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What are in a bag of stem cells ? 
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of the placental blood must be allowed to drain into the newborn infant 

before cutting the cord, to avoid anemia. Cord blood HSC have strong 

proliferative potential which partly compensates for the very much 

lower cell numbers collected. UCB lymphocytes are largely naíve 

(non-antigen experienced) but have strong proliferative potential. 

UCB collections also contain endothelial cells.10

Cryopreservation

HSC and lymphocytes can be readily stored frozen in liquid nitrogen 

– for years if necessary – and retain their viability on thawing. Cryo-

preservation requires slow, controlled-rate freezing and the addition 

of an agent (usually dimethyl sulfoxide – DMSO) which prevents 

intracellular ice crystal cell damage. When the cells are required for 

transplantation they must be rapidly thawed, and rapidly transfused to 

minimize toxicity from DMSO.11

Hematopoietic stem cell homing, engraftment 
and reconstitution of hematopoiesis13

Following intravenous infusion, HSC circulate and accumulate in the 

lungs before homing within 24 h to hematopoietic sites. Stem cell 

homing involves endothelial rolling within marrow sinusoids, passage 

through the endothelium of the sinusoid and lodging in a stem cell 

niche. Within the niche, the HSC can proliferate and establish foci of 

hematopoiesis as well as self-replicate (Fig. 2.2).

The localization of HSCT in the marrow is directed by specifi c adhe-

sion molecule interactions. Endothelial rolling, which is the fi rst step 

to immobilization of the HSC and its passage through the endothelial 

wall, is controlled by interaction between selectins such as vascular cell 

adhesion molecule-1 (VCAM-1) on the endothelial cell, and integrins, 

sialomucins and CD44 on the HSC. Stromal-derived factor 1 (SDF1) 

is a chemokine produced by stromal cells which enhances adhesion and 

transendothelial migration of the HSC through expression of its recep-

tor on HSC CXCR4. Despite the well-established practice of giving the 

SCT intravenously, animal experiments suggest that the process is rela-

tively ineffi cient, with only a proportion of transfused HSC reaching 

their niches.13 Hematologic recovery (>500 neutrophils/ml) takes about 

10 days following SCT from BM and PBSC, while UCB transplants 

require a median of 21 days.

To engraft in the recipient, HSCT must overcome both immuno-

logic and non-immunologic barriers. The most important factor deter-

mining engraftment of allotransplanted  stem cells is a favorable 

immune environment: predominance of donor T-cells promotes even-

tual engraftment of the donor’s stem cells. HSC engraftment can be 

blocked by circulating host antibodies, alloreacting NK cells and 

donor-specifi c cytotoxic T-cells. In autologous SCT, engraftment 

depends on the vigor of the autologous stem cells, which may have 

been compromised by previous chemotherapy and radiotherapy, 

leading to incomplete hematopoietic reconstitution. HSC may fail to 

engraft in a marrow full of malignant cells or damaged by fi brosis or 

chemotherapy. A large spleen can trap circulating HSC, leading to 

delayed and incomplete engraftment. Once engrafted, human HSC 

appear to maintain hematopoiesis over many years and with follow-up 

of some patients transplanted more than 30 years ago, there are no 

reports of late graft failure from stem cell exhaustion.

Reconstitution of immunity

Recovery of immunity involves the reconstitution of a diverse family 

of cells and molecules: the innate immune system of the NK cell, the 

adaptive immunity of the T- and B-cells, the regeneration of antigen-

presenting cells and the production of antibodies. We now understand 

much more about the process of immune reconstruction in both autolo-

gous and allogeneic SCT, which show some similarities. However, 

engraftment of an allogeneic immune system into the recipient intro-

duces further complexities.14,15

Recovery of innate immunity

In both autologous and allogeneic SCT, NK cells are the fi rst immune 

cells to reach normal blood levels, often overshooting in the fi rst 

month after SCT. Increased production of lymphocyte growth factors, 

especially IL-12 and IL-15, stimulates rapid neogenesis of NK cells 

from CD34 cells.15,16 Antigen-presenting cells (APC) derived from 

CD34 cells include monocyte-macrophages, dendritic cells (myeloid 

and plasmacytoid), Langerhans cells and B-cells. Recovery of trans-

plant-origin APC begins within weeks of transplantation and is com-

plete within about 6 months of transplant.16

Table 2.1 Bone marrow, peripheral blood and umbilical cord blood stem cell 

sources compared

Property BM PBSCT UCB

Collection Multiple 

aspirates

G-CSF mobilization Placental blood

HSC minimum for graft

´106/kg recipient wt 1.0 1.0 0.1

Neutrophils > 500/ml

Median days post SCT 14 12 21

Platelets > 20,000/ml

Median days post SCT 21 18 28

Immunologic characteristics

 GvHD risk

 (for equivalent match) ++ +++ +

Multiple 

aspirates
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++
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Figure 2.1
Cellular content of the stem cell transplant and fate of long- and short-lived cell 
lineages in the recipient. CD34, hematopoietic stem cells; CD3, post-thymic T-cells; 
NK, natural killer cell; B, B-cell; mo, monocyte; gran, granulocytes; MK, 
megakaryocytes; DC, dendritic cells; c, committed progenitor cells; RBC, red blood 
cells.
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Alloimmune Reactions 

 

Donor-versus-host  or  host-versus-donor 
 

•Donor attacks host  GvHD or GvL  

•Host attacks donor  Graft rejection 

 
Allorecognition involves … 
 

•Adaptive immune response  CD3+ T-lymphocyte 

•Innate immune response  CD16+ CD56+ NK cell  
 



Traditional HSCT using Myeloablative Conditioning  

HD chemotherapy ± radiation 

Recipient 

Pancytopenia 

Donor 



Post-transplant Engraftment 

• Defined by a sustained ANC >500/mm3 x 3 days 

• Day of engraftment is the first day of 3 consecutive days 

 

 



 

Favorable immune environment 
 

 Predominant donor T-lymphocytes 
 

Engraftment blocked by  
 

 Circulating host antibodies  

 Alloreactive NK cells  

 Donor-specific cytotoxic T-lymphocytes  

Important Factors for Successful Engraftment  

Allotransplanted stem cells 



 

Engraftment blocked by ... 
 

 Previous chemotherapy & radiotherapy causing incomplete 
hematopoietic reconstitution   

 Marrow occupied by malignant cells  

 Marrow damaged by fibrosis or previous chemotherapy  

 Large spleen – trapping circulating HSC 

Important Factors for Successful Engraftment  

Autotransplanted stem cells 



Graft Failure 

Primary graft failure  
 

 Absence of any hematological function of the graft 

 Failure to achieve ANC >500/mm3 within 28 days 

 Not include the first few days after infusion due to residual host 
hematopoiesis  

Secondary graft failure  
 

 Graft failure after evidence of donor engraftment  

 After initial evidence of neutrophil recovery, ANC falls below 
>500/mm3 

 Always accompanied by thrombocytopenia and anemia 

Both allo-HSCT and auto-HSCT 



Graft Failure 

Primary graft failure  
 

 Absence of any hematological function of the graft 

 Failure to achieve ANC >500/mm3 within 28 days 

 Not include the first few days after infusion due to residual host 
hematopoiesis  

Secondary graft failure  
 

 Graft failure after evidence of donor engraftment  

 After initial evidence of neutrophil recovery, ANC falls below 
>500/mm3 

 Always accompanied by thrombocytopenia and anemia 

Usually evident within the first 6 mos 



Graft Failure – EXCEPTION !!! 

In non-myeloablative or reduced-intensity conditioning 
 

 Patients may no longer have a period of pancytopenia 

 Engraftment may be a transition from recipient to donor 
hematopoiesis  

 Graft failure may be better defined in terms of chimerism 
analysis with “failure to achieve or subsequent loss of donor 
chimerism” 

Poor graft function – basic parameters of engraftment are fulfilled but 

blood counts may remain suboptimal for long periods of time   

 

 



Graft Failure - Incidence 

Lower risk in … 
 

 Autologous HSCT (<1%) 

 Traditional myeloablative conditioning HSCT with no T-cell 
depletion (1-2%) 

Higher risk in … 
 

 T-cell depletion  

 Non-myeloablative or reduced-intensity conditioning 

 Unrelated donor and HLA-mismatched donor 
(related/unrelated) HSCT    

Therefore, RIC or T-cell depleted myeloablative conditioning from HLA-
mismatched donor HSCT can have graft failure rate of 5-30% 



Graft Failure – Clinical Impact 

Complications include 
 

 Prolonged hospitalization 

 Increased risk of bacterial and fungal infection 

 Increased risk of hemorrhage 

 Increased relapse risk in mixed donor chemerism   



Graft Failure – Mechanism of Graft Failure 

Immunologic process 
 

 Alloimmunization from previous blood transfusion in SAA or TDT 

 Increased risk in HLA-mismatched and unrelated donor HSCT  

 MHC class I disparity esp. HLA-C associated with graft failure 

    (MHC class II may not increase the risk) 

 T-cell and NK cell mediated process 

Composition of donor graft 
 

 Inadequate stem cell dose 

 Typically, prefer ≥2x106 CD34 cells/kg recipient in BM and PB 
and ≥1.5x105 CD34 cells/kg in UCB  



Graft Failure – Host Factors 

Host factors that may affect engraftment 
 

 Lack of intensive prior chemotherapy 

 Stromal abnormality  

 Splenomegaly  

 Lack of myelosuppressive element in RIC or non-myeloablative 
conditioning  

 Infection in the early post-HSCT 

 Drug toxicity   

 Malnutrition 



Graft Failure – Donor Factors 

Donor factors that may affect engraftment 
 

 Prefer male > female in unrelated donor setting  

 Stem cell source 

 Stem cell dose   

 Donor weight 

 Donor age  

 Donor type 

 HLA-mismatched donor 



Graft Failure 

Primary graft failure  
 

 Absence of any hematological function of the graft 

 Failure to achieve ANC >500/mm3 within 28 days 

 Not include the first few days after infusion due to residual host 
hematopoiesis  

Failure of engraftment occurs in 5-10% of MUD BMT patients and 1% 

of MSD BMT patients, but 15-20% after UCBT   

 

 



Management of Primary Graft Failure 

Approach to patients with graft failure … 

Review details of infused stem cell product  

Review drug chart   

Review virology testing e.g. PCR for EBV, CMV, parvovirus, adenovirus 
and HHV6  

Assessment of primary graft failure should be considered around day 
+25 to +35 if no signs of neutrophil engraftment 



Management of Primary Graft Failure 

Graft function should be assessed by … 

Bone marrow aspiration and biopsy  

Bone marrow for cytogenetic analysis  

Donor chimerism   

• DNA fingerprint using Short Tandem Repeat analysis 

• FISH for sex chromosome in sex mismatched transplant  

• ABO blood group in ABO mismatched transplant 

• Molecular markers related to host’s underlying disease  

Assessment of primary graft failure should be considered around day 
+25 to +35 if no signs of neutrophil engraftment 

Hypocellularity with no 

infiltration by original 
malignant disease 



Management of Primary Graft failure 

 

Complete absence of donor chimerism    
   Immune-based graft rejection process  

  
Partial or mixed donor chimerism  
  Extrinsic source of marrow suppression such as drugs 
or viral infections 

 



Graft Failure 

Secondary graft failure  
 

 Graft failure after evidence of donor engraftment  

 After initial evidence of neutrophil recovery, ANC falls below 
>500/mm3 

 Always accompanied by thrombocytopenia and anemia 

Very rare in MSD BMT patients, but occurs in up to 5-10% after MUD 

BMT   

 

 



Management of Secondary Graft Failure 

Potentially reversible causes should be sought out  
 

 Bacterial sepsis – often causes severe but usually transient BM 
suppression 

 Viral infections – such as CMV 

 Drug toxicity – such as co-trimoxazole, ganciclovir, etc 

 

If secondary graft failure is severe and sustained, assessment of graft 

function should be done as for primary graft failure  

 

 



Management of Graft failure 

 

 Growth factor administration 
 Manipulation of immunosuppressive drugs  
 Infusion of donor lymphocytes  
 Infusion of further donor stem cells without prior 

conditioning  
 Administration of second donation of stem cells with 

prior conditioning  
 



Growth Factor Administration 

 

 Routine administration of growth factors such as G-CSF 
post transplant is varied among institutional protocols  

 The use of G-CSF post transplant is stronger 
recommended for patients receiving grafts with low 
CD34 content such as UCB HSCT   

 In primary or secondary graft failure, G-CSF is 
recommended 

 More likely to be successful in graft failure related to 
extrinsic factors (drugs or viral toxicity) than intrinsic 
immune-based rejection 
 



Manipulation of immunosuppressive drugs 

Aim after allo-HSCT: Bidirectional Tolerance 
 

 Immunosuppression can be withdrawn  
 Continued donor engraftment  
 Absence of GvHD  

 Likely successful in slow/progressive loss of donor chimerism  

 Unlikely to correct graft failure with pancytopenia, marrow aplasia 

or complete loss of donor chimerism 

 

 



Infusion of Donor Lymphocytes 

 

 Higher risk of graft failure in RIC HSCT esp. with in vivo or in vitro T 
cell depletion  

 Progressive loss of donor chimerism is strongly associated with 
graft failure and relapse risk  
 

Donor Lymphocyte Infusion (DLI)  

 Widely used to reverse the progressive loss of donor chimerism 

 Usually given in incremental and increasing dose schedule to 
minimize the risk of GvHD 

 Unlikely to correct graft failure with pancytopenia, marrow aplasia 

or complete loss of donor chimerim 

 



Infusion of Further Donor Stem Cells without prior Conditioning 

 

 Graft failure with loss of donor hematopoiesis requires second 
infusion of donor stem cells 

 If patients receive BM as a donor source, G-CSF mobilized PB stem 
cells is recommended (providing both CD34+ and T-cells) 

 If patients receive T-depleted HSCT, unmanipulated donor stem 
cells is recommended (providing higher T-cell content) 
 

Donor stem cells without prior conditioning  

 Likely successful in graft failure with pancytopenia but still have 
evidence of donor hematopoiesis on chimerism analysis 

 Such as graft failure related to inadequate initial donor CD34+ cell 
dose or extrinsic causes e.g. drug toxicity or viral infections 



Infusion of Further Donor Stem Cells with prior Conditioning 

 

 Indicated in graft failure with pancytopenia, marrow aplasia or 
complete loss of donor chimerism 

 Typically using the same donor 
 If patients receive prior RIC, increasing intensity of immune and 

myelosuppression is recommended for second HSCT 
 If patients receive prior myeloablative conditioning, RIC to increase 

immune suppression is recommended for second HSCT 
 If patients receive T-depleted HSCT, unmanipulated donor stem 

cells is recommended 
 



Disease Relapse 
 

  Most common cause of treatment failure following allo-HSCT  
 

CIBMTR Data 1998 - 2002 



Disease Relapse 
 

  Most common cause of treatment failure following allo-HSCT  
 

CIBMTR Data 1998 - 2002 

 

Factor associated with increase risk for relapse 
 

 Disease type 
 Blastic phase  CML and refractory acute leukemia >> chronic 

phase CML and first remission acute leukemia   
 

 HSCT 
 RIC with T-cell depleted HSCT (higher risk)  
 GvHD (lower risk)  

 



Patterns of Relapse 

Treleaven J. et al, Hematopoietic Stem Cell Transplantation in Clinical Practice, 2009  



Diagnosis of Recurrent Disease 

 

Monitoring donor-recipient chimerism 
 DNA fingerprint using Short Tandem Repeat analysis 

 

 FISH for sex chromosome in sex mismatched transplant  
 

Common targets for MRD screening in different CAs  Techniques used to detect relapse 



Management of Disease Relapse 

Treleaven J. et al, Hematopoietic Stem Cell Transplantation in Clinical Practice, 2009  



Immunotherapy 

Withdrawal of immunosuppression 
 To enhance GvL effects – but risk for GvHD also increases 

 

Donor lymphocyte infusion (DLI) 
 To enhance GvL effects 
 Increase risk for GvHD if given within 3 mos post HSCT 
 Dose in HLA-matched HSCT : 1x106 – 1x107 CD3+ cells/kg 
 Dose in HLA-mismatched HSCT : 1x104 CD3+ cells/kg 

DLI with adjuvant treatment 
 To enhance more GvL effect by prior administration of 

immunosuppressive Rx such as fludarabine 30mg/m2 x 3-5 days  

Second allografts or transplant 
 Use strategy to enhance GvL such as using PB > BM 
 Still having high risk for further relapse   



Donor Lymphocyte Infusion (DLI) 

Responsiveness of relapse in to DLI treatment in different cancer types  

Treleaven J. et al, Hematopoietic Stem Cell Transplantation in Clinical Practice, 2009  



Rujkijyanont P et al, Blood Cancer Journal, 2013 

First DLI dose (CD3 cells/kg) 
 

 2.5 x 104 (Haploidentical) 

 1 x 106 (unrelated) 

 1 x 107 (matched sibling) 

Subsequent DLI doses 
 

 Escalated by 2 fold q2-4 

weeks until achieved 

100% donor chimerism 



Management of Disease Relapse 

Treleaven J. et al, Hematopoietic Stem Cell Transplantation in Clinical Practice, 2009  



New Approaches 

 Natural killer cell therapy 

 CAR T-cell therapy 

 Cytokine induced killer cell therapy  



Thank you 


