 60,192 (HR, 1.74: 1.09 to 2.820; P = 02), 76.2% (HR, 1.02: 0.60to 1.72: P = 95), and
F6.1%. CD34 selection was associated with lower moderate to severe cGVHD (HR. 0.25; 0.12 to 0.52;
F = 02) but higher transplant-related mortality (HR, 2.76; 1. 26 to 6.06; £ = 01). PTCy was associated with
comparable cGVHD and survival outcomes to control, and a trend toward lower disease relapse (HR, 0.52;
0.28 to 0.96; P = 037).

CONCLUSION CHMI-free interventions as performed herein did not result in superior CRFS compared with
tacrolimus and methotrexate with BM. Lower rates of moderate and sewvere cGVHD did not translate into

improved survival.
J Clin Oncol 40:356-368. © Z021 by American Society of Clinical ODncology



2012-2017
Phase 2 BMT CTN 1203 (PROGRESS 1) . )
Primary endpoint: 1-year GRFS
% 35% [HR0.98 (90% C10.76-1.27) P=0.92]
18-75 years old
Malignant diseases Tac/MTX

28% [HR0.72 (90% C10.86-1.41) P=0.45)

7-8/8 HLA matched donor maraviroc
Reduced intensity
PTCy/Tac/MMF  |35% [HR 0.72 (90% CI 0.54-0.04) P=0.04) e
|
Tac/MTX control | BMT CTN 1703
2011 (ciBmTR) 4% [control] *| (PROGRESS Ill)

CIBMTR

Benchmark
Analysis

2013-2021
Phase 3 BMT CTN 1301 (PROGRESS i) Primary endpoint: 2 year CRFS

4 PCled
50.6% [HR 0.80(95% C1 0.56-1.15) P=0.24]
<65 years old
Early malignant disease
8/8 HLA matched donor PTE:; |48.196 [HR0.86 (95% C10.61-1.23) P=0.41]

Myelcablative
Tac/MTX I 41.0% [control)
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1 | INTRODUCTION
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Abstract

Background: Uric acid (UA] level is of the valuable signs of inflammation. However,
the role of UA in the outcomes of hematopoietic stem cell transplantation (H5CT)
such as GWVHD and patients’ overall survival is still 3 matter of debate. In this study,
we aimed to evaluate the relationship between UA levels and GYHD incidence and
overall survival in allogeneic HSCT patients.

Methods: A total of 201 patients who were admitted for allogeneic transplantation
at Taleghani hospital, Tehran, Iran, were considered for retrospective analysis. Serum
UA levels from 1 week before transplantation until 2 weeks after transplantation
were used to determine thresholds and find out the association of serum UA levels
with GVHD and overall survival.

Results: We showed that the determinad thresholds using receiver operating char-
acteristic curves have poor predictive value for GVHD and overall survival. The pa-
tients with serum UA higher than 3.4 mg/dL had 37% lower odds of GWHD incidence
and 35% lower hazard of death than patients with WA lower than 3.4 mg/dL.
Conclusion: Our results indicated that serum UA levels lower than 3.4 mg/dL could
significantly increase the incidence of GWHD and hazard of death. The antioxidant
functions of UA could explain the lower incidence of GVHD in hyperuricemic pa-
tients. However, the inconsistencies of the previous studies reguire further investiga-
tion to elucidate the role of UA in the prediction of GYHD.
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Soluble T Cell Immunoglobulin and Mucin Domain-3 (sTIM-3) Predicts
Graft-Versus-Host Disease (GVHD) in Iranian Allogeneic
Hematopoietic Stem Cell Transplantation
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HSCT represents reliable influential
factors on graft-versus-host disease and
overall survival
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Material and methods

We analyzed 87 patients with hematological malignancies who underwent
allogeneic hematopoietic stem cell transplantation at the Taleghani Stem Cell
Transplantation and Cell therapy center, Tehran, Iran from January 2016 to
December 2018. Patients were conditioned with either myeloablative
conditioning regimen or reduced-intensity regimen.

Result

A CD34" cell dose < 4.35 x 105/kg and CD3" cell dose < 365 x 105/kg was
associated with higher survival and lower acute and chronic GVHD incidence,
although their association was not statistically significant. Moreover, there

was a significant association between MNC count < 6.15 x 108/kg and acute
GVHD incidence.
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-I_ Type of Graft manipulation EE-

1 (SF) Unrelated (9/10) CD34 Selection

2 (ST) AML 38 Related (FM) CD3/CD19 depletion NO

3 (KR) SAA 29 Related (FM) CD34 Selection NO

4 (NF) SAA 30 Related (FM) CD34 Selection NO

5 (RR) MD 7 Haplo-father CD3/CD19 depletion NO

6 (ANA) SAA 29 Related (FM) CD34 Selection NO

7 (MA) SAA 26 Unrelated (9/10) CD34 Selection NO

8 (ZG) AML 27 Unrelated (FM) CD3/CD19 depletion+T cell Add-back NO

9 (HR) HD 17 Haplo-brother CD3/CD19 depletion+T cell Add-back Grade |
10 (MJ) NHL 37 Related (FM) CD34 selection +T cell Add-back NO

11 (FY) AML 19 Haplo-Sister CD34 Selection + T cell Add-back NO

12 (AZ) AML 16 Haplo-mother CD34 Selection + T cell Add-back NO

13 (FF) AA 22 Haplo-sister CD3/CD19 depletion NO

14 (EA) AML 18 Unrelated (9/10) CD3 Selection NO

15 (HF) ALL 42 Related (FM) CD3/CD19 depletion Grade I
16 (MM) AML 52 Haplo-brother CD3/CD19 depletion HC

17 (AS) SAA 40 Haplo-sister CD3/CD19 depletion Grade IV
18 (MF) SAA 35 Unrelateed (FM) CD3 Selection NO

19 (MA) AML 55 Related (9/10) CD3/CD19 depletion Grade Il

20 (SF) MD 7 Related (FM) TCRaB/CD19 Depletion NO



Take home

* Choose an appropriate combination of immunosuppressants with
respect to the pharmacokinetics and pharmacodynamics in the target

species

 Single-drug protocols should be limited to verified exemptions

 Along with the changing transplant population, the field of HCT
has dramatically shifted in the past decade because of the

widespread adoption of posttransplantation cyclo

ohosphamide

(PTCy), which has increased the use of HLA-mismatched

related donors to levels comparable to HLA-matc
donors.

ned related



 Role of biomarkers

* Preventive algorithm based on biology

e Graft manipulation accessible for bmt ward



e T

ITTO.ORG




