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Post-alloSCT engraftment syndromes

• Graft rejection (<5% donor chimerism)

• Mixed chimerism

• Poor graft function (PGF) (>95% donor chimerism)
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Poor graft function (PGF)

• At least two hematopoietic cell count lines that do not meet the engraftment standard

(ANC > 1.5 x 109/L, PLT count > 30 x 109/L, Hb > 85g/L)

• At least 3 consecutive days lasting for more than two consecutive weeks beyond day +28

• Hypocellular bone marrow

• Full donor chimerism (>95%)

• Without severe graft-versus-host disease(GVHD), drug-induced myelosuppression,

infection or disease relapse

• Frequent dependence on blood and/or platelet transfusions and/or growth factor support
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Poor graft function (PGF)

The incidence of PGF is approximately 5–27% and has become a growing obstacle after

allo-HSCT due to the development of haploidentical-HSCT.

• Primary PGF (Early) refers to incomplete engraftment (reconstitution).

• Secondary PGF (Late) is defined as a loss of initial engraftment (reconstitution).

Patients with primary PGF have a lower response rate to treatment and poorer

prognosis compared with those with secondary PGF.

Survival rate is significantly lower than patients with good graft function (GGF).
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Seed, soil, and climate model of Poor graft function (PGF)
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HSCs (seed)

CD34+ cells ≥ 5 x 106/kg are currently recommended as the optimal dose by the EBMT.

CD34 is also an established marker of other non-hematopoietic cells, including vascular

endothelial progenitor cells (EPCs), mesenchymal stem cells (MSCs), and embryonic

fibroblasts.

Collected “CD34+ cells” should not be confused with “CD34+ HSPCs”.

New HSPCs markers (including CD150, CD48, and CD244) may enrich the purer stem cell

population.
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Y. Zhao et al. / Biol Blood Marrow Transplant 25 (2019) 18981907

Multivariate Logistic Analysis of Risk Factors for Primary PGF
SF >2000 ng/mL
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Virus reactivation and low dose of CD34+ cell, rather than haploidentical

transplantation, were associated with secondary poor graft function within

the first 100 days after allogeneic stem cell transplantation

Annals of Hematology (2019) 98:1877–1883
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HSCs (seed)

It is essential to maintain high-quality stem cells at each step of the transplantation process.

There are no studies evaluating whether PGF specifically occurs more frequently in frozen vs fresh 

donations.

Optimization of the cell handling, freezing, and thawing steps to ensure stem cell quality.

Although methods for improving the viability and recovery rate of thawed stem cells are continuously 

being developed, the procedures still have a negative effect on the product quality and potency.

Colony assays are the gold standard for stem cell proliferation and differentiation 

potency in vitro, which are used as an additional quality criterion.
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Seed, soil, and climate model of Poor graft function (PGF)
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Bone marrow microenvironment (soil)

Endothelial Cells (ECs)

Mesenchymal Stem Cells (MSCs)

Both ECs and MSCs express molecules, such as CXCL12 and stem cell factor, needed for stem cell 

maintenance and engraftment post-alloSCT.

Dysfunction of MSCs and ECs, as nonhematologic stromal cells has been associated with PGF.
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PGF and PT patients demonstrated defective BM ECs pre-HSCT and impaired dynamic 

reconstitution of BM ECs and CD34+ cells at early time points post-HSCT.
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ROS play an important role in the control of EC function and vascular integrity.

Reactive oxygen species (ROS) induce exhaustion of CD34+ cells in PGF patients 

post-HSCT.
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Seed, soil, and climate model of Poor graft function (PGF)



The 12th international annual congress in 

hematopoietic stem cell transplantation
Tehran March 2023

Immune dysfunction (Climate/Insects)

Graft-versus-bone marrow response

Immune dysregulation (abnormal Th17/T-reg ratio)

Donor-Specific Anti-HLA Antibodies

Viral reactivation

Iron Overload
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Management of PGF

• Stem cell–directed therapy

• Bone marrow microenvironment and stromal cell–directed therapy

• ROS

• Immune-directed therapy
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Stem cell–directed therapy

Re-establishment or augmentation of hematopoiesis using CD34 selected stem cell 

reinfusions by providing HSCs without an alloreactive T-cell component

TPO (thrombopoietin) agonist
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Predictors of recovery following allogeneic CD34+-selected cell infusion without

conditioning to correct poor graft function

M.M. Cuadrado et al.Haematologica 2020, Volume 105(11):2639-2646

Multivariate analysis for recovery after CD34+- selected infusion

Fresh G-CSF–mobilized CD34-selected cells without conditioning
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Comparison between infused CD34+ cell doses (2.078–6.353 9 106/kg) 

in patients who achieved a response and non-responding patients.
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CD34-selected product mobilized using the following strategies: 

• fresh mobilized products using  G-CSF and plerixafor (9); CR rate: 63% 

• fresh mobilized products, using G-CSF only (9)

• cryopreserved cells mobilized by using G-CSF (8); CR rate: 63%

• All without conditioning

Number of CD34+ cells was higher in the freshly 

mobilized products compared to cryopreserved 

products (p<0.001).
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Comparisons of recent clinical research in the treatment for PGF

J Chen, H Wang et al. Ther Adv Hematol 2020, Vol. 11: 1–13
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Can Planned CD34+ Stem Cell Boost Prevent Poor Graft Function after Peripheral 

Blood Haploidentical Hematopoietic Transplantation?

Objectives: planned CD34+ stem cell boost (SCB) after PTCy could be used to prevent PGF 

after haplo-HCST.

Part of the donor product underwent CD34+ selection and cells were cryopreserved. 

On day 5-6, CD34+ selected donor product was infused.

All nine SCB patients had neutrophil engraftment (NE) with a median time of 16 days (13  25) 

compared with 17 days (12 78) in the comparison cohort (p = 0.40). 

Six of eight evaluable SCB patients had platelet engraftment (PE) with a median time of 22.5 

days (12  55) compared with 26 days (9  134) in the comparison cohort (p = 0.675).
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c-MPL is expressed on HSCs.

Eltrombopag may also improve stem cell renewal and increase the amount of functional 

stem cells due to reduction in intracellular iron by eltrombopag-mediated iron chelation.

TPO (thrombopoietin) agonism
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Successful treatment of secondary poor graft function post allogeneic 

hematopoietic stem cell transplantation with eltrombopag

Tang et al. Journal of Hematology & Oncology (2018) 11:103

12 patients; poor response to standard treatments for sPGF after allo-HSCT.

Eltrombopag: 25 mg/d for 3 days and then increased to 50 or 75 mg/d. 

Median treatment duration: 8 (2–23) weeks. 

Ten patients (83.3%) responded to the treatment.

The time from eltrombopag initiation to achieving CR was 29 (10–49) days.
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Comparisons of recent clinical research in the treatment for PGF

J Chen, H Wang et al. Ther Adv Hematol 2020, Vol. 11: 1–13
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Bone marrow microenvironment and stromal cell– directed therapy

• Mesenchymal stromal cells

• N-acetyl-L-cysteine
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Multipotent mesenchymal stromal cells as treatment for PGF after allogeneic 

HSCT: A multicenter prospective analysis

30 patients with prolonged severe cytopenia and PGF after allo-HSCT

MSC (Third party):  a single i.v. infusion at a dose of 1-2 million(s) cells/kg
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Comparisons of recent clinical research in the treatment for PGF

J Chen, H Wang et al. Ther Adv Hematol 2020, Vol. 11: 1–13
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Prophylactic oral NAC reduced poor hematopoietic reconstitution by

improving endothelial cells after haploidentical transplantation
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Management of PGF

Seed, soil, or climate: which therapy is best?
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PGF due to preexisting bone marrow microenvironment dysfunction:

• Preexisting myeloproliferative or longstanding myeloid malignancies. 

• Marrow fibrosis and/or inflammatory bone marrow microenvironment with or without splenomegaly.

• Post-alloSCT treatments for this type of PGFare limited.

• TPO agonism may be useful.

PGF due to significant intratransplant illness

• Patients who have multiorgan dysfunction in the setting of profound sepsis or veno-occlusive disease within the first 30 days of 

alloSCT.

• HSC-stimulating therapies such as repeat HSC infusion or TPO agonism may be considered.

PGF due to posttransplant inflammatory stimuli

• Occurs due to consequences of viral infection plus or minus treatment of viral infection or GVHD.

• Treatment of the underlying cause

• TPO agonism may be useful
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Thank you
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Mixed Donor Chimerism (MC) in Allo-HSCT

5% to 95% for both myeloid and lymphoid lineages.

Mixed Chimerism, the coexistence of donor and recipient hematopoiesis after allo-HSCT, 

increases the risks of GF and recurrence of the original disease.

A dynamic state in which a progressive decline in donor chimerism might portend or confirm

graft loss or disease recurrence.

Lower levels of mixed donor chimerism are likely to be treated differently than those with higher 

levels.

• Non-malignant diseases

• Malignant diseases

• Non-myeloablative stem cell transplants

• Myeloablative stem cell transplants

• Graft type
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Mixed chimerism in SCT: conflict or peaceful coexistence?
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Managing Mixed Donor Chimerism (MC)

• Malignant diseases
Consider using the actual percentages of donor myeloid cells and lymphoid cells, blood counts and the clinical status

of the patient for a change in management.

• Nonmalignant diseases/bone marrow failure syndromes
Level of donor chimerism required for disease correction depends on the disease.
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Classification of non-maligant disorders with associated lineage specific engraftment, 

and recommended donor chimerism levels for adequate disease mitigation.

Zimmerman and Shenoy, August 2020 | Volume 11 | Article 1791
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M.A. Kharfan-Dabaja et al. / Transplantation and Cellular Therapy 27 (2021) 642649

Transplantation physician responses to options for managing 

down-trending chimerism in malignant diseases.
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M.A. Kharfan-Dabaja et al. / Transplantation and Cellular Therapy 27 (2021) 642649

Transplantation physician responses to options for managing 

down-trending chimerism in non-malignant diseases.
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CD34+ chimerism

CD34+ donor chimerism of <80% had a 100% sensitivity for prediction of relapse.

Based on the available evidence, a decline in CD34+ donor chimerism occurs earlier prior to relapse compared

to a decline in peripheral whole blood chimerism.

CD34 is expressed on the majority of blast cells in AML, MDS and ALL populations and can be used in in these

patient populations as a more sensitive predictor of disease relapse compared to whole blood chimerism, especially

in the absence of a disease-specific MRD marker.
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Decline of CD34+ donor chimerism could be documented at a median of 69 days prior to documentation 

of relapse (with a range of 4–175 days).
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Mixed chimerism after allogeneic hematopoietic stem cell transplantation for 

severe aplastic anemia (SAA)

Y. ZHANG ET AL. HEMATOLOGY 2021, VOL. 

26, NO. 1, 435–443

Group 1, donor chimerism (DC); group 2, mixed chimerism (MC) without cytopenia; 

group 3, MC with cytopenia; group 4, secondary graft failure (SGF).
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Graft failure (GF)

Estimated to occur in 1-5% of cases after MAC and in up to 30% of cases after RIC.
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Graft failure (GF)

Differentiating graft rejection (as an immune-mediated 

process) from graft failure.
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Graft failure in the modern era of allogeneic hematopoietic SCT

R Olsson et al. Bone Marrow Transplantation (2013) 48, 537–543


