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Abstract 
 
Hematopoietic stem cell transplantation (HSCT) has been 
the therapy of choice for treating some hematologic malig-
nancies and selected non-malignant disorders for decades. 
With the introduction of novel immunotherapeutic and 
cell-mediated approaches, the role of autologous HSCT 
(auto-HSCT) and allogeneic HSCT (allo-HSCT) should be 
redefined. Auto-HSCT remains the standard of treatment 
for multiple myeloma, Hodgkin’s lymphoma, and non-
Hodgkin’s lymphoma. The use of novel agents, including 
proteasome inhibitors, immunomodulatory drugs, mono-
clonal and bispecific antibodies, enhances the intensity and 
efficacy of the therapeutic response and opens debate on 
an optimized timing for HSCT. Allo-HSCT represents the 
most effective type of adoptive immunotherapy, ensuring 
complete and long-term hematopoietic reconstitution, of-
ten accompanied by the graft-versus-leukemia effect. It re-
mains the main curative treatment for acute leukemias, 
high-risk myelodysplastic and myeloproliferative syn-
dromes, and severe aplastic anemia. Improvements in stem 

cell (SC) donor selection, ex vivo manipulations of harvested 
cells, and graft engineering with superior immune monitor-
ing have broadened and expanded their applicability, while 
improving safety and clinical outcome. Despite rapid pro-
gress in cellular and other immunotherapies, HSCT contin-
ues to play an essential role in the treatment of numerous 
hematologic disorders. A combination of HSCT with novel 
drugs and other immunotherapies offers the potential for 
personalized and safer treatment with long-term positive 
clinical outcomes, ensuring that HSCT remains a highly 
relevant method in modern medicine. The aim of this re-
view was to summarize current biological concepts of SCs, 
as well as important advances in the rapidly developing 
fields of SC research, and to determine the place and effi-
cacy of HSCT nowadays, in the era of new therapeutic ap-
proaches and agents. 
 
Keywords:  
allografts; cryopreservation; hematologic diseases; 
immunotherapy; multiple myeloma; stem cells; 
transplantation, autologous.

Apstrakt 
 
Transplantacija hematopoetskih matičnih ćelija (hematopoietic 
stem cell transplantion – HSCT) već decenijama predstavlja 
terapiju izbora u lečenju pojedinih hematoloških maligniteta 
i nekih nemalignih poremećaja. Uvođenjem novih 
imunoterapijskih i ćelijama-posredovanih pristupa trebalo bi 
da bude redefinisana uloga autologne HSCT (auto-HSCT) i 

alogene HSCT (alo-HSCT). Auto-HSCT i dalje ostaje 
standard u lečenju multiplog mijeloma, Hočkinovog 
limfoma i ne-Hočkinovog limfoma. Primena novih 
medikamenata, uključujući inhibitore proteazoma, 
imunomodulacijske lekove, monoklonska i bispecifična 
antitela, povećava intenzitet i efikasnost terapijskog 
odgovora na HSCT i otvara raspravu o optimalnom 
vremenu za primenu HSCT. Alo-HSCT predstavlja 
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najefikasniji oblik adoptivne imunoterapije, obezbeđujući 
kompletnu i dugotrajnu hematopoetsku rekonstituciju, 
neretko praćenu efektom “kalem protiv leukemije” (graft-
versus-leukemia). Ona ostaje primarni kurativni vid lečenja 
akutnih leukemija, visoko-rizičnih mijelodisplastičnih i 
mijeloproliferativnih sindroma, kao i teške aplastične 
anemije. Poboljšanja u izboru donora matičnih ćelija (stem 
cell – SC), ex vivo manipulaciji prikupljenih ćelija, kao i 
inženjering grafta uz napredni imunski monitoring, proširila 
su i unapredila primenljivost ove terapije uz istovremeno 
povećanje bezbednosti i poboljšanje kliničkog ishoda. 
Uprkos brzom napretku u oblasti ćelijama posredovane i 
drugim agensima posredovane imunoterapije, HSCT i dalje 
ima ključnu ulogu u lečenju pojedinih hematoloških 

poremećaja. Kombinacija HSCT sa novim lekovima i 
drugim vidovima imunoterapije pruža mogućnost 
personalizovanog i bezbednijeg lečenja sa dugotrajnim 
povoljnim kliničkim ishodima, i obezbeđuje da HSCT 
ostane visoko relevantan metod u savremenoj medicini. Cilj 
ovog rada bio je da se sumiraju trenutni biološki koncepti 
SC, kao i bitna dostignuća na istraživačkim poljima u oblasti 
SC koja se brzo razvijaju, i da se odredi mesto i efikasnost 
HSCT danas, u eri novih terapijskih pristupa i agenasa. 
 
Ključne reči: 
alograft; kriokonzervacija; hematološke bolesti; 
imunoterapija; multipli mijelom; ćelije, matične; 
transplantacija, autologna. 

 

Introduction 

Stem cells (SCs) are defined as cells with a unique abil-
ity for self-renewal, high proliferative capacity, and the po-
tential to differentiate into mature blood or somatic cells, 
such as osteocytes, chondrocytes, hepatocytes, myocytes, 
cardiomyocytes, and even endothelial cells. The increasing 
clinical use of various cell-mediated therapeutic methods 
over the past decades has resulted in a growing demand for 
both hematopoietic SCs (HSCs) and the need to adapt and 
improve operating procedures to minimize cellular injury 
during collection, purification, and cryopreservation. A criti-
cal aspect of cell harvesting is obtaining improved SC yield, 
purity, and viability. The objective of fundamental and clini-
cal cryoinvestigations is to decrease cellular damage during 
freeze/thaw procedures (cryoinjury). Although SC clinical 
use has become routine, a large number of questions related 
to optimal cell harvesting protocols, ex vivo processing, and 
cryopreservation remain unresolved 1–3. 

Since the initial treatments with HSC transplants 
(HSCT), considerable changes and improvements have been 
made in the kind of medications used for peritransplant 
treatment of patients. In addition, new approaches and 
agents/drugs have recently been introduced for the therapy of 
various hematological diseases and disorders. For instance, 
the use of autologous HSCT (auto-HSCT) has long been a 
standard method for transplant-eligible patients. However, its 
status in treatment should be redefined due to the introduc-
tion of agents such as proteasome inhibitors, immunomodu-
latory drugs, monoclonal or bispecific antibodies (Abs), and 
chimeric antigen receptor T (CAR-T) cellular therapies 2–6. 

The purpose of this paper is to recapitulate data in the 
field of conceptual aspects of SCs harvesting and extracorpo-
real “graft-engineering” systems adapted to specific cell cat-
egories. Moreover, some practical aspects of the place and 
justification of HSCTs in the era of new drugs and other bio-
logically active agents will be briefly reviewed. 

Stem cells – biology and ex vivo manipulations 

The biology of various divisions of SCs is a fascinating 
and constantly expanding field of biomedicine that examines 

and describes both the fundamental properties of these cells, as 
well as the possibility and effectiveness of their therapeutic use 
in cell transplant and regenerative medicine 1–5. There are dif-
ferent types and sources of SCs: embryonic SCs (ESCs – con-
cerning their therapeutic use, ongoing regulations/directions 
are required), adult SCs (ASCs) or tissue-specific SCs (e.g., 
HSCs, and mesenchymal SCs – MSCs, etc.), as well as in-
duced pluripotent SCs (iPSCs) – produced through “HSCs re-
programming” of somatic cells back into a pluri(multi)potent 
stage/phase. MSCs are important due to immunomodulation 
competence and the ability to differentiate into numerous cell 
types of mesodermal origin (tissue repair) 2, 6–14. 

Cytopoiesis is a continuous biological process of pro-
ducing a large number of “daughter cells” from the com-
partment of a single or solitary “parent” SC. The original ex-
planation and description of SCs – that they are exclusive, 
high-class cells at an early developing stage, characterized 
by an almost limitless self-renewal ability (long-term possi-
bility to create identical copies of themselves), high prolifer-
ative capacity, and extensive potential for differentiation into 
specialized and ever more mature cells of different lineages 
in the body – remains unsurpassed 2–10. 

Thus, SCs are the “key” cells in the body functioning as 
special “antecedent” cells or precursors that precede 
(hemo)biological events or cellular evolution, producing a 
large quantity (proliferation) of mature (differentiation) cells 
within tissues, while simultaneously retaining the ability to 
reproduce themselves (self-renewal). This event is precisely 
regulated by intrinsic genetic/molecular pathways, which can 
be influenced by external signals from the extracellular ma-
trix (ECM), as well as by the microenvironment provided by 
stromal cells 6–14.  

Owing to the phenomenon of self-renewal, SCs main-
tain the constancy of their own population under steady-state 
conditions, but also in conditions when that physiological 
balance is disturbed – up to a certain limit. Through differen-
tiation, primitive SCs create a “wide-ranging” series of less 
primitive cells: firstly, different pluri(multi)potent SCs with a 
somewhat decreased self-renewal ability, and then cells de-
termined for more or just one cell lineage, which have a very 
moderate or no potential for self-renewal. To further clarify 
SCs, an “up-to-date” characteristic has been added–cell plas-
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ticity (more precisely, intersystemic plasticity)–which is par-
ticularly important for their clinical application in regenera-
tive medicine 2, 7–16.  

Concisely, the most primitive SCs give rise to repopula-
tion of the recipient’s bone marrow (BM)–engraftment with 
the following complete and long-term reconstitution of hem-
atopoiesis. They are also capable of “colonizing” target-
ed/damaged tissues (“homing”)–by following “trans-
differentiation” into the cell lineages of host organ, including 
collateral vessel formation (“neovascularization”) 2, 17–22. 

The use of HSCT is a highly specialized and often life-
saving curative procedure in which a patient receives auto-
HSCs or allogeneic HSCs (allo-HSCs) following high-dose 
chemotherapy (HDCT), and less frequently chemoradiother-
apy, in order to replace damaged BM with healthy cells. In 
an autologous setting (auto-HSCT), a patient receives their 
own HSCs following HDCT. Allo-HSCT is a therapeutic 
method of replacing the patient’s hematopoietic tissue with 
donor “blood-forming” cells/tissue, i.e., HSCs. It represents 
the concept of applying chemotherapy/radiotherapy with 
immunosuppressive treatment, after which donor HSCs are 
applied to the patient with high-risk hemato-malignancies 2–6.  

In practice, HSCT represents a curative method of treat-
ing malignant disorders, such as Hodgkin’s lymphoma (HL) 
and non-HL (NHL), multiple myeloma (MM), acute lym-
phoblastic leukemia (ALL) and acute myeloid leukemia 
(AML), myelodysplastic syndrome, and myeloproliferative 
neoplasms (MPN) 6, 23–34. Transplants are also indicated for 
the treatment of some non-malignant diseases and immune-
mediated disorders, such as severe aplastic anemia and mul-
tiple sclerosis (MS) 2, 35–41. 

 
Stem cell collection 
 
In practice, SCs can be collected by multiple aspirations 

from BM, by harvesting mononuclear cells (MNCs) from pe-
ripheral blood (PB) after a mobilizing regimen, or by isola-
tion from umbilical cord blood. Typically, the use of BM- or 
PB-derived grafts is a standard method in adult patients, 
whereas umbilical cord blood transplants have shown prom-
ising results, particularly in the pediatric setting 41–45.  

Historically, BM was the primary source of SCs for 
transplantation in both experimental and clinical settings, ob-
tained through multiple aspirations from the posterior and 
anterior iliac crests and, rarely, from the sternum. Nowadays, 
SCs are predominantly harvested from PB, accounting for 
≥ 80% of HSCTs, after a mobilization regimen, using chem-
otherapy and/or granulocyte colony-stimulating factor (G-
CSF), seldom in combination with plerixafor (mozo-
bil) 2, 6, 24, 26, 42. The use of G-CSF plus plerixafor increases 
the ratio of patients who respond to the cell mobilization 
(“good-mobilizers” – approximately 95% of cell harvestings) 
and enables the collection of enough cells for auto-HSCT 
(including patients with “mobilization-failure” or “poor-
responders”) 24. 

Determining the best possible time for SC-harvesting 
from PB is the most critical event. For allogeneic donors, the 
first apheresis is regularly on the fifth day of G-CSF applica-

tion. However, deciding on the optimal timing for autolo-
gous collection from patients who are primed by chemother-
apy plus G-CSF is more complex and challenging. The circu-
lating CD34+ cells count evidently correlates with optimized 
harvesting time and SC quantity [target CD34+ yield ≥ 2–
5 × 106 cells/kg of patient’s body mass (bm) in the harvest]. 
Nowadays, it is accepted that optimal timing to begin cell 
collection is when the number of CD34+ cells is ≥  20–40/μL 
of the patient’s PB 3–6, 24, 41.  

Our results confirmed the high-level efficacy of the 
large volume leukapheresis (LVL). For the approximately 
90% of patients using one LVL, the mean CD34+ yield was 
8.4 × 106 cells/kg bm (allo-HSCT) and 5.5 × 106 cells/kg bm 
(auto-HSCT), respectively 2–4, 44. Finally, in the group of pa-
tients requiring plerixafor, the use of the G-CSF plus 
plerixafor protocol reduced the rate of “poor-responders” and 
provided an adequate cell dose (mean CD34+ cell yield was 
7.6 × 106 cells/kg bm – to be able to perform a tandem auto-
HSCT as well) with a superior therapeutic potential and safe-
ty profile of treatment 24. 

 
Stem cell cryopreservation 
 
The saving/banking of living cells, such as SCs, in a 

frozen state (cryopreservation) is required when cells appear 
to be biologically, chemically, or thermally unstable after 
liquid-state storage. Its key aim is to obtain better-quality cell 
count and viability recovery after thawing. Although SC-
cryopreservation is nowadays a standard technique, recent 
cryoinvestigations recommend that freezing strategies be re-
vised to minimize cryoinjuries and maximize cell recovery. 
Cryoinjuries result from the extensive cellular dehydration or 
“solution effect” and/or massive intracellular ice crystalliza-
tion or “mechanical damage” 2, 4, 46–50.  

The use of programmed or controlled-rate freezing, 
which ensures a precisely defined cooling rate, is a time-
consuming process that requires high-level technical 
knowledge. The choice of an optimal freezing rate – specific 
for each cell type and cryobiosystem – should be determined. 
In practice, the cooling rate should be sufficiently rapid to 
prevent “solution effect”, yet slow enough to allow possible 
water efflux from the cells and following “mechanical dam-
age” 2, 6, 50. Uncontrolled-rate technique (“dump-freezing”) is 
less costly because it does not require a complex pro-
grammed freezing device. However, it has been confirmed 
that controlled-rate freezing systems are superior, as they 
provide better quantitative, morphological, ultrastructural, 
and functional cell recovery during cryopreservation and fol-
lowing thawing 45–50. In addition, satisfactory numerical and 
functional recovery of cryopreserved SCs is achieved only 
when an appropriate cryoprotectant – most commonly dime-
thyl sulfoxide (DMSO) for SC cryopreservation—is added to 
the cryobiosystem at an optimal final concentration. Cryo-
protectants express protective effects and consequences by 
decreasing cellular thermal damage, i.e., by reducing cell de-
hydration and intracellular ice crystallization 2, 50.  

As previously demonstrated in our cryoinvestigations 
using a controlled-rate freezing system, the recovery of 
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committed hematopoietic progenitors – colony-forming unit 
(CFU)–spleen (CFU-Sd12) and CFU – granulocyte-
macrophage (CFU-GM) – was improved in the presence of 
5% DMSO 46. On the other hand, we confirmed that the re-
covery of very primitive pluripotent SCs with marrow re-
populating ability was better when 10% DMSO was used. 
Thus, our cryoinvestigation suggested various cryobiological 
characteristics and requirements of marrow repopulating 
ability cells compared with committed progenitors 46. Finally, 
our early clinical studies showed that therapeutic use of con-
trolled-rate cryopreserved SCs (10% DMSO) in the therapy of 
hemato-oncological patients resulted in high cell recovery and 
rapid post-transplant hematopoietic reconstitution, with neutro-
phil recovery occurring on average by day 11 and platelet re-
covery by day 13 2, 24, 44. 

The most frequent indications for auto-HSCT in 
hematology 

As previously pointed out, auto-HSCT is a common 
procedure in hematology, primarily used to treat certain 
blood cancers. The main purpose of auto-HSCT is to “res-
cue” the patient’s BM after damage caused by HDCT. Alt-
hough HDCT is highly effective in eradicating malignant 
cells, it also destroys the healthy, “blood-forming” SCs, i.e., 
HSCs, in the BM 2–6.  

In hematology, the most common indications for auto-
HSCT are MM, HL, and NHL. In the treatment of patients 
with MM, auto-HSCT is often a standard part of the initial 
treatment for eligible patients, aiming to consolidate the ini-
tial therapeutic response. Conditioning regimen with stand-
ard high-dose melphalan (HD-Mel) is used to achieve a deep 
and long-lasting remission 51. Based on the most recent data 
from the European Society for Blood and Marrow Transplan-
tation (EBMT), MM is the most frequent indication for auto-
HSCT. According to the 2023 EBMT report on HSCT and 
cellular therapies, plasma cell disorders, which primarily 
consist of MM, accounted for 58.2% of all auto-HSCT per-
formed in Europe in 2023. The other main indications for au-
tologous transplants in 2023 were lymphomas (32.2%) and 
solid tumors (6.6%). Among lymphomas are HL and NHL 52. 
Additionally, auto-HSCc is a standard treatment for HL pa-
tients who have relapsed or whose disease is refractory to 
initial chemotherapy (relapsed/refractory – r/r HL), which 
accounts for approximately 40% of initial patients with this 
diagnosis 53. Finally, auto-HSCT is frequently used as sal-
vage therapy for patients with r/r NHL, or can also be used 
as consolidative treatment for high-risk patients, such as 
those with mantle cell lymphoma (MCL) or anaplastic large 
cell (ALC) lymphoma 54. 

The role of auto-HSCT in MM, HL, and NHL  
in the era of new drugs and cellular therapies 

Multiple myeloma 
 
The field of MM treatment is constantly evolving, with 

the introduction of new drugs significantly impacting the role 

of auto-HSCT. While auto-HSCT has long been a standard of 
care for transplant-eligible patients (up to 65–70 years), its 
place in the treatment paradigm is being redefined by novel 
agents such as proteasome inhibitors, immunomodulatory 
drugs, monoclonal Abs, bispecific Abs, and CAR-T cellular 
therapies 55.  

 Despite all novel approaches in MM, an auto-HSCT re-
mains a standard of care for many patients, since it is highly 
effective, particularly for younger and fit patients with newly 
diagnosed MM 56. It is well known that it can provide deep and 
durable responses, which translate to longer progression-free 
survival. Some studies have even shown an overall survival 
(OS) benefit 57. 

In the course of first-line treatment, auto-HSCT is often 
performed after a period of induction therapy. Initial treat-
ment, which includes triple or, in high-risk patients, quadru-
plet combinations of new drugs, optimizes initial therapeutic 
response before the transplant procedure and changes the 
paradigm “when” and “how” to perform an auto-HSCT in 
MM patients.  

There are a few pillars in the patient journey from diag-
nosis to possible optimal treatment response, and they are 
described in the passages that follow. 

Improved induction with novel agents in combined reg-
imens, including proteasome inhibitors (e.g., bortezomib, 
carfilzomib), immunomodulatory drugs (e.g., lenalidomide – 
LEN), and monoclonal Ab (e.g., daratumumab), is used be-
fore auto-HSCT. These drugs achieve a deeper initial re-
sponse before the transplant.  

The role of HD-Mel (200 mg/m2) with possible addition 
of a new drug in the conditioning regimen before application 
of autologous HSCs in a single or tandem setting in high-risk 
patient 58.  

New drugs are also used after auto-HSCT for mainte-
nance therapy to prolong remission. This includes drugs like 
the immunomodulatory drug LEN, and ongoing research is 
exploring other options to maintain the depth of the post-
transplant response 59. 

The debate on upfront vs. delayed auto-HSCT: the ex-
cellent results achieved with novel drug combinations have 
led to a discussion regarding whether auto-HSCT should be 
performed right after induction therapy (upfront) or delayed 
until disease relapse. While some trials have shown a benefit 
to upfront auto-HSCT in terms of progression-free survival, 
the OS benefit is not always clear. This makes the decision 
highly personalized as part of an evidence-based approach in 
the patient’s specific case 60.  

The use of new immunotherapies like CAR-T-cell ther-
apy and bispecific Abs is emerging as a highly effective op-
tion, particularly for patients with r/r MM 61. These therapies 
are currently being explored for earlier use in the treatment 
pathway and may further impact the role of auto-HSCT in the 
future 62. 

 
Hodgkin’s lymphoma 
 
In the r/r HL, new drugs such as brentuximab vedotin 

(BV) and checkpoint inhibitors play a great role as novel 
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treatment options 63. Auto-HSCT exerts its principal benefit 
as consolidation therapy, particularly in achieving a second 
remission in chemosensitive r/r HL patients. The main pur-
pose of auto-HSCT in these cases is to allow the admin-
istration of HDCT. The consolidation with BV after auto-
HSCT in HL patients with high risk of relapse is the main 
achievement of this combined approach 64. After treatment 
failure with BV, other options in r/r HL are different 
checkpoint inhibitors like nivolumab, pembrolizumab, and 
ipilimumab 65. After relapse with all previously explained 
approaches in r/r HL, allo-HSCT could be the only reason-
able treatment option. This type of transplant provides the 
additional benefit of creating a “new” immune system that 
may be able to recognize and fight any remaining lympho-
ma cells. However, it also carries a higher risk of complica-
tions, such as graft-versus-host disease (GvHD). The deci-
sion to use a different type of HSCT depends on various 
factors, including remission status, comorbidities, and the 
patient’s preferences. While newer therapies are emerging, 
SC transplantation continues to play a vital role in the man-
agement of r/r HL. 

 
Non-Hodgkin’s lymphoma 
 
Auto-HSCT plays a crucial role in the treatment of 

many subtypes of NHL, but its use and effectiveness vary 
substantially depending on the specific type of lymphoma. 
The biological nature of NHL is extremely heterogeneous 
and includes numerous pathohistological entities, 85% of 
which are of B-cell origin. Unlike in HL, where the treatment 
is more standardized, the diverse nature of NHL requires a 
tailored approach. 

The main purpose of auto-HSCT in NHL is to enable 
the use of HDCT 54. The most common representatives of 
aggressive B-cell lymphomas, which are candidates for auto-
HSCT, are diffuse large B-cell lymphoma (DLBCL), MCL, 
indolent follicular lymphoma (FL), and, concerning T-cell 
types, peripheral T-cell lymphoma. Here is a summary of the 
role of auto-HSCT in these NHL subtypes. 

 
Diffuse large B-cell lymphoma 
 
First-line treatment: for most patients, DLBCL is suc-

cessfully treated with standard immunochemotherapy (e.g., 
rituximab, cyclophosphamide, doxorubicin, vincristine, 
prednisolone – R-CHOP), achieving remission rates of ap-
proximately 60–70%. Auto-HSCT is not standard of care as 
consolidation therapy in first remission 66.  

r/r DLBCL is a platform where auto-HSCT is consid-
ered a standard and potentially curative treatment option. 
However, before undergoing auto-HSCT, the disease status 
of r/r DLBCL must be chemosensitive after receiving sal-
vage therapy. In chemotherapy-refractory patients, some oth-
er treatment options, such as monoclonal Abs-drug conju-
gates (e.g., polatuzumab vedotin), bispecific Abs (e.g., 
glofitamab), or CAR-T cells, provide an adequate therapeutic 
response 67. 

Mantle cell lymphoma 

Since MCL is a highly aggressive disease, consolida-
tion of first remission with auto-HSCT has represented the 
standard of care for almost two decades 68. The goal is to ex-
tend the duration of the first remission and improve long-
term survival. This approach is a standard of care and an im-
portant part of treatment for many younger patients with 
MCL 69. In chemo-refractory patients, the Bruton tyrosine 
kinase inhibitor ibrutinib or the immunomodulatory drug 
LEN can be treatment options, sometimes as a “bridge” to al-
lo-HSCT. For patients with r/r MCL, allo-HSCT may also be 
considered. This approach is more intense and bears a higher 
risk, but it can be effective due to the graft-versus-lymphoma 
effect, where the donor’s immune cells attack the remaining 
tumor cells. 

 
Follicular lymphoma 
 
Auto-HSCT is not typically part of the initial treatment 

for FL, which is often managed with less intensive therapies. 
For patients with r/r FL who no longer respond to other 
treatments, auto-HSCT can be used to achieve a long-lasting 
remission. Allo-HSCT may also be an option for a small, se-
lected group of patients, particularly those with a high-risk 
FL or those who have failed auto-HSCT 70. 

Key factors that historically predicted a good outcome 
with auto-HSCT in r/r FL include chemosensitivity to sal-
vage therapy. Namely, patients who achieve a complete or 
partial response after a salvage chemotherapy regimen before 
transplant generally have better outcomes 71. Patients who re-
lapse more than 2 years after their initial therapy tend to have 
better outcomes with auto-HSCT compared to those with 
early relapse (within 24 months, also known as progression 
of disease within 24 months – POD24). However, some stud-
ies have shown that auto-HSCT can still be a valuable option 
even for patients with POD24, leading to improved surviv-
al 72. Studies have found that patients who were sensitive to 
rituximab-based immune-chemotherapy prior to auto-HSCT 
had significantly better outcomes. The introduction of new 
drugs and cellular therapies has dramatically altered the 
treatment landscape for r/r FL. These new options have pro-
vided effective alternatives to intensive chemotherapy and 
auto-HSCT, particularly for patients who are not suitable 
candidates for a transplant or those who have failed prior 
therapies or were completely refractory. The use of targeted 
therapies, such as Bruton tyrosine kinase inhibitors, phos-
phoinositide 3-kinase inhibitors, and enhancer of zeste 
homolog 2 inhibitors, has become a cornerstone of treatment 
for r/r FL. These agents offer durable responses with a more 
favorable toxicity profile compared to traditional chemother-
apy. The novel cellular approach, like CAR-T-cell therapy, 
has emerged as a powerful option for patients with multiply 
relapsed FL. It has shown impressive response rates, even in 
patients who have failed multiple prior lines of therapy, in-
cluding rituximab and other targeted drugs. Additionally, a 
new class of immunotherapy called bispecific Abs is also 
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showing promise in r/r FL, offering another alternative to 
traditional treatments 73. 

Peripheral T-cell lymphomas 

Peripheral T-cell lymphomas are generally more aggres-
sive and have a poorer prognosis than B-cell lymphomas. In 
many cases, auto-HSCT may be used as consolidation of first 
remission to prevent relapse. For patients with relapsed pe-
ripheral T-cell lymphoma, an allo-HSCT is often considered 
due to the role of donor T cells for the potential curative graft-
versus-lymphoma effect 74. 

The most frequent indications for allo-HSCT in 
hematology 

Allo-HSCT works by replacing a patient’s unhealthy or 
damaged BM with healthy donor HSCs, which then produce a 
new, well-functioning immune system. This new immune sys-
tem can recognize and destroy remaining cancer cells, a pro-
cess known as the graft-versus-tumor or graft-versus-leukemia 
(GvL) effect. The most frequent indications for allo-HSCT 
among hematologic disorders are malignant disorders, such as 
leukemias, followed by other hematologic malignancies and 
non-malignant disorders like BM failure syndromes. As per 
EBMT’s last activity survey, AML is the most common indi-
cation for allo-HSCT and accounts for more than one-third of 
allo-HSCT 75. 

 
Malignant disorders as indications for allo-HSCT 
 
As mentioned, common indications for clinical applica-

tion of allo-HSCT among hematological disorders include 
various malignant diseases, as presented below: in patients 
with AML who have intermediate- or high-risk disease in 
their first remission, or in those with relapsed disease in sec-
ond or subsequent complete remission, allo-HSCT is consid-
ered the only curative option 76. 

ALL with high-risk characteristics defined by well-
established criteria is an indication for allo-HSCT, both in 
children and adults. For patients with relapsed disease in 
second or subsequent complete remission, allo-HSCT is also 
a reasonable treatment option 77. In patients with BCR-ABL+ 
ALL, treatment with second- or third-generation tyrosine ki-
nase inhibitors may be preferred in certain circumstances. 

Myelodysplastic syndrome with intermediate-2 to high-
risk characteristics has a significant chance of transforming into 
AML and is a typical indication for allo-HSCT as a primary 
treatment option 78. 

Myelofibrosis and other Philadelphia-negative MPN 
with high-risk scores and a high risk of disease progression 
are also standard indications for allo-HSCT as the only po-
tentially curative treatment 79. 

Chronic myeloid leukemia became potentially curable 
in the era of tyrosine kinase inhibitors, first to third genera-
tion. These drugs have largely replaced allo-HSCT for 
chronic myeloid leukemia, but when patients are intolerant 

or resistant to these drugs, it is still a reasonable treatment 
option 80. 

The r/r lymphomas, especially when a prior auto-HSCT 
has failed, can be reasonable candidates for allo-HSCT, tak-
ing into consideration all risk factors connected to patients 
and disease status 81. 

 
Non-malignant disorders as indications for allo-HSCT 
 
Severe aplastic anemia as a BM failure syndrome is a 

significant indication for allo-HSCT, particularly for younger 
patients with a fully matched sibling donor. Congenital BM 
failure syndromes like Fanconi anemia and severe congenital 
neutropenia are also treated with allo-HSCT. Primary immu-
nodeficiency syndromes, as severe inherited immune system 
disorders, can also be cured with allo-HSCT 82. 

Congenital anemias like thalassemia major and sickle cell 
anemia can be treated with allo-HSCT as a curative treatment, 
especially in countries where these diseases are common genetic 
disorders 82.  

Taking into account all the above, we must point out 
that allo-HSCT represents the most powerful form of adop-
tive immunotherapy for cancer, particularly for hematologic 
malignancies. Its curative potential is not solely linked to the 
HDCT +/- radiotherapy as part of the conditioning regimen, 
which is used to eliminate malignant cells, but is also present 
due to the GvL effect. Namely, allo-HSCT functions as an 
adoptive immunotherapy, and its mechanisms are based on 
the mentioned GvL effect. 

The settings and application of adoptive 
immunotherapy 

Adoptive immunotherapy is a form of treatment that 
uses the cells of our immune system (collected by apheresis, 
ex vivo modified, and then reinfused) to eliminate some tu-
mor/cancer cells. In a broader sense, the term adoptive im-
munotherapy also includes the application of donor immuno-
competent cells in order to achieve an anti-tumor effect (e.g., 
GvL effect). 

 
The main aspects of adoptive immunotherapy 
 
Adoptive immunotherapy is a form of treatment that 

uses donor immune cells, such as T cells, to fight against the 
patient’s malignant cells 83. In allo-HSCT, the “graft” of do-
nor SCs is not just a source of new blood cells; it is a source 
of an entirely new immune system for the patient. This new 
immune system, derived from the donor, has a potent anti-
tumor effect. The main principle is that the donor’s immune 
cells recognize the patient’s malignant cells as “foreign”. 
This occurs because malignant cells, although originating 
from the patient, may express unique antigens or exhibit al-
tered patterns of antigen presentation. Donor T cells and oth-
er immune cells, such as natural killer (NK) cells, can mount 
an immune response against the patient’s malignant cells, 
leading to their destruction. 
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A few crucial points of the model of adoptive 
immunotherapy 

The transfer of immunocompetent cells since the donor 
graft contains T cells, NK cells, and other immune cells that 
are already “programmed” to fight infections and recognize 
foreign threats, presents the mainstay of adoptive immuno-
therapy. These immune cells, infused into the patient, are 
able to attack the malignant clone directly 84. 

The creation of a new, healthy immune system, as donor 
HSCs engraft in the patient’s BM niche and begin to produce all 
types of blood cells, including a new, healthy population of cells 
and other immune cells, is the goal of adoptive immunotherapy.  
This new immune system can provide long-term surveillance 
against the disease relapse. Reconstitution of some donor im-
mune cells is crucial for protecting a patient from disease re-
lapse 85. 

Controlling alloreactivity is crucial after allo-HSCT with 
strong monitoring and management of immunosuppressive ther-
apy. Despite auto-HSCT, which provides autologous support 
with HSCs after a high-dose conditioning regimen, allo-HSC 
can produce a graft-versus-tumor effect. This effect represents 
the immune response of the donor’s cells against the patient’s al-
lo-antigens, which can be a double-edged sword, leading to both 
a beneficial GvL effect and a dangerous side effect known as 
GvHD. Therefore, the GvL effect is the primary mechanism by 
which allo-HSCT provides its long-term curative benefit 86. In 
the context of alloreactivity, GvHD is also one of the earliest 
and most powerful effects that can be present in a mild-to-
moderate form that protects patients from leukemia relapse. Un-
fortunately, severe GvHD is a life-threatening complication that 
targets the patient’s skin, lung, liver, upper and lower gastroin-
testinal tract, and all other healthy tissues 86. 

In the setting of early leukemia relapse after allo-HSCT 
or a decrease in full donor chimerism, the additional applica-
tion of donor lymphocytes, so-called donor lymphocyte infu-
sion, can provide additional GvL effect. Namely, the infu-
sion of more donor lymphocytes can induce a remission, 
even without additional chemotherapy. This shows that the 
donor immune cells, not just the conditioning regimen, are 
capable of eradicating the leukemia 87. In order to deplete al-
pha-beta T-cell receptor (TCR) T lymphocytes while pre-
serving gamma-delta TCR T lymphocytes, ex vivo graft ma-
nipulation or T-cell depletion has shown that removal of T 
cells from the donor graft before transplantation decreases 
the incidence of GvHD. However, this also leads to a signifi-
cant increase in the risk of leukemia relapse, further proving 
that the donor T cells are crucial for the GvL effect 87–89. 

Moreover, the type of conditioning regimen can either 
potentiate myeloablation in the myeloablative setting, so-
called myeloablative conditioning, or enhance immunogenici-
ty in a reduced-intensity setting [reduced-intensity condition-
ing (RIC) regimens]. The development of RIC regimens – al-
so known as “mini-transplants” – provides a powerful GvL 
effect. These regimens use lower doses of chemotherapy that 
are sufficient to allow donor cell engraftment, but not to fully 

eradicate the malignant cells. The primary anti-tumor effect is 
then left to the donor’s immune cells. This approach has made 
allo-HSCT an option for older and less fit patients 78.  

As previously mentioned, the GvL effect can be potentiat-
ed by cellular mediators such as T cells (cytotoxic T-
lymphocytes), NK cells, which can kill leukemia cells without 
prior sensitization, and are particularly important in haploidenti-
cal transplants, and by B cells, dendritic cells, and other immune 
cells that also contribute to the GvL effect by supporting and 
modulating the T-cell response 86, 87.  

Our data also show that immune reconstitution after al-
lo-HSCT is pivotal in achieving favorable long-term out-
comes by influencing the rates of infection, GvHD, and re-
lapse. Namely, we evaluated the clinical impact of immune 
reconstitution on NK cells on day +90 after allo-HSCT, as 
well as CD4+ T cells, CD8+ T cells, B cells, and NKT cells 
by performing a landmark analysis in event-free patients. 
Our results showed that high NK cell counts on day +90 
(>178 cells/μL) were associated with improved OS 
(p = 0.039) and lower rates of non-relapse mortality [1-year 
cumulative incidence of 5.7% vs. 31.4%, hazard ratio 0.16, 
95% confidence interval: 0.04–0.69, p = 0.014] after T-cell-
depleted allo-HSCT 85. 

Conclusion 

Auto-HSCT continues to be a standard treatment to 
consolidate first-line response for many patients with MM. 
However, its role is increasingly being integrated with and 
influenced by a growing number of novel drugs. These new 
agents are not only making auto-HSCT more effective but are 
also providing additional treatment options, leading to more 
personalized and long-lasting outcomes for multiple myelo-
ma patients. Like in Hodgkin’s lymphoma, the role of auto-
HSCT in non-Hodgkin’s lymphoma is being influenced by 
the emergence of new, highly effective therapies. Targeted 
drugs, CAR T-cell therapy, and bispecific antibodies are 
changing the treatment sequence and raising questions about 
whether transplantation can be delayed or even avoided for 
some patients. Auto-HSCT is generally reserved for lym-
phoma patients with relapsed or refractory disease who are 
chemosensitive following salvage therapy, and for consolida-
tion of first remission in high-risk patients to improve the 
chances of long-term survival. 

Allo-HSCT is a highly effective form of adoptive im-
munotherapy because it provides a new, healthy immune 
system capable of recognizing and destroying a patient’s ma-
lignant cells. The most frequent indications among malignant 
disorders are acute leukemias, and in non-malignant settings, 
severe aplastic anemia and severe immunodeficiency. The 
transfer of immunocompetent cells from the donor graft pre-
sents the backbone of adoptive immunotherapy. A strong 
graft-versus-leukemia effect, mediated by donor immune 
cells, is a fundamental mechanism of this curative treatment, 
demonstrating the power of the immune system to combat 
aggressive hematologic malignant disorders. 

 
 



Vol. 83, No. 1 VOJNOSANITETSKI PREGLED Page 17 

Todorović Balint M, et al. Vojnosanit Pregl 2026; 83(1): 10–20. 

R E F E R E N C E S  

1. Smith A. A glossary for stem–cell biology. Nature 2006; 441: 
1060. DOI: https://doi.org/10.1038/nature04954 

2. Pavlovic M, Balint B. Stem Cells and Tissue Engineering. New 
York: Springer; 2013. p. 154. DOI:10.1007/978-1-4614-5505-9 

3. Balint B, Pavlovic M, Todorovic Balint M. Stem cells: Haemobiolo-
gy and clinical data summarising: a critical review. Scr Med 
2020; 51(4): 261–71. DOI:10.5937/scriptamed51-29953 

4. Balint B, Pavlovic M, Todorovic M. From nucleated to ex vivo 
manipulated stem cells – an updated biological and clinical 
synopsis. Medicinska reč 2020; 1(1): 1–9. DOI: 
https://doi.org/10.5937/medrec2001001B 

5. Balint B, Pavlović M, Marković O, Borović S, Todorović M. A stem 
cell overview – from evolving hemobiological concepts to (au-
to)grafting in clinical practice. Serb J Med Chamber 2022; 3(2): 
135–48. DOI: https://doi.org/10.5937/smclk3-37014 

6. Balint B. Stem cells – hemobiology and therapeutic approaches. 
In: Vučetić D, Ostojić G, Balint B, editors. Basics of transfusiolo-
gy with hemobiology. Beograd: Medicinski fakultet VMA – 
Medija centar Odbrana; 2014. p. 151–202. 

7. Ratajzcak MZ, Kucia M, Reca R, Majka M, Janowska-Wieczorek A, 
Ratajczak J. Stem cell plasticity revised: CXR4 positive cells ex-
pressing mRNA for early muscle, liver and neural cells ‘hide 
out’ in the bone marrow. Leukemia 2004; 18(1): 29–40. DOI: 
10.1038/sj.leu.2403184. 

8. Ratajczak MZ, Ratajczak J, Kucia M. Very small embryonic-like 
stem cells (VSELs). Circ Res 2019; 124(2): 208–10. DOI: 
10.1161/CIRCRESAHA.118.314287 

9. Wojakowski W, Kucia M, Zuba–Surma E, Jadczyk T, Ksiazek B, 
Ratajczak MZ, et al. Very small embryonic–like stem cells in 
cardiovascular repair. Pharmacol Ther 2011; 129(1): 21–8. 
DOI: 10.1016/j.pharmthera.2010.09.012 

10. Bhartiya D, Singh P, Sharma D, Kaushik A. Very small embryon-
ic–like stem cells (VSELs) regenerate whereas mesenchymal 
stromal cells (MSCs) rejuvenate diseased reproductive tissues. 
Stem Cell Rev Rep 2022; 18(5): 1718–27. DOI: 
10.1007/s12015-021-10243-6 

11. Moñivas Gallego E, Zurita Castillo M. Mesenchymal stem cell 
therapy in ischemic stroke trials. A systematic review. Regen 
Ther 2024; 27: 301–6. DOI: 10.1016/j.reth.2024.03.026 

12. Chen X, Zheng J, Yin L, Li Y, Liu H. Transplantation of three 
mesenchymal stem cells for knee osteoarthritis, which cell and 
type are more beneficial? a systematic review and network me-
ta–analysis. J Orthop Surg Res 2024; 19(1): 366. DOI: 
10.1186/s13018-024-04846-1 

13. Patel GD, Liu L, Li A, Yang YH, Shen CC, Brand-Saberi B, et al. 
Mesenchymal stem cell-based therapies for treating well-
studied neurological disorders: a systematic review. Front Med 
(Lausanne) 2024; 11: 1361723. DOI: 10.3389/ 
fmed.2024.1361723 

14. Mansourabadi AH, Mohamed Khosroshahi L, Noorbakhsh F, Amir-
zargar A. Cell therapy in transplantation: A comprehensive re-
view of the current applications of cell therapy in transplant 
patients with the focus on Tregs, CAR Tregs, and mesenchy-
mal stem cells. Int Immunopharmacol 2021; 97: 107669. DOI: 
10.1016/j.intimp.2021.107669 

15. Agrawal M, Alexander A, Khan J, Giri TK, Siddique S, Dubey 
SK, et al. Recent biomedical applications on stem cell thera-
py: A brief overview. Curr Stem Cell Res Ther 2019; 14(2): 
127–36. DOI: 10.2174/1574888X13666181002161700 

16. Aly RM. Current state of stem cell-based therapies: an over-
view. Stem Cell Investig 2020; 7: 8. DOI: 10.21037/sci-2020-
001 

17. Balint B, Stamatović D, Todorović M, Jevtić M, Ostojić G, Pavlović M, 
et al. Stem cells in the arrangement of bone marrow repopula-
tion and regenerative medicine. Vojnosanit Pregl 2007; 64(7): 
481–4. DOI: 10.2298/vsp0707481b 

18. Balint B, Obradovic S, Todorovic M, Pavlovic M, Mihaljevic B. 
Stem cell-based (auto)grafting: from innovative research to-
ward clinical use in regenerative medicine. In: Alimoghaddam 
K, editor. Stem cell biology in normal life and diseases. 
London: InTechOpen 2013. p. 111–35. DOI: 
10.5772/54473 

19. Obradović S, Balint B, Romanović R, Trifunović Z, Rusović S, Baskot 
B, et al. Influence of intracoronary injections of bone-marrow-
derived mononuclear cells on large myocardial infarction out-
come: quantum of initial necrosis is the key. Vojnosanit Pregl 
2009; 66(12): 998–1004. DOI: https://doi.org/10.2298/ 
VSP0912998O 

20. Trifunović Z, Obradović Z, Balint B, Ilić R, Vukić Z, Šišić M, et al. 
Functional recovery of patients with ischemic cardiomyopathy 
treated with coronary bypass surgery and concomitant intra-
myocardial bone marrow mononuclear cell implantation – 
long term follow-up study. Vojnosanit Pregl 2015; 72(3): 225–
32. DOI: 10.2298/vsp140109071t 

21. Olatunji G, Kokori E, Yusuf I, Ayanleke E, Damilare O, Afolabi S, 
et al. Stem cell-based therapies for heart failure management: a 
narrative review of current evidence and future perspectives. 
Heart Fail Rev 2024; 29(3): 573–98. DOI: 10.1007/s10741-
023-10351-0  

22. Le DCP, Bui HT, Vu YTH, Vo QD. Induced pluripotent stem 
cell therapies in heart failure treatment: a meta-analysis and 
systematic review. Regen Med 2024; 19(9–10): 497–509. DOI: 
10.1080/17460751.2024.2393558 

23. Vaughan W, Seshadri T, Bridges M, Keating A. The principles and 
overview of autologous hematopoietic stem cell transplanta-
tion. Cancer Treat Res 2009; 144: 23–45. DOI: 10.1007/978-
0-387-78580-6_2 

24. Balint MT, Lemajić N, Jurišić V, Pantelić S, Stanisavljević D, Kur-
tović NK, et al. An evidence-based and risk-adapted GSF versus 
GSF plus plerixafor mobilization strategy to obtain a sufficient 
CD34+ cell yield in the harvest for autologous stem cell trans-
plants. Transl Oncol 2024; 39: 101811. DOI: 
10.1016/j.tranon.2023.101811 

25. Kanate AS, Majhail NS, Savani BN, Bredeson C, Champlin RE, 
Crawford S, et al. Indications for hematopoietic cell transplanta-
tion and immune effector cell therapy: guidelines from the 
American society for transplantation and cellular therapy. Biol 
Blood Marrow Transplant 2020; 26(7): 1247–56. DOI: 
10.1016/j.bbmt.2020.03.002 

26. Singh AK, McGuirk JP. Allogeneic stem cell transplantation: A 
historical and scientific overview. Cancer Res 2016; 76(22): 
6445–51. DOI: 10.1158/0008-5472.CAN-16-1311 

27. Rostami T, Rad S, Rostami MR, Mirhosseini SA, Alemi H, 
Khavandgar N, et al. Hematopoietic stem cell transplantation in 
sickle cell disease: A multidimentional review. Cell Transplant 
2024; 33: 9636897241246351. DOI: 10.1177/09636897 
241246351 

28. Ali H, Bacigalupo A. 2024 update on allogeneic hematopoiet-
ic stem cell transplant for myelofibrosis: A review of current 
data and applications on risk stratification and management. 
Am J Hematol 2024; 99(5): 938–45. DOI: 
10.1002/ajh.27274 

29. Bigi F, Manzato E, Barbato S, Talarico M, Puppi M, Masci S, et al. 
Impact of anti-CD38 monoclonal antibody therapy on CD34+ 
hematopoietic stem cell mobilization, collection, and engraft-
ment in multiple myeloma patients – A systematic review. 
Pharmaceuticals (Basel) 2024; 17(7): 944. DOI: 10.3390 
/ph17070944 

30. Banerjee D, Bhattacharya A, Puri A, Munde S, Mukerjee N, Mohite 
P, et al. Innovative approaches in stem cell therapy: revolution-
izing cancer treatment and advancing neurobiology – a com-
prehensive review. Int J Surg 2024; 110(12): 7528–45. DOI: 
10.1097/JS9.0000000000002111 



Page 18 VOJNOSANITETSKI PREGLED Vol. 83, No. 1 

Todorović Balint M, et al. Vojnosanit Pregl 2026; 83(1): 10–20. 

31. Li H, Zheng Y, Gao K, Tian C. Tandem autologous hematopoi-
etic stem cell transplantation for patients with multiple mye-
loma: a systematic review and meta-analysis. Hematology 2024; 
29(1): 2343164. DOI: 10.1080/16078454.2024.2343164 

32. Metafuni E, Busnego Barreto MT, Valentini CG, Giammarco S, 
Limongiello MA, Sorà F, et al. Pure red cell aplasia among ABO 
mismatched hematopoietic stem cell transplant recipients: a 
13-years retrospective study and literature review. Front Oncol 
2024; 14: 1386670. DOI: 10.3389/fonc.2024.1386670 

33. Adkins BD, Jacobs JW, Booth GS, Savani BN, Stephens LD. Trans-
fusion support in hematopoietic stem cell transplantation: A 
contemporary narrative review. Clin Hematol Int 2024; 6(1): 
128–40. DOI: 10.46989/001c.94135 

34. Mercadal S, Mussetti A, Lee CJ, Arevalo C, Odstrcil SM, Peña E, et 
al. Allogeneic stem cell transplantation and CAR-T in B-cell 
Non-Hodgkin Lymphoma: a two-center experience and review 
of the literature. Ann Hematol 2024; 103(5): 1717–27. DOI: 
10.1007/s00277-024-05677-0 

35. Savic A, Balint B, Urosevic I, Rajic N, Todorovic M, Percic I, et al. 
Syngeneic peripheral blood stem cell transplantation with im-
munosuppression for hepatitis-associated severe aplastic ane-
mia. Turk J Hematol 2010; 27(4): 294–8. DOI: 
10.5152/tjh.2010.52 

36. Balint B, Stamatovic D, Todorovic M, Elez M, Vojvodic D, Pavlovic 
M, et al. Autologous transplant in aplastic anemia – a case re-
port. Transfus Apher Sci 2011; 45(2): 137–41. DOI: 
10.1016/j.transci.2011.07.008 

37. Thangavelu L, Mohan S, Alfaifi HA, Farasani A, Menon SV, 
Bansal P, et al. Safety and efficacy of stem cell therapy for 
Crohn's disease: an umbrella review of systematic reviews. Int 
J Surg 2024; 110(12): 7495–507. DOI: 
10.1097/JS9.0000000000002104 

38. Serrano-Fernandez V, Carmona-Torres JM, Arroyo-Rodriguez A, 
Lopez-Gonzalez A, Rabanales-Sotos J, Laredo-Aguilera JA. Hema-
topoietic stem cell transplantation therapy for refractory' 
Crohn disease: A systematic review and meta-analysis. Medi-
cine (Baltimore) 2024; 103(42): e40144. DOI: 
10.1097/MD.0000000000040144 

39. Barabadi M, Paton MCB, Kumar N, Lim R, Payne NL. Stem cell 
derived extracellular vesicle therapy for multiple sclerosis, A 
systematic review and meta-analysis of preclinical studies. Stem 
Cells Transl Med 2024; 13(5): 436–47. DOI: 
10.1093/stcltm/szae011 

40. Khandia R, Gurjar P, Priyanka, Romashchenko V, Al-Hussain SA, 
Zaki MEA. Recent advances in stem cell therapy: efficacy, eth-
ics, safety concerns, and future directions focusing on neuro-
degenerative disorders – a review. Int J Surg 2024; 110(10): 
6367–81. DOI: 10.1097/JS9.0000000000001609 

41. Todorović-Balint M, Bila J, Balint B, Jeličić J, Đunić I, Antić D, et 
al. Influence of applied CD34+ cell dose on the survival of 
Hodgkin's lymphoma and multiple myeloma patients follow-
ing autologous stem cell transplants. Vojnosanit Pregl 2020; 
77(8): 844–51. DOI: https://doi.org/10.2298/VSP1808 
08160T 

42. Janakiraman N. Peripheral blood stem cell transplantation as an 
alternative to bone marrow transplantation: an overview. Hen-
ry Ford Hosp Med J 1991; 39(2): 103–7.  

43. Balint B, Stanojević I, Todorović M, Stamatović D, Pavlović M, Voj-
vodić D. Relative frequency of immature CD34+/CD90+ subset 
in peripheral blood following mobilization correlates closely 
and inversely with the absolute count of harvested stem cells 
in multiple myeloma patients. Vojnosanit Pregl 2017; 74(11): 
1071–7. DOI: https://doi.org/10.2298/VSP170505090B 

44. Balint B, Ljubenov M, Stamatović D, Todorović M, Pavlović M, Ostojić 
G, et al. Stem cell harvesting protocol research in autologous 
transplantation setting: large volume vs. conventional cy-
tapheresis. Vojnosanit Pregl 2008; 65(7): 545–51. DOI: 
10.2298/vsp0807545b 

45. Skoric D, Balint B, Petakov M, Sindjic M, Rodic P. Collection 
strategies and cryopreservation of umbilical cord blood. Trans-
fus Med 2007; 17(2): 107–13. DOI: 10.1111/j.1365-
3148.2007.00728.x. 

46. Balint B, Ivanovic Z, Petakov M, Taseski J, Jovcic G, Stojanovic N, et 
al. The cryopreservation protocol optimal for progenitor re-
covery is not optimal for preservation of MRA. Bone Marrow 
Transpl 1999; 23(6): 613–9. DOI: 10.1038/sj.bmt.1701623 

47. Kim SK, Yoo J, Lee JH, Lee HE, Ahn JS, Koh KN, et al. Current 
practices in peripheral blood stem cell processing and cryo-
preservation: a nationwide survey of Korean transplant cen-
ters. Blood Res 2025; 60(1): 41. DOI: 10.1007/s44313-025-
00090-6 

48. Dobruskin M, Toner G, Kander R. Cryopreservation practices in 
clinical and preclinical iPSC-based cell therapies: Current chal-
lenges and future directions. Biotechnol Prog 2025; 41(4): 
e70031. DOI: 10.1002/btpr.70031 

49. Aarattuthodi S, Kang D, Gupta SK, Chen P, Redel B, Matuha M, et al. 
Cryopreservation of biological materials: applications and eco-
nomic perspectives. In Vitro Cell Dev Biol Anim 2025; 1–24. 
DOI: https://doi.org/10.1007/s11626-025-01027-0 

50. Balint B, Pavlović M, Abazović Dz, Toroman S, Grubović Rastvorčeva 
RM, Dinić M, et al. Cellular cryobiology – a review of basic 
concepts and "operating-design" of cryopreserved cells. 
Vojnosanit Pregl 2023; 80(11): 899–905. DOI: 
10.2298/VSP230510065B 

51. Ali MO, Al Hadidi S. High-dose (conditioning) regimens used 
prior to autologous stem cell transplantation in multiple mye-
loma. Transplant Cell Ther 2022; 28(9): 572–80. DOI: 
10.1016/j.jtct.2022.06.013 

52. Passweg JR, Baldomero H, Atlija M, Kleovoulou I, Witaszek A, Al-
exander T, et al. The 2023 EBMT report on hematopoietic cell 
transplantation and cellular therapies. Increased use of alloge-
neic HCT for myeloid malignancies and of CAR-T at the ex-
pense of autologous HCT. Bone Marrow Transplant 2025; 
60(4): 519–28. DOI: 10.1038/s41409-025-02524-2. 

53. Samara Y, Mei M. Autologous stem cell transplantation in 
Hodgkin lymphoma – Latest advances in the era of novel 
therapies. Cancers (Basel) 2022; 14(7): 1738. DOI: 
10.3390/cancers14071738 

54. Zahid U, Akbar F, Amaraneni A, Husnain M, Chan O, Riaz IB, et 
al. A review of autologous stem cell transplantation in lym-
phoma. Curr Hematol Malig Rep 2017; 12(3): 217–26. DOI: 
10.1007/s11899-017-0382-1 

55. Devarakonda S, Efebera Y, Sharma N. Role of stem cell trans-
plantation in multiple myeloma. Cancers (Basel) 2021; 13(4): 
863. DOI: 10.3390/cancers13040863 

56. Kumar SK, Buadi FK, Rajkumar SV. Pros and cons of frontline 
autologous transplant in multiple myeloma: the debate over 
timing. Blood 2019; 133(7): 652–9. DOI: 10.1182/blood-2018-
08-825349 

57. Shimazu Y, Mizuno S, Fuchida SI, Suzuki K, Tsukada N, Hanagai-
shi A, et al. Improved survival of multiple myeloma patients 
treated with autologous transplantation in the modern era of 
new medicine. Cancer Sci 2021; 112(12): 5034–45. DOI: 
10.1111/cas.15163 

58. Jung J, Jung SH, Lee JJ, Do YR, Kang KW, Lee JL, et al. Compar-
ative analysis of single versus tandem autologous stem cell 
transplantation in patients with multiple myeloma in Korea: 
the KMM2102 study. Sci Rep 2024; 14(1): 24325. DOI: 
10.1038/s41598-024-74625-9  

59. Pulte ED, Dmytrijuk A, Nie L, Goldberg KB, McKee AE, Farrell 
AT, et al. FDA approval summary: Lenalidomide as mainte-
nance therapy after autologous stem cell transplant in newly 
diagnosed multiple myeloma. Oncologist 2018; 23(6): 734–9. 
DOI: 10.1634/theoncologist.2017-0440 

60. Lin CM, Chang LC, Shau WY, Chen CL, Yao CY, Tien FM. 
Treatment benefit of upfront autologous stem cell transplanta-



Vol. 83, No. 1 VOJNOSANITETSKI PREGLED Page 19 

Todorović Balint M, et al. Vojnosanit Pregl 2026; 83(1): 10–20. 

tion for newly diagnosed multiple myeloma: a systematic re-
view and meta-analysis. BMC Cancer 2023; 23(1): 446. DOI: 
10.1186/s12885-023-10907-1 

61. Rocchi S, Zannetti BA, Marconi G, Lanza F. Multiple myeloma: 
The role of autologous stem cell transplantation in the era of 
immunotherapy. Cells 2024; 13(10): 853. DOI: 
10.3390/cells13100853 

62. Firestone RS, Mailankody S. Current use of CAR T cells to treat 
multiple myeloma. Hematology Am Soc Hematol Educ Pro-
gram 2023; 2023(1): 340–7. DOI: 10.1182/hematology. 
2023000434 

63. Grover NS, Dittus C, Thakkar A, Beaven AW. The optimal man-
agement of relapsed and refractory Hodgkin lymphoma: post-
brentuximab and checkpoint inhibitor failure. Hematology Am 
Soc Hematol Educ Program 2023; 2023(1): 510–8. DOI: 
10.1182/hematology.2023000450 

64. Moskowitz CH, Nademanee A, Masszi T, Agura E, Holowiecki J, 
Abidi MH, et al. Brentuximab vedotin as consolidation therapy 
after autologous stem-cell transplantation in patients with 
Hodgkin's lymphoma at risk of relapse or progression (AE-
THERA): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet 2015; 385(9980): 1853–62. Erratum in: 
Lancet 2015; 386(9993): 532. DOI: 10.1016/S0140-
6736(15)61475-1 

65. Lin AY, Schnitter JM, Gordon LI. Immune checkpoint blockade 
for the treatment of Hodgkin lymphoma. Immunotargets Ther 
2022; 11: 1–10. DOI: 10.2147/ITT.S284988 

66. Coiffier B, Sarkozy C. Diffuse large B-cell lymphoma: R-CHOP 
failure-what to do? Hematology Am Soc Hematol Educ Pro-
gram 2016; 2016(1): 366–78. DOI: 10.1182/asheducation-
2016.1.366 

67. Shah NN, Ahn KW, Litovich C, He Y, Sauter C, Fenske TS, et al. 
Is autologous transplant in relapsed DLBCL patients achieving 
only a PET+ PR appropriate in the CAR T-cell era? Blood 
2021; 137(10): 1416–23. Erratum in: Blood 2021; 137(20): 
2854–5. DOI: 10.1182/blood.2021011979. 

68. Beitinjaneh A, Kaufman A, Wang Y, Jain P, Srour SA, Wang M. Is 
there still a role for transplant for patients with mantle cell 
lymphoma (MCL) in the era of CAR-T cell therapy? Curr 
Treat Options Oncol 2022; 23(11): 1614–25. DOI: 
10.1007/s11864-022-01020-9 

69. Kumar A. What is the role of up-front autologous stem cell 
transplantation in mantle cell lymphoma? Hematology Am Soc 
Hematol Educ Program 2022; 2022(1): 155–62. DOI: 
10.1182/hematology.2022000333 

70. Maura F, Farina L, Corradini P. The Role of Autologous and 
Allogeneic Stem Cell Transplantation in Follicular Lymphoma 
in The New Drugs Era. Mediterr J Hematol Infect Dis 2016; 
8(1): e2016045. DOI: 10.4084/MJHID.2016.045 

71. Kordic A, Phillips TJ, Weiss J. The current state of bispecific an-
tibodies and T-cell directed therapy in NHL. Cancers (Basel) 
2025; 17(7): 1192. DOI: https://doi.org/10.3390/cancers 
17071192 

72. Jurinovic V, Metzner B, Pfreundschuh M, Schmitz N, Wandt H, Kel-
ler U, et al. Autologous stem cell transplantation for patients 
with early progression of follicular lymphoma: A follow-up 
study of 2 randomized trials from the German Low Grade 
Lymphoma Study Group. Biol Blood Marrow Transplant 
2018; 24(6): 1172–9. DOI: 10.1016/j.bbmt.2018.03.022 

73. Chen CJ, Choi MY, Heyman BM. Targeted therapy in follicular 
lymphoma: towards a chemotherapy-free approach. Cancers 
(Basel) 2023; 15(18): 4483. DOI: 10.3390/cancers15184483 

74. Coiffier B, Brousse N, Peuchmaur M, Berger F, Gisselbrecht C, Bryon 
PA, et al. Peripheral T-cell lymphomas have a worse prognosis 
than B-cell lymphomas: a prospective study of 361 immuno-
phenotyped patients treated with the LNH-84 regimen. The 
GELA (Groupe d'Etude des Lymphomes Agressives). Ann 

Oncol 1990; 1(1): 45–50. DOI: 10.1093/oxfordjournals. 
annonc.a057673 

75. Snowden JA, Sánchez-Ortega I, Corbacioglu S, Basak GW, Cha-
bannon C, de la Camara R, et al.; European Society for Blood and 
Marrow Transplantation (EBMT). Indications for haemato-
poietic cell transplantation for haematological diseases, solid 
tumours and immune disorders: current practice in Europe, 
2022. Bone Marrow Transplant 2022; 57(8): 1217–39. DOI: 
10.1038/s41409-022-01691-w 

76. Loke J, Buka R, Craddock C. Allogeneic Stem Cell Transplanta-
tion for Acute Myeloid Leukemia: Who, When, and How? 
Front Immunol 2021; 12: 659595. DOI: 10.3389/ 
fimmu.2021.659595 

77. Cavallaro G, Lazzarotto D, Pavoni C, Valsecchi F, Grassi A, Pa-
payannidis C, et al. Outcomes of allogeneic stem cell trans-
plant in adult Philadelphia negative acute lymphoblastic leu-
kemia patients treated with the pediatric-inspired GIMEMA 
1913 protocol. A Campus ALL study. Bone Marrow Trans-
plant 2025; 60(9): 1228–35. DOI: 10.1038/s41409-025-
02632-z 

78. Berg T, Salter B, Radford M, Chen HTT, Leber B. Allogeneic stem 
cell transplantation: The relevance of conditioning regime in-
tensity for myelodysplastic syndromes (MDS). Curr Oncol 
2025; 32(6): 319. DOI: 10.3390/curroncol32060319 

79. McLornan DP, Yakoub-Agha I, Robin M, Chalandon Y, Harrison 
CN, Kroger N. State-of-the-art review: allogeneic stem cell 
transplantation for myelofibrosis in 2019. Haematologica 2019; 
104(4): 659–68. DOI: 10.3324/haematol.2018.206151 

80. Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2025 up-
date on diagnosis, therapy, and monitoring. Am J Hematol 
2024; 99(11): 2191–212. DOI: 10.1002/ajh.27443 

81. Roché P, Brisou G, Furst S, Noel R, Montes De Oca K, Collignon A, 
et al. Allogeneic Transplant as a Curative Option for Re-
lapsed/Refractory Large B-Cell Lymphoma in the Era of CAR 
T-Cell Therapy: A Monocentric Retrospective Study. Blood 
2022; 140(Suppl 1): 7740–1. 

82. Klein OR, Bonfim C, Abraham A, Ruggeri A, Purtill D, Cohen S, et al. 
Transplant for non-malignant disorders: an International Society 
for Cell & Gene Therapy Stem Cell Engineering Committee re-
port on the role of alternative donors, stem cell sources and 
graft engineering. Cytotherapy 2023; 25(5): 463–71. DOI: 
10.1016/j.jcyt.2022.12.005 

83. Cieri N, Mastaglio S, Oliveira G, Casucci M, Bondanza A, Bo-
nini C. Adoptive immunotherapy with genetically modified 
lymphocytes in allogeneic stem cell transplantation. Im-
munol Rev 2014; 257(1): 165–80. DOI: 10.1111 
/imr.12130 

84. Fujiwara H. Adoptive immunotherapy for hematological ma-
lignancies using T cells gene-modified to express tumor anti-
gen-specific receptors. Pharmaceuticals (Basel) 2014; 7(12): 
1049–68. DOI: 10.3390/ph7121049  

85. Pešić A, Bešević N, Kröger N, Stanisavljević D, Kraguljac Kurtović N, 
Bukumirić Z, et al. High NK cell counts at day 90 predict im-
proved survival in event-free patients after T-cell depleted al-
logeneic stem cell transplantation. Front Immunol 2025; 16: 
1577924. DOI: 10.3389/fimmu.2025.1577924 

86. Kolb HJ, Schmid C, Barrett AJ, Schendel DJ. Graft-versus-leukemia 
reactions in allogeneic chimeras. Blood 2004; 103(3): 767–76. 
DOI: 10.1182/blood-2003-02-0342 

87. Maurer K, Antin JH. The graft versus leukemia effect: donor 
lymphocyte infusions and cellular therapy. Front Immunol 
2024; 15: 1328858. DOI: 10.3389/fimmu.2024.1328858 

88. Petakov M, Balint B, Bugarski D, Jovčić G, Stojanović N, Vojvodić D, 
et al. Donor leukocyte infusion – the effect of mutual reactivi-
ty of donor’s and recipient’s peripheral blood mononuclear cell 
on hematopoietic progenitor cells growth. Vojnosanit Pregl 
2000; 57(5): 89–93. 



Page 20 VOJNOSANITETSKI PREGLED Vol. 83, No. 1 

Todorović Balint M, et al. Vojnosanit Pregl 2026; 83(1): 10–20. 

89. Pagliuca S, Schmid C, Santoro N, Simonetta F, Battipaglia G, 
Guillaume T, et al. Donor lymphocyte infusion after alloge-
neic haematopoietic cell transplantation for haematologi-
cal malignancies: basic considerations and best practice 
recommendations from the EBMT. Lancet Haematol 

2024; 11(6): e448–58. DOI: 10.1016/S2352-3026(24) 
00098-X 

Received on August 22, 2025 
Revised on November 8, 2025 

Accepted on November 26, 2025 
Online First January 2026

 


