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Abstract

BACKGROUND—Successful peripheral blood stem cell transplantation (PBSCT) depends on the 

collection and infusion of adequate numbers of peripheral blood progenitor cells (PBPCs). Several 

predictors of PBPC yield are used currently, including white blood cell (WBC) count and CD34 

analysis. This study evaluated the utility of the new automated hematopoietic progenitor cell count 

available on Sysmex XN hematology analyzers (XN-HPCs) in PBSCT.

STUDY DESIGN AND METHODS—The performance characteristics of XN-HPC, CD34+, and 

WBC analysis were compared using 107 matched peripheral blood and apheresis samples.

RESULTS—Good correlation was observed between XN-HPC and CD34+ cell counts in 

peripheral blood (r = 0.88; slope, 0.81) and apheresis collections (r = 0.91; slope, 0.89). Moreover, 

peripheral blood XN-HPC and CD34 analysis showed comparable ability to predict successful 

PBPC harvests (≥ 2 × 106 CD34+ cells/kg). At a cutoff of 20 × 106 progenitor cells/L, peripheral 

blood XN- HPC and CD34 analysis both showed negative predictive values (NPVs) of 100% and 

positive predictive values (PPVs) of 55.4 and 63%, respectively. Using an optimized cutoff of 38 × 

106 progenitor cells/L, derived from receiver operating characteristic analysis, the PPV for XN-

HPC and CD34 analysis increased to 71.4 and 78.9%, respectively, with relatively unchanged 

NPVs (XN-HPC 97.7%, CD34+ 98.0%). In contrast, the correlation between peripheral blood 

WBC and CD34 analysis was poor (r = 0.48; slope, 669.85), and the peripheral blood WBC count 

(cutoff, 10 × 109/L) was a poor predictor of PBPC harvest (NPV 60%, PPV 43.1%).

CONCLUSION—XN-HPC compares favorably with CD34 analysis and may be a surrogate for 

CD34 analysis to predict optimal timing of PBPC collections.
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Peripheral blood stem cell transplantation (PBSCT) is used increasingly to treat patients who 

have undergone high-dose chemotherapy for hematologic or solid organ malignancies. 

Successful transplantation and engraftment of stem cells requires the infusion of an adequate 

number of progenitor cells.1-5 Stem cells are traditionally identified as CD34+ cells by flow 

cytometry. The minimum threshold value of CD34+ progenitor cells recommended to induce 

rapid and successful engraftment of hematopoietic recovery is at least 2 × 106 CD34+ 

cells/kg patient body weight.3-5

Hematopoietic progenitor cells (HPCs) are mobilized from the marrow into the peripheral 

blood using various regimens and are harvested subsequently by apheresis. Patient responses 

to stem cell mobilization regimens vary, however, and are influenced by a number of 

variables, including age, diagnosis, marrow involvement, and preceding chemotherapy.6-10 

Thus, determining the optimal time for initiating peripheral blood stem cell collection is 

often challenging.

Historically, the peripheral blood white blood cell (WBC) count has been used as a marker 

of marrow response to stem cell mobilization, given the convenience of its availability as 

part of automated complete blood count analysis. However, a growing number of studies 

confirm that there is little correlation between the peripheral blood WBC count and the 

number of CD34+ stem cells in circulation.11 Thus, reliance on the WBC count to initiate 

apheresis may result in inadequate peripheral blood stem cell harvests and the need for an 

increased number of apheresis procedures. In contrast, peripheral blood CD34 analysis, 

performed before initiation of apheresis, correlates well with the number of CD34+ cells 

collected during apheresis.3-5,12-14 CD34 analysis, however, is a labor-intensive and time-

consuming laboratory procedure, requiring highly specialized staff. This often creates delays 

and challenges in patient management.

Automated platforms have been developed to identify HPC on Sysmex SE and XE series 

analyzers.15-20 Analysis is rapid and inexpensive, and performed on the same instruments as 

are used for complete blood count and automated differential testing. HPCs are detected in 

the immature myeloid information channel of the analyzers, where all WBCs, except 

immature myeloid cells, are lysed by the action of surfactants-detergents on the lipid 

components of the cell membrane. The immature cells are analyzed using radiofrequency 

and direct current. The radiofrequency signal conveys information regarding cell complexity 

such as nuclear size and the presence of granules, whereas the direct current signal reflects 

the size or volume of the cell.

Using this technology, moderate correlations between HPC measurements and CD34+ cell 

counts have been observed.17-19 Although HPC appears to be a useful positive predictor of 

when to initiate apheresis to obtain desired CD34+ cell yields, HPC levels below predefined 

cutoffs have not reliably predicted poor CD34+ cell collections. The latter has limited the 

use of HPC as a surrogate for CD34 analysis in PBSCT. However, strategies for conserving 

laboratory resources have been proposed, which use HPCs to screen peripheral blood to 

perform CD34 analysis only on samples with HPC counts below a predetermined 

cutoff,16,21 thus preventing unsuccessful stem cell harvests while minimizing the risk of 

missing an adequate stem cell collection.
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Recently, improved HPC detection (XN-HPC) was developed on a new-generation Sysmex 

analyzer (Sysmex XN). HPC detection was optimized based on improved sample hemolysis 

conditions and fluorescent staining. Moreover flow cytometry–based optical detection of 

XN-HPC was referenced to CD34+ cells.22 Preliminary data from 18 allogeneic and six 

autologous stem cell donors suggest a good correlation between the new XN-HPC analysis 

and CD34 analysis by flow cytometry.22 The goal of the present study was to evaluate XN-

HPC testing in a larger clinical PBSCT setting. The results demonstrate a strong correlation 

between XN-HPC and CD34+ cell counts in preharvest peripheral blood and postharvest 

apheresis products and support the use of XN-HPC as a suitable surrogate for CD34 analysis 

to determine optimal timing for the collection of stem cells.

MATERIALS AND METHODS

A single-center, observational case study was performed from November 2013 through June 

2014.

Samples

Peripheral blood and apheresis samples were obtained from the Clinical Laboratory Service 

at Memorial Sloan Kettering Cancer Center after all diagnostic testing had been completed. 

Samples were fully deidentified before enrollment into the study. A separate secure link to 

patient identity was maintained for medical record review. This study was approved by the 

Institutional Review Board of Memorial Sloan Kettering Cancer Center for the Protection of 

Human Subjects.

Peripheral blood samples (n = 107) were anticoagulated with K2EDTA. Samples from 99 

patients undergoing autologous transplant and eight healthy allogeneic donors were included 

in the study. In addition, matched apheresis samples (n = 107), diluted 1:10 with RPMI 1640 

containing L-glutamine and 25 mmol/L HEPES (Mediatech, Inc., Manassas VA), were 

obtained from the flow cytometry laboratory after CD34 analysis had been completed.

Patient population

Samples were from patients and healthy stem cell donors ranging in age from 16 months to 

76 years (median age, 54 years). Approximately equal numbers of males and females (55% 

male, 45% female) were represented. The majority of patients carried a diagnosis of 

myeloma (approx. 43%) or lymphoma (approx. 42%). The remaining diagnoses included 

germ cell tumors, amyloidosis, β-thalassemia major, neuroblastoma, desmoid round cell 

tumor, and melanoma. Patients were mobilized with a variety of regimens including 

granulocyte–colony-stimulating factor (G-CSF), G-CSF with chemotherapy, or G-CSF with 

plerixafor (Mozobil, Sanofi US, Bridgewater, NJ). Apheresis products were collected using 

apheresis systems COBE Optia or COBE Spectra (Terumo BCT, Lakewood, CO).

Enumeration of nucleated cells in peripheral blood and apheresis products

WBC counts in peripheral blood and apheresis collections were determined using one of two 

hematology analyzers (Advia 2120, Siemens [Tarrytown, NY] for clinical testing; and 
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Sysmex XN 1000, Sysmex Corporation of America [Lincolnshire, IL] for research 

purposes).

Enumeration of XN-HPCs and CD34+ cells

Peripheral blood and matched apheresis products were evaluated. HPC enumeration was 

performed using the Sysmex XN 1000. CD34 analysis was performed using ISHAGE 

guidelines.23

Statistical analysis

The correlation between XN-HPC and CD34 analysis was evaluated in preharvest peripheral 

blood samples and matched postharvest apheresis products. Linear regression models were 

fitted to correlate XN-HPCs with CD34+ cell counts using Passing and Bablok analysis.24 

Correlations with WBC counts are presented for comparison.

In addition, the ability of preharvest peripheral blood XN-HPC and CD34+ cell counts to 

predict optimal timing to initiate apheresis to obtain an adequate CD34+ cell collection (≥2 

× 106 CD34+ cells/kg5) was evaluated. Positive and negative predictive values (PPVs and 

NPVs, respectively)25,26 for XN-HPC and CD34 analysis were compared at different 

cutoffs. Receiver operating characteristic (ROC) statistics27,28 were used to determine the 

optimal cutoff for XN-HPC and CD34+ cell counts (≤38 × 106 HPC/L for both methods). In 

addition, XN-HPC and CD34 analyses were compared using a widely applied cutoff of 

fewer than 20 × 106 peripheral blood HPCs/L, suggested by Yu and colleagues,17 as well as 

several locally applied cutoff values. Comparisons were made with WBC analysis using a 

cutoff of 10 × 109 cells/L.29

RESULTS

Correlation between XN-HPC and CD34+ cell counts in peripheral blood

Comparison of CD34+ cell counts with XN-HPC and WBC counts, determined for 107 

preapheresis peripheral blood samples, is shown in Fig. 1. The correlation between WBC 

and CD34+ cell counts was poor (Fig. 1D; r = 0.48; slope, 659.85), as reported previously.11 

In contrast, XN-HPC and CD34+ cell counts correlated well (Fig. 1A; r = 0.88; slope, 

0.815). Using an all plot regression analysis to identify outliers, 13 and 15% of samples 

were identified for which the XN-HPC count was greater than one standard deviation (SD) 

above or below the regression line, respectively, indicating discordantly high or low counts 

relative to the CD34+ cell count. Allowing for a 2 SD difference between XN-HPC and 

CD34+ cell counts, 4 and 6% of XN-HPCs fell above and below the expected regression 

line, respectively. Differences in XN-HPC and CD34+ cell counts occurred more frequently 

at high cell counts (>250 × 106 cells/L), where the clinical impact would likely be minimal.

At CD34+ cell counts of less than 100 × 106/L (Fig. 1B) and 50 × 106/L (Fig. 1C), the 

correlation between XN-HPCs and CD34+ cells in peripheral blood was very good (Table 

1). XN-HPC scattergrams for all outliers were reviewed. In all cases, the XN-HPC 

population was clearly identified, and no analytical errors were detected to explain the 

discrepant XN-HPC and CD34+ cell counts.
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Correlation between XN-HPC and CD34+ cell counts in apheresis collections

Correlation of XN-HPC and CD34+ cell counts in 107 apheresis collections from 

autologous and allogeneic stem cell donors showed excellent correlation (r = 0.91; slope, 

0.89) over a wide range of CD34+ cell concentrations (Fig. 2). Using an all plot regression 

analysis to identify outliers, 13 and 16% of samples were identified for which the XN-HPC 

count differed from CD34+ cell counts by greater than 1 SD above or below the regression 

line. Allowing for a 2 SD difference between XN-HPC and CD34+ cell counts, 6 and 8% of 

XN-HPCs fell above and below the expected mean, respectively.

XN-HPC scattergrams were reviewed for all outliers. In many cases, an increased forward 

scatter intensity was noted, which resulted in a portion of the WBC population being 

included with the XN-HPC population. The reason for this phenomenon is not apparent. 

Because apheresis samples were received already diluted from the clinical laboratory, 

cellular changes affecting sample analysis cannot be ruled out.30

Correlation between peripheral blood HPC count and apheresis product CD34+ cell yield

The ability of preharvest peripheral blood XN-HPC counts to predict the ability to achieve a 

target CD34+ cell collection of more than 2 × 106 cells/kg is summarized in Table 2. 

Comparisons between performance characteristics of CD34+ and XN-HPC cell counts were 

made at several cutoffs. Data are shown for all apheresis samples (n = 107) and stratified by 

autologous (n = 99) and allogeneic donations (n = 8). Overall, the performance 

characteristics of XN-HPC and CD34+ cell counts were similar.

ROC analysis, comparing the ability of peripheral blood XN-HPC and CD34+ cell counts to 

predict an adequate stem cell harvest (≥2 × 106 CD34+ cells/kg) confirmed similar 

performance characteristics for both methods. The area under the curve for XN-HPC was 

0.946, compared to 0.954 for CD34+ cell counts. ROC analysis of XN-HPC and CD34 

analysis identified the same optimal cutoff (38 × 106 cells/L) for both methods (Fig. 3). At 

this cutoff (Table 2), the PPV of XN-HPC was 71.4% with a NPV of 97.7%. In comparison, 

PPV and NPV for CD34 analysis were 78.9 and 98%, respectively. In contrast, the 

peripheral blood WBC count, at a traditionally used cutoff of fewer than 10 × 109 WBCs/

L,29 was a poor predictor of CD34+ cell yield (Table 3).

DISCUSSION

This study evaluated the performance characteristics of the new XN-HPC measurement 

available on Sysmex XN series analyzers in a large PBSCT setting. Previous comparisons of 

HPC analysis by Sysmex SE and XE series analyzers with CD34+ cell counting showed 

only moderate correlations,19,20 and the relationship between preharvest peripheral blood 

HPC counts and CD34+ yields in apheresis products was not strong.31 Although high 

peripheral blood HPC counts were useful for determining when to initiate stem cell 

collection, low HPC counts (<5 × 106/L) often underestimated peripheral blood CD34+ 

cells, and thus CD34 analysis was required.21 In marked contrast, results from this study 

demonstrate that the new automated XN-HPC analysis22 compares favorably with CD34 

analysis by flow cytometry. Moreover, the ability of pre-harvest peripheral blood XN-HPC 
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and CD34+ cell counts to predict postharvest CD34+ stem cell yield is comparable. Based 

on these findings, the new XN-HPC measurement represents a convenient surrogate for 

CD34+ cell counting for PBSCT applications.

Indeed, when the cell population corresponding to XN-HPCs was evaluated previously,22 the 

majority of HPCs overlapped with the CD34+ cell population identified by flow cytometry 

in both peripheral blood and peripheral blood stem cell collections. CD34+ cells were 

isolated using anti-CD34–conjugated magnetic beads and subjected subsequently for HPC 

analysis. The data demonstrated a single cell population around the HPC gate of the XN 

scattergram. Because of detergent effects on HPCs, HPCs cannot be isolated in an intact 

state for subsequent CD34 analysis.

Despite excellent correspondence between XN-HPC and CD34+ cell populations, these two 

cell populations are not entirely equivalent.32-35 Whereas cell surface CD34 expression has 

been used as a marker to detect and select hematopoietic stem cells, additional evidence 

supports the existence of early stem cell populations that are CD34−.33,34 During HPC 

analysis, CD34− hematopoietic progenitors appear in the same area of the Sysmex immature 

myeloid information channel as CD34+ cells, suggesting that the Sysmex HPC may include 

both CD34− and CD34+ progenitor cells.36 This is also consistent with the slight positive 

bias of XNHPC results compared to CD34 analysis in this study. Since the new automated 

XN-HPC analysis has been referenced to CD34+ cells, however, this bias is small and 

preharvest peripheral blood XN-HPC and CD34+cell counts appear to be equally predictive 

of adequate stem cell harvests.

The correlation between XN-HPC and CD34+ cell counts was particularly strong at low cell 

counts, supporting an excellent NPV. Review of false-positive preharvest XN-HPC cell 

counts (n = 18, using an XN-HPC cutoff of >38 × 106/L) with an unexpected low CD34+ 

cell recovery after harvest (<2 × 106/kg) failed to demonstrate any technical failure in XN-

HPC enumeration. The peripheral blood XN-HPC count in one patient with a germ cell 

tumor was consistently false positive over four successive collections. Conceivably, the 

pretransplant patient characteristics including chemotherapy regimens6-10 may have affected 

stem cell characteristics and detection.

Indeed, the optimal timing and strategy for harvesting peripheral blood stem cells differs 

according to patients’ premobilization characteristics. Patients who have had exposure to 

alkylating agents and radiation therapy are known to have poor peripheral blood progenitor 

cell (PBPC) collections.7-10 In patients with diseases where treatment relies heavily on the 

use of alkylating agents and radiation therapy, applying a peripheral blood stem cell cutoff 

with the lowest false-negative rate, such as XNHPC or CD34+ cell counts of not more than 

20 × 106/L would be appropriate, to avoid missing possibly adequate stem cell collections. 

At this cutoff, both XN-HPC and CD34 analysis demonstrated a NPV of 100%. In contrast, 

a different cutoff may be indicated for patients who are likely to demonstrate a good 

response to stem cell mobilization, based on treatment and diagnosis. In those cases, the use 

of a peripheral blood XN-HPC count with the highest PPV and the lowest false-positive rate, 

such as an XN- HPC cutoff of not more than 38 × 106/L would be indicated, to avoid 

harvests with poor CD34+ cell yields. Whereas this cutoff is higher than currently used by 
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most centers, data from this study demonstrate similar performance characteristics for 

CD34+ cell and HPC cell counts at lower clinically utilized cutoffs.

Despite the known poor correlation between preharvest peripheral blood WBC counts and 

postharvest CD34+ cell yields,11,29 the WBC continues to be used to select mobilized 

patients for apheresis. This is due to the complexity of CD34 analysis by flow cytometry and 

the current inability to provide timely results. This study confirms the poor predictive value 

of peripheral blood WBC counts in the PBSCT setting and demonstrates that XN-HPC, 

performed on the same automated hematology analyzer (Sysmex XN-1000) as the 

hemogram and WBC differential, offers a significant advantage and may supplant the need 

for CD34 analysis.

The timing of apheresis is a critical issue for the efficient and cost-effective collection of 

sufficient peripheral blood stem cells for transplantation. Depending on the number of stem 

cells harvested, this may require one or more apheresis procedures. The ability to rapidly 

predict the likelihood of a successful stem cell harvest is a significant advantage both 

economically and in terms of patient management, patient satisfaction, and expenditure of 

resources by the apheresis facility and the processing laboratory. This study demonstrates 

similar performance characteristics for CD34 analysis and XN-HPC counting, supporting 

the conclusion that the new XN-HPC count would serve as an acceptable surrogate for 

CD34 analysis. Additional studies to validate current findings in a larger allogeneic donor 

population and to define XN-HPC pre-harvest cutoff values based on cancer diagnosis 

and/or pretransplant chemotherapy regimens, as well as to correlate XN-HPC counts in 

peripheral blood stem cell collections with engraftment information would allow defining 

optimal XN-HPC collections (number of XN-HPCs/kg) and to establish distinct preharvest 

peripheral blood XNHPC cell counts. These studies will further enhance the use of XN-HPC 

as an alternate to CD34 analysis.
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XN-HPC(s) hematopoietic progenitor cells detected on the Sysmex XN hematology 
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Fig. 1. 
Correlation between peripheral blood CD34 and XN-HPC (A-C) or WBC (D) analysis of 

107 preharvest peripheral blood samples. Passing-Bablok24 linear regression analysis is 

shown. The dashed line represents ±1 SD from the regression line. (A) Correlation over the 

entire measured range; (B and C) correlations at CD34+ cell counts of fewer than 100 × 

106/L and fewer than 50 × 106/L, respectively.
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Fig. 2. 
Correlation between CD34+ cell counts and XN-HPC analysis of 107 apheresis collections. 

Passing-Bablok24 linear regression analysis is shown. The dashed line represents ±1 SD 

from the regression line. (A) Correlation over the entire measured range; (B) correlation 

observed at low numbers of measured cells (≤6000 × 106 cells/L).
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Fig. 3. 
ROC curves,28 comparing the performance of peripheral blood XN-HPC (A) and CD34 

analysis by flow cytometry (B) to predict successful stem cell collection (≥2 × 106 CD34+ 

cells/kg).5 The calculated optimal cutoff and area under the curve (AUC) for both methods 

are indicated. Merged ROC plots for XN-HPC and CD34+ cell counts (C) show similar test 

performance.
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TABLE 1

Correlation between XN-HPC and CD34+ cell counts in preharvest peripheral blood and apheresis products

Comparison Slope Intercept r value Sample number

Peripheral blood

    XN-HPC and CD34 (all) 0.81 7.84 0.88 107

    XN-HPC and CD34 (≤100 × 106 cells/L) 1.11 5.51 0.70 64

    XN-HPC and CD34 (≤50 × 106 cells/L) 1.03 5.88 0.55 48

Apheresis product

    XN-HPC and CD34 (all) 0.89 119.29 0.91 107
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TABLE 2

Comparison of performance characteristics of preharvest peripheral blood XN-HPC and CD34 analysis at 

selected cutoff points to predict successful apheresis meeting target CD34+ cell collections (≥2 × 106/kg)

Donor type Number
Cutoff (×106/L for XN-HPCs and CD34 cells

XN-HPC CD34

PPV (%) NPV (%) PPV (%) NPV (%)

All 107 38* 71.4 97.7 78.9 98.0

Autologous 99 68.4 100 76.5 100

Allogeneic 8 100 50 100 50

All 107 20† 55.4 100 63.0 100

Autologous 99 52.0 100 59.1 100

Allogeneic 8 87.5 ‡ 100 100

All 107 15 50.0 100 57.5 100

Autologous 99 46.4 100 54.2 100

Allogeneic 8 87.5 ‡ 87.5 ‡

All 107 10 45.1 100 51.7 100

Autologous 99 41.5 100 48.1 100

Allogeneic 8 87.5 ‡ 87.5 ‡

All 107 5 44.2 100 44.2 100

Autologous 99 40.6 100 40.6 100

Allogeneic 8 87.5 ‡ 87.5 ‡

*
Cutoff derived from ROC analysis.

†
Cutoff based on Armitage et al.14

‡
Unable to calculated NPV due to absence of true-negative population.
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TABLE 3

Performance characteristics of preharvest peripheral blood WBC analysis at selected cutoff points to predict 

successful apheresis meeting target CD34+ cell collections (≥2 × 106/kg)

Donor type Number WBC Cutoff (×109/L) PPV (%) NPV (%)

All 107 10* 43.1 60.0

Autologous 99 39.4 60.0

Allogeneic 8 87.5 †

All 107 5 43 †

Autologous 99

Allogeneic 8

*
WBC cutoff based on Elias et al.29

†
Unable to calculated NPV due to absence of true-negative population.
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