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Abstract 
Graft-versus-host disease (GVHD) is a life-threatening immunological complication that 
frequently follows allogeneic hematopoietic stem cell transplantation (allo-HSCT), a curative 
option for several hematological malignancies and non-malignant disorders. GVHD arises when 
donor-derived T lymphocytes recognize the recipient’s tissues as foreign, leading to systemic 
inflammation and organ dysfunction. It is clinically categorized into acute and chronic forms, each 
with distinct etiopathological features. Preventive strategies aim to mitigate GVHD while 
preserving graft-versus-leukemia (GVL) effects. This review summarizes the pathogenesis, 
classification, risk factors, and evolving pharmacological approaches used for GVHD prophylaxis, 
emphasizing their mechanisms and clinical outcomes. 
Keywords: Circular Economy, E-waste Management, Extended Producer Responsibility, India, 
National Green Tribunal 
1. INTRODUCTION 
Allogeneic hematopoietic stem cell transplantation (allo-HSCT) remains a cornerstone treatment 
for high-risk hematologic diseases. However, GVHD significantly limits its long-term success, 
contributing substantially to non-relapse morbidity and mortality [1]. GVHD results from 
immunological incompatibility between donor and recipient, particularly due to disparities in 
human leukocyte antigens (HLA), wherein donor T cells attack host tissues [2]. 
Acute GVHD (aGVHD) typically presents within 100 days of transplantation, targeting the skin, 
gastrointestinal tract, and liver. Symptoms include erythematous rash, profuse diarrhea, and 
cholestasis [3]. Chronic GVHD (cGVHD), developing later, can arise de novo or from preceding 
aGVHD and mimics autoimmune diseases, affecting mucocutaneous, ocular, pulmonary, and 
hepatic systems [4]. 
Despite advances in HLA typing, graft manipulation, and immunosuppressive regimens, GVHD 
remains a principal challenge in allo-HSCT, emphasizing the need for personalized and effective 
prophylaxis. 
2. PATHOPHYSIOLOGY OF ACUTE AND CHRONIC GVHD 
a). Acute GVHD (aGVHD) 



DRUG DOSAGE REGIMEN FOR GRAFT-VERSUS-HOST DISEASE PROPHYLAXIS IN STEM CELL TRANSPLANTATION: A REVIEW 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 7 No. 2  (2025) 
 

© 2025 The Authors 
 

211 

The pathogenesis of aGVHD involves a triphasic process initiated by conditioning-related tissue 
injury. This triggers the release of pathogen-associated (PAMPs) and damage-associated 
molecular patterns (DAMPs), which activate antigen-presenting cells (APCs) and stimulate the 
release of pro-inflammatory cytokines such as IL-6, IL-12, and IFN-γ [5]. This pro-inflammatory 
environment primes donor T cells, which migrate to target organs and elicit cytotoxic responses, 
particularly via Th1 and Th17 pathways [6]. 
A pivotal event is the upregulation of major histocompatibility complex (MHC) antigens on host 
cells, facilitating allo-recognition by donor T cells. The final effector phase is characterized by T 
cell-mediated cytotoxicity, leading to epithelial cell apoptosis and tissue destruction in the skin, 
gut, and liver [7]. 
b). Chronic GVHD (cGVHD) 
Unlike the acute variant, cGVHD is driven by dysregulated adaptive immunity, particularly 
involving impaired central and peripheral tolerance. Thymic injury, T regulatory (Treg) cell 
depletion, aberrant B-cell activation, and fibrotic changes define its pathogenesis [8,9]. Three 
overlapping stages are recognized: (i) initial tissue damage and persistent inflammation, (ii) 
immune dysregulation with pathogenic Th17/Tc17 and T follicular helper (Tfh) cell expansion, 
and (iii) progressive fibrosis, especially in the skin and lungs [10]. Fibrosis is mediated by 
cytokines such as TGF-β and PDGF, which stimulate fibroblast activation and collagen deposition. 
Macrophage polarization into pro-fibrotic M2 phenotypes and ST2/IL-33 signaling also contribute 
to disease progression [11,12]. Figure 1 [13] denotes a stepwise framework for preventing graft-
versus-host disease (GVHD) post-transplant involves: 
• Checkpoint 1 – T-cell depletion or inactivation: Accomplished via ex vivo techniques or 

pharmacologic agents like anti-thymocyte globulin (ATG), post-transplant cyclophosphamide 
(PTCy), or alemtuzumab. 

• Checkpoint 2 – Inhibition of T-cell trafficking: Strategies include blocking chemokine 
receptors like CCR5 (e.g., maraviroc). 

• Checkpoint 3 – Cytokine modulation: Anti-inflammatory agents such as tocilizumab (anti-
IL-6R) and JAK inhibitors (e.g., ruxolitinib) are used to reduce downstream immune 
activation. 

• Emerging checkpoint – Microbiome modulation: Targeted antibiotics, probiotics, and fecal 
microbiota transplantation aim to restore gut homeostasis and Treg populations. 

Approaches to prevent and treat GVHD after allogeneic stem cell transplantation – 
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Figure 1 denotes a stepwise framework for preventing graft-versus-host disease (GVHD) post-
transplant involves: 

3. PREVENTION OF GRAFT-VERSUS-HOST DISEASE (GVHD) 
Despite the availability of standardized prophylactic regimens, acute graft-versus-host disease 
(aGVHD) continues to affect approximately 20–50% of patients undergoing allogeneic 
hematopoietic stem cell transplantation (allo-HSCT), posing a significant risk for non-relapse 
mortality (NRM) [14,15]. Chronic GVHD (cGVHD) manifests in nearly 30–40% of recipients, 
often leading to long-term complications and reduced quality of life, highlighting an ongoing need 
for more effective preventive approaches [16]. 
A fundamental aspect of GVHD prevention lies in donor selection. Transplants from HLA-
identical sibling donors are associated with the lowest risk of both acute and chronic GVHD, 
establishing them as the preferred donor type [17]. In contrast, mismatches at HLA-A, -B, -C, and 
-DRB1 loci are strongly correlated with increased GVHD incidence and poorer survival outcomes 
[18]. Moreover, certain minor mismatches, such as those at HLA-DQB1 or non-permissive HLA-
DPB1 alleles, may also elevate GVHD risk and are ideally avoided [19]. 
Recent insights by Ferrara and colleagues proposed a triphasic model for aGVHD prevention, 
targeting three critical checkpoints: (1) depletion or inactivation of alloreactive T cells, (2) 
inhibition of T-cell homing to target tissues, and (3) cytokine blockade to suppress inflammation 
[20]. More recently, the role of the gut microbiome in modulating GVHD pathogenesis has gained 
attention, especially concerning gastrointestinal involvement [21]. 
Immunoprophylaxis for GVHD primarily involves either direct T-cell modulation or the 
interruption of T-cell signaling. Common agents include anti-thymocyte globulin (ATG) and post-
transplant cyclophosphamide (PTCy), both of which selectively deplete or inactivate donor-
derived alloreactive T cells [22,23]. Another therapeutic axis involves targeting the T-cell receptor 
(TCR) pathway through calcineurin inhibitors (CNIs), which suppress IL-2 transcription and 
thereby inhibit T-cell activation and proliferation [24]. 
4. PHARMACOLOGICAL REGIMENS FOR GVHD PROPHYLAXIS 
Standard prophylactic regimens typically combine a calcineurin inhibitor—either tacrolimus or 
cyclosporine—with methotrexate (MTX) or mycophenolate mofetil (MMF). MMF disrupts 
guanine nucleotide synthesis in T and B lymphocytes, thereby inhibiting cellular proliferation and 
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antibody production [25]. In comparative trials, tacrolimus combined with MTX was shown to be 
more effective than cyclosporine/MTX in reducing the incidence of grade II–IV aGVHD and 
severe cGVHD, although overall survival did not significantly differ [26,27]. 
A Swedish randomized controlled trial examining tacrolimus/MMF versus cyclosporine/MMF in 
patients receiving reduced-intensity conditioning found no significant differences in aGVHD 
incidence, relapse-free survival (RFS), or overall survival (OS) between the two arms [28]. 
Similarly, a Japanese trial comparing cyclosporine and tacrolimus in matched unrelated donor 
transplants reported comparable efficacy in preventing moderate to severe aGVHD [29]. 
Mycophenolate mofetil is particularly favored in regimens involving post-transplant 
cyclophosphamide or where MTX toxicity is a concern. Its use in combination with CNIs is now 
standard in haploidentical and matched unrelated donor (MUD) settings [30]. Table:1 summarizes 
the GVHD Prophylaxis regimens used in current settings. 
 

Table 1:  summarizing GVHD prophylaxis regimen 
Regimen Components Mechanism of 

Action 
Clinical Setting Reference 

CNI + MTX Tacrolimus/Cyclosporine + 
MTX 

IL-2 
suppression, 
DNA synthesis 
inhibition 

Matched sibling 
or unrelated 
donors 

[13,14] 

CNI + MMF Tacrolimus/Cyclosporine + 
MMF 

IL-2 inhibition 
+ guanine 
synthesis 
blockade 

RIC, CBT, 
mucositis-prone 
patients 

[15] 

PTCy-based PTCy + CNI ± MMF Selective 
deletion of 
alloreactive T 
cells, Treg 
preservation 

Haploidentical 
and mismatched 
transplants 

[28–30] 

Sirolimus-
based 

Sirolimus + Tac ± MTX mTOR 
inhibition, Treg 
sparing 

High GVHD 
risk or MTX 
intolerance 

[18,19] 

ATG-based ATG + CNI ± MTX/MMF T-cell 
depletion, Treg 
preservation 

MUD or MRD 
with MAC 
conditioning 

[20–22] 

Alemtuzumab-
based 

Alemtuzumab + CNI ± 
MTX 

CD52-targeted 
lymphocyte 
depletion 

UK centers, 
inborn error 
syndromes 

[25–27] 
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CTLA4-Ig 
based 

Abatacept + CNI + MTX CD28-
CD80/86 
blockade, T-
cell anergy 
induction 

MUD and 7/8 
matched donors 

[31] 

Maraviroc-
based 

Maraviroc + Standard 
Prophylaxis 

CCR5 
blockade, 
inhibits T-cell 
homing to 
liver/GI 

Under trial for 
GI/liver GVHD 
prevention 

[39] 

Treg/Tcon 
Adoptive 

CD34+ graft + Treg + Tcon 
infusion 

Early immune 
modulation by 
Tregs 

Haplo-HSCT 
with T-cell-
depleted grafts 

[35] 

Microbiota-
based 

Antibiotics/Probiotics/FMT Enhances Treg 
activity, 
restores 
microbial 
diversity 

Emerging 
experimental 
therapy 

[40,41] 

 
5. ADVANCED IMMUNOSUPPRESSIVE STRATEGIES FOR GVHD PROPHYLAXIS 
1. Sirolimus 
The mammalian target of rapamycin (mTOR) inhibitor sirolimus has garnered attention for its dual 
ability to suppress effector T lymphocytes while preserving regulatory T cells (Tregs). Unlike 
calcineurin inhibitors (CNIs) such as tacrolimus, sirolimus has a distinct toxicity profile and is not 
associated with nephrotoxicity. In a randomized trial involving myeloablative conditioning with 
HLA-matched donors, sirolimus combined with tacrolimus was compared to the standard 
tacrolimus-methotrexate (MTX) regimen. While the incidence of grade II–IV aGVHD and 
cGVHD was comparable between groups, sirolimus appeared to offer protection against more 
severe (grade III–IV) aGVHD [31]. 
Further trials in the reduced-intensity conditioning (RIC) setting have also evaluated sirolimus-
based regimens. A meta-analysis of over 1,600 patients indicated that sirolimus may modestly 
reduce the incidence of moderate aGVHD, though it did not significantly impact severe aGVHD, 
relapse, or overall survival. Notably, sirolimus was associated with a higher risk of transplant-
related complications, such as thrombotic microangiopathy and veno-occlusive disease (VOD) 
[32]. 
2. Anti-Thymocyte Globulin (ATG) 
Rabbit-derived anti-thymocyte globulin (ATG) serves as a potent immunosuppressive agent, 
capable of depleting host and donor T cells while sparing Tregs [33,34]. Multiple randomized 
controlled trials (RCTs) have demonstrated its efficacy in reducing the incidence of both aGVHD 
and cGVHD in patients receiving peripheral blood stem cell (PBSC) grafts from matched unrelated 
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or sibling donors. One study using a myeloablative regimen with tacrolimus and MTX showed a 
marked reduction in GVHD rates with the addition of ATG, although overall survival and non-
relapse mortality outcomes were not significantly improved [35]. 
Comparative trials of different ATG formulations, such as Thymoglobulin versus Fresenius ATG, 
have also confirmed reduced cGVHD risk, but dosing, timing, and brand selection remain critical 
factors influencing outcomes [36,37]. 
3. Alemtuzumab 
Alemtuzumab is a humanized monoclonal antibody targeting the CD52 antigen expressed on B 
and T cells, offering broad lymphocyte depletion while sparing hematopoietic progenitor cells. In 
the UK, this agent has been incorporated into fludarabine-based regimens for both related and 
unrelated donor transplants, with encouraging reductions in GVHD incidence [38,39]. 
Recent trials have highlighted the importance of dose optimization. While earlier studies employed 
high-dose alemtuzumab, newer findings suggest that lower doses maintain efficacy while 
minimizing infectious complications. A randomized trial comparing a high-dose 
alemtuzumab/cyclosporine regimen to a triple-agent prophylaxis (tacrolimus, MTX, sirolimus) 
revealed superior control of chronic GVHD in the alemtuzumab group, albeit at the cost of 
increased relapse and infection rates [40]. 
4. Post-Transplant Cyclophosphamide (PTCy) 
PTCy has revolutionized GVHD prevention in haploidentical transplants. It exerts selective 
cytotoxicity on proliferating alloreactive T cells while preserving Tregs and promoting immune 
tolerance through clonal deletion. Although PTCy does not completely eliminate donor T cells, it 
significantly reduces their proliferative capacity and pathogenicity [41]. 
Initially established in haploidentical settings, PTCy is now being evaluated in matched related 
and unrelated donor transplants as a potential replacement for traditional CNI-based regimens. Its 
efficacy in reducing GVHD risk without compromising engraftment or relapse control is under 
active investigation [42,43]. 
5. Abatacept 
T-cell activation requires both antigen recognition via the T-cell receptor (TCR) and a co-
stimulatory signal mediated by CD28 binding to B7 molecules (CD80/86) on antigen-presenting 
cells. Abatacept, a fusion protein (CTLA-4-Ig), blocks this second signal, thus preventing full T-
cell activation. In clinical trials, abatacept was added to standard prophylaxis (CNI + MTX) in 
both matched and mismatched unrelated donor settings. The results demonstrated a significant 
reduction in aGVHD incidence, particularly in partially mismatched (7/8 HLA) transplants, 
without adversely affecting overall survival or relapse rates [44]. 
6. EMERGING STRATEGIES IN GVHD PROPHYLAXIS 
Overview of Novel Regimens: 
The exploration of innovative GVHD prophylactic methods is ongoing, aiming to minimize 
immunological complications while preserving graft-versus-leukemia (GVL) effects. Notably, 
grade II aGVHD has not been shown to predict long-term transplant failure, whereas grades III–
IV GVHD are strongly associated with adverse outcomes including mortality and relapse. As such, 
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many recent clinical trials use composite endpoints such as GVHD-relapse-free survival (GRFS) 
and chronic GVHD-relapse-free survival (CRFS) to evaluate therapeutic success [45,46]. 
Large multicenter studies such as PROGRESS I and II have used these composite measures to 
compare the efficacy of different GVHD prophylactic regimens. These trials emphasize the 
importance of not only preventing GVHD but also maintaining disease remission and reducing 
immunosuppressive burden [47]. 
Targeted and Immune-Modulating Agents: 
Several novel agents and strategies have demonstrated promising potential in early-phase trials: 
a. Tocilizumab: an interleukin-6 receptor blocker, has been shown to significantly reduce GI 

tract aGVHD in phase 2 trials when added to tacrolimus and MTX. Only 14% of patients 
developed grade II–IV aGVHD, with a low incidence (3%) of severe disease [48]. 

b. Abatacept: which inhibits CD28-mediated co-stimulation, has shown promise in reducing 
early T-cell activation. In one small cohort, only 20% of patients developed moderate 
aGVHD, and no early transplant-related mortality was observed [49]. 

c. Regulatory T-cell (Treg) Therapy: involves the expansion and infusion of donor-derived or 
cord blood Tregs to restore immune tolerance. In a clinical study, umbilical cord-derived Treg 
infusions led to only 9% of patients experiencing grade II–IV aGVHD by day 100 [50]. 

d. Ex Vivo T-cell Depletion: (e.g., CD34+ selection or αβ T-cell removal) has also been 
explored as a method to reduce alloreactive T cells while preserving innate immune subsets 
like γδ T cells and NK cells. This technique showed reduced rates of both aGVHD and chronic 
GVHD [51]. 

Adjunct Strategies: 
a. Statins have been investigated for their immunomodulatory effects, including the promotion 

of Treg expansion and inhibition of antigen-presenting cell activation. When used as adjuncts 
to tacrolimus and MTX, statins were associated with a remarkably low acute GVHD incidence 
(3.3%) [52]. 

b. Vorinostat, a histone deacetylase inhibitor, has demonstrated anti-inflammatory effects in 
early trials by dampening cytokine release and enhancing Treg function. When combined with 
tacrolimus and MMF, vorinostat reduced aGVHD to 22%, with severe disease in only 8% 
[53]. 

c. JAK Inhibitors, such as ruxolitinib and itacitinib, target inflammatory signaling pathways. 
These agents show preclinical promise and are under investigation for both prevention and 
treatment of GVHD while preserving anti-tumor immunity [54]. 

d. Microbiome Modulation through probiotics, antibiotics, or fecal microbiota transplantation 
(FMT) has emerged as a novel approach. Early evidence suggests that enhancing microbial 
diversity helps reduce inflammatory cytokines and boost Treg responses, particularly in the 
gastrointestinal tract [55,56]. Table:2 determines the current and investigational approaches 
for GVHD Prevention. 

Table 2- Investigational Agents and Approaches for GVHD Prevention 
Therapy Mechanism of Action Key Clinical Findings 
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Tocilizumab Anti-IL-6 receptor monoclonal 
antibody 

14% aGVHD (grade II–IV) by day 
100 in phase 2 study [57] 

Abatacept Blocks CD28–CD80/86 
costimulatory pathway 

Reduced aGVHD in 7/8 HLA-
mismatched transplant cohort [58] 

Expanded 
Tregs 

Restores tolerance, suppresses 
effector T cells 

9% grade II–IV aGVHD with cord-
derived Treg infusions [59] 

CD34+ 
Selection 

Removes αβ T cells, preserves NK 
and γδ T cells 

Reduced chronic GVHD and 
improved immune reconstitution [60] 

Statins Enhances Tregs, inhibits Th1 and 
APC activation 

Acute GVHD incidence of 3.3% in 
adjunct use [61] 

Vorinostat HDAC inhibitor, supports Tregs, 
reduces inflammatory cytokines 

Grade III–IV aGVHD was <10% in 
RCTs [62] 

JAK Inhibitors Targets pro-inflammatory 
JAK/STAT signaling pathways 

Under active trials for aGVHD 
prevention [63,64] 

Microbiome 
Mod. 

FMT or probiotics to restore gut flora 
and regulate Tregs 

Early studies show promise in GI 
GVHD prevention [65,66] 

7. FUTURE DIRECTIONS 
Ongoing research is on tailored methods to GVHD prevention that retain immunological 
reconstitution and GVL activity. Janus kinase (JAK) inhibitors, such as ruxolitinib, are being used 
in novel techniques to target cytokine signaling pathways key to GVHD inflammation. Treg 
treatments, which involve ex vivo expansion and adoptive transfer, have showed promise in 
restoring immunological tolerance and avoiding GVHD. Furthermore, gut microbiota 
manipulation with antibiotics, faecal microbiota transplantation (FMT), or probiotics is being 
researched as a way to maintain gastrointestinal integrity and control immune responses.  
Biologic medicines such as anti-IL-6 monoclonal antibodies (e.g., tocilizumab) and anti-CD26 
inhibitors provide further immune-modulation options. Personalized prophylaxis using biomarkers 
including blood ST2, REG3α, and BAFF levels has the ability to customize medication to 
individual risk profiles. Furthermore, gene-editing methods and tailored T-cell treatments hold 
promise for reducing alloreactivity while preserving disease management. 
8. CONCLUSION 
In conclusion, GVHD remains a significant consequence of allo-HSCT, with both acute and 
chronic variants presenting unique problems. A better knowledge of its immune-pathogenesis has 
led to the creation of more effective preventive regimens. Traditional combinations of calcineurin 
inhibitors and methotrexate remain common, but emerging methods such as PTCy, ATG, and 
costimulatory blocking have increased the prophylactic arsenal. Future advancements will rely on 
tailored immunotherapies, microbiome manipulation, biomarker-driven personalization, and 
cellular treatments. Continued research and clinical trials will be critical to improving prophylaxis 
approaches and patient outcomes after transplantation. 
 
 



DRUG DOSAGE REGIMEN FOR GRAFT-VERSUS-HOST DISEASE PROPHYLAXIS IN STEM CELL TRANSPLANTATION: A REVIEW 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 7 No. 2  (2025) 
 

© 2025 The Authors 
 

218 

REFERENCES 
[1] Cieri N, Maurer K, Wu CJ. 60 Years Young: The Evolving Role of Allogeneic 

Hematopoietic Stem Cell Transplantation in Cancer Immunotherapy. Cancer Res. 
2021;81(17):4373-4384. 

[2] Jiang H, Fu D, Bidgoli A, Paczesny S. T Cell Subsets in Graft Versus Host Disease and Graft 
Versus Tumor. Front Immunol. 2021;12:761448. 

[3] Malard F, Holler E, Sandmaier BM, Huang H, Mohty M. Acute graft-versus-host disease. 
Nat Rev Dis Primers. 2023;9(1):27. 

[4] Toubai T, Sun Y, Reddy P. GVHD pathophysiology: is acute different from chronic? Best 
Pract Res Clin Haematol. 2008;21(2):101-17. 

[5] Jacobsohn DA, Vogelsang GB. Acute graft versus host disease. Orphanet J Rare Dis. 
2007;2:35. 

[6] Jagasia MH, Greinix HT, Arora M, Williams KM, Wolff D, Cowen EW, et al. National 
Institutes of Health Consensus Development Project on Criteria for Clinical Trials in Chronic 
Graft-versus-Host Disease: I. The 2014 Diagnosis and Staging Working Group report. Biol 
Blood Marrow Transplant. 2015;21(3):389-401.e1. 

[7] Hill GR, Betts BC, Tkachev V, Kean LS, Blazar BR. Current Concepts and Advances in 
Graft-Versus-Host Disease Immunology. Annu Rev Immunol. 2021;39:19-49. 

[8] Zeiser R, Blazar BR. Acute Graft-versus-Host Disease—Biologic Process, Prevention, and 
Therapy. N Engl J Med. 2017;377:2167-2179. 

[9] Socié G, Kean LS, Zeiser R, Blazar BR. Insights from integrating clinical and preclinical 
studies advance understanding of graft-versus-host disease. J Clin Invest. 
2021;131:e149296. 

[10] Ferrara JL, Levine JE, Reddy P, Holler E. Graft-versus-host disease. Lancet. 2009;373:1550-
1561. 

[11] McBride DA, Kerr MD, Dorn NC, Ogbonna DA, Santos EC, Shah NJ. Triggers, Timescales, 
and Treatments for Cytokine-Mediated Tissue Damage. EMJ Innov. 2021;5(1):52-62. 

[12] Dong C. Cytokine Regulation and Function in T Cells. Annu Rev Immunol. 2021;39:51-76. 
[13] Hamilton BK. Current approaches to prevent and treat GVHD after allogeneic stem cell 

transplantation. Hematology Am Soc Hematol Educ Program. 2018;2018(1):532-538. 
[14] Martin PJ, Storer BE, Inamoto Y, Flowers ME, Carpenter PA, Pidala J, et al. An endpoint 

associated with clinical benefit after initial treatment of chronic graft-versus-host disease. 
Blood. 2017;130(3):360-367. 

[15] Kujawska J, Zeiser R, Gil L. Recent advances in acute gastrointestinal graft versus host 
disease (aGvHD): aspects of steroid-resistant disease. Ann Hematol. 2025;104(2):855-865. 

[16] Michniacki TF, Choi SW, Peltier DC. Immune Suppression in Allogeneic Hematopoietic 
Stem Cell Transplantation. Handb Exp Pharmacol. 2022;272:209-243. 

[17] Grube M, Holler E, Weber D, Holler B, Herr W, Wolff D. Risk factors and outcome of 
chronic graft-versus-host disease after allogeneic stem cell transplantation—results from a 
single-center observational study. Biol Blood Marrow Transplant. 2016;22(10):1781-1791. 



DRUG DOSAGE REGIMEN FOR GRAFT-VERSUS-HOST DISEASE PROPHYLAXIS IN STEM CELL TRANSPLANTATION: A REVIEW 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 7 No. 2  (2025) 
 

© 2025 The Authors 
 

219 

[18] Amanam I, Otoukesh S, Al Malki MM, Salhotra A. Chronic GVHD: review advances in 
prevention, novel endpoints, and targeted strategies. Hematology Am Soc Hematol Educ 
Program. 2023;2023(1):164-170. 

[19] Fernández-Viña MA, Klein JP, Haagenson M, Spellman SR, Anasetti C, Noreen H, et al. 
Multiple mismatches at the low expression HLA loci DP, DQ, and DRB3/4/5 associate with 
adverse outcomes in hematopoietic stem cell transplantation. Blood. 2013;121(22):4603-
4610. 

[20] Shono Y, Van Den Brink MR. Gut microbiota injury in allogeneic haematopoietic stem cell 
transplantation. Nat Rev Cancer. 2018;18:283-295. 

[21] Jamy O, Zeiser R, Chen YB. Novel developments in the prophylaxis and treatment of acute 
GVHD. Blood. 2023;142(10):1037-1046. 

[22] Huang B, Lin X, Zhang Z, Zhang Y, Zheng Z, Zhong C, et al. Comparison of Tacrolimus 
and Cyclosporine Combined With Methotrexate for GVHD Prophylaxis After Allogeneic 
Hematopoietic Cell Transplantation. Transplantation. 2020;104(2):428-436. 

[23] El Jurdi N, Hoover A, O'Leary D, Cao Q, Gupta A, Ebens C, et al. Phase II Study of 
Myeloablative 8/8- or 7/8-Matched Allotransplantation with Post-Transplant 
Cyclophosphamide, Tacrolimus, and Mycophenolate Mofetil. medRxiv. 
2023;2023.03.24.23287521. 

[24] Perkins J, Field T, Kim J, Kharfan-Dabaja MA, Fernandez H, Ayala E, et al. A Randomized 
Phase II Trial Comparing Tacrolimus and Mycophenolate Mofetil to Tacrolimus and 
Methotrexate for Acute GVHD Prophylaxis. Biol Blood Marrow Transplant. 2010;16:937-
945. 

[25] Törlén J, Ringdén O, Garming-Legert K, Ljungman P, Winiarski J, Remes K, et al. A 
prospective randomized trial comparing cyclosporine/methotrexate and tacrolimus/sirolimus 
as GVHD prophylaxis. Haematologica. 2016;101:1417-1425. 

[26] Kanda Y, Kobayashi T, Mori T, Tanaka M, Nakaseko C, Yokota A, et al. A randomized 
controlled trial of cyclosporine and tacrolimus with strict control of blood concentrations 
after unrelated BMT. Bone Marrow Transplant. 2016;51:103-109. 

[27] Whangbo JS, Antin JH, Koreth J. The role of regulatory T cells in GVHD management. 
Expert Rev Hematol. 2020;13(2):141-154. 

[28] Armand P, Kim HT, Sainvil M, Lange PB, Giardino AA, Bachanova V, et al. The addition 
of sirolimus to GVHD prophylaxis in reduced intensity SCT for lymphoma: A multicenter 
randomized trial. Br J Haematol. 2016;173:96-104. 

[29] Sandmaier BM, Kornblit B, Storer BE, Olesen G, Maris MB, Langston AA, et al. Addition 
of sirolimus to standard cyclosporine plus mycophenolate mofetil-based GVHD 
prophylaxis. Lancet Haematol. 2019;6:e409-e418. 

[30] Chen X, Sun H, Cassady K, Yang S, Chen T, Wang L, et al. The Addition of Sirolimus to 
GVHD Prophylaxis: A Meta-Analysis. Front Oncol. 2021;11:683263. 



DRUG DOSAGE REGIMEN FOR GRAFT-VERSUS-HOST DISEASE PROPHYLAXIS IN STEM CELL TRANSPLANTATION: A REVIEW 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 7 No. 2  (2025) 
 

© 2025 The Authors 
 

220 

[31] Feng X, Kajigaya S, Solomou EE, Keyvanfar K, Xu X, Raghavachari N, et al. Rabbit ATG 
but not horse ATG promotes expansion of functional Tregs in vitro. Blood. 2008;111:3675-
3683. 

[32] Boenisch O, Lopez M, Elyaman W, Magee CN, Ahmad U, Najafian N. Ex vivo expansion 
of human Tregs by rabbit ATG is dependent on STAT3 signaling. Am J Transplant. 
2012;12:856-862. 

[33] Lakkaraja M, Mauguen A, Boulad F, Cancio MI, Curran KJ, Harris AC, et al. Impact of 
rabbit ATG exposure on outcomes after ex vivo T-cell-depleted HCT. Cytotherapy. 
2024;26(4):351-359. 

[34] Kröger N, Solano C, Wolschke C, Bandini G, Patriarca F, Pini M, et al. Antilymphocyte 
Globulin for Prevention of Chronic GVHD. N Engl J Med. 2016;374:43-53. 

[35] 35. Soiffer RJ, Kim HT, McGuirk J, Horwitz ME, Johnston L, Patnaik MM, et al. Phase III 
Trial of Anti–T-Lymphocyte Globulin in HLA-Matched Myeloablative HCT. J Clin Oncol. 
2017;35:4003-4011. 

[36] Chang YJ, Wu DP, Lai YR, Liu QF, Sun YQ, Hu J, et al. ATG for Matched Sibling Donor 
Transplantation in Hematologic Malignancies. J Clin Oncol. 2020;38:3367-3376. 

[37] Walker I, Panzarella T, Couban S, Couture F, Devins G, Elemary M, et al. Addition of ATG 
to standard GVHD prophylaxis in unrelated donor SCT. Lancet Haematol. 2020;7:e100-
e111. 

[38] An N, Bian K, Li C. Alemtuzumab for haematological malignancies. Ann Hematol. 
2025;104(5):2593-2603. 

[39] Marsh JC, Gupta V, Lim Z, Ho AY, Ireland RM, Hayden J, et al. Alemtuzumab with 
fludarabine and cyclophosphamide reduces chronic GVHD. Blood. 2011;118(8):2351-2357. 

[40] Holtzman NG, Curtis LM, Salit RB, Shaffer BC, Pirsl F, Ostojic A, et al. High-dose 
Alemtuzumab-Cyclosporine vs Tacrolimus-MTX-Sirolimus for GVHD Prevention. Blood 
Adv. 2024;8:4294-4310. 

[41] Luznik L, O’Donnell PV, Symons HJ, Chen AR, Leffell MS, Zahurak M, et al. 
Haploidentical BMT with Post transplantation Cyclophosphamide. Biol Blood Marrow 
Transplant. 2008;14:641-650. 

[42] Chiusolo P, Bug G, Olivieri A, Brune M, Mordini N, Alessandrino PE, et al. Modified Post-
Transplant Cyclophosphamide Regimen in AML. Biol Blood Marrow Transplant. 
2018;24:1243-1249. 

[43] Nunes NS, Kanakry CG. Mechanisms of GVHD Prevention by Post-transplantation 
Cyclophosphamide. Front Immunol. 2019;10:2668. 

[44] Lum SH, Greener S, Perez-Heras I, Drozdov D, Payne RP, Watson H, et al. T-replete HLA-
matched grafts vs T-depleted mismatched grafts in IEI. Blood Adv. 2022;6(4):1319-1328. 

[45] Liu D, Badell IR, Ford ML. Selective CD28 blockade attenuates CTLA-4-dependent CD8+ 
T cell effector function. JCI Insight. 2018;3(1):e96378. 

[46] Korhonen R, Moilanen E. Abatacept, a novel CD80/86-CD28 T cell co-stimulation 
modulator. Basic Clin Pharmacol Toxicol. 2009;104(4):276-284. 



DRUG DOSAGE REGIMEN FOR GRAFT-VERSUS-HOST DISEASE PROPHYLAXIS IN STEM CELL TRANSPLANTATION: A REVIEW 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 7 No. 2  (2025) 
 

© 2025 The Authors 
 

221 

[47] New J, Li B, Koh W, Ng H, Tan S, Yap E, et al. T cell infiltration and chemokine expression 
in murine GVHD. Bone Marrow Transplant. 2002;29:979-987. 

[48] 48. Wysocki CA, Burkett SB, Panoskaltsis-Mortari A, Kirby SL, Luster AD, McKinnon K, 
et al. Differential Roles for CCR5 Expression on Donor T Cells during GVHD. J Immunol. 
2004;173:845-854. 

[49] Reshef R, Ganetsky A, Acosta EP, Blauser R, Crisalli L, McGraw J, et al. Extended CCR5 
Blockade for GVHD Prophylaxis. Biol Blood Marrow Transplant. 2019;25:515-521. 

[50] Bolaños-Meade J, Reshef R, Fraser R, Fei M, Abhyankar S, Al-Kadhimi Z, et al. Three 
prophylaxis regimens vs standard for GVHD prevention. Lancet Haematol. 2019;6:e132-
e143. 

[51] Yazdandoust E, Hajifathali A, Roshandel E, Zarif MN, Pourfathollah AA, Parkhideh S, et 
al. Gut microbiota intervention reduces acute GVHD. Transpl Immunol. 2023;78:101836. 

[52] Peltier D, Anh Do-Thi V, Devos T, Blazar BR, Toubai T. Cellular therapies for prevention 
and treatment of acute GVHD. Stem Cells. 2025;43(6):sxaf009. 

[53] Malard F, Huang XJ, Sim JPY. Treatment and unmet needs in steroid-refractory acute 
GVHD. Leukemia. 2020;34:1229-1240. 

[54] Huang R, Chen T, Wang S, Wang J, Su Y, Liu J, et al. MSCs for Prophylaxis of Chronic 
GVHD After Haploidentical HCT. JAMA Oncol. 2024;10:220-226. 

[55] Hexner EO, DeFilipp Z. Update in GVHD Prophylaxis: Novel Pharmacologic and Graft 
Manipulation Strategies. Am J Hematol. 2025;100 Suppl 3:30-39. 

[56] McCurdy SR, Kanakry CG, Tsai HL, et al. Grade II acute GVHD and higher nucleated cell 
dose improve PFS after haploidentical transplant. Biol Blood Marrow Transplant. 
2018;24(2):343-352. 

[57] Martin PJ. Bortezomib for prevention of acute GVHD: a conclusion reached. 
Haematologica. 2018;103(3):377-379. 

[58] Bolaños-Meade J, Reshef R, Fraser R, et al. LBA1: novel approaches for GVHD 
prophylaxis—results of PROGRESS I trial. Lancet Haematol. 2019;6:e132-e143. 

[59] Choi SW, Stiff P, Cooke K, et al. TNF-inhibition with etanercept for GVHD prevention. 
Biol Blood Marrow Transplant. 2012;18(10):1525-1532. 

[60] Hamadani M, Hofmeister CC, Jansak B, et al. Infliximab plus standard acute GVHD 
prophylaxis. Biol Blood Marrow Transplant. 2008;14(7):783-789. 

[61] Fang J, Hu C, Hong M, et al. Prophylactic effects of IL-2 receptor antagonists against 
GVHD. Biol Blood Marrow Transplant. 2012;18(5):754-762. 

[62] Drobyski WR, Szabo A, Zhu F, et al. Tocilizumab, tacrolimus and methotrexate for GVHD 
prevention. Haematologica. 2018;103(4):717-727. 

[63] Choi S, Reddy P. HDAC inhibition and GVHD. Mol Med. 2011;17(5-6):404-413. 
[64] Choi SW, Braun T, Chang L, Henig I, et al. Vorinostat plus tacrolimus/MMF to prevent 

GVHD. Lancet Oncol. 2014;15(1):87-95. 
[65] Choi SW, Braun T, Henig I, et al. Vorinostat plus tacrolimus/MTX to prevent GVHD after 

myeloablative SCT. Blood. 2017;130(15):1760-1767. 



DRUG DOSAGE REGIMEN FOR GRAFT-VERSUS-HOST DISEASE PROPHYLAXIS IN STEM CELL TRANSPLANTATION: A REVIEW 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 7 No. 2  (2025) 
 

© 2025 The Authors 
 

222 

[66] Huang Z, Liu K, Ma W, Li D, Mo T, Liu Q. The gut microbiome in human health and 
disease. Front Microbiol. 2022;13:1018594. 

 


