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Although the number of studies using tandem high-dose chemotherapy and autologous
stem cell transplantation (HDCT/autoSCT) for the treatment of high-risk pediatric solid
tumors has been increasing, documentation of hematologic recovery after tandem HDCT/
autoSCT is very limited. For this reason, we retrospectively analyzed the hematologic
recovery of 236 children with high-risk solid tumors who underwent tandem HDCT/
autoSCT. The median numbers of CD34* cells transplanted during the first and second
HDCT/autoSCT were 4.3 x 10°kg (range 0.6-220.2) and 4.1 x 10°/kg (range 0.9-157.6),
respectively (P = 0.664). While there was no difference in neutrophil recovery between the
first and second HDCT/autoSCT, platelet and RBC recoveries were significantly delayed in
the second HDCT/autoSCT (P < 0.001 and P < 0.001, respectively). Delayed recovery in the
second HDCT/autoSCT was more prominent when the number of transplanted CD34* cells
was lower, especially if it was < 2 x 10°/kg. A lower CD34* cell count was also associated
with increased RBC transfusion requirements and a higher serum ferritin level after tandem
HDCT/autoSCT. More CD34" cells need to be transplanted during the second HDCT/autoSCT
in order to achieve the same hematologic recovery as the first HDCT/autoSCT.
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INTRODUCTION

Several subsets of pediatric solid tumors have a poor prognosis
despite an initially good response to conventional chemothera-
py. In children with these high-risk or recurrent solid tumors, a
treatment strategy using high-dose chemotherapy and autolo-
gous stem cell transplantation (HDCT/autoSCT) has emerged
and shown the potential to improve outcomes (1-3). However,
the outcome is still unsatisfactory, and the main cause of failure
after a single HDCT/autoSCT is relapse or progression of tumor
rather than treatment-related mortality (TRM). For this reason,
investigators have explored the efficacy of tandem HDCT/au-
toSCT and results suggest that further dose-escalation may im-
prove the event-free survival (EFS) of high-risk patients (4-8).
Recently, the number of studies using tandem HDCT/autoSCT
for the treatment of high-risk pediatric solid tumors has been
increasing.

When treating with tandem HDCT/autoSCT, half of the stem
cells that are collected during the hematologic recovery phase
after conventional chemotherapy are infused for bone marrow
(BM) rescue during each HDCT/autoSCT session. Therefore, the
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number of CD34" cells transplanted during each session of tan-
dem HDCT/autoSCT may be lower than the number of CD34*
cells transplanted during only a single HDCT/autoSCT. Conse-
quently, a longer time may be needed for hematologic recovery
when using tandem HDCT/autoSCT compared to single HDCT/
autoSCT. Furthermore, probable BM damage during the first
HDCT/autoSCT may result in delayed hematologic recovery in
the second HDCT/autoSCT (9). However, documentation of
hematologic recovery after tandem HDCT/autoSCT and possi-
ble differences in hematologic recovery between the first and
second HDCT/autoSCT is very limited to date. For this reason,
we retrospectively analyzed the hematologic recovery of 236
children with high-risk solid tumors who were treated with tan-
dem HDCT/autoSCT.

MATERIALS AND METHODS

Patients

All children with high-risk solid tumors who were treated with
tandem HDCT/autoSCT at Samsung Medical Center between
April 1998 and June 2011 were eligible for the study. Patients
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who underwent the first HDCT/autoSCT but were unable to
proceed to the second HDCT/autoSCT due to TRM during the
first HDCT/autoSCT, tumor progression after the first HDCT/
autoSCT, or parental refusal of the second HDCT/autoSCT were
excluded from the analysis.

Stem cell collection
Treatment prior to HDCT/autoSCT was determined by the di-
agnosis, biology, extent, and status of the tumor. In most patients,
peripheral blood stem cells (PBSCs) were collected during the
hematologic recovery phase after conventional chemotherapy.
Patients received 2-10 pg/kg of granulocyte-colony stimulating
factor (G-CSF) daily if their absolute neutrophil count (ANC)
fell below 500/pL after conventional chemotherapy, and G-CSF
was continued until the completion of leukapheresis. In six pa-
tients, G-CSF (5-10 pg/kg) was administered without a prior che-
motherapy and PBSCs were collected from the fourth day of G-
CSF treatment. PBSCs were collected for at least two days per
leukapheresis round. The aim was to collect a minimum of 2 x
10° CD34" cells/kg in total, with an optimal collection of > 5 x
10°/kg, to be used for BM rescue during tandem HDCT/autoSCT.
Ideally, all PBSCs were collected during a single round of leuka-
pheresis. However, if < 2 x 10° CD34* cells/kg were collected
during the first round of leukapheresis, a second round was per-
formed during the next chemotherapy cycle in order to infuse
> 1 x 10° CD34" cells/kg for each HDCT/autoSCT. Collected
PBSCs were cryopreserved in a liquid nitrogen tank until later
use.

Tandem HDCT/autoSCT

Various HDCT regimens were used according to the treatment
era, diagnosis, and tumor status (Table 1). G-CSF (2-10 pg/kg)
was administered beginning on the day of stem cell infusion.
Generally, the doses of G-CSF for a patient were the same dur-
ing the first and second HDCT/autoSCT. Generally, 6 units/m?
of irradiated platelet concentrates (PCs) were transfused when
the platelet count fell below 20,000/pL and 10 mL/kg of irradi-
ated RBCs were transfused when the hemoglobin level fell be-
low 8.0 g/dL. We tried to maintain a hemoglobin level greater
than 10.0 g/dL if the patient underwent surgery, developed a
high fever (> 38°C), or required oxygen supplementation for
any reason.

Definition of hematologic recovery

The timing of neutrophil recovery was defined as the first day
when ANC exceeded 500/pL for three consecutive days. Plate-
let recovery was defined as the first day when the platelet count
exceeded 20,000/pL without a transfusion for the previous sev-
en days. RBC recovery was defined as the first day when the he-
moglobin level exceeded 8.0 g/dL without a transfusion for the
previous 28 days.

http://dx.doi.org/10.3346/jkms.2013.28.2.220

Table 1. Patient characteristics

Characteristics No. (%)

Sex
Male 143 (60.6)
Female

Diagnosis
Neuroblastoma 117 (49
Brain Tumors 83 (35
Retinoblastoma 19 (8.1
Wilms tumor 625
Others 11 (4.7

Disease status
Newly diagnosed high-risk 198 (83.9)
Relapsed/refractory

No. of rounds of leukapheresis
1 216 (91.5)
2 20 (8.5)

First HDCT regimens
CEC 92 (
CTE 83 (3
CEM-TBI 31 (13.

CEM 15 (6.4)

13 (6.5
2(0.8

CcM
Others

Second HDCT regimens
CM 85 (
TM-TBI 46 (
BM 27 (
™ 25 (
CT™M 8 (7. )
MIBG-TM 4059
CTE 1@.7
Others 0(4.2

HDCT, high-dose chemotherapy; CEC, carboplatin + etoposide + cyclophosphamide;
CTE, carboplatin + thiotepa + etoposide; CEM, carboplatin + etoposide + melphalan;
CEM-TBI, CEM + total-body irradiation; CM, cyclophosphamide + melphalan; BM,
busulfan + melphalan; TM, thiotepa + melphalan; CTM, carboplatin + TM; MIBG-TM,
1-metaiodobenzylguanidine treatment + TM.

Serum ferritin and iron chelation treatment

Serum ferritin levels were measured within two weeks prior to
each cycle of HDCT/autoSCT and one year after the second
HDCT/autoSCT. From July 2007, in order to reduce toxicities
during HDCT/autoSCT, patients over two years old received
iron chelation treatment with deferasirox if their serum ferritin
level exceeded 1,000 ng/mL prior to HDCT/autoSCT (10). How-
ever, iron chelation treatment was not given between the first
and second HDCT/autoSCT or after the second HDCT/autoSCT.

Statistics

Patients were categorized into three groups according to the
number of transplanted CD34" cells. Differences in the propor-
tions of patients in each group between the first and second
HDCT/autoSCT were analyzed using a chi-squared test. Differ-
ences in continuous variables between groups during each cy-
cle of HDCT/autoSCT were analyzed using the Kruskal-Wallis
test. Differences in continuous variables between the first and
second HDCT/autoSCT were analyzed using the Mann-Whit-
ney U test. Multivariate analysis comprising clinical character-
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Table 2. Hematologic recovery by number of transplanted CD34* cells

Parameters First HDCT/ Second HDCT/ P value
autoSCT autoSCT

No. of patients
Al 236 236 0.776
Group A 108 101
Group B 80 82
Group C 48 53

Neutrophil recovery (days)*
Al 10 (7-35) 10 (7-79) 0.167
Group A 9 (7-20) 9 (7-16) 0.161
Group B 10 (9-15) 10 5(9-79) 0.285
Group C 12 (9-35) 2 (8-52) 0.392
P value < 0.001 < 0 001

Platelet recovery (days)
Al 22 (8-79) 8 (13-596) < 0.001
Group A 18 (8-42) 2 (13-278) < 0.001
Group B 24 (9-79) 32 (15-172) < 0.001
Group C 33.5(11-78) 4 (18-596) 0.002
P value < 0.001 < 0.001

RBC recovery (days)*
Al 0 (30-132) 45 (28-476) < 0.001
Group A 37 (30-108) 40 (28-424) 0.023
Group B 3 (32-110) 49 (33-380) 0.002
Group C 48 (34-132) 74 (32-476) 0.011
P value < 0.001 < 0.001

The number of CD34* cells transplanted was > 5 x 10%kg in group A, 2-5 x 10%kg
in group B, and < 2 x 10%kg in group C. *The first day when the absolute neutrophil
count exceeded 500/pL for three consecutive days; The first day when the platelst count
exceeded 20,000/l without a transfusion for the previous seven days; *The first day
when the hemoglobin level exceeded 8.0 g/dL without a transfusion for the previous 28
days; HDCT/autoSCT, high-dose chemotherapy and autologous stem cell transplantation.

All patients Group A (> 5 x 10%/kg)
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istics with hematologic recovery after tandem HDCT/autoSCT
was performed using the Cox regression analysis. P values < 0.05
were considered statistically significant.

Ethics Statement

This study has been reviewed and approved by the Institutional
Review Board of Samsung Medical Center (No. 2012-01-071).
Informed consent was waived by the board.

RESULTS

Patient characteristics

From April 1998 to June 2011, a total of 236 children with high-
risk solid tumors underwent tandem HDCT/autoSCT. Table 1
lists patient characteristics. One hundred ninety-eight patients
had newly diagnosed high-risk tumors and the remaining 38
patients had recurrent tumors. Neuroblastoma was the most
frequent diagnosis, followed by brain tumors. The median age
at the time of the first HDCT/autoSCT was 47 months (range
7-299). The median time interval between diagnosis and the
first HDCT/autoSCT was 9 months (range 2-84). The median
time interval from day 0 of the first HDCT/autoSCT to the day
0 of the second HDCT/autoSCT was 91 days (range 46-341). In
10 patients, conventional chemotherapy was given between the
first and second HDCT/autoSCT because the patients were in

Group B (2-5 x 10%/kg) Group B (< 2 x 10%kg)
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Fig. 1. Hematologic recovery based on the number of transplanted CD34* cells. There are no differences in neutrophil recovery between the first and second HDCT/autoSCT
(A-D). However, platelet recovery (E-H) and RBC recovery (I-L) are significantly delayed in the second HDCT/autoSCT compared to the first HDCT/autoSCT. The delays in the plate-
let and RBC recoveries after the second HDCT/autoSCT are more prominent when the number of transplanted CD34* cells was lower, particularly if it was < 2 x 10%/kg (H and L).
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partial response. When these 10 patients were not included in
the analysis, the median time interval between the first and
second HDCT/autoSCT was 91 days (range 46-188).

Stem cell collection

A median of 9.9 x 10° CD34" cells/kg (range 0.9-338.1) were
collected during the first round of leukapheresis. The median
number of leukapheresis events during the first round was 4
(range 2-12). Twenty (8.5%) patients required a second round
of leukapheresis to collect more CD34* cells. A median of 2.0 x

10° CD34" cells/kg (range 0.7-62.6) were collected during the
second round of leukapheresis, and the median number of leu-
kapheresis events during the second round was 4 (range 2-12).
In total, we were able to collect a median of 9.9 x 10° CD34" cells/
kg (range 1.9-338.1) with a median of 4 leukapheresis events
(range 2-19). It was possible to collect > 10.0 x 10° CD34* cells/
kgin 116 (49.2%) patients and > 4.0 x 10° CD34"* cells/kg in 196
(83.1%) patients.

Hematologic recovery after tandem HDCT/autoSCT

Table 2 lists the hematologic recovery after the first and second
HDCT/autoSCT. The median number of CD34* cells transplant-
ed during the first HDCT/autoSCT was 4.3 x 10°/kg (range 0.6-
220.2), and during the second HDCT/autoSCT it was 4.1 x 10%/

Table 3. Multivariate analysis for hematologic recovery after tandem HDCT/autoSCT

kg (range 0.9-157.6) (P = 0.664). Patients were divided into three
groups according to the number of transplanted CD34" cells
(group A: > 5 x 10°/kg, group B: 2-5 x 10°/kg, and group C: <2

x 10°/kg). One hundred eighty-nine (80.1%) patients stayed in
the same group during the second HDCT/autoSCT as they were
in their original group during the first HDCT/autoSCT. The pro-
portion of patients in each of the three groups was not signifi-
cantly different between the first and second HDCT/autoSCT
(P =0.776). Neutrophil, platelet, and RBC recoveries were sig-
nificantly delayed when the number of transplanted CD34" cells
was low, especially if it was < 2 x 10°/kg both in the first and
second HDCT/autoSCT.

There was no difference in the neutrophil recovery between
the first and second HDCT/autoSCT (median 10 vs 10 days,
P =0.167). However, platelet and RBC recoveries took longer in
the second HDCT/autoSCT compared to the first HDCT/au-
toSCT (Table 2 and Fig. 1). The time to reach a platelet count of
20,000/pL without a transfusion for the previous seven days
was longer in the second HDCT/autoSCT than in the first HDCT/
autoSCT (median 22 vs 28 days, P < 0.001). The time to reach a
hemoglobin level of 8.0 g/dL without a transfusion for the pre-
vious 28 days was also longer in the second HDCT/autoSCT
than in the first HDCT/autoSCT (median 40 vs 45 days, P <
0.001). Here again, the delay in the platelet and RBC recoveries

Variables Clinical factors Hazard ratio 95% confidence interval Pvalue
Neutrophil recovery* CD34* cell group
GroupAto C 4.445 3.140-6.293 < 0.001
Group Bto C 1.848 1.443-2.365 < 0.001
Second to first HDCT/autoSCT 0.862 0.719-1.031 0.104
Interval from diagnosis 0.862 0.997-1.021 0.132
Age 1.002 0.998-1.005 0.367
TBI in the conditioning 1.038 0.872-1.235 0.672
Previous whole spine RT 1.402 0.842-2.332 0.193
Relapse before HDCT/autoSCT 0.813 0.557-1.185 0.281
Platelet recovery’ CD34* cell group
Group Ato C 3.401 2.353-4.914 < 0.001
Group Bto C 1.690 1.224-2.333 < 0.001
Second to first HDCT/autoSCT 0.415 0.334-0.516 < 0.001
Interval from diagnosis 1.007 0.998-1.016 0.095
Age 1.001 0.997-1.005 0.537
TBI in the conditioning 0.763 0.595-0.977 0.014
Previous whole spine RT 0.953 0.619-1.469 0.803
Relapse before HDCT/autoSCT 1.393 0.984-1.972 0.064
RBC recovery* CD34* cell group
GroupAto C 1.971 1.438-2.700 < 0.001
GroupBto C 1.252 0.951-1.647 0.134
Second to first HDCT/autoSCT 0.499 0.412-0.605 < 0.001
Interval from diagnosis 1.001 0.990-1.013 0.812
Age 1.002 0.1000-1.005 0.115
TBI'in the conditioning 0.715 0.574-0.891 < 0.001
Previous whole spine RT 0.940 0.658-1.342 0.733
Relapse before HDCT/autoSCT 1.248 0.938-1.661 0.128

The number of CD34* cells transplanted was > 5 x 10%kg in group A, 2-5 x 10%/kg in group B, and < 2 x 10%Kkg in group C. *The first day when the absolute neutrophil
count exceeded 500/pL for three consecutive days; TThe first day when the platelet count exceeded 20,000/pL without a transfusion for the previous seven days; *The first day
when the hemoglobin level exceeded 8.0 g/dL without a transfusion for the previous 28 days. HDCT/autoSCT, high-dose chemotherapy and autologous stem cell transplanta-

tion; TBI, total bodly irradiation; RT, radiotherapy.
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after the second HDCT/auto-SCT was more prominent when
the number of transplanted CD34" cells was lower (P = 0.001
and P = 0.003, respectively).

In the multivariate analysis for hematologic recovery after
tandem HDCT/autoSCT, lower CD34" cell dose was a signifi-
cant risk factor for delayed neutrophil, platelet, and RBC recov-
eries. Second HDCT/autoSCT and total-body irradiation in the
conditioning were also significant factors for delayed platelet
and RBC recoveries, but not for neutrophil recovery (Table 3).
There was no difference in neutrophil, platelet, and RBC recov-

Table 4. Transfusions and ferritin levels during first year after the second HDCT/au-
toSCT

Parameters Median (range)
No. of PC transfusions during first year
All (n=163) 7 (1-45)
GroupA(n=74) 5(1-15)
Group B (n = 54) 8 (2-38)
Group C (n = 35) 10 (5-45)
P value < 0.001
RBC transfusion amount (mL/kg) during first year
Al (n = 163) 136 (36-850)
Group A (n = 74) 111 (36-796)
Group B (n = 54) 152 (42-850)
Group C (n = 35) 225 (51-785)
P value < 0.001
Ferritin level (ng/mL) before second HDCT/autoSCT
All (n=109) 1,110 (18-5,320)

Group A (n = 53)
Group B (n = 33)

(

1,048 (18-3,875)

1,077 (129-5,320)
(

Group C (n = 23) 1,313 (606-3,496)
P value 0.108
Ferritin level (ng/mL) at one year

All (n=91) 854 (39-7,551)
Group A (n = 40) 709 (39-7,551)
Group B (n = 27) 649 (52-3,441)
Group C (n = 24) 1,218 (233-4,652)
P value 0.023

The number of CD34" cells transplanted in the second HDCT/autoSCT was > 5 x
10%kg in group A, 2-5 x 10%/kg in group B, and < 2 x 10%kg in group C. PC, plate-
let concentrate.

250 -

200 -

150 L P<0.001

100 -

P<0.001

3]
o
T

RBC transfusion (mL/kg)

\ ! !
Second HDCT

1 month 1yr

-O- GroupA (> 5 x 10%kg)

A

—O— Group B (2-5 x 10%Kkg)

eries according to the interval (< 91 days versus > 91 days) be-
tween the first and second HDCT/autoSCT (P = 0.869, P =
0.308, and P = 0.864, respectively).

Transfusion requirement and serum ferritin level

For the 163 patients who remained event free for at least one
year after the second HDCT/autoSCT, Table 4 shows their one-
year transfusion requirements and serum ferritin levels before
the second HDCT/autoSCT and one year after the second
HDCT/autoSCT (Fig. 2). The number of PC and RBC transfu-
sions during the first year after the second HDCT/autoSCT was
higher if the number of CD34" cells transplanted in the second
HDCT/autoSCT was lower, particularly if it was <2 x 10°/kg
(P < 0.001 and P < 0.001, respectively). Similarly, the serum fer-
ritin level one year after the second HDCT/autoSCT was higher
when the number of CD34" cells transplanted in the second
HDCT/autoSCT was lower (P = 0.023) while there is no differ-
ence in serum ferritin level before the second HDCT/autoSCT
(P =0.108).

DISCUSSION

Although the number of studies using tandem HDCT/autoSCT
for the treatment of high-risk pediatric solid tumors is increasing,
documentation of hematologic recovery after tandem HDCT/
autoSCT is very limited. This is the first study that has demon-
strated that platelet and RBC recoveries, but not neutrophil re-
covery, in the second HDCT/autoSCT are significantly delayed
compared to those in the first HDCT/autoSCT.

As most studies on hematologic recovery after SCT have re-
ported (11-13), the present study confirms that a higher CD34*
cell count is associated with a faster hematologic recovery in
both the first and second HDCT/autoSCT. Although it is diffi-
cult to define the minimum number of stem cells needed for

2,500

= 2,000

1,500

1,000

Serum ferritin (ng/mL;

500 —

0 \ \ \
Second HDCT 1 month 1yr

—@— Group C (< 2 x 10%kg)

Fig. 2. RBC transfusion amount (mL/kg) and serum ferritin level (ng/mL) after the second HDCT/autoSCT based on the number of transplanted CD34" cells. (A) The RBC trans-
fusion amount during the first year after the second HDCT/autoSCT is higher when the number of transplanted CD34* cells was lower, particularly if it was < 2 x 10%kg. (B)
The serum ferritin level one year after the second HDCT/autoSCT is higher when the number of CD34" cells transplanted in the second HDCT/autoSCT was lower.
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successful hematologic recovery after SCT, a substantial num-
ber of patients in the present study were transplanted with < 2

x 10° CD34" cells/kg and consequently needed prolonged trans-
fusion support. Although they eventually achieved hematologic
recovery without the need for further transfusions, the number
of transfusions and serum ferritin level were higher in these pa-
tients than in patients transplanted with a higher number of
CD34" cells.

In the present study, there was no difference in the number
of CD34" cells transplanted in the first and second HDCT/au-
toSCT, and there was no difference in neutrophil recovery be-
tween the first and second HDCT/autoSCT. However, platelet
and RBC recoveries were significantly delayed in the second
HDCT/autoSCT compared to the first HDCT/autoSCT. The de-
lay in platelet and RBC recoveries was more prominent when
the number of CD34" cells transplanted in the second HDCT/
autoSCT was lower. Delayed platelet and RBC recoveries result-
ed in prolongation of the need for transfusion support and sig-
nificant iron overload following completion of tandem HDCT/
autoSCT. The delayed recovery in the second HDCT/autoSCT
may be related to BM damage during the first HDCT/autoSCT
(9). Therefore, our findings suggest that more CD34* cells need
to be transplanted in the second HDCT/autoSCT in order to
achieve the same hematologic recovery as in the first HDCT/
autoSCT.

Although our results demonstrated that a higher CD34" cell
count is associated with a faster hematologic recovery, it was
difficult to collect sufficient number of stem cells in many pa-
tients. It was possible to collect > 10 x 10° CD34* cells/kg only
in about half of patients and the number of CD34" cells collect-
ed was <4 x 10°/kg in 40 (16.9%) patients. For such poor mo-
bilizers, plerixafor might be helpful in collecting more CD34*
cells. Recent studies demonstrated that more CD34" cells can
be collected with G-CSF + plerixafor than with G-CSF alone (14,
15). However, its efficacy and toxicity have not been validated
in children with solid tumors.

Infection and bleeding are severe complications that can oc-
cur during the relatively early period after SCT. Therefore, prompt
neutrophil and platelet recoveries have been prerequisites for
successful SCT and most previous studies have used the times
to reach an ANC of 500/pL or a platelet count of 20,000/pL as
parameters of hematologic recovery (11-13). Also, as the num-
ber of long-term survivors after SCT increases, the clinical im-
portance of RBC recovery is increasing. Iron overload from mul-
tiple transfusions is generally unavoidable after SCT, and sus-
tained iron overload can result in various late adverse effects
including abnormal liver function tests, hepatic fibrosis/cirrho-
sis, cardiac dysfunction, and increased susceptibility to infec-
tion (16-21). Furthermore, sustained iron overload may poten-
tiate late adverse effects from chemo-radiotherapy. Iron over-
load and its late adverse effects may be more prominent follow-

http://dx.doi.org/10.3346/jkms.2013.28.2.220

ing tandem HDCT/autoSCT compared to single HDCT/au-
toSCT. However, a parameter defining RBC recovery after SCT
has not yet been proposed. For this reason, we developed a pa-
rameter to define RBC recovery after SCT. Although the trans-
fusion-free duration (28 days) prior to reaching a hemoglobin
level of 8.0 g/dL was arbitrarily determined in the present study,
our metric was associated with the number of transplanted
CD34" cells and serum ferritin level one year after the second
HDCT/autoSCT. To our knowledge, this is the first study to pro-
pose a parameter for RBC recovery after SCT.

In summary, platelet and RBC recoveries are significantly
delayed in the second HDCT/autoSCT compared to the first
HDCT/autoSCT. Therefore, our findings suggest that more
CD34" cells need to be transplanted in the second HDCT/au-
toSCT in order to achieve the same hematologic recovery as in
the first HDCT/autoSCT. Also, the novel parameter we used to
assess RBC recovery is associated with the number of transplant-
ed CD34" cells, RBC transfusion requirements, and post-SCT
serum ferritin level. Further studies are needed to define the
optimal parameter to assess RBC recovery after SCT.
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