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To The Editor:

The impact of the autologous graft (autograft) CD34+ cell dose on outcomes among 

patients undergoing autologous hematopoietic stem cell transplantation (HSCT) for high-

risk neuroblastoma is currently unknown. Pediatric transplant physicians regularly have 

the option to administer CD34+ doses higher than required for hematopoietic recovery, 

with few published studies to guide practice when surplus CD34+ cells are available. In 

adult patients undergoing autologous HSCT, higher CD34+ cell doses are associated with 

improved survival and more rapid neutrophil engraftment.1,2 However, infusions of larger 

grafts may be associated with an increased incidence of endothelial injury complications 

(EIC), as greater numbers of immune effector cells are infused with the graft.3 Such 

complications are mediated by interactions between activated endothelial cells and immune 

effector cells (IECs), and are a major cause of non-relapse mortality (NRM).4 In the current 

study, we therefore sought to determine whether large CD34+ cell doses were advantageous 

or deleterious by examining the relationship between CD34+ dose and engraftment, relapse 

rates, EICs, non-relapse mortality (NRM), progression-free survival (PFS) and overall 

survival (OS) in children undergoing autologous HSCT for high-risk neuroblastoma.

Data were obtained from the Center for International Blood and Marrow Transplant 

Research (CIBMTR), and included children aged <10 years undergoing autologous 

peripheral blood transplant (single or tandem) for neuroblastoma in the United States or 

Canada between 2008 and 2018. Patients were excluded if their CD34+ cell count was 

not reported, or if their pre-transplant disease status was reported as stable disease (SD), 

progressive disease (PD), or unknown (UNK). Patients who underwent more than one 

autologous HSCT were analyzed based on the CD34+ cell dose of their first transplant, 

with the assumption that CD34+ cell dose was equivalent across all transplants. The 

primary study endpoint was PFS, with secondary endpoints including time-to-neutrophil-

engraftment, EIC incidence, relapse, NRM, and OS. EICs were studied as a composite 

variable that included VOD/SOS, engraftment syndrome, idiopathic pneumonia syndrome, 
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thrombotic microangiopathy and diffuse alveolar hemorrhage. The Kaplan-Meier estimator 

was utilized to calculate OS and PFS. A Cox regression model was built to examine for 

factors associated with relapse, NRM, PFS, and OS. Optimal cut-points for TNC and CD34+ 

dose were determined using the maximum likelihood method as binary variables (above/

below cut-point), for PFS. P-values ≤ 0.05 were considered statistically significant. Analyses 

were done using SAS version 9.4 (Cary, NC).

Patient Demographics:

One hundred and eighty-three patients were included, of whom 128 (70%) received a 

single autologous HSCT and 55 (30%) a tandem autologous HSCT. The median age at 

transplant was 3 years (range <1 to 10 years), with 85% of subjects 1-5 years in age. Sixty-

four (35%) patients were in complete remission (CR) at the time of transplant, with the 

remaining patients in either very good partial remission (VGPR)(n=56) or partial remission 

(PR)(n=63). Median length of follow-up was 49 months (range 3-144 months).

Autograft Characteristics:

Median infused CD34 dose was 5.2 x 106/kg (range 0.2x106 to 77.5x106/kg), with an 

interquartile range of 3.9-8.8x106/kg. There were no differences in patient demographics 

between CD34+ dose quartiles. No association was seen between patient age and CD34+ 

yield (p=0.74).

Optimal CD34+ dose discrimination:

A CD34+ cell dose of 4.6x106/kg was identified as the optimal cell dose to discriminate 

the largest outcome differences. Autografts above this threshold approached but did not 

achieve statistical significance for PFS (HR = 0.67, 95% CI: 0.42-1.06, p=0.09; Figure 1A). 

There was no significant association between CD34+ cell dose and OS (HR = 0.72, 95% CI: 

0.42-1.26, p=0.25; Figure 1B), relapse rate (HR = 0.70, 95% CI: 0.43-1.14, p=0.15; Figure 

1C), or NRM (HR = 0.22, 95% CI: 0.02-2.08, p=0.18). The incidence of EICs was not 

significantly different between those who received cell doses ≤4.6x106/kg or >4.6x106/kg, at 

any of the examined time-points (100 days, 6 months, and 1-year post transplant) (p=0.82).

Interquartile Differences in Outcome:

CD34+ cell doses (x106/kg) and clinical outcomes (PFS, OS, relapse) were analyzed by 

interquartile ranges. No quartile was associated with superior outcomes for PFS (p=0.3; 

Figure 1D), OS (p=0.40; Figure 1E), or relapse rate (p=0.38 Figure 1F) at one- or three-

years post-transplant. EIC incidence did not vary according to CD34+ cell dose quartile, 

with similar rates of EIC seen in all 4 quartiles at the 100-day, 6 month, and 1-year post 

transplant timepoints (p=0.52). Among patients receiving a CD34+ dose ≤ 2x106/kg (n=16), 

the 3-year PFS and OS were 68.8% and 81.3%, respectively. Among patients receiving a 

CD34+ dose ≥ 10x106/kg (n=35), the 3-year PFS and OS were 73.5% and 80%, respectively.

Endothelial Injury Complications:

Twenty-eight of 183 patients (15%) experienced EICs post-transplant. Fourteen occurred 

in single transplants. The median infused CD34+ cell dose for these 14 patients was 
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5.0x106/kg (range 1.41-33.19), and the median infused TNC dose was 2.3x108/kg (range 

0.41-24.63). Thirteen patients experienced EICs in tandem transplants, with the median 

infused CD34+ cell dose 4.7x106/kg (range 0 21-77.46), and median TNC dose 1.2x108/kg 

(range 0.42-12.08). Data was missing for the remaining 1 patient.

Neutrophil Engraftment:

No specific CD34+ dose-quartile exhibited a superior time-to-engraftment, with a median 

neutrophil engraftment of 10-11 days in each quartile. All patients receiving a CD34+ cell 

dose ≤ 2x106/kg or ≥ 10x106/kg engrafted, at a median 11 days (range 10-39 days) and 10 

days (range 1-34 days), respectively.

TNC Dose and Outcomes:

For all patients, the median TNC dose was 2.4x108/kg (range 0.1-44.3x108/kg), with an 

interquartile range of 1.3-4.7x108/kg. The optimal TNC 'cut point' to discriminate between 

the largest differences in outcome was 3.7x108/kg. However, autografts containing >3.7x108 

TNC/kg were not associated with improved PFS (p=0.24), OS (p=0.33), lower risk of 

relapse (p=0.17) or NRM (p=0.37).

We had initially hypothesized that higher CD34+ cell doses may be associated with 

increased relapse rates, given the potential for harvesting circulating tumor cells (CTC) with 

higher volume collections. Although metastatic marrow disease is present in approximately 

75% of patients at the time of diagnosis of high-risk neuroblastoma,5 apheresis products 

are not routinely screened for CTCs. Previous studies in this population have identified 

detectable tumor mRNA in 50% of apheresis products, associated with inferior outcomes 

when present (5-year EFS 29%, 95% CI 21–38% versus 51%, 95% CI 42–60%; p=0.0003).6 

Moreover, though children with less metastatic marrow involvement at the time of apheresis/

stem cell collection may theoretically mobilize more CD34+ cells,1,2 we were unable to 

address this issue in our study, as marrow involvement at diagnosis/apheresis was not 

routinely collected. We had also hypothesized that larger autograft cell doses may be 

associated with higher rates of EICs, given the potential infusion of more immune effector 

cells (CD3+ or CD15+), ultimately leading to endothelial injury.4,7 8-11 This was not seen 

in our study though, as there was no impact of CD34 cell dose or TNC on the incidence 

of EIC. Ultimately, our retrospective trial failed to show a correlation between CD34+ and 

TNC cell dose and post-HSCT in high-risk neuroblastoma, including PFS, OS, relapse rates, 

NRM, EIC incidence, and time-to-neutrophil-engraftment.
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Figure 1. 
A: Progression-free survival by CD34+ dose (x106/kg)

Figure 1B: Overall survival by CD34+ dose (x106/kg)

Figure 1C: Relapse rate by CD34+ dose (x106/kg)

Figure 1D: Progression-free survival by CD34+ dose quartile (x106/kg)

Figure 1E: Overall survival by CD34+ dose quartile (x106/kg)

Figure 1F: Relapse rate by CD34+ dose quartile (x106/kg)
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