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Abstract

Background Prophylactic platelet transfusion is given to patients when the platelet count is less than ten thousand
to prevent clinically significant bleeding till platelet engraftment is documented. Despite a very low platelet count, if
platelet engraftment is confidently predicted, then platelet transfusion can be avoided in an otherwise stable patient.

Objective To determine the role of post-transplant day + 14 immature reticulocyte fraction (IRF) and immature plate-
let fraction (IPF) as surrogate markers for early prediction of platelet engraftment in pediatric hematopoietic stem cell
transplant patients.

Material and methods This prospective study was done at the National Institute of Blood Diseases and Bone Mar-
row Transplantation between January 2017 and December 2020. A total of 56 and 31 patients were enrolled in the
deviation and validation cohorts respectively. IPF and IRF were tested on a Sysmex XN-1000 hematology analyzer

on days+ 14 and 4+ 21 of the bone marrow transplant. Platelet count on day + 14 and the day of engraftment was
documented. Spearman correlation analysis and receiver operating characteristic curve (ROC) calculation were done
using the statistical package STATA version 12, to determine IRF and IPF cut-off values to predict a median platelet
engraftment day.

Results The derivation and validation cohorts were statistically comparable. The area under the receiver operat-

ing characteristic curve (ROC) for IPF and IRF was 0.53 (95% Cl: 0.37 - 0.68, p=0.750) and 0.74 (95% Cl: 0.61 — 0.89,
p=0.001) respectively. A weak inverse correlation (rs0.36, p =0.007) between IRF and platelet engraftment day was
found. The ROC demonstrated that the cut-off value for Day + 14 IRF of 13% has a sensitivity and specificity of 92.9%
and 37% respectively. This finding was confirmed in the validation group with sensitivity and specificity of 88.2% and
45.2% respectively.

Conclusion This study found that Day + 14 IRF but not IPF value can reliably predict platelet engraftment by day + 17
post-transplant.
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Introduction

The average time required for bone marrow engraft-
ment is two to three weeks [1]. Neutrophils are engrafted
around 4 to 7 days earlier than platelets [2]. Prevention
and management of febrile episodes and prophylactic
blood transfusions are the mainstays of patient care dur-
ing the pre-engraftment period [3]. In a hemodynami-
cally stable child, there is a low threshold to transfuse
platelets with a cutoff value of 10,000 [4—6]. During this
critical period, the transplant team faces the risk of trans-
fusion-transmitted infection, transfusion reaction, cost,
difficulty in getting desired platelet components due to
peculiar blood group issues, HLA-matched platelet, and
CMV negative donor availability [7-9]. Bacterial sepsis,
CMV reactivation or infection, acute graft versus host
disease, hepatic sinusoidal obstruction syndrome, and
hemorrhagic cystitis have severe consequences on bone
marrow engraftment. In the absence of these complica-
tions, engraftment occurs between 14 to 21 days after the
transplant [10].

The presence of immature reticulocyte fraction in
peripheral blood preemptively indicates marrow engraft-
ment [11-13]. Similarly, immature platelet fraction serves
as a surrogate marker of platelet engraftment [14—-16].

In this regard, the relationship between IRF and IPF
with neutrophil and platelet engraftment respectively
has been studied multiple times. Adult patients with
malignant disorders were selected in these studies [17-
19]. Previously IRF has been used to predict neutrophil
engraftment. This was keeping in view the fact that all
the cell lineages have a common progenitor. However, the
engraftment day for the proposed IRF cutoff values was
not established [18, 20, 21]. There is a paucity of data on
pediatric bone marrow transplant patients with benign
disorders. However, to the best of our knowledge, there
is a single study in which immature reticulocyte fraction
was assessed as an early predictor of marrow engraft-
ment of both neutrophils and platelets in pediatric
patients, and IRF cutoff values were also validated. The
IRF value was more than 5% after 11.1+ 3.6 days follow-
ing HSCT. The predicted cut-off value of IRF was 3.5% at
8 days after HSCT with an area under the curve of 0.879
(95% CI: 0.759-0.999). Sensitivity and specificity were
86.7% and 82.8%, respectively [22]. Both IRF and IPF
have clinical implications in hematopoietic bone marrow
transplant setup. Primary graft failure can be preemp-
tively managed by using the cutoff values of IRF and IPF.
Similarly delayed platelet engraftment can be very chal-
lenging for transplant physicians. It can also be antici-
pated by utilizing these values at different time points. In
the context of poor graft function, IRF and IPF can serve
as ancillary markers in establishing the diagnosis. Platelet
refractoriness is a very common phenomenon especially
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encountered in the pre-engraftment period of thalas-
semia and aplastic anemia children [23]. The cutoff val-
ues of IRF and IPF in post-transplant pediatric patients
with benign hematological disorders will immensely
benefit them and prevent the unjudicial use of platelet
transfusion. The clinical utility of IRF and IPF in the fore
mentioned areas of bone marrow transplant needs to be
explored and established. Ultimately transfusions will
be cost-effective and the incidence of reactions will be
minimized.

With this background, we conducted this study to ana-
lyze the relationship of platelet engraftment with D+ 14
IPF and IRF in pediatric patients undergoing stem cell
transplants for beta-thalassemia and aplastic anemia.

Material and methods

Study design and setting

This prospective cohort study was targeted to determine
the cutoff value of IRF and IPF to predict platelet engraft-
ment day with a platelet count of > 20 x 10°/L. This was
followed by the prospective validation of the establish-
ment of the IRF/IPF cutoff. This study was done at the
National Institute of Blood Diseases & Bone Marrow
Transplant from January 2017 to December 2020 after
approval from the Ethics Review Committee of NIBD &
BMT.

Transplant characteristics

Pediatric patients less than 18 years of age with benign
hematological disorders (beta-thalassemia and Aplas-
tic anemia) were recruited in the study after obtain-
ing informed written consent from their parents. All
patients in the derivation and validation cohort under-
went matched-related donor transplants. Myeloablative
and reduced intensity conditioning was used accord-
ing to the disease type. Bone marrow was infused in 36
and 20 patients, whereas peripheral blood stem cells
were given to 20 and 11 patients in the derivative and
validation cohorts respectively. Prophylaxis against
graft versus host disease consisted mainly of methotrex-
ate at a dose of 15 mg/m2 on day+1 and 10 mg/m2 on
days+ 3,4 6,4 11 along with cyclosporine A intravenous
starting from day -2 at a dose of 3.5 mg/kg changing to
an oral dose of 10 mg/kg at day+ 14 and continued for
an year after transplant. All patients received granulo-
cyte colony-stimulating factor at a dose of 5 mcg/kg daily
starting four days after graft infusion until the day they
achieve an absolute neutrophil count of 500/ ul for three
consecutive days. After stem cell infusion patients were
monitored for any febrile episode, packed cell transfusion
(Hb<8 gm/dl, any febrile episode or sign of heart fail-
ure), platelet transfusion (platelet less than 10,000 or any
febrile episode or bleeding symptom).
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On days+ 14 and+21, 3 ml of whole blood was col-
lected in an EDTA tube to perform IRF and IPF on the
Sysmex hematology XN 1000 analyzer. IRF and IPF were
not recorded daily as the study aim was to assess two
points at which the maximum benefit of IPF/IRF could
be ascertained in the context of platelet engraftment.

Principle of Sysmex hematology XN-1000 analyser
Reticulocyte and platelet analysis was performed on
a Sysmex-hematology XN-1000 analyzer. This system
contains specific lysing solutions that penetrate the cell
membrane and makes them fluorescent. Then the o-poly-
methine dye enters the nuclear membrane and binds to
the nucleic acid. Similarly, it also enters the membrane of
the cell organelles and binds with the proteins. Oxadine-
based fluorescent dye also stains platelets and immature
platelet fractions. SFL (scattered side fluorescence) light
gives information on the DNA/RNA content of the cell.
The same principle applies in measuring the immature
reticulocyte fraction (IRF). Morkis et al., evaluated nor-
mal cutoff values of IRF and IPF in healthy subjects [23].

Statistical analysis

Frequency and percentages were computed to present
categorical variables. Numerical variables were summa-
rized as median with inter-quartile range (IQR) due to
violation of normality assumption. The Shaprio-wilk test
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was used to assess the assumption of normality. Patients’
characteristics were compared among the two study
cohorts using the chi-square test and Mann—Whitney
U test for categorical and numerical variables respec-
tively. The receiver operating characteristic curve (ROC)
was constructed to determine the predictive ability of
two biomarkers by the computing area under the curve
(AUC). AUC indicates excellent, good, fair, poor, and
no discriminating ability between case positive and case
negative for the following ranges; 1 — 0.9, 0.8 —<0.9, 0.7
—<0.8, and 0.6 —<0.7, 50 —<0.6 respectively [24]. The
threshold value was determined for the test that was
found to be significantly predicting the variable of inter-
est. A threshold value was determined where the curve
was closed to the top axis and the rate of true positive
was maximized because the screening tests must have
maximum sensitivity while optimizing specificity [25].
STATA version 12 was used to perform statistical analy-
sis of the data. A two-tailed p-value less than or equal to
0.05 was taken as statistically significant.

Results

Comparison of patients’ characteristics in derivation

and validation cohort

Fifty-six and thirty-one patients were enrolled in the der-
ivation and validation cohort respectively whose charac-
teristics are depicted in Table 1. Patients in the two study

Table 1 Comparison of participants'features among two study cohorts

Variables Derivation cohort Validation cohort p-values
n(%) n(%)
Patients'age (in years)® 465 (3—9.75) 8 (5—10) 0.130
Gender
Male 35(62.5) 19(61.3) 0911
Female 21(37. 12(38.7)
Blood group
A+ 9(16.1) 10(32.3) P0.406
B+ 15(26.8) 5(16.1)
A- 1(1.8) 0(0)
AB+ 7(12.5) 2(6.5)
AB- 1(1.8) 0(0)
O+ 21(37.5) 14(45.2)
O- 2(3.6) 0(0)
Disease category
Beta-Thalassemia Major 38(67.9) 21(67.7) 0.991
Aplastic anemia 18(32.1) 10(32.3)
Platelet count on day 14° 22 (9-50) 14 (7 -42) 0.555
Platelet count on engraftment day 34(22-110)
Platelet Engraftment Days? 17.5(14—22.5) 16 (13—21) 0.835

2 variable is summarized as median (1% quartile - 3 Quartile)
P Fisher-exact test is reported
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cohorts were similar in terms of age (p=0.130), gender
(p=0.911), blood group (p=0.406), disease (p=0.991),
day + 14 platelet count (p =0.555) and the days of platelet
engraftment (p =0.835).

Reliability of IPF and IRF as a screening marker for platelet
engraftment

The median platelet engraftment day was 17.5 in the
derivation cohort. Therefore, we used 14""-day IPF and
IRF values to predict platelet engraftment within 17 days
of the bone marrow transplant. Out of 56 patients, half
of the patients achieved platelet engraftment within
17 days. The area under the ROC curve for IPF and IRF
was 0.53 (95% CI: 0.37 — 0.68, p=0.750) and 0.74 (95%
CI: 0.61 — 0.89, p =0.001) respectively (Fig. 1). The cut-off
value of 13 or above is determined which demonstrated a
sensitivity of 92.9% and specificity of 37%.On day 21, out
of 56 patients, 12(21.43%) patients were discharged and
ROC analysis done for day 21+ IRF showed an AUC of
0.54 (95% CI: 0.36 — 0.72, p =0.647).

Correlation between IRF, IPF and platelet engraftment day
A significantly negative weak correlation was observed
between IRF and engraftment days (rs=-0.36, p=0.007)
(Fig. 2). There was no statistically significant correlation
between IPF and engraftment days (rs=-0.086, p=0.53)
(Fig. 3) and IRF and IPF (rs =0.001, p =0.99) (Fig. 4).
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Validation of IRF cut-off value

Out of 31 patients in the validation cohort, 17(54.8%)
achieved platelet engraftment within 17 days of the trans-
plant. 15 (88.2%) patients out of 17 were correctly iden-
tified for the achievement of platelet engraftment within
17 days using an IRF threshold of 13 or above which is the
sensitivity of the marker. Overall IRF > 13% was observed
in 27 (87.1%) patients on day+ 14. Whereas out of 14
(45.2%) patients who did not achieve platelet engraftment
within 17 days, 2 (14.3%) were correctly classified as not
achieving platelet engraftment which shows specificity
of the test for IRF threshold of 13 or above. This cut-off
yield a PPV of 55.6% and an NPV of 50%.

Discussion

Hematology analyzer Sysmex XN 1000 has provided us
with parameters like immature fractions of reticulocytes
and platelets that indicate early regenerating hematopoi-
etic cells before entering circulation [26]. Despite the fact
that IRF and IPF are not directly involved in the clinical
decision-making process they may be considered sur-
rogate markers of early engraftment. Multiple studies
demonstrated the usefulness of these indices in Hemat-
opoietic Cell Transplants for transfusion assessment and
anticipation of successful engraftment [27-29]. Measure-
ment of IRF as a harbinger of platelet recovery is useful
in two aspects, firstly to curtail the platelet transfusion
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Fig. 1 Receiver operating characteristics (ROC) curve showing the predictive ability of immature platelet fraction (IPF) and immature reticulocytes

fraction (IRF) by taking platelet engraftment within 17 days of transplant as

state variable
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Fig. 2 Scatterplot displaying the relationship between immature reticulocytes fraction (IRF) and platelet engraftment day
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Fig. 3 Scatterplot displaying the relationship between immature platelet fraction (IPF) and platelet engraftment day

in the period of post-transplant marrow suppression and
secondly delayed platelet engraftment. Previous studies
have shown a correlation between IRF and IPF with neu-
trophil and platelet engraftment respectively [29-31].

To the best of our knowledge, the present study is the
first one to ascertain the importance of IRF as an early
screening marker in a pediatric hematopoietic stem
cell transplant setting. Literature documents that rising
IRF, expressed in terms of percentage of total reticulo-
cyte count, is the first hematologic recovery following
allogeneic bone marrow transplantation and peripheral

blood stem cell transplantation [31]. In the present
study, there was a significantly weak negative correla-
tion of IRF with platelet engraftment days which means
that IRF values will be higher in those achieving early
platelet engraftment. According to some researchers,
the first IRF value >10% is considered as recovery cri-
teria in BMT patients. In the present study, the ability
of day 14 IRF to indicate platelet recovery was fair with
a threshold value of 13% or above that showed a sen-
sitivity and specificity of 92.9% and 37% respectively.
However day 21 IRF failed to discriminate against
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Fig. 4 Scatterplot displaying the relationship between platelet engraftment day (IPF) and immature reticulocytes fraction (IRF)

patients achieving platelet engraftment on day 17. The
mechanistic evidence involved in the association of IRF
with platelet is the fact that begins from the pluripo-
tent hematopoietic stem cells that produce all lineages
of blood cells including Megakaryocyte-Erythroid Pro-
genitor (MEP) cells that are differentiated into mega-
karyocytes and erythroid cells. More than 30 genes
are involved in platelet biogenesis from which 7 genes
are transcription factors [32, 33] GATA1 gene is highly
expressed on MEP and its mutation can affect both
megakaryopoiesis and erythropoiesis [34]. Thus having
a common progeny is also reflected later on by the cor-
relation of IRF with early platelet engraftment. Morkis
and coworkers used a Sysmex XE-5000" analyzer and
found that the IRF reference range was 1.6—-12% [8].
We devised an IRF cutoff of > 13% in our patients who
engrafted earlier reflecting that this value is very close
to the normal value of IRF indicating marrow engraft-
ment and normal marrow recovery.

In the present study, IPF measured on the 14" post-
transplantation day was not found to be significantly
discriminating patients achieving platelet engraftment
within 17 days from those who achieved platelet engraft-
ment after 17 days. Contrary to our findings, a study
conducted in China on pediatric patients who had under-
gone successful hematopoietic stem cell transplantation
intending to assess IPF as a predictor of platelet engraft-
ment following hematopoietic stem cell transplant, con-
cluded that there was a role of IPF in dynamic predicting
the platelet engraftment. However, the study suffers from
serious methodological drawbacks such as inadequate
sample size and inappropriate data analysis [23].

Molina et al., did a daily estimation of IRF values to
establish a cutoff value of >10% in predicting neutrophil
engraftment within 3 days. This is comparable to our
study with a day+ 14 IRF cutoff value of 13 but it is pre-
dicting platelet engraftment [29].

Diseases with low platelet count generally have sup-
pressed bone marrow activity and their IPF is also low
[35]. A weak negative correlation of IPF with platelet
engraftment was also observed in our study but it was
not statistically significant. It is also noticeable that there
was no correlation between IPF and IRF in our study. In
contrast to this, it was found in another Japanese study
that IPF and IPF equivalently contributed to predicting
platelet and RBC engraftment in patients undergoing
bone marrow transplants or cord blood transplants [31].

The limitation of this study is that it is a single-center
study and the conclusions obtained needs to be further
verified at other centers. Secondly, with a small sample
size, we cannot exclude bias in the results of the analy-
sis. Further in this study we included beta-thalesemia and
aplastic anemia cases and sub-group analysis was not run
for these two disease categories because of smaller sam-
ple. Hence, it requires a larger validation cohort, and fur-
ther studies should be done in the future to implement
this cutoff and document its positive impact.

Abbreviations

MV Cytomegalovirus

HLA Human Leukocyte Antigen
RNA Ribonucleic Acid

IRF Immature Reticulocyte Fraction
IPF Immature Platelet Fraction
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