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Day þ100 Platelet Count Predicts Survival After
Allogeneic Hematopoietic Stem-Cell

Transplantation in Children With Hematologic
Malignancies
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Abstract
Delayed platelet recovery occurs in almost a third of patients undergoing allogeneic hematopoietic stem-cell
transplantation for hematologic malignancies. Patients who do not experience a normal platelet count by day
100 have inferior long-term survival. Platelet recovery is easy to assess and can serve as a marker of global
health after transplantation.
Introduction: Recovery of platelet count by day 100 after hematopoietic stem-cell transplantation (HSCT) is affected
by many factors and has been reported to be a predictor of overall survival (OS) in a variety of diseases and donor
types. We investigated the correlation between day þ100 platelet count and OS after allogeneic HSCT in a relatively
homogeneous cohort of pediatric patients with hematologic malignancies. Patients and Methods: We conducted a
retrospective study of 152 consecutive patients who underwent allogeneic HSCT at the Children’s Cancer Hospital
Egypt between 2009 and 2015 with a minimum follow-up duration of 1 year after transplantation. All eligible patients
received myeloablative conditioning, and all had matched related donors. Patients who survived without relapse until day
100 after HSCT were divided into 2 groups: early platelet recovery (EPR; platelet count � 100 � 109/L at day þ100 after
transplantation) and delayed platelet recovery (DPR; platelet count < 100 � 109/L at day þ100 after transplantation).
Results: At day þ100, 113 patients (74%) had EPR and 39 patients (26%) had DPR. With a median follow-up of 41
months (range, 12-93 months), 41 patients (27.2%) died, 35 of relapsed disease. The 3-year disease-free survival (DFS)
and OS were 68� 7.84% and 71.9� 7.84%, respectively. The 3-year OS was 77.9% in the EPR group and 57.1% in the
DPR group (P ¼ .006). Three-year DFS of the EPR and DPR groups were 73.2 � 9% and 54.8 � 16.3%, respectively
(P ¼ .02). Incidence of disease relapse for EPR and DPR patients was 22.6% and 39.5%, respectively (P ¼ .04).
Multivariate analysis for survival identified DPR as a predictor of decreased survival (P¼ .002).Conclusion: Patients with
a robust platelet count at day 100 are likely to do well. However, patients who do not experience a platelet count of �
100 � 109/L have inferior long-term OS and DFS and may require further evaluation at the day 100 time point.
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Posttransplant platelet count
Introduction
Thrombocytopenia is almost universal in the preengraftment

period in patients undergoing allogeneic hematopoietic stem-cell
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ment as the first of 3 days when the platelet count is > 20 � 109/L
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Table 1 Patient and Transplant Characteristics

Characteristic Value

Total no. of subjects 152

Age at transplantation (years), median (range) 10 (0.9-19.1)

Gender

Female 60 (39%)

Male 92 (61%)

Diagnosis

ALL 37 (24%)

AML 57 (38%)

CML 33 (22%)

JMML 13 (9%)

MDS 5 (3%)

MPAL 5 (3%)

NHL 2 (1%)

Graft Type

Bone marrow 92 (61%)

Peripheral blood 56 (37%)

Cord blood 4 (2%)

Preparation Regimen

BU-CY 109 (72%)

BU-FLU 3 (2%)

TBI-CY 35 (23%)

TBI-VP16 5 (3%)

GVHD Prophylaxis

CSA-MTX 139 (91%)

CSA 7 (5%)

CSA-MMF 2 (1%)

CSA-MPD 4 (3%)

Stem-cell dose infused CD34þ (�106/kg), median (range) 5.6 (1-34)

Abbreviations: ALL ¼ acute lymphoblastic leukemia; AML ¼ acute myeloid leukemia; BU-CY ¼
busulfan and cyclophosphamide; BU-FLU ¼ busulfan and fludarabine; CML ¼ chronic myeloid
leukemia; CSA-MMF ¼ cyclosporine and mycophenolate mofetil; CSA-MTX ¼ cyclosporine and
methotrexate; GVHD ¼ graft-versus-host disease; JMML ¼ juvenile myelomonocytic leukemia;
MDS ¼ myelodysplastic syndromes; MPAL ¼ mixed phenotypic acute leukemia; MPD ¼
methylprednisolone; NHL ¼ non-Hodgkin lymphoma; TBI-CY ¼ total-body irradiation and
cyclophosphamide; TBI-VP16 ¼ total-body irradiation and etoposide.
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without transfusion during the previous 7 days. In the matched
related bone-marrow transplant setting, platelet engraftment typi-
cally occurs by day 20, and counts are expected to exceed 100 �
109/L by day þ100.

Delayed platelet recovery (DPR) beyond the expected time
occurs in 5% to 37% of HSCT patients.1 Several possible mecha-
nisms may contribute to this, including impaired production and
reduced survival.1,2 Common complications of allogeneic HSCT
including graft-versus-host disease (GVHD), veno-occlusive disease
of the liver, and infections (bacterial, viral, or fungal); therapy for
these conditions is associated with a decreased platelet count even in
the setting of neutrophil engraftment.3-7 Primary or secondary graft
failure and relapse of hematologic malignancies can also result in
thrombocytopenia.

Recovery of platelet count by day 100 after allogeneic HSCT has
been reported to be an important predictor of survival.8 The reasons
that DPR is associated with decreased survival after HSCT have not
been completely elucidated, but the majority of events were due to
disease relapse or treatment-related complications.7,9-15

This study investigated the correlation between day þ100
platelet count and OS and DFS after allogeneic HSCT in children
with hematologic malignancies treated in a consistent manner at a
single large pediatric cancer center.

Patients and Methods
This was a retrospective institutional review boardeapproved

study of consecutive patients who underwent allogeneic HSCT at
the Children’s Cancer Hospital Egypt (CCHE 57357) between
2009 and 2015 with a minimum follow-up duration of 1 year after
transplantation.

Patient demographics, laboratory data, and clinical outcomes
were obtained from the CCHE 57357 bone-marrow transplant
database. All patients were treated according to standard protocols
that were approved by the CCHE 57357 institutional review board,
with informed consent obtained from all patients.

All eligible patients received myeloablative conditioning therapy
followed by marrow, peripheral blood, or cord blood stem-cell
infusion from appropriately matched related donors. Acute lympho-
blastic leukemia patients received total-body irradiation (TBI)-based
conditioning regimens, and busulfan-based preparative regimens were
used in the remainder. Cyclosporine and methotrexate were provided
as standard GVHD prophylaxis. Antithymocyte globulin was pro-
vided for T-cell depletion in cases of human leukocyte antigen
mismatch (mismatch of at least 5 or 6 loci).

Patients were hospitalized for the delivery of high-dose chemo-
therapy and discharged after adequate neutrophil recovery. Platelet
and red blood cell transfusions were routinely administered
when the platelet count was < 10 � 109/L and hemoglobin was <
9 g/dL, respectively. All blood products were irradiated before
infusion. Broad-spectrum antibiotics were administered for febrile
neutropenic episodes according the hospital guidelines. No growth
factors were given for thrombocytopenia. Cytomegalovirus (CMV)
PCR screening was routinely done weekly during the first 100 days,
and acyclovir prophylaxis was provided to all patients. Ganciclovir
treatment was initiated for CMV antigenemia.

Human leukocyte antigen DNA typing and PCR DNA finger-
printing (variable number tandem repeats) were used to detect
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donor chimerism. For each patient, at least 2 tests were performed
to confirm donor chimerism, at day þ30 and day þ90.

All patients were followed at CCHE 57357 after transplantation.
For all patients, complete blood count was obtained daily until
discharge from the HSCT unit, weekly for the first 100 days after
transplantation, and as clinically indicated thereafter. Platelet
engraftment was defined as the first of 3 days when the platelet
count was > 20 � 109/L without transfusion within the prior 7
days as per CIBMTR guidelines.

Patients who survived without relapse until day 100 after HSCT
were divided into 2 groups: early platelet recovery (EPR; platelet
count � 100 � 109/L at day þ100 after transplantation) and DPR
(platelet count < 100 � 109/L at day þ100 after transplantation
without transfusional support).

The major end point of this study was overall survival (OS) and
disease-free survival (DFS) based on day þ100 platelet count.
Patients were divided into 2 groups according to platelet status by



Figure 1 OS and DFS for Whole Cohort

Abbreviations: DFS ¼ disease-free survival; OS ¼ overall survival.
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day þ100. DFS was defined as time from transplantation to
relapse, death from any cause, or end of follow-up; OS was defined
as time from transplantation to death, irrespective of cause or end
of follow-up.

Kaplan-Meier curves were used to estimate the probability of OS
and DFS.16 The log-rank test was used to compare survival, and
disease-free estimates were made by Kaplan-Meier curves. Cumu-
lative incidence functions were used to estimate relapse incidence
and nonrelapse mortality (NRM), where death from nonedisease-
related causes and relapse were considered as competing events.
Cumulative incidence of relapse incidence and NRM, and the
equality between groups according to platelet recovery on day þ100
were estimated using the Gray method for comparing the
Figure 2 OS and DFS by Platelet Recovery Status (P [ .04)

Abbreviations: DFS ¼ disease-free survival; OS ¼ overall survival.
cumulative incidence of a specific type of failure across different
groups.17 Cox proportional hazards analysis was used to identify
univariable and multivariable risk factors for mortality. A backward
stepwise (likelihood ratio) procedure was used. The following var-
iables were considered as potential risk factors in multivariable
analysis: chronic GVHD (cGVHD), graft type, and day þ100
platelet recovery status. Only those variables with P < .05 were kept
in the final model. Descriptive statistics are summarized for cate-
gorical variables as frequencies and percentages, and for continuous
variables as median and range.

Statistical comparison of continuous factors was performed by
the Kruskal-Wallis test. Differences in categorical factors between
subgroups were tested by the chi-square or the Fisher exact test. All
Clinical Lymphoma, Myeloma & Leukemia May 2019 - e223



Figure 3 Relapse Incidence by Platelet Recovery Status (P [
.6)

Figure 4 Nonrelapse Mortality by Platelet Recovery Status
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analyses were conducted by SPSS software (version 22, IBM,
Armonk, NY) except for cumulative incidences, where the R
package ‘cmprsk’ for subdistribution of analysis of competing risks
was used. All statistical tests were 2 sided; P < .05 was used to
indicate statistical significance.

Results
Patient Characteristics

During the study period, 152 patients underwent transplantation
for hematologic malignancies: acute myeloid leukemia (n ¼ 57),
acute lymphoblastic leukemia (n ¼ 37), mixed-phenotype leukemia
(n ¼ 5), chronic myelogenous leukemia (n ¼ 33), juvenile mye-
lomonocytic leukemia (n ¼ 13), myelodysplastic syndromes
(n ¼ 5), and non-Hodgkin lymphoma (n ¼ 2). The median age at
transplantation was 10 years, with a male-to-female ratio of 1.5:1.
Stem-cell source was bone marrow in 92 patients (59.7%), pe-
ripheral blood stem cells in 56 patients (37%), and cord blood in 4
patients (3.3%). Median CD34þ stem-cell dose was 5.6 � 106/kg.

Busulfan-based preparative regimens were used in 112 patients
(73.3%). The majority received busulfan and cyclophosphamide
(n ¼ 109); 3 patients received busulfan and fludarabine. TBI-based
conditioning regimens were provided to 40 patients (26.7%).
Thirty-five patients received TBI-cyclophosphamide and 5 received
TBI-etoposide. Antithymocyte globulin was provided to 5 patients
who had single-antigen-mismatch donors. Patient, graft, and
transplant characteristics are summarized in Table 1.

For the 152 patients, the median time for neutrophil and platelet
engraftment was 15 days (range, 7-46 days) and 19 days (range,
9-201 days), respectively.

Survival
With a median follow-up of 41 months (range, 12-93 months),

41 patients (26.8%) died, 35 of relapse and 6 of nonrelapse causes
(NRM). Analysis showed a 3-year OS and DFS of 71.9 � 7.84%
and 68 � 7.84%, respectively (Figure 1). We allocated patients into
2 groups according to platelet recovery status at day þ100 to assess
the effect of DPR on patient survival.

At dayþ100, 113 patients (74%) had EPR and 39 patients (26%)
exhibited DPR. For EPR patients, 25 (22%) died compared to 16
(40%) DPR patients. The 3-year OS was 77.9% and 57.1% for the
EPR and DPR groups, respectively (P¼ .006). The 3-year DFS of the
EPR andDPRgroupswere 73.2� 9%and 54.8� 16.3%, respectively
(P ¼ .02) (Figure 2). Incidence of disease relapse for EPR and DPR
- Clinical Lymphoma, Myeloma & Leukemia May 2019
patients was 22.6% (95% confidence interval [CI], 15.1-31) and
39.5% (95% CI, 23.7-54.8), respectively (P ¼ .04) (Figure 3).

The majority of deaths in both groups were due to recurrent
disease (35/41, 85%). Only 6 NRM events (4.5%) were recorded in
the whole cohort, all related to infections, mainly gram-negative
bacteremia. NRM was not significantly different between the EPR
group (4.2%; 95% CI, 1.3-9.8) and the DPR group (5.2%; 95%
CI, 0.9-15.7; P ¼ .6) (Figure 4).

Of the whole cohort, 36 patients developed CMV antigenemia
during the first 100 days, of these, only 6 patients were in the DPR
group. No statistical association between CMV antigenemia and
platelet engraftment was observed.

Regarding GVHD status at day þ100, 18.9% of patients had
grade II-IV acute GVHD (aGVHD), and 29.4% had cGVHD. In
univariate analysis, platelet recovery at day þ100 was not signifi-
cantly affected by age, disease, stem-cell source, or the presence of
aGVHD or cGVHD (Table 2). Univariate analysis for factors
affecting mortality after HSCT showed that DPR (P ¼ .008; hazard
ratio [HR] ¼ 2.3; 95% CI, 1.24-4.3), cGVHD (P ¼ .019; HR ¼
2.5; 95% CI, 1.2-5.5) and bone marrow as a stem-cell source
(P ¼ .042; HR ¼ 2.07; 95% CI, 1.03-4.18), but not peripheral
blood stem cells, were predictors of mortality (Table 3).

Multivariate analysis identified DPR as a predictor of decreased
survival (P ¼ .002; HR ¼ 2.7; 95% CI, 1.4-5.1). cGVHD was also
a significant predictor of decreased survival (P ¼ .013; HR ¼ 2.7;
95% CI, 1.2-6), as was the use of marrow as a stem-cell source
compared to peripheral blood stem cells (P ¼ .03; HR ¼ 2.3; 95%
CI, 1.2-4.7) (Table 3).

Discussion
Recovery of normal peripheral counts usually happens in the

first several months after ablative allogeneic HSCT. Failure to
achieve this milestone can have many causes; some are ultimately
recoverable (suppression from drugs or infections), and some
herald significant persistent problems such as graft failure, sig-
nificant GVHD, or disease relapse. Several studies have shown
that DPR is relatively common after HSCT, reported in up to
one third of allogeneic transplant recipients.10,11 Different defi-
nitions have been used to define DPR; the majority use a platelet
count of 100 � 109/L at day þ100 after HSCT, although
different platelet counts and different evaluation dates have also
been reported.10,11 A major pediatric study assessing thrombo-
cytopenia after allogeneic bone-marrow transplantation with a
threshold platelet count of < 100 � 109/L at 100 days after



Table 2 Univariate Analysis for Platelet Recovery by Day D100

Characteristic N EPR DPR
Platelet Recovery at

100 Days, HR (95% CI) P

Overall no. of subjects 152 113 39

Age .26

Diagnosis .57

ALL 37 26 11 0.68 (0.53-0.81)

AML 57 46 11 0.79 (0.67-0.88)

CML 33 23 10 0.72 (0.55-0.84)

JMML 13 9 4 0.64 (0.36-0.86)

MDS 5 3 2 0.6 (0.17-0.93)

MPAL 5 4 1 0.8 (0.3-1)

NHL 2 2 0 1 (0.2-1)

Stem-Cell Source .6

Bone marrow 92 66 26 0.72 (0.62-0.8)

Peripheral blood 56 44 12 0.76 (0.63-0.85)

Cord blood 4 3 1 0.60 (0.17-0.93)

aGVHD (Grade II-IV) .56

Yes 28 19 9 0.69 (0.51-0.83)

No 124 93 31 0.74 (0.67-0.81)

cGVHD .85

Yes 45 33 12 0.73 (0.59-0.84)

No 108 80 28 0.75 (0.66-0.82)

Abbreviations: aGVHD ¼ acute graft-versus-host disease; ALL ¼ acute lymphoblastic leukemia; AML ¼ acute myeloid leukemia; cGVHD ¼ chronic graft-versus-host disease; CI ¼ confidence
interval; CML ¼ chronic myeloid leukemia; DPR ¼ delayed platelet recovery; EPR ¼ early platelet recovery; HR ¼ hazard ratio; JMML ¼ Juvenile myelomonocytic leukemia; MDS ¼ myelodysplastic
syndrome; MPAL ¼ mixed phenotypic acute leukemia; NHL ¼ non-Hodgkin lymphoma.
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transplantation demonstrated decreased survival and an increased
incidence of severe aGVHD or cGVHD.2 Przepiorka et al13

reported that patients with cGVHD and those with a platelet
count of < 100 � 109/L had increased overall mortality and
Table 3 Univariate and Multivariate Analysis for Mortality 1 Year A

Characteristic

Univariate

HR (95% CI) P
Platelet Recovery .008�

EPR 1.0

DPR 2.3 (1.24-4.3)

Age 0.96 (0.9-1.02) .15

Stem-Cell Source .12

Peripheral blood 1.0

Bone marrow 2.07 (1.03-4.18) .042�

Cord blood 1.23 (0.16-9.5) .84

aGVHD (Grade II-IV) .75

Yes 1.0

No 0.88 (0.42-1.85)

cGVHD .019�

Yes 1.0

No 2.5 (1.2-5.5)

Abbreviations: aGVHD ¼ acute graft-versus-host disease; cGVHD ¼ chronic graft-versus-host disea
HR ¼ hazard ratio.
�Statistically significant.
increased treatment failure 18 months after transplantation. A
similar analysis identified a higher mortality risk after DPR that
was not due to disease relapse but rather was due to treatment
complications usually related to cGVHD.9,11
fter Transplantation

Multivariate

HR (95% CI) P
.002�

1.0

2.7 (1.4-5.1)

.072

1.0

2.3 (1.2-4.7) .03�

0.83 (0.1-6.5) .98

.013�

1.0

2.7 (1.2-6.0)

se; CI ¼ confidence interval; DPR ¼ delayed platelet recovery; EPR ¼ early platelet recovery;

Clinical Lymphoma, Myeloma & Leukemia May 2019 - e225



Platelet Count Predicts Survival After HSCT

e226

Author's Personal Copy
Our study attempted to elucidate the predictive value and possible
causes of DPR by focusing on a homogeneous population of patients
cared for in a single pediatric center: children receiving sibling donor
transplants for hematologic malignancy. In our study, patients were
divided into 2 groups according to the status of platelet recovery at
day þ100 to assess the effect of DPR on patient outcome. DPR at
dayþ100 was observed in 26% of patients, consistent with what has
been previously reported.10 Standard clinical parameters including
age, disease category, stem-cell source, and presence of aGVHD or
cGVHD did not significantly affect platelet recovery.

In our cohort, DPR was significantly associated with a decrease in
both OS and DFS. cGVHD and use of bone marrow as a stem-cell
source were also associated with a poorer survival.

There was a very low incidence of NRM in the group as a whole, as
would be expected in a cohort of pediatric patients undergoing sibling
HSCT. Relapse was the primary cause of death, accounting for> 90%
of treatment failures. The patients with DPR had an increased risk of
relapse compared to the EPR group even though there was no clinical
concern for or obvious signs of relapse at dayþ100. It appears that low
levels of disease confined to the marrow may adversely affect platelet
count and may serve as an early marker for concern. Approximately
30% of patients ultimately developed cGVHD by 1 year after HSCT.
Although platelet counts were not different between EPR and DPR
groups at the dayþ100 time point, theywould likely become evident at
later assessment points. cGVHD did negatively affect survival; how-
ever, although cGVHDmay contribute to a graft-versus-tumor effect in
some hematologic malignancies, this benefit may be negated by the
complications of therapy for severe cGVHD and the increased risk of
infections.

Relapse is thought to lead to decreased peripheral counts due to
crowding out normal stem cells by malignant clones. The mecha-
nism by which occult relapse causes thrombocytopenia has not been
elucidated, but it seems to result in decreased production of marrow
stem cells. Recent work on the unique aspects regulating survival in
the megakaryocyte lineage has clarified that platelet survival depends
on restraint of the intrinsic apoptotic pathway by BCL-2 prosurvival
proteins. Physiologic stressors can easily tip this balance and allow
the apoptotic process to proceed unchecked.18

Our data suggest that in the context of pediatric malignancies
treated with ablative related HSCT, approximately 25% of patients
will have a platelet count of < 100 � 109/L at day þ100, and this
easily obtained value identifies a group at a higher risk of poor
outcome at 1 year. For most children, failure is due to disease
recurrence. NRM is low, but approximately a third of patients will
have developed cGVHD by 1 year. Thus, these patients with
thrombocytopenia may warrant a more focused assessment,
including evaluation for relapse. This has clinical implications, as
rapid reduction of immunosuppression or donor lymphocyte in-
fusions to obtain a graft-versus-tumor effect can be used in this
setting and are more efficacious in the setting of a lower leukemic
burden. Thus, these are patients who need to be carefully followed
in the months after transplantation.

The main limitations of the study are those inherent to all single-
center retrospective studies: the results may not generalize to other
populations of patients or other approaches to transplantation. In
addition, the small sample size is relatively small compared to adult
and registry studies.
- Clinical Lymphoma, Myeloma & Leukemia May 2019
Conclusion
Platelet count at day 100 is simple to obtain, inexpensive to assess,

and routinely evaluated as part of clinical care. Platelet reconstitution
is a complicated process, and platelet counts can be abnormal for
many different reasons. Our results suggest that patients with a robust
platelet count at day 100 can be considered in a good risk category.
However, patients who do not experience this milestone have inferior
long-term OS and DFS. Thus, thrombocytopenia, regardless of its
cause, can be used to identify a vulnerable group of patients who
require close observation and who may be considered for further
diagnostic assessment. In addition, examining the prognostic
importance of DPR in nonmalignant pediatric transplant recipients
could shed further light on how platelet recovery can serve as a marker
of global health after transplantation.

Clinical Practice Points

� Recovery of platelet count by day 100 after HSCT is affected by
many factors and has been reported to be a predictor of OS in a
variety of diseases and donor types.

� We report on the correlation between day þ100 platelet count
and survival after allogeneic HSCT in pediatric patients with
hematologic malignancies. We conducted a retrospective study of
consecutive patients treated at Children’s Cancer Hospital Egypt
(CCHE 57357) between 2009 and 2015 with sibling donors.

� Platelet count at day þ100 was significantly correlated with OS
and DFS at 1 year.

� Our findings suggest that patients with a robust platelet count at
day 100 are at low risk for subsequent mortality. However, pa-
tients without a platelet count over 100,000 by this time point
have inferior long-term OS and DFS.

� Most of the events are due to disease recurrence. However,
thrombocytopenia, regardless of etiology, can be used as a simple
screening tool to identify a vulnerable group of patients who may
warrant further evaluation.
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