
Translational Oncology 13 (2020) 100788

TRANON-100788; No of Pages 4

Contents lists available at ScienceDirect

Translational Oncology

j ourna l homepage: www.e lsev ie r .com/ locate / t ranon
Peripheral Blood Stem Cell Harvest HPC Count Is an Effective Surrogate
Marker for CD34+ Cell Count in Allogeneic Stem Cell Transplant Setting
Aisha Jamal a, Mohammad Tahir Khan b, Sadia Parveen c, Qurratulain Rizvi a, Tasneem Farzana d, Uzma Zaidi d,
Munira Borhany d, Saima Siddiqui e, Saqib Hussain Ansari d, Tahir Sultan Shamsi a,d,⁎

a Clinical Haematology, National Institute of Blood Disease and Bone Marrow Transplantation, ST, 2/A Block 17 Gulshan-e-Iqbal KDA Scheme 24, Karachi, 75300, Pakistan
b School of Public Health, Dow University of Health Sciences, 111 Suparco Rd, Gulzar-e-Hijri Gulzar E Hijri Scheme 33, Karachi, Karachi, City, Sindh, Pakistan
c Research, National Institute of Blood Disease and Bone Marrow Transplantation, ST, 2/A Block 17 Gulshan-e-Iqbal KDA Scheme 24, Karachi, 75300, Pakistan
d Bone Marrow Transplantation, National Institute of Blood Disease and Bone Marrow Transplantation, ST, 2/A Block 17 Gulshan-e-Iqbal KDA Scheme 24, Karachi, 75300,
Pakistan
e Transplant Immunology, National Institute of Blood Disease & Bone Marrow Transplantation, ST, 2/A Block 17 Gulshan-e-Iqbal KDA Scheme 24, Karachi, 75300, Pakistan
⁎ Address all correspondence to: Tahir Sultan Shamsi, Nat
Pakistan.

E-mail addresses: draishajamal@outlook.com, (A. Jamal)
tf.farzana@gmail.com, (T. Farzana), uzaidi26@gmail.com, (U
t.shamsi.62@gmail.com. (T.S. Shamsi).

http://dx.doi.org/10.1016/j.tranon.2020.100788
1936-5233/© 2020 Published by Elsevier Inc. on beh
licenses/by-nc-nd/4.0/).
A B S T R A C T
A R T I C L E I N F O
Article history:
Received 20 November 2019
Accepted 14 April 2020
Available online xxxx
OBJECTIVE: We assessed the predictive potential of XN-HPC for CD34+ cell count as obtained through Sysmex auto-
mated hematology analyzers (XN-1000). METHODS: This study was conducted at the National Institute of Blood Dis-
eases and Bone Marrow Transplantation in 84 donors between December 2012 and December 2017 in the first phase
and later validated in 112 donors between December 2017 and December 2018. Sysmex XN-1000 and BD FACS
Calibur estimated XN-HPC and CD34+ cells of peripheral blood apheresis product, respectively. Spearman's correla-
tion was assessed between XN-HPC and CD34+ cell count followed by receiver operating characteristic curve calcu-
lation to determine the XN-HPC cutoff for a CD34+ count of≥2million cells/kg of recipient's body weight RESULTS:
There is a moderately positive correlation (P value = .003) between XN-HPC and CD34+ count. Receiver operating
characteristic curve analyses demonstrated that a cutoff value for XN-HPC of≥1·845×106cells/kg of recipient's body
weight has a specificity and sensitivity of 100% and 78·2%, respectively, for predicting the CD34+ count of≥2 mil-
lion cells/kg of recipient's body weight. This cutoff value of XN-HPC was prospectively validated in 112 donors. The
positive predictive value was found to be 100%, while negative predictive value was 17%. CONCLUSION: XN-HPC
has a highly promising potential to serve as a cost-effective and time-saving surrogate for CD34+ cell count.
© 2020 Published by Elsevier Inc. on behalf of Neoplasia Press, Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Allogeneic hematopoietic stem cell transplant provides the only chance of
radical cure for various life-threatening benign and malignant hematological
disorders [1–3]. A successful bone marrow transplant is one in which com-
plete sustained hematopoietic reconstitution is achieved. Success relies
chiefly on the infusion of appropriate dose of hematopoietic progenitor
cells (HPCs), i.e., ≥ 2million CD34+cells/kg of recipient's body weight,
and their engraftment, repopulating the hematopoietic tissue [4–8].

Colony-forming unit–granulocyte monocyte (CFU-GM) assay was con-
sidered to be the best established predictor of progenitor cell count
[9–12]. Over the years, reliable enumeration of CD34+ cell count by
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flow cytometry has efficiently replaced CFU-GMassay, and it is comprehen-
sively accepted to be a reliable indicator of hematopoietic progenitor cells
[13–21]. However, the enumeration of CD34+cells by flow cytometry is
not only an expensive procedure [22]; it is also time consuming (with a re-
sponse time up to several hours) and requires substantial technical exper-
tise which in itself is a significant challenge in low- and middle-income
countries [23,24]. Flow cytometry–based Sysmex automated hematology
analyzers segregate a distinct immature myeloid population of cells re-
ferred to as hematopoietic progenitor cells (XN-HPC) [25,26]. The analyzer
is equipped with a white precursor cell (WPC) channel (Sysmex XN-1000).
It processes the cells with a distinct reagent system. The surfactant-
detergent in the reagent system lyses the mature myeloid cells, but the
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immature myeloid cells escape lysis due to the lower cholesterol content of
their cell membranes. Analysis of immature cells is then carried out by
employing optical detection and general flow cytometry in XN-1000
[27,28]. The technique does not demand pretreatment of blood samples,
nor does it require any distinct expertise, and it has a maximum turnaround
time of 90 seconds.

Various studies have elucidated the role of peripheral blood HPC count
as a predictor of apheresis day to yield an optimum value of CD34+ cells in
autologous stem cell transplant setting. Detection of HPC has been greatly
improved in new generation of Sysmex XN series, and incipient statistics
are suggestive of good correlation between XN-HPC and CD34+ cells as-
sessment by flow cytometry [21–26]. The current study aims to establish
the possible role of postharvest product XN-HPC count as a reliable surro-
gate of postharvest product CD34+ cell count in allogeneic bone marrow
transplant setting.
Methods

Study Design and Setting

This two-phase studywas aimed at determining the optimal cutoff value
of XN-HPC count to predict CD34+ cell count of ≥2 million cells/kg of
recipient's body weight, followed by the prospective validation of the
established XN-HPC cutoff. The study was conducted at the National Insti-
tute of Blood Disease & Bone Marrow Transplant (NIBD & BMT) from De-
cember 2012 till December 2018 after approval from the Ethics Review
Committee of NIBD & BMT.

In the first phase conducted between December 2012 and December
2016, all patients and their human leukocyte antigen (HLA)–matched do-
nors undergoing allogenic hematopoietic stem cell transplant were enrolled
after informed consent and assessed for XN-HPC count and CD34 cell count
to determine optimal cutoff value.

In the second phase, conducted from January 2017 till December 2018,
112 donors were prospectively enrolled to validate the cutoff value.
Patients and Donors

Patients with various benign and malignant hematological disor-
ders, and their respective HLA-matched donors were recruited in the
study after obtaining informed written consent by the donors and pa-
tients. In case of donors/patients aged less than 18 years, parental assent
was ensured. Inclusion criterion for donor comprised of age between 6
and 55 years and satisfactory hepatic, renal, pulmonary, and cardiac
reserves.

Priming of Bone Marrow and Mobilization of Peripheral Blood Stem Cells

Healthy HLA-matched donors (siblings or parents) were treatedwith in-
jection of granulocyte–colony-stimulating factor at 10 mg/kg body weight
subcutaneously for 4 days tomobilize stem cells. Peripheral blood apheresis
was performed on day five. Seventeen (20%) donors underwent two ses-
sions of peripheral blood apheresis to achieve the minimum target of
≥2×106 CD34+ cells/kg of recipient's body weight. All the priming and
mobilization protocols along with the stem cell collection and infusion pro-
cedures were preapproved by the institutional review board of NIBD and
BMT.

Stem Cell Collection

Peripheral Blood Hematopoietic Stem Cell Harvesting
Peripheral blood apheresis was performed by employing COBE SPEC-

TRA or Hemoneitics MCS plus cell separators processing 1.5-2 volumes of
donor's blood per session over a 3- to 5-hour period. Repeat apheresis ses-
sion was done on day six (second collection) if the desired target of
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CD34+ cell count of ≥2×106 cells/kg of recipient's body weight was
not attained in the first session. Sodium citrate to blood ratio of 1:9 was
set for anticoagulation.
Enumeration of HPC count
Immature myeloid cells (HPCs) of the peripheral blood apheresis prod-

uct were enumerated by Sysmex XN-1000. The analyzer utilizes a refined
technology of fluorescence flow cytometry for enumerating HPC count.
After processing the cells with the surfactant-detergent system in its WPC
and pathologic cell channel, it produces forward scatter (FSC), side scatter
(SSC), and fluorescence scatter of cell populations. The FSC and SSC give in-
formation about the cell size and its internal complexity, respectively. The
fluorescence intensity (Side Fluorescence) generates information about
the maturity status of cells and its benign/malignant origin. Accredited to
their lower membrane lipid content, juvenile myeloid cells have lower
WPC reagent permeability. Hence, the HPCs are recognized by their me-
dium FSC, low SSC, and relatively low Side Fluorescence. The values of
HPC as obtained in 103/μl were converted to and represented as cells/kg
of recipient's body weight to make the two variables, i.e., CD34+ cells
and HPC, comparable.

Enumeration of CD34+ Cells by Flow Cytometry
BDFACS Caliburwas commissioned to enumerate CD34+ cell count by

flow cytometry of apheresis product based on highly sensitive and specific
gold standard International Society for Hematotherapy and Graft Engineer-
ing gating strategy [29]. The fluorochrome antibody panel comprised of
CD38-FITC, HLA-DR-PE, and CD34-APC. One million cells were stained
for each of the three tubes being analyzed. After RBCs lysis with standard
RBC lysing solution, 20 μl of CD38-FITC and HLA-DR-PE was added in
tube 1 and 2, and 5 μl of CD34-APC was added in tube 3. The tubes with
their respective fluorochromes were incubated in the dark for 30minutes
and then were suspended in 1% formaldehyde solution. This was then
followed by acquisition of data by flow cytometer and analysis by the
CELLQUEST Pro software. The computed result for CD34+ cells was repre-
sented as cells ×106 per kilogram of recipient's bodyweight.

Statistical Analysis

Statistical analyses were performed using STATA version 11. Median
and range were reported for continuous variables as the data were not nor-
mally distributed, whereas frequencies and percentagesmwere reported for
all categorical variables. Spearman's rank correlation coefficient (ρ) was
calculated for CD34+ cells and HPC, followed by the calculation of re-
ceiver operating characteristic (ROC) curve to identify HPC value, which
could optimally distinguish the cutoff of ≥2 million or more for CD34+
cells/kg of recipient's body weight. CD34+ cell count obtained in the
first peripheral blood apheresis session was used as the predicted variable
in case donor underwent more than one session. P values less than or
equal to .05 were considered statistically significant.

Results

Phase I Results

Donor Characteristics
There were a total of 84 donors with a median age of 20 years (range 6-

51 years) and comprised of 51 (61%) females.

HPC Count and CD34 Count in the Postharvest Products
A total of 101 peripheral blood-harvesting procedures after GCSF prim-

ing for 4 days were undertaken. Mean volume of the postharvest product
collected was 257 (±139) ml. The median XN-HPC and CD34+ counts
were 3.83 (range 0.32-20.00)× 106cells/kg of the recipient's body weight
and 4.55 (range 1.00-26.20) × 106cells/kg of the recipient's body weight,
respectively.
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Figure 1. Scatter plot showing distribution of HPC and CD34+ × 106 cells/kg.

Table 1
Comparison of Sensitivities and Specificities at Different Cutoff Levels of HPC Cells
Based on ROC Curve

Coordinates of the Curve

Test result variable(s): HPC (106 cell/kg)
Positive if greater than or equal to Sensitivity (%) Specificity (%)
.358000 98.70 .00
.685000 93.60 25.00
.805000 93.60 50.00
1.660000 82.10 75.00
1.715000 80.80 75.00
1.745000 79.50 75.00
1.795000 78.20 75.00
≥1.845000 ≤78.20 100.00
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Correlation Between CD34 Cell Count and HPC Count
Spearman's correlation analysis showed a ρ=0.32 (P value=·.003), in-

dicating a moderately positive and statistically significant correlation be-
tween CD34+cell count and HPC count as graphically shown in Figure 1
scatter plot.
Sensitivity and Specificity of Postharvest HPC as Predictor of Postharvest CD34
The CD34 cutoff value of ≥2 × 106 CD34+ cells/kg of the recipient's

body weight was used as target value to evaluate corresponding HPC
count. ROC curve analysis (Figure 2) showed area under the curve as
87.0% (P value = .013).

Multiple XN-HPC cutoff values were computed for the CD34 value of
≥2×106 CD34+cells/kg to establish evaluable sensitivity and specificity
of XN-HPC for a postharvest hematopoietic stem cell competent product,
i.e., the product with the CD34+ cell count of ≥2 × CD34+ × 106

cells/kg of the recipient's body weight as shown in Table 1.
AnXN-HPC cutoff value of≥1.84×106 cells/kg of the recipient's body

weight showed sensitivity and specificity of 78.2% and 100.0%, respec-
tively, implicating that if this XN-HPC cutoff is used to predict CD34+
cell count, all donors will have a CD34+ count of ≥2 × 106 cells/kg.
Sixty-one (74.4%) of the evaluable donors had XN-HPC values≥1·84 mil-
lion cells/kg of the recipient's body weight, and all of them were found to
have the flow cytometry–based CD34+ cell count of ≥2 × 106 CD34+
cells/kg of the recipient's body weight.
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Figure 2. Receiver operating characteristic curve.
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Phase II Results

Validation of XN-HPC Cutoff Value
One hundred and twelve donors were enrolled for validation study.

The positive predictive value was found to be 100%, while the negative
predictive value was 17%. The median and range of XN-HPC count were
found to be 4.49 (0.32-95.20) million cells per kg of recipient's body
weight, whereas the median and range CD34 cell count were 4.7
(1.00-61.00) million per kg of recipient's body weight. Similarly, in
order to predict CD34+ cell count of >3× 106 cells/kg of the recipient's
body weight, the corresponding XN-HPC count was found to be 13.765
million cells/kg of the recipient's body weight in the first phase. It was
also prospectively validated and conferred to the specificity of positive
predictive value of 100%. However, we were not able to identify any
HPC cutoff to predict CD34+ cell count of 4 million or above due to
the limitation of small data set.
Discussion

The success of allogeneic hematopoietic stem cell transplant depends
majorly on the successful repopulation of hematopoietic tissue after infu-
sion of an adequate dose of hematopoietic stem cells. Over the years, differ-
ent modalities have been employed to prognosticate the dose of stem cells
in a postharvest product such as CFU-GM assays, total nucleated cell counts,
and CD34+ cell count.

This study attempted to evaluate the role of postharvest product XN-
HPC as a potential surrogate of postharvest product CD34+ cell count,
which is the current worldwide standard for evaluating the stem cell com-
petency of the collected hematopoietic stem cell products, in the allogeneic
stem cell transplant setting.

The need to establish this correlation between postharvest XN-HPC and
CD34+ cells stems from the fact that, in resource-poor countries, estima-
tion of CD34+ cell count by flow cytometry is significantly challenging
in terms of cost, the technical expertise it requires, and its turnaround
time. On the other hand, XN-HPC is an extremely cost-effective procedure
requiring no special expertise and has a turnaround time of over a few
seconds.

In autologous stem cell transplant setting, preharvest peripheral blood
HPC has already been established as a successful determinant of the aphe-
resis day for stem cell collection for effective product collection [30]. An-
other recent study has successfully established the comparable predictive
potential of preharvest peripheral blood XN-HPC to postharvest product
CD34 count in both the autologous and allogeneic stem cell transplant set-
tings [4].

In this study, XN-HPC by Sysmex automated analyzer and CD34 count
by flow cytometry were performed on 101 postharvest samples as collected
from 84 donors for allogeneic stem cell transplant. As of the writing of this
paper and to the best of our knowledge, no study has yet evaluated the pre-
dictive potential of postharvest product XN-HPC for postharvest product
CD34+ cells in a majorly allogeneic setting.
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The results obtained have successfully elaborated the high predictive
potential of XN-HPC as a surrogatemarker of post-harvest stem cell product
competency. The CD34+cells cutoff value of≥2×106CD34+cells/kg of
the recipient's body weight is the comprehensively accepted value that as-
certains successful posttransplant hematopoietic tissue repopulation. The
results demonstrated that the XN-HPC value of ≥1·84 × 106 cells/kg of
recipient's body weight carries the sensitivity and specificity of 78.2% and
100.0%, respectively. This implicates that, in our study, the HPC cutoff
value of≥1.84 million cells/kg of recipients' body weight successfully pre-
dicted the competence of stem cell harvest product, i.e., the presence of≥2
× 106 CD34+ cells/kg of the recipient's body weight, in 100% of the har-
vested products analyzed. Spearman's correlation analysis showed a ρ =
0.32 (P value = .003), demonstrating a statistically significant correlation
between CD34+ cell count and XN-HPC count in postharvest stem cell
product. The results were prospectively validated over a period of 1 year
in 112 donors, yielding a positive and negative predictive value of 100%
and 17%, respectively.

Conclusion

The findings concluded that there exists a fairly high potential for XN-
HPC to serve as a surrogate for CD34+ cell count. The findings demand
larger multicentric studies to further validate the results to establish XN-
HPC as a preferred cost-effective and time-efficient method of establishing
stem cell competency of postharvest products in resource-poor countries.
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