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Historical Perspective

• A fatal syndrome of skin 
abnormalities and diarrhea (or 
wasting, in newborns) given 
allogeneic spleen cells after 
irradiation (or in the newborns, at 
all).

• Primary disease was the same thing 
after irradiation itself.

• This was in the 1950’s, and in mice.
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Billingham Postulates for Acute GVHD (1966)

1. The transplanted graft must contain immunologically competent 
cells – donor T cells

2. The recipient must be incapable of rejecting or eliminating 
transplanted cells – immune-ablative agents 

3. The recipient must express tissue antigens that are not present in 
the transplant donor, thus the recipient antigens are recognized as 
foreign by donor cells – major and minor HLA-mismatch

Although aGVHD manifestations occur early after engraftment, late 
presentations are seen (>100 days – withdrawal of immunosuppression, 
reduced intensity transplants   



Approaches to blunt the distinct stages of 
GvHD induction
• Reducing donor & anti-host 

allogeneic T cells
• Blunting T cell signals
• Inhibiting co-stimulatory signals
• Impairing activating & 

inflammatory cytokine signals 
driven GvHD injury

• Regulating histone deacetylase
• Blocking T cell chemokine receptor 

directed migration into GvHD 
organs

• Cellular therapy



Risk factors for GVHD

Zeiser R, Blazar BR. Acute Graft-versus-Host Disease - Biologic Process, Prevention, and Therapy. N Engl J Med. 2017;377(22):2167-2179.



A balance of GVH and GVL

Gratwohl, A. et al. Blood 2002;100:3877-3886

• 4174 HLA-identical sibling transplants for 
chronic myelogenous leukemia in first chronic 
phase

• TRM increased with increasing grades of 
aGVHD

• Increasing degrees of aGVHD reduced the risk 
of relapse

OS

TRM

Relapse Incidence



Problem 
statement

• Amongst all allogeneic 
transplants, 30-50% patients 
develop GVHD

• Severe acute GVHD in 14%

Zeiser R, Blazar BR. Acute Graft-versus-Host 
Disease - Biologic Process, Prevention, and 
Therapy. N Engl J Med. 2017;377(22):2167-2179.



Strategies to prevent or mitigate aGVHD

• Post-transplant Immunosuppression 
• Antimetabolites

• Methotrexate – cytotoxic 
• Mycophenolate Mofetil (MMF) – prevention 

of synthesis/proliferation/function of T/B 
lymphocytes (↓purine synthesis)

• Calcineurin inhibitors
• Cyclosporine
• Tacrolimus

• M-TOR inhibitor - sirolimus
• High-dose cyclophosphamide (PTCy)
• Antithymocyte globulin (ATG)

• T cell depletion
• In vitro and In vivo
• Pan T cell
• Selective depletion – alpha/beta

• Novel – 

• use of immune checkpoint inhibitors
• Inhibition of CTLA-4 pathway: abatacept

• T cell signaling

• Enhancing regulatory T cells (T-regs)

• Invariant NK-T cells

• Targeting T cell trafficking

• Targeting cytokine pathways

• Targeting tissue damage/endothelial 
pathway

• T cell modulation



Decreasing the damage to the host 

• This can be divided into giving less rigorous conditioning regimens or 
blocking the cytokines or other products that lead to the activation of 
APC’s.

• Antibiotics have been shown to decrease the frequency of acute 
GVHD.

• TNF-alpha inhibitors have been tried to decrease GVHD

• Holler et al were able to postpone the development of acute GVHD 
but not reduce the rate with the use of prophylactic TNF-alpha 
inhibitors.



Stopping activation and proliferation of donor 
lymphocytes
• Cyclosporine

• Methotrexate

• Tacrolimus

• Sirolimus

• Mycophenolate mofetil

• Steroids

• Alemtuzamab (Campath)

• ATG

• Abatacept



Methotrexate

• Methotrexate is a folate antimetabolite 

• As a single agent significant GVHD develops in 70%

• It has found a significant role in prevention when used in combination with other 
immune suppressant medications

Cyclosporine/Tacrolimus
• Cyclosporine/Tacrolimus  is a calcineurine inhibitor
• Inhibition of calcineurine prevents the transcription of NFAT and many 

cytokines (IL-2, TNF-alpha, IL-3, IL-4) which decreases the proliferation of 
lymphocytes

Steroids



Deeg HJ, Storb R, Thomas ED, et al. Cyclosporine as prophylaxis for graft-versus-host disease: a randomized study in patients 
undergoing marrow transplantation for acute nonlymphoblastic leukemia. Blood. 1985;65(6):1325-1334.

Fred Hutchinson Cancer Center 

CSP reduced the incidence of GVHD as 
compared to MTX alone however there 
was no survival advantage​

MTX - 15 mg/m2 IV on day 1 and 10 
mg/m2 on days 3, 6, 11, 18, and 25, and 
then every two weeks until day 95

CSP, 1.5 mg/kg, was given IV (infused 
over one hour) every 12 hours until the 
patient had recovered from GI toxicity. 
CSP was then converted to an oral dose 
of 6.25 mg/kg every 12 hours

Comparison of CSA vs MTX



Storb R, Deeg HJ, Whitehead J, et al. Methotrexate and cyclosporine compared with cyclosporine alone for prophylaxis of 
acute graft versus host disease after marrow transplantation for leukemia. N Engl J Med. 1986;314(12):729-735.

The incidence of acute GVHD was 
significantly reduced with 
cyclosporine + short course 
methotrexate – 33% reduction in grade 
II-IV acute GVHD as compared to 
cyclosporine alone

Seven patients who received 
cyclosporine alone acquired grade IV 
acute graft versus host disease, as 
compared with none who received 
both methotrexate and cyclosporine.

Comparison of CSA+ MTX vs CSA



Ratanatharathorn V, Nash RA, Przepiorka D, et al. Phase III study comparing methotrexate and tacrolimus (prograf, FK506) with 
methotrexate and cyclosporine for graft-versus-host disease prophylaxis after HLA-identical sibling bone marrow 
transplantation. Blood. 1998;92(7):2303-2314.

The incidence of grade III-IV acute 
GVHD was similar, 17.1% in 
cyclosporine group and 13.3% in the 
tacrolimus group.

There was a higher frequency of 
deaths from regimen-related 
toxicity in patients with advanced 
disease who received tacrolimus.

CSA + METHOTREXATE vs TAC + METHOTREXATE in MRD 
TX 

CSA + MTX

TAC + MTX

CSA + MTX

TAC + MTX



Nash RA, Antin JH, Karanes C, et al. Phase 3 study comparing methotrexate and tacrolimus with methotrexate and 
cyclosporine for prophylaxis of acute graft-versus-host disease after marrow transplantation from unrelated donors. Blood. 
2000;96(6):2062-2068.

CSA + METHOTREXATE vs TAC + METHOTREXATE in MUD TX





Sirolimus

• M-TOR Inhibitor

• Sirolimus is an immune suppressant that appears to work 
synergistically with Tacrolimus.



Cutler C, Logan B, Nakamura R, et al. Tacrolimus/sirolimus vs tacrolimus/methotrexate as GVHD prophylaxis after matched, 
related donor allogeneic HCT. Blood. 2014;124(8):1372-1377.

Tacrolimus from day −3 at a 
dose of 0.02 mg/kg/day by 
continuous IV 
infusion, target serum 
concentration of 5 to 10 
ng/mL
Sirolimus from day −3 with a 
12 mg oral loading dose, 
followed by daily oral doses 
of 4 mg, target serum trough 
concentration of 3 to 12 
ng/mL

Based on similar long-term 
outcomes, more rapid 
engraftment, and less 
oropharyngeal mucositis, 
the combination of Tac/Sir is 
an acceptable alternative to 
Tac/Mtx after MRD HCT.

TAC + METHOTREXATE Vs TAC + Sirolimus in MRD 
TX 



Mycophenolate Mofetil

• IMPD inhibitor

• Lymphotoxic

• Doesnot cause mucositis unlike methotrexate containing regimens

• Commonly used regimen in RIT and cord transplants



Hamilton BK, Liu Y, Hemmer MT, et al. Inferior Outcomes with 
Cyclosporine and Mycophenolate Mofetil after Myeloablative 
Allogeneic Hematopoietic Cell Transplantation. Biol Blood 
Marrow Transplant. 2019;25(9):1744-1755.

MA - MRD

MA- MUD



In the URD group, MMF-CYSP was associated with increased risk of grade II to IV acute GVHD (relative risk [RR], 
1.78; P < .001) and grade III to IV acute GVHD (RR, 1.93; P = .006) compared with MTX-TAC.

In the URD group, use of MMF-TAC (versus MTX-TAC) lead to higher nonrelapse mortality. (hazard ratio, 1.48; P 
= .008).

Chhabra S, Liu Y, Hemmer MT, et al. Comparative Analysis of Calcineurin Inhibitor-Based Methotrexate and Mycophenolate 
Mofetil-Containing Regimens for Prevention of Graft-versus-Host Disease after Reduced-Intensity Conditioning Allogeneic 
Transplantation. Biol Blood Marrow Transplant. 2019;25(1):73-85.

RIC RIC



Sandmaier BM, Kornblit B, Storer BE, et al. Addition of sirolimus to standard cyclosporine plus mycophenolate mofetil-based 
graft-versus-host disease prophylaxis for patients after unrelated non-myeloablative haemopoietic stem cell transplantation: 
a multicentre, randomised, phase 3 trial. Lancet Haematol. 2019;6(8):e409-e418.

NMA conditioning
MUD donors

5·0 mg/kg of cyclosporine orally twice daily from day -3, and tapered from 
day 96 through to day 150

15 mg/kg of mycophenolate mofetil orally TID from day 0 until day 30, then 
twice daily until day 150, and tapered off by day 180.

In the triple-drug group, mycophenolate mofetil doses were the same as in 
the standard group, but the drug was discontinued on day 40. 

Sirolimus from day –3, orally at 2 mg once daily and adjusted to maintain 
trough concentrations between 3–12 ng/mL through to day 150, and (in the 
absence of GVHD) tapered off by day 180.

Overall survival at 4 years it was 64% in the triple-drug group (54–75) and 
46% in the standard group (34–57%; HR 0·62 [0·40–0·97]; p=0·035).

CSA + Sirolimus + MMF Vs CSA + MMF



•                Post Transplant Cyclophosphamide as GVHD 
Prophylaxis



Based on the concept that
a) Cyclophosphamide causes selective killing of alloreactive T cells – both anti-host and 

anti-donor [stem cells and resting memory T cells have high levels of ALDH1 – thus 
immune to Cy related damage] 

b) Development of peripheral tolerance
c) Central deletion of donor HSC derived anti-host T cells in the thymus



O'Donnell PV, Luznik L, Jones RJ, et al. Nonmyeloablative bone marrow transplantation from partially HLA-mismatched related 
donors using posttransplantation cyclophosphamide. Biol Blood Marrow Transplant. 2002;8(7):377-386.

POST TRANSPLANT 
CYCLOPHOSPHAMIDE



Luznik L, O'Donnell PV, Symons HJ, et al. HLA-haploidentical bone marrow transplantation for hematologic malignancies using 
nonmyeloablative conditioning and high-dose, posttransplantation cyclophosphamide. Biol Blood Marrow Transplant. 
2008;14(6):641-650.



Phase 3 randomised trial
MRD and MUD transplants
Reduced Intensity Conditioning Regimens
Experimental Arm- PTCY followed by Tacrolimus and MMF-214 patients
Control Arm- Tacrolimus and Methotrexate-217 patients

Primary End Point- GVHD Free, Relapse Free Survival at 1 year
Events: Grade 3/4 aGVHD, cGVHD requiring systemic immune 
suppression, relapse or progression, death

June 2023





July 2025
Phase 3 Randomised Study
Matched Related Donors
Experimental Arm – PTCY plus Cyclosporin – 66 patients
Control Arm- Cyclosporin and Methotrexate- 68 patients
Conditioning Regimens- Myeloablative and RIC

Primary End Point- GVHD Free Relapse Free Survival
Events: Grade 3/4 aGVHD, moderate to severe cGVHD , relapse or progression 
or  death





ATG in GVHD Prophylaxis



January 2016 

Phase 3 randomized study
MRD transplants in acute leukemia patients
Myeloablative conditioning regimens
Experimental arm- ATG (Fresenius) -10mg/kg -3 days + CSA+ MTX-83 patients
Control Arm- CSA + MTX- 72 patients
Primary End Point- Cumulative Incidence of cGVHD at 2 years



32%

68%

2 year – ATG-37%, non 
ATG- 17%



Phase 3 randomized study
MUD transplants
Myeloablative conditioning regimens for AML/MDS
Experimental arm- ATG (Fresenius) 20mg/kg x 3 days + TAC+ MTX-128 
patients
Control Arm- TAC + MTX-132 patients
Primary End Point- moderate-severe cGVHD free survival





JCO, July 2020

Phase 3 randomized study
MRD transplants
Myeloablative conditioning regimens for acute leukemias
Experimental arm- ATG (Thymoglobulin) - 4.5 mg/kg over 3 days + CSA+ 
MTX+MMF-132 patients
Control Arm- CSA + MTX+ MMF- 131 patients
Primary End Point- Grade 2-4, aGVHD at day 100





BCJ 2024

Phase 2 randomized study
MRD and MUD transplants
RIC  regimen for hematological malignancies- FLU-BU
Experimental arm- PTCY + CSA+ MMF-44 patients
Control Arm- ATG (5 mg/kg over 2 days- thymoglobulin) + CSA + MMF-37 patients
Primary End Point- GRFS at 12 months





Abatacept



Watkins B, Qayed M, McCracken C, et al. Phase II Trial of Costimulation Blockade With Abatacept for Prevention of Acute 
GVHD. J Clin Oncol. 2021;39(17):1865-1877.

For patients receiving abatacept, four 
doses were delivered, 10 mg/kg/dose, on 
days −1, +5, +14, and +28.

With abatacept, rates of AGVHD 
significantly decreased in HLA-matched 
and HLA-mismatched URD HCT, with 
particularly striking results in HLA-
mismatched HCT. 

This decrease in AGVHD was not 
accompanied by an increase in the risk of 
relapse or infectious complications



Abatacept and Post-Transplant Cyclophosphamide Along with Short Course 
Cyclosporine for Matched Family Donor HCT in Acute Leukemia: A Pilot Study.
Transplantation and Cellular Therapy. -Volume 31, Issue 2, Supplement S18-S19February 2025
Sarita Rani Jaiswal,∙ Mahak Agarwal, ∙ Kamal Kishor4 ∙ Manish Tandon5Suparno Chakrabarti,

https://www.astctjournal.org/issue/S2666-6367(21)X0011-5
https://www.astctjournal.org/issue/S2666-6367(25)X0003-8
https://www.astctjournal.org/issue/S2666-6367(25)X0003-8
https://www.astctjournal.org/issue/S2666-6367(25)X0003-8
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0001
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0001
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0002
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0002
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0003
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0003
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#aff0004
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0004
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0004
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#aff0005
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0005
https://www.astctjournal.org/article/S2666-6367(25)00032-6/abstract#au0005


Evolution of TCD graft strategies



JCO 2022

Results of 3 phase 2 studies with Naïve T cell depletion
MRD and MUD transplants- 
MAC and RIC regimen involving TBI, Fludarabine and Thiotepa for  hematological 
malignancies-
CD 34 selected graft with CD45 RA depleted memory cells infusion
GVHD prophylaxis –Tac +/- MTX or MMF 
Primary End Point- incidence of cGHVD and CRFS at 3 years













Summary

• CNI plus methotrexate has been the standard GVHD prophylaxis for last 4 decades for 
MRD and MUD transplants

• With above regimen- incidence of aGHVD has been atleast 40-50%

• In recent years- use of PTCy or ATG in matched related/unrelated donor transplant has 
shown to improve GVHD Free Relapse Free Survival

• However, between the 2 strategies, there is not enough data to suggest superiority.

• Addition  of abatacept to standard GVHD prophylaxis has also shown decrease incidence 
of GVHD   

• T depleted strategies that depleting naïve T cells (CD 45RA) being co infused with CD 34 + 
cells or alpha/beta T cell depletion  is another strategy that may decrease incidence of 
aGHVD

• In haplo transplant , both PTCy and T depleted strategies have shown favourable  
outcomes to decrease incidence of aGVHD
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