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- Auto-SCT is a potentially curative option for different hematological diseases

- Mobilized PBSC have largely replaced BM as graft source

- Mobilized PBSC has been used for >20 years, however poor knowledge on graft

composition

- Impact of different cell subsets on engraftment, immune recovery, anti-tumor

activity (??)

- Impact of different mobilizing agents on graft composition (??)

AUTOLOGOUS GRAFT COMPOSITION: BACKGROUND



• CD34+ stem cell dose

• CD34+ stem cell viability

•CD34+ stem cell functionality

• CD34+, again…no, that’s enough! what else besides CD34+? 

 the immune perspective
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CD34+ stem cell dose is the most important parameter of

graft quality

AUTOLOGOUS GRAFT COMPOSITION: CD34+ dose

CD34+ dose Engraftment potential Graft “potency” and “efficacy”



AUTOLOGOUS GRAFT COMPOSITION: CD34+ dose

Pierelli L, Transfusion 2012



Is there an optimal dose of CD34+ cells to be 
collected for a safe ASCT?
The minimal threshold CD34+ cell dose to be infused is agreed 

to be ≥ 2-2.5 million CD34 cells/kg for a single ASCT. 
The optimal dose for ideal platelet recovery is 4–6 million CD34 

cells/kg.
Reinfusion of high doses of CD34+ cells is associated with:
 long term stable engraftment
fast platelet and neutrophil engraftment
reduction in the need for supportive measures, leading to a 

significant cost sparing
 reduced toxicity and increased survival rates

More is better!

AUTOLOGOUS GRAFT COMPOSITION: CD34+ dose



tempo of PMN engraftment was 
indistinguishable between 

patients who received 2.5 to 5.0 
and >5.0 x 10e6 CD34+ cells/kg. 

In contrast,  the probabilities for 
achieving platelet independence 

were distinct
for each cell dose level 

PMN
platelet 

PMN

PMN platelet 

platelet 

CD 34+ dose
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Optimal Transplant Cell Dose (CD34+/kg)
• Probability of platelet recovery correlated with the number 

of CD34+ cells transplanted1

Ninan MJ, et al. Biol Blood Marrow Transplant. 2007;13:895-904.  

• In a retrospective study, lack of full platelet recovery (>150 x 109/L) was 
associated with lower CD34+ cell doses2
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Engraftment and blood cell recovery 
are not the only clinical end points in autografting

8.1. Proposed graded clinical end points in quality assessment 
Objective End point Grading 

Favourable: = 7 days on antibiotics 
and no transfusions 

Intermediate: = 7 days on antibiotics 
and transfusions OR > 7 days on 
antibiotics and no transfusions 

Primary: 
Efficacy 

Days on antibiotics, 
transfusion of blood 
components, days in 
hospital 

Unfavourable: > 7 days on 
antibiotics and transfusions 

Days to ANC >0.5 x 10^6/L 
and Platelets >20 x 10^6/L 

Favourable: ANC and platelets 
recovery before 14 days 

Secondary
:  
Toxicity Other organ toxicity if 

appropriate 
Unfavourable: ANC or platelets 
recovery after 14 days 
Favourable: Alive and without 
disease progression after 12 months 

Tertiary: 
Safety 

Death or disease 
recurrence 

Unfavourable: Death or disease 
progression before 12 months 

 Lanza et al, bbmt 2013
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Multivariate analysis

1. Pediatric patients resulted to have less toxicity 
(p=0,0001)

2. 1 or 2 apheresis (p=0,001) predicted good outcome
3. Toxicity increased with higher CD34+volume reinfused

(>500ml) (p=0,002)
4. PBSC COLLECTION: CD34+ cells collected > 4 x 

10°6/kg in one apheresis (AL excluded)
5. CD34+ cells infused > 5 x 10°6/kg
6. Patients who experienced toxicity had a poor quality

transplant (p=0,0001)

Lanza et al, bbmt 2013

Only a minority of auto-SCT procedures resulted “efficacious”
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Evaluating CD34+ cell dose: 
before or after freezing?

• Currently the amount of harvested CD34+ cells is
assessed after completing the aphereses, before
cryopreservation

• However, such measurement does not account for 
the variable loss of viable CD34+ cells which occurs
during freezing or thawing processes

We would like to know how many viable CD34+ we are infusing to the patient!

CD34+ VIABILITY



EXPECTED VIABLE CD34+ LOSS

Viable CD34+ (%): 98% (70-100) harvest
vs 71% (31-89) post-thaw (27% loss)

Viable CD34+ (x106/Kg): 4.9 harvest vs 
3.2 post-thaw (33% loss)

Median CD34+ loss: about 30%

Hodgkin vs MM higher CD34+ loss
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STEM CELL PROCESSING

FACTORS AFFECTING VIABILITY
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- Which are the main factors affecting frozen HSC viability? 

- Pre-cryopreservation: time-to-freezing, WBC contamination

- Cryopreservation: controlled vs passive freezing (?), too fast freezing

- After thawing: delay in reinfusion (acceptable within 2 hours)
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FACTORS AFFECTING VIABILITY



CD34+ VIABILITY: ENGRAFTMENT

- Is there a correlation between CD34+ viability and engraftment kinetics?
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VIABILITY vs ENGRAFTMENT

36 pts Mixed diseases

ISHAGE  7-AAD

CD34+ harvest: 
3.6 x106/Kg

CD34+ post thaw: 
2x106/Kg
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52 pts Mixed diseases

ISHAGE  7-AAD

CD34+ recovery after thawing: 66%

VIABILITY vs ENGRAFTMENT
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36 pts, mixed diseases ISHAGE 7-AAD

Viable CD34+ (%): 98% (70-100) harvest vs 71% (31-89) post-thaw

Viable CD34+ (x106/Kg): 3.6 vs 2.2

VIABILITY vs ENGRAFTMENT
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106 SCT procedures mixed diseases

ISHAGE 7-AAD

Viable CD34+ (x106/Kg): 4.9 harvest vs 3.2 post-
thaw (33% loss)

CD34+ post thaw vs PLT: correlation (no N)

VIABILITY vs ENGRAFTMENT
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CD34+ VIABILITY AFTER THAWING

- Is there a correlation between CD34+ viability and engraftment kinetics?

-Yes, mostly with PLT engraftment
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WHAT CLINICAL ENDPOINT FOR GRAFT QUALITY?
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Does CD34+ viability test represent a 
valid surrogate of graft functionality? 

CD34+ VIABILITY vs FUNCTIONALITY



CD34+ VIABILITY vs FUNCTIONALITY
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VIABLE VIABLE

FUNCTIONAL?
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CD34+ VIABILITY vs FUNCTIONALITY
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2x106/Kg OK
<2x106: check with colony forming units: CFU>2x105/Kg OK

1 x106CD34+/Kg is enough if part of a greater collection

CD34+ VIABILITY vs FUNCTIONALITY
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CD34+ VIABILITY vs FUNCTIONALITY
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CD34+ / 38- stem cells
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• Among the CD34+ stem cells, the CD34+/CD133+/CD38−

most primitive subsets are known to have high self-renewal and

repopulation capacity

• CD34+ / 38- and are thought to be responsible of rapid 

engraftment 

after auto-SCT.

• Unclear impact on long-term stable engraftment



• CD34+ stem cell dose

• CD34+ stem cell viability and outcome

•CD34+ stem cell subsets

•CD34+ stem cell functionality

• CD34+, again…no, that’s enough! what else besides CD34+? 

 the immune perspective
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We might be 
interested in these, 
as well:

What else besides CD34+? the immune perspective

-CD3+/4+
-CD3+/8+
-CD19+
-CD3+/56+
-pDC
[…]



Achieving a sufficient CD34+ stem cell dose is certainly an essential goal, but…
…graft quality in terms of immune cell subsets and immune recovery is
acquiring increasing importance

- Infection
- Disease

What else besides CD34+? the immune perspective



• Absolute lymphocyte count on day 15 has been reported to be an
independent prognostic factor for OS in patients undergoing auto-

SCT, both in multiple myeloma and NHL patients. 

• The number of lymphocytes infused within the graft (A-ALC), has
been shown to be strictly related to Absolute lymphocyte count

on day 15 (ALC-15)

Porrata LF, Leuk Lymphoma 2003
Porrata LF, Leukemia 2004
Atta EH, Am Journ Hematol, 2009
Porrata LF, Biol Blood Marrow Transplant 2008
Porrata LF, Biol Blood Marrow Transplant 2014
Porrata LF, J Hematol Oncol 2015

CD34+ stem cell dose does not affect immune recovery!

What else besides CD34+? the immune perspective



Porrata LF, Leukemia 2004

A-ALC vs day15 ALC

What else besides CD34+? the immune perspective



Porrata LF, Biol Blood Marrow Transplant 2008

NK cell count at day 15 post auto-SCT predicts better OS

NHL patients

What else besides CD34+? the immune perspective



Porrata LF, Leukemia 2004

MM patients

What else besides CD34+? the immune perspective



Porrata LF, Leukemia 2004

What else besides CD34+? the immune perspective
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What else besides CD34+? the immune perspective



Plerixafor may increase mobilization of CD34+/CD38− stem cell
subpopulation when compared with G-CSF alone or G-CSF combined with 
chemotherapy

Saraceni F et al. Bone Marrow Transplantation 2015

What else besides CD34+? the immune perspective



plerixafor may increase mobilization of immune effectors when compared
with G-CSF alone or G-CSF combined with chemotherapy
CHT is heavily toxic to lymphocytes

Saraceni F et al. Bone Marrow Transplantation 2015

What else besides CD34+? the immune perspective



PLERIXAFOR: Mechanism of HPC Mobilization

Stromal Cell

CD34+ HSC

CXCR4

SDF-1α

Mobilize

plerixafor

binds to CXCR4 on HSC

Bone

Vascular Endothelial Cell Layer

Blood

What else besides CD34+? the immune perspective



Higher median A-ALCs were observed in the AMD3100 group 
compared with the control group (4.16 x 10(9) lymphocytes/kg vs. 
0.288 x 10(9) lymphocytes/kg; P < 0.0001). With a median follow-up 
of 20 months (range, 4-24 months), no relapses were reported in 
the AMD3100 group compared with 15 of 29 in the control group (P 
< 0.02).
Holtan SG, Clin Lymphoma Myeloma 2007

Mobilization strategy can influence graft cellular
composition, therefore maybe graft-vs-disease
activity and anti-infectious potential and maybe
patient outcome?

This would be fantastic!!

What else besides CD34+? the immune perspective



Varmavuo, Transfusion 2012

Finnish group, early plerixafor era
Chemomobilization w ot w/o plerixafor. NHL. 
Initial observation of higher CD3+/NK mobilization with plerixafor

What else besides CD34+? the immune perspective

Initial flow cytometry characterization of graft cell subsets



46 NHL pts
Chemomobilization w ot w/o plerixafor
higher CD34+/38-, CD3+/NK mobilization with plerixafor

Valtola, Transfusion 2015

What else besides CD34+? the immune perspective



Valtola, Transfusion 2015

What else besides CD34+? the immune perspective



Valtola, Transfusion 2015

plerixafor

No plerixafor

What else besides CD34+? the immune perspective



Valtola, Transfusion 2016

38 MM pts
CY vs G mobilization, randomized
Higher lympho mobilization in no-CHT arm

What else besides CD34+? the immune perspective



Valtola, Transfusion 2016

Faster NK cell recovery in no-CHT arm

What else besides CD34+? the immune perspective



Valtola, Transfusion 2016

Similar outcome

What else besides CD34+? the immune perspective



Gaugler, cytotherapy 2013

Plasmacytoid dendritic cells
(PDCs: CD123+BDCA2+HLA-
DR+)
- Significant mobilization with
PLX 
- Unknown implications in 
anti-disease activity and 
immune regulation

What else besides CD34+? the immune perspective



38 MM and NHL pts
G vs G+PLX
Higher CD34+ in NHL
No difference in  MM

What else besides CD34+? the immune perspective



What else besides CD34+?

60 MM pts
Prior lena yes vs no
Similar mobilization of immune
subsets



-87 MM pts
-Chemomob +/- PLX
-no difference CD34+ dose
-Higher primitive CD34+ 38-
higher in PLX
-Higher CD3+ , NK in PLX
-Faster CD3+CD4+ T cell
recovery!

What else besides CD34+? the immune perspective



Shift of paradigm

Graft design? Not quite there yet

What else besides CD34+? the immune perspective
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Autologous graft:

-Not only a bag full of CD34+!

-Powerful cell therapy

-High immunological properties

-Theoretic possibility to engineer immunocompetent graft

-Platform for post-SCT immunotherapy

- Is there something more besides CD34+?
- YES, autologous graft is a crowded and variegate family of cell subsets

What else besides CD34+? the immune perspective



CONCLUSIONS
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• CD34+ stem cell dose: at least 2x106, target 5x106 for rapid PLT recovery

and higher efficacy of auto-SCT procedure

• CD34+ stem cell viability: of great importance for quality check, not

enough to predict graft functionality

•CD34+ stem cell functionality: the best parameter to be assessed, but

how to do that? 

• CD34+, again…no, that’s enough! what else besides CD34+? Much more 

than just CD34+: 

•CD34+/38- dose predicts rapid engraftment

• immune cell subsets are associated with patient outcome

• mobilization strategy may influence graft composition and potential



CONCLUSIONS

59

• CD34+ stem cell dose: at least 2x106, target 5x106 for rapid PLT recovery

and higher efficacy of auto-SCT procedure

• CD34+ stem cell viability: of great importance for quality check, not

enough to predict graft functionality

•CD34+ stem cell functionality: the best parameter to be assessed, but

how to do that? 

• CD34+, again…no, that’s enough! what else besides CD34+? Much more 

than just CD34+: 

•CD34+/38- dose predicts rapid engraftment

• immune cell subsets are associated with patient outcome

• mobilization strategy may influence graft composition and potential

THANK YOU!
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