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Abstract: 

 
Previous observations have reported controversial conclusions regarding cell dose and survival 

endpoints after allogeneic hematopoietic stem cell transplantation (HSCT). We conducted a 

retrospective analysis on 414 adult patients (median age 54 years, range, 18-74) with acute myeloid 

leukemia (AML) in first and second complete remission who received a T-cell replete allogeneic 

HSCT from haploidentical donors, using peripheral blood stem cells, between 2006-2018. Median 

number of infused CD34+ was 6.58 x 106/kg (range, 2.2-31.2). Graft-versus-host disease (GVHD) 

prophylaxis was post-transplant cyclophosphamide in 293 patients and anti-lymphocyte serum in 

121 patients. Conditioning was myeloablative in 179 patients and reduced-intensity in 235 patients. 

After a median follow-up of 23.3 months (range, 12.1-41.8), 2-year overall survival (OS) was 64.5 

% (95% CI 59.3-69.7) with leukemia-free survival (LFS) of 57.3 % (95% CI 51.8-62.7) and non- 

relapse mortality (NRM) of 23.3 % (95% CI 19-27.7). Grades III-IV acute GVHD day+100 

incidence was 14.6 % while extensive chronic GVHD was 14.4% at 2-years. Thirteen (3.2%) 

patients experienced graft failure. We found the optimal CD34+/kg threshold defining high (n= 

334) versus low cell dose (n= 80) at 4.96 x 106. Recipients of > 4.96 x 106/kg CD34+ cells 



 

experienced less NRM (Hazard ratio [HR] 0.48; 95% CI 0.30-0.76) and prolonged LFS (HR 0.63; 

95% CI 0.43-0.91) and OS (HR 0.60; 95% CI 0.40-0.88) compared to those in the lower cell dose 

cohort. Larger cohort studies are needed to confirm these findings. 

 

Introduction 

Graft cell dose may play a crucial role affecting several transplant outcomes. Historically, the absolute 

number of infused donor cells represented a critical step toward the achievement of a meaningful 

marrow engraftment after allogeneic hematopoietic stem cell transplantation (HSCT).1-5 Previous 

studies reported conflicting conclusions regarding cell dose and survival end-points.6-11 However, the 

vast majority of analysis conducted so far, considered myeloablative conditioning (MAC) and, 

particularly, reduced-intensity conditioning (RIC) allogeneic HSCT from sibling and unrelated 

donors, while the haploidentical setting has not been extensively studied yet. The aim of this study is 

to assess the impact of CD34+ cell doses in peripheral blood stem cells (PBSC) grafts on the outcome 

of T-cell replete haploidentical HSCT in patients with acute myeloid leukemia (AML) in complete 

remission (CR). 

 

Methods 

Patients 

This is a multicenter, retrospective registry-based analysis, approved by the Acute Leukemia 

Working Party (AWLP) of the European Society for Blood and Marrow Transplantation (EBMT). 

The EBMT is a voluntary group that represents more than 600 transplant centers, mostly from 

European Countries. EBMT centers pay annual subscriptions to maintain the EBMT registry. Since 

1990, patients have provided informed consent authorizing the use of their personal information for 



 

research purposes. The present study analyzes the outcomes of adult patients >18 years, affected by 

 

AML in CR who had received a T-cell replete allogeneic HSCT from a haploidentical donor 

(defined as > 2 HLA antigen mismatches), using mobilized PBSC, from 2006-2018, based on 

EBMT registry data. Only patients receiving a first allogeneic HSCT were included. Patients 

receiving an ex vivo T-cell depleted haploidentical HSCT were excluded from the analysis. The 

CD34+, CD3+ and total nucleated cells (TNC) counts were determined by the cell processing 

laboratories at participating transplantation centers and reported to the EBMT registry. The 

transplanted doses were calculated based on patients’ actual body weight. 

Four-hundred and fourteen adult patients (median age 54 years; range, 18-74) with AML in first 

(70%) and second (30%) CR were included. Seventy-three (18%) patients had secondary-AML. 

Eighty-seven (21%) patients had unfavorable cytogenetics, 7% had good and 59% had intermediate, 

while for 13% of patients, cytogenetics status was unknown. (Table S1). Median donor age was 37 

years (range, 20-71). Time from hematologic disease diagnosis to HSCT was 6.3 months (range, 

1.3-97.9). The Karnofsky performance status scale at the time of HSCT was ≥ 90 in 77% of 

patients. GVHD prophylaxis was post-transplant cyclophosphamide (PT-Cy)-based in 71% and 

anti-thymocyte globulin (ATG)-based in 29% of patients. Conditioning was MAC in 43% and RIC 

in 57% of patients (Table S2). Median follow-up was 23.3 months (range, 12.1-41.8). 

For statistical purposes we divided patients in two cohorts based on CD34+/kg doses: the high- 

CD34+dose (n= 334) and the low-CD34+dose (n= 80) groups. The two cohorts differed only for 

donors’ gender prevalence (female donors: 36.23% vs. 55% and male donors: 63.77% vs. 35%, 

respectively; p=0.002) and for a preponderance of female donor to male recipient combination vs. 



 

others (20.36% vs. 32.5%, respectively; p=0.02); all the other patients and disease characteristics 

were comparable in the two groups (Table 1). 

 

End-points (and definitions) 

Neutrophil engraftment was defined as the first day of an absolute neutrophil count >500/μL on 

three consecutive measurements. Platelet recovery was defined as the first day of three consecutive 

measurements of >20,000/μL, at least 7 days after the last platelet transfusion. Acute graft-vs.-host 

disease (GVHD) were graded according to consensus criteria.12 Chronic GVHD was defined 

clinically by treating physicians utilizing standard criteria.13 Relapse incidence (RI) was defined as 

disease recurrence documented by blast reappearance (>5%) on peripheral blood or marrow smears, 

or extramedullary localization by radiographic means. Non-relapse mortality (NRM) was defined as 

death while in continuous remission. Leukemia-free survival (LFS) was defined as the time from 

transplantation to relapse or death from any cause, and overall survival (OS) was defined as the 

time from transplantation to death from any cause.14 GVHD-free/relapse-free survival (GRFS) was 

defined as survival free of events including grades III-IV acute GVHD, extensive chronic GVHD, 

relapse, or death.15 

 

Statistical methods 

 
Probabilities of OS, LFS, and GRFS were calculated using the Kaplan-Meier method. Cumulative 

incidence was used to estimate the endpoints of NRM, RI, acute and chronic GVHD to 

accommodate competing risks. Relapse and death were considered as competing risks in order to 

assess acute and chronic GVHD incidence/rates. Univariate analyses were carried out using Gray’s 

test for cumulative incidence functions and the log-rank test for OS, GRFS, and LFS. A Cox 



 

proportional-hazards model was used for multivariate regression. CD34+/kg dose was first studied 

as a continuous variable, and then the optimal threshold defining high versus low values for 

CD34+/kg dose according to its impact on NRM was obtained using the Hothorn and Zeileis 

method.16 CD3+/kg and TNC were studied only as continuous variables. All variables associated 

with one outcome in the univariate analysis or factors known to influence outcomes were included 

in the Cox model. Results were expressed as the hazard ratio (HR) with the 95% confidence interval 

(95% CI). All p-values were two-sided with a type 1 error rate fixed at 0.05. Statistical analyses 

were performed with SPSS 24.0 (SPSS Inc. Chicago, IL, USA) and R 3.4.1 [R Core Team (2017). 

R: A language and environment for statistical computing. R Foundation for Statistical Computing, 

Vienna, Austria] software packages. 

 

Results 

Cell Dose and Engraftment 

Median PBSC CD34+ and CD3+ cell doses were 6.58 x 106/kg (range, 2.2-31.25; interquartile 

range [IQR]: 5.1-8.02) and 2.60 x 108/kg (range, 0.17-9.11; IQR: 1.84-3.63), respectively. Thirteen 

patients experienced graft failure while the remaining 399 engrafted uneventfully. Neutrophil 

engraftment at day 30 was 91.2% (95% CI, 88 - 93.6) while sustained platelets engraftment 

(>20.000/uL at 6-months) was observed in 83.7% (95% CI: 79.6 - 87). Median time to neutrophil 

and platelets engraftment was 20 (range, 10-79) and 21 days (range, 1-37), respectively. On 

univariate analysis, patients receiving ATG-based GVHD prophylaxis had better neutrophil (95.8% 

vs. 89.4%, p= 0.02) and platelet engraftment (89.9% vs. 81.3%, p= 0.002) compared with those 

receiving PT-Cy. Patients in the high-dose group experienced higher rates of engraftment compared 

to those in the low-dose group both for neutrophils (92.1% vs. 87.3%, p= 0.005) and platelets (86% 



 

vs. 73.3%, p= 0.001) while the median time to neutrophil engraftment was 19 days (range, 10-79) in 

the high-dose group and 22 days (range, 14-46) in the low-dose group (p= 0.0001) (Figure S1). As 

for CD3 cell dose, recipients of upper quartile CD3+ cell dose had lower rates of neutrophils 

(p=0.025) and platelets (p= 0.031) engraftment. 

 

 

Graft-versus-Host Disease 

Incidence of grades II-IV and III-IV acute GVHD at day +100 was 32.3 % (95% CI, 27.8 - 36.9) 

and 14.6 % (95% CI, 11.3 - 18.2), respectively. Incidence of 2-year chronic GVHD overall and 

extensive was 36.3 % (95% CI, 30.9 - 41.6) and 14.4 % (95% CI, 10.7 - 18.6), respectively. The 2- 

year GRFS was 43.5 % (95% CI, 38 - 48.9). In the univariate analysis, patients who received ATG 

as GVHD prophylaxis experienced less grades II-IV acute GVHD than those in the PT-Cy cohort 

(HR 0.57; 95% CI,0.37-0.88), without any differences in grade III-IV acute GVHD incidence at day 

+100, nor for chronic GVHD, between the two groups. Patients receiving MAC experienced more 

grade III/IV acute GVHD (18.9% vs. 11.9%, p= 0.05) compared with recipients of RIC. CD34+ 

dose did not impact the development of chronic GVHD. On multivariate analysis, female donor to 

male recipient combination was associated with extensive chronic GVHD incidence compared with 

other donor-recipient sex combinations, with CD34+ categorized according to the optimal 

CD34+/kg cut point of 4.96 x 106 (HR 2.21; 95% CI, 1.23-3.97; p= 0.008). There was no statistical 

correlation between CD3+ or TNC and the development of acute or chronic GVHD. 

 

Non-relapse mortality, Relapse Incidence, Survival and GRFS 

 
After a median follow-up of 23.3 months (range, 12.1-41.8), the 2-year OS was 64.5 % (59.3-69.7) 

and LFS was 57.3 % (51.8-62.7). Incidence of 2-year disease RI and NRM was 19.5 % (15.2-24.2) 



 

and 23.3 % (19.0-27.7), respectively. GRFS was 43.5 % (38.0-48.9). Since we failed to find an 

association between CD34+ cell dose expressed as continuous variable and major clinical 

outcomes, we examined it as a categorical variable, defining an optimal threshold of CD34+ cells 

infused, dividing patients receiving high vs. low CD34+ cells, as already mentioned above. 

Recipients of CD34+ dose > 4.96 x 106/kg experienced lower NRM (HR 0.48; 95% CI,0.30-0.76) 

and better LFS (HR 0.63; 95% CI,0.43-0.91) and OS (HR 0.60; 95% CI,0.40-0.88) compared with 

recipients of dose ≤ 4.96 x 106 CD34+/kg, while RI did not differ between the two groups (Figure 

1). Causes of NRM for both groups are reported in Table 2. There was a not significant trend 

towards a better GRFS for the high-dose group (HR 0.85; 95% CI, 0.60-1.18) (Figure S2). We did 

not observe any statistical correlation between CD3+ doses nor TNC and post-transplant clinical 

outcomes, categorized both as IQR and as median values. 

Other prognostic factors in Multivariate analysis 

 
Younger patients (stratified by 10-Year Age Groups) experienced improved OS (69.9% vs. 59%, 

p=0.043) due to a statistically significant trend towards lower NRM (18.9% vs. 27.7%, p= 0.10) in 

both univariate and multivariate analysis. Recipients of CMV-positive donors (regardless of patient 

CMV serostatus) presented better GRFS (HR 0.75; 95% CI, 0.55-1.01, p= 0.058) on multivariate 

analysis (Table 3) We observed a trend towards a worse survival (HR 1.46; 95% CI, 1.01-2.11, p= 

0.0454) and LFS ((HR 1.39; 95% CI, 0.978-1.98, p= 0.0662) among patients in 2nd CR vs. those in 

1st CR at the time of HSCT in multivariate analysis (data not shown). 

Discussion 



 

The effect of CD34+ cell dose on clinical outcomes after allogeneic PBSC HSCT is still ill defined. 

The majority of the studies conducted until now have been performed mostly on heterogeneous 

population of patients, affected by several hematologic diseases, mostly transplanted from HLA- 

matched sibling and unrelated donors, and recipients of both MAC and RIC. 6-11 As T-cell replete 

allogeneic HSCT performed from haploidentical donors has been in full swing in European and US 

Countries in the last decade, we decided to restrict our analysis to half-matched related donors.17-19 

In order to limit data heterogeneity and potential analysis bias, we focused our attention only to 

AML patients only, considering only patients with disease in complete remission. 

Our analysis showed that patients that received more than 4.96 x 106 CD34+ cells/kg experienced 

prolonged survival, primarily due to a reduced NRM rate, a result that also retained statistical 

significance in the multivariate analysis. As we did not find any significant association between 

CD34+ dose as a continuous variable and post-HSCT clinical outcomes, we can conclude that 

CD34+ dose effect was not linear from a statistical point of view; indeed, looking at results 

according to percentiles, it seems that a further increase of CD34+ above 4.96 x 10 6 cells/kg did 

not influence clinical outcomes. 

Higher doses of donor CD34+ cells did not play any role in protection from disease recurrence, as 

we did not observe a reduction in RI rate among recipients of higher doses of CD34+ cells, 

probably due to the uniformity of disease remission state at the time of transplantation, conversely 

from previous analyses among patients with advanced disease before transplantation. The difference 

in disease relapse between high vs. low cell dose (36% vs. 9%, p= 0.07) recipients, among 86 

patients affected by high-risk leukemia, led Perez Simon et al. to speculate that higher CD34+ doses 

could abrogate the dismal prognosis of high-risk hematologic diseases. Interestingly, recipients of 



 

higher doses of CD34+ cells developed more chronic GVHD (74% vs. 47%, p= 0.02) and among 

those, the authors observed a survival advantage in terms of both event-free survival (at a median of 

43 months, 63% vs. 16%, p< 0.0001) and OS (78% vs. 28%, p< 0.001). No effect of CD3+ cells on 

acute or chronic GVHD was observed.20 In our analysis, the severity of both grades III-IV acute and 

extensive chronic GVHD did not appear to be susceptible to CD34+ content within the graft, nor 

was the rate of RI. In a previously published analysis, Mohty et al. showed that, in a cohort of 100 

patients transplanted from HLA-identical siblings, recipients of higher CD34+ cell doses (>8.3 x 

106 CD34+/kg) developed more extensive chronic GVHD at 4 years (62 vs. 34% at 4-years, p= 

0.01) at the cost of higher GVHD-related mortality but without any differences in relapse rates.21 

Gomez-Almaguer et al. showed that among 138 RIC HSCT recipients, those receiving more than 5 

x 106 CD34+cells/kg had prolonged 5 year OS (63.1% vs. 48.2%, p= 0.024). A trend toward 

prolonged OS and LFS among recipients who developed chronic GVHD, although not statistically 

significant, was observed.22 Similarly, Sohn et al. showed that among 41 recipients of PBSC HCT 

from HLA-identical siblings, those who received ≥10.5 x 106 CD34+cells/kg experienced more 

chronic GVHD (66.7 vs. 25.0%, p= 0.021) but less relapse rates (20.0 vs. 47.6%, p= 0.049) and 

superior 3 year OS (67.8 vs. 29.9%, p= 0.043).23 Investigators from Fred Hutchinson demonstrated 

an association between CD34+ graft dose and clinically significant chronic GVHD in two different 

reports.24,25 A recent retrospective EBMT analysis showed that the most relevant risk factors for the 

development of grades III-IV acute GVHD among a uniform AML patients population transplanted 

with PBSC using RIC were CD3+ and CD34+ (HR= 3.6, 95% CI 1.45-9.96, p= 0.006 and 2.65 

(1.07-6.57), p= 0.04, respectively.26 



 

In 2000 Shingal et al. reported on the negative impact of low CD34+ cell dose on survival 

outcomes.27 Later, in a large CIBMTR analysis of 1054 RIC recipients, Torlen and colleagues 

showed that recipients of low-CD34-cell dose experienced higher rates of NRM end poorer 

survival.28 Recently, Yamamoto et al. demonstrated that recipients of very low CD34+ doses (< 1 x 

10 6 CD34+cells/kg; n= 48) experienced inferior OS respect to those receiving low (1-2 x 10 6 

CD34+; n= 377) and high (2-5 x 10 6 CD34+cells/kg; n= 2494) without significant differences in 

GVHD incidence, NRM and disease relapse.29 If low CD34+ cell doses have been associated with 

inferior clinical outcomes, the effects of very high CD34+ doses have rarely been explored.30,31 In a 

single-center study conducted on 544 patients receiving HSCT from a HLA-identical sibling (n= 

227) or unrelated donor (n= 317) and conditioned with MAC (n= 292) or RIC (n= 252), Remberger 

et al. showed that very high CD34+ doses (> 11 x 10 6 CD34+/kg) were associated with lower OS 

(p= 0.001) due to an unexpected higher relapse incidence (p= 0.02).32 

In our analysis, the combination of female donor to male recipient was associated with significant 

rates of extensive chronic GVHD, as reported in several previous reports 33-35 and further reiterated 

in a recent, large retrospective analysis by the CIBMTR on 11797 patients transplanted from 2008 

to 2010 which found a 21% relative increase in the sub-distribution hazard of chronic GVHD (p< 

0.0001) among male recipients of female donors, compared with male donors with female 

recipients.36 

We failed to identify any significant correlation between graft-related cell products other than 

CD34+ and post-HSCT clinical outcomes, in contrast to previously published analyses. Martin et 

al. in a cohort of 705 patients transplanted with RIC regimens using PBSC, showed that higher 

TNC dose was a better predictive factor for major post-transplant outcomes in the RIC setting, 



 

compared with higher CD34+ dose, respect to survival outcomes and GVHD incidence.37 Gorin et 

al. showed similar results in their analysis conducted on 253 adult AML patients undergoing RIC 

regimens, with prolonged survival and higher rates of chronic GVHD among those in 2nd CR or 

beyond who received higher TNC within the graft. There was no correlation between CD34+ and 

any clinical outcomes.38 

The major drawback of our study was its retrospective nature. The incorporation in the analysis of 

both MAC and RIC transplant platforms and different in-vivo T-cell depletion strategies such as 

ATG and PT-Cy as GVHD prophylaxis adds further difficulties to the delicate process of results 

interpretation. Nevertheless, we suggest that the infusion of no less than 5 x 10 6 CD34+ cells/kg in 

T-cell replete HSCT from haploidentical donors using PBSC could be beneficial among AML 

patients in CR at the time of transplantation. 
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Figure Legend 

Figure 1. Non-relapse mortality (NRM), relapse incidence (RI), leukemia-free survival (LFS) and 

overall survival (OS) of the entire cohort of 414 AML patients receiving T-cell replete 

haploidentical allogeneic HSCT, stratified for high (red) vs. low (blue) CD34+ cell dose recipients, 

according to the optimal threshold. 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


