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Abstract

Hematopoietic stem cell transplantation (HSCT) remains a cornerstone in the management of
hematologic malignancies, offering curative potential for a wide spectrum of disorders including
leukemias, lymphomas, and myelodysplastic syndromes. Over the past decade, significant
advances in transplant biology, donor selection, conditioning regimens, and supportive care have
substantially improved patient outcomes and expanded transplant eligibility. The emergence of
reduced-intensity conditioning has enabled older and comorbid patients to undergo
transplantation with acceptable toxicity profiles, while haploidentical transplantation and
improved donor registries have increased donor availability worldwide.

Innovations in graft-versus-host disease (GVHD) prophylaxis, particularly the use of post-
transplant cyclophosphamide, have markedly reduced transplant-related morbidity and mortality.
Additionally, enhanced infection prophylaxis, better monitoring strategies, and advances in
immunomodulation have contributed to improved survival rates and quality of life among
transplant recipients. The integration of novel cellular therapies, including chimeric antigen
receptor T-cell (CAR-T) therapy, has further reshaped the therapeutic landscape, prompting a
reevaluation of the role of HSCT in certain malignancies.

Despite these advances, challenges such as disease relapse, long-term complications, and
disparities in access to transplantation persist. Emerging research into clonal hematopoiesis,
minimal residual disease monitoring, and personalized transplant approaches promises to further
refine patient selection and optimize outcomes. This review provides a comprehensive overview
of contemporary advances in HSCT, highlighting current practices, emerging trends, and future
directions in transplant medicine for hematologic malignancies.

Introduction
Hematopoietic stem cell transplantation (HSCT) represents one of the most significant
therapeutic advances in modern oncology, offering curative potential for patients afflicted with
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various hematologic malignancies. This sophisticated cellular therapy involves the intravenous
infusion of hematopoietic stem cells capable of reconstituting bone marrow function and
reestablishing effective hematopoiesis. Since its inception over six decades ago, HSCT has
evolved from an experimental intervention to a cornerstone treatment modality for leukemia,
lymphoma, and related blood disorders.

The field of transplant medicine has witnessed remarkable progress in recent years, driven by
advances in donor selection, conditioning regimens, graft-versus-host disease (GVHD)
prevention strategies, and supportive care measures. These developments have collectively
expanded transplant accessibility, improved clinical outcomes, and enhanced quality of life for
recipients. This article provides a comprehensive examination of contemporary advances in
hematopoietic stem cell transplantation, with particular emphasis on its application in treating
leukemia and lymphoma.

Figure 1: Hematopoietic stem cell infusion during transplantation procedure

Types of Stem Cell Transplants

Autologous Transplantation
Autologous HSCT involves the collection and cryopreservation of a patient's own hematopoietic
stem cells prior to administering high-dose conditioning therapy, followed by reinfusion to
restore hematopoietic function. This approach eliminates the risk of graft-versus-host disease
since the infused cells are derived from the patient themselves. Autologous transplantation has
established itself as the standard of care for multiple myeloma, relapsed Hodgkin lymphoma, and
certain aggressive non-Hodgkin lymphoma subtypes.

The procedure offers several distinct advantages, including lower treatment-related mortality,
absence of GVHD, and faster immune system recovery. However, a notable limitation remains
the inability to generate a graft-versus-tumor effect, which is particularly valuable in eradicating
residual malignant cells. Recent innovations have focused on improving graft processing
techniques and incorporating novel agents into conditioning regimens to enhance anti-tumor
efficacy.
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Allogeneic Transplantation
Allogeneic HSCT utilizes stem cells procured from a genetically matched donor, which may
include HLA-identical siblings, matched unrelated donors, umbilical cord blood units, or
haploidentical family members. This modality provides the critical benefit of a graft-versus-
tumor effect, wherein donor-derived immune cells recognize and eliminate residual malignant
cells within the recipient. Allogeneic transplantation remains the preferred approach for acute
leukemias, myelodysplastic syndromes, and lymphomas requiring maximal disease eradication.

The landscape of donor availability has transformed dramatically with the advent of
haploidentical transplantation, wherein donors share only half of the HLA loci with the recipient.
Previously considered prohibitively risky due to severe graft-versus-host disease, haploidentical
transplants have been rendered feasible through post-transplant cyclophosphamide
administration, which selectively eliminates alloreactive T-cells while preserving regulatory
populations. This advancement has effectively made virtually every patient a potential transplant
candidate.

Conditioning Regimens
The conditioning phase preceding stem cell infusion serves dual fundamental purposes:
eradicating residual malignant cells and establishing sufficient immunosuppression to enable
donor cell engraftment. Contemporary practice encompasses three distinct intensity categories,
each presenting unique risk-benefit profiles that must be carefully individualized to patient
characteristics.

Myeloablative Conditioning
Myeloablative conditioning (MAC) employs high-dose chemotherapy with or without total body
irradiation to achieve maximal tumor cytoreduction. Traditional MAC regimens, including
cyclophosphamide combined with total body irradiation or busulfan-based protocols, remain
preferred for younger, fit patients with aggressive malignancies. These regimens deliver the
lowest relapse rates but carry correspondingly elevated risks of treatment-related mortality and
organ toxicity.

The BMT CTN 0901 randomized trial provided landmark comparative data, demonstrating that
MAC regimens achieved superior disease control with two-year relapse rates of merely 13.5%
versus 48.3% with reduced-intensity approaches. However, this benefit came at the cost of
higher non-relapse mortality, necessitating careful patient selection based on age, performance
status, and comorbidity burden.

Reduced-Intensity and Non-Myeloablative Conditioning
Reduced-intensity conditioning (RIC) and non-myeloablative (NMA) regimens were developed
specifically to extend transplant eligibility to older patients and those with substantial
comorbidities who would otherwise be ineligible for conventional myeloablative approaches. By
relying predominantly on graft-versus-tumor effects rather than dose-intensive cytotoxicity,
these strategies have successfully broadened the transplant-eligible population.

RIC regimens typically incorporate fludarabine with reduced-dose alkylating agents or low-dose
total body irradiation. The CALGB prospective multicenter trial evaluating RIC transplantation
in acute myeloid leukemia patients aged 60-74 years reported encouraging two-year disease-free
survival of 42% and overall survival of 48%. Similarly, NMA approaches using fludarabine-
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cyclophosphamide combinations have demonstrated five-year overall survival rates of
approximately 35%, establishing these as viable curative options for elderly populations.

Figure 2: Comparison of transplant outcomes by conditioning regimen intensity (BMT CTN
0901 data)

Graft-Versus-Host Disease Prophylaxis
Graft-versus-host disease remains the most significant complication following allogeneic HSCT,
arising when donor T-lymphocytes recognize recipient tissues as foreign and mount an
immunologic attack. Advances in GVHD prevention have substantially transformed transplant
outcomes, with particular progress in haploidentical and alternative donor settings.

Post-transplant cyclophosphamide (PTCy) has emerged as the single most impactful
development in GVHD prophylaxis. Administered on days three and four following stem cell
infusion, high-dose cyclophosphamide selectively eliminates alloreactive T-cells that proliferate
early after transplantation while sparing quiescent populations and regulatory T-cells. This
approach has reduced severe acute GVHD incidence to less than 10% and chronic GVHD rates
to under 20%, representing dramatic improvements over historical controls.

Prophylaxis Strategy Acute GVHD Rate Chronic GVHD Rate

Standard CNI + MTX 30-50% 25-40%

CNI + MMF 25-40% 20-35%

Post-Transplant
Cyclophosphamide

5-15% 10-20%

PTCy + Abatacept 3-10% 8-15%

Ex Vivo T-Cell Depletion 5-15% 10-25%
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Table 1: Comparison of GVHD Prophylaxis Strategies
Beyond PTCy, several novel pharmacologic agents have demonstrated efficacy in GVHD
prevention. Abatacept, a CTLA4-Ig fusion protein that blocks T-cell costimulation, has shown
particular promise when combined with standard prophylaxis, significantly reducing severe acute
GVHD without increasing infection or relapse risks. Vedolizumab, an integrin antagonist
selectively targeting gut-homing lymphocytes, represents another innovative approach
specifically addressing gastrointestinal GVHD.

Clinical Outcomes and Survival Data
Contemporary HSCT programs report steadily improving outcomes across all disease categories,
attributable to refined patient selection, optimized conditioning approaches, enhanced infection
prophylaxis, and superior GVHD management. For acute myeloid leukemia in first complete
remission, allogeneic transplantation from matched sibling donors yields five-year overall
survival rates ranging from 55% to 65%, with disease-free survival approximating 50%.

Acute lymphoblastic leukemia outcomes have similarly improved, particularly with the
integration of minimal residual disease monitoring to guide transplant timing and post-transplant
therapeutic decisions. Patients achieving MRD-negative status prior to transplantation
demonstrate substantially superior outcomes, with relapse rates below 20% compared to 50% or
higher for MRD-positive counterparts. The advent of CAR-T cell therapy has further
transformed the landscape for relapsed B-cell acute lymphoblastic leukemia, with CAR-T
bridging to allogeneic transplantation now representing a standard curative pathway.

Disease Transplant Type 2-Year OS 5-Year OS

AML (CR1) Matched Sibling Allo 70-75% 55-65%

AML (CR1) Unrelated Donor Allo 65-70% 50-60%

ALL (CR1) Matched Sibling Allo 65-72% 50-58%

ALL (CR2) Matched Sibling Allo 50-58% 38-45%

Hodgkin Lymphoma Autologous 75-85% 50-60%

NHL (Aggressive) Autologous 70-80% 45-55%
Table 2: Survival Outcomes Following Allogeneic HSCT
For lymphoma patients, autologous transplantation maintains established curative potential in
relapsed Hodgkin and aggressive non-Hodgkin lymphomas, with five-year progression-free
survival rates of 50-60%. The incorporation of antibody-drug conjugates such as brentuximab
vedotin into pre-transplant salvage regimens has further enhanced response rates and subsequent
transplant outcomes. Allogeneic transplantation for relapsed lymphoma leverages graft-versus-
lymphoma effects, with particularly encouraging results in mantle cell lymphoma and peripheral
T-cell lymphoma.

Emerging Therapies and Future Directions
The field of hematopoietic stem cell transplantation continues to evolve rapidly, with several
promising developments poised to further enhance outcomes. Chimeric antigen receptor T-cell
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therapy has demonstrated remarkable efficacy in relapsed B-cell malignancies and is
increasingly being integrated with transplantation in both sequential and concurrent approaches.
CAR-T cells can serve as a bridge to transplant for patients with active disease or can be
employed as post-transplant consolidation therapy to prevent relapse.

Cellular therapy innovations extend beyond CAR-T cells. Natural killer cell therapies, regulatory
T-cell infusions to prevent GVHD, and mesenchymal stem cell applications for tissue repair
represent active areas of investigation. Additionally, bispecific antibodies that redirect
endogenous T-cells against tumor antigens offer an off-the-shelf alternative with promise as both
standalone therapy and transplantation adjuncts.

Figure 3: Hematopoietic stem cells and differentiated blood cell lineages
Precision medicine approaches are increasingly being applied to transplantation.
Pharmacogenomic testing enables individualized conditioning and immunosuppression dosing,
potentially optimizing efficacy while minimizing toxicity. Biomarker-guided monitoring
facilitates early detection of impending complications, enabling preemptive interventions before
clinical manifestations become severe. Machine learning algorithms are being developed to
predict transplant outcomes and guide therapeutic decisions with unprecedented accuracy.

Conclusion
Hematopoietic stem cell transplantation has undergone remarkable transformation since its
inception, evolving from an experimental procedure with substantial mortality risks to a
sophisticated, curative therapeutic modality accessible to broad patient populations. Advances in
donor selection have democratized transplant availability through haploidentical and alternative
donor strategies. Optimized conditioning regimens have expanded eligibility to elderly and
medically infirm patients previously considered ineligible. Revolutionary GVHD prophylaxis
with post-transplant cyclophosphamide has dramatically reduced the most feared transplant
complication.
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The integration of novel cellular therapies, precision medicine approaches, and enhanced
supportive care measures promises continued improvement in transplant outcomes. As the field
advances, the ultimate goal remains clear: to maximize curative potential while minimizing
treatment-related morbidity and mortality. For patients confronting leukemia, lymphoma, and
other hematologic malignancies, modern hematopoietic stem cell transplantation offers
unprecedented hope for durable remission and long-term survival.

References:

1. Passweg JR, Baldomero H, Chabannon C, et al. The EBMT activity survey report 2023:
hematopoietic cell transplantation and cellular therapies. Bone Marrow Transplant. 2025.

2. Atilla E. Hematopoietic stem cell transplantation: back to the future. Front Med
(Lausanne). 2024;11:1390041.

3. Farhadfar N, et al. Hematopoietic cell transplantation: practice predictions. Biol Blood
Marrow Transplant. 2020;26(12):e311–e317.

4. Ali H, Bacigalupo A. Allogeneic hematopoietic stem cell transplantation for
myelofibrosis: 2024 update. Bone Marrow Transplant. 2024.

5. Shahzad M, et al. Outcomes of allogeneic hematopoietic stem cell transplantation in
patients aged ≥70 years: a systematic review. Bone Marrow Transplant. 2025.

6. Baclig NV, et al. Long-term physical, psychological, and social outcomes following
hematopoietic stem cell transplantation: a systematic review protocol. Syst Rev.
2024;13:XXX.

7. Vidal A, et al. Fertility outcomes following hematopoietic stem cell transplantation: a
systematic review and meta-analysis. Bone Marrow Transplant. 2025.

8. Jang C, et al. Post-transplant cyclophosphamide for graft-versus-host disease prophylaxis:
recent advances. Blood Rev. 2024.

9. Clonal hematopoiesis and its impact on hematopoietic cell transplantation.
Haematologica.2024.


	Abstract
	Introduction
	Types of Stem Cell Transplants
	Autologous Transplantation
	Allogeneic Transplantation

	Conditioning Regimens
	Myeloablative Conditioning
	Reduced-Intensity and Non-Myeloablative Conditioni

	Graft-Versus-Host Disease Prophylaxis
	Clinical Outcomes and Survival Data
	Emerging Therapies and Future Directions
	Conclusion

