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Abstract

Transfusion-associated iron overload as a predictive factor for poor
stem cell mobilization in patients with hematologic malignancies

Park, In Hae

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Min, Yoo Hong)

Background and Objective
Transfusion-associated iron overload is often olegkrin patients with
hematologic malignancies. | analyzed the effecir@i overload, indicated by
high serum ferritin level, on the mobilization oDB4+ peripheral blood stem
cells (PBSC).
Patientsand Methods

| evaluated the association between the seruntifetavel prior to PBSC
collection and the number of CD34ells collected through leukaphereses in
fifty-one patients with various hematologic maligogs. Patients with serum
ferritin level over 1,000ng/mL were defined as higtritin group.
Results
Comparing the good>(1x10°kg CD34+ cells) and poor (<x10%kg CD34+
cells) mobilizing groups, there was no differenceage, disease status, marrow
involvement, number of previous chemotherapies,vanite blood cell count at
the first day of apheresis. However, there wasgaifstant difference in the
median units of transfused red blood cells betwbergood and poor mobilizer
(2 vs. 8 units;p=0.012). Serum ferritin level was notably highertive poor
mobilizer (1,670 = 1,320 ng/mL) compared with tfeod mobilizer (965 £+ 705
ng/mL; p=0.035). Mean number of CD34ells/kg collected per apheresis
procedure was significantly lower in the high fémrgroup compared to the low
ferritin group (2.0 £ 1.4/s.7.4 + 5.8,p=0.001). The cumulative number of



CD34 cells/kg collected during the whole procedure watso significantly
lower in the high ferritin group (5.5 £ 4v&.13.1 £ 9.1,p=0.01). Multivariate
analysis revealed that serum ferritin level remdiag an independent predictive
factor for poor PBSC maobilization.

Conclusions

The study indicated that transfusion-associated owgerload is a predictive
factor for poor PBSC mobilization. Iron chelatidmetapy prior to apheresis
may be required to collect sufficient numbers ofSEB in the iron-overload

patients.

Key Words : transfusion, iron overload, stem catlitization
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I ntroduction

Mobilized peripheral blood stem cells (PBSC) areally used for autologous
hematopoietic stem cell transplantation (ASCT) emiatologic malignancies
including malignant lymphoma, multiple myeloma aslivas acute leukemig:
Since the infused stem cell dose is one of the rtapb variables affecting
successful hematologic recovéfythe ability to collect adequate numbers of
PBSC is of critical importance for ASCT. It has besuggested that infusion of
more than 2.0 - 2.5 x £0CD34-positive (CD34+) cells/kg is sufficient for
successful engraftment after myeloablative thePdpyin contrast, poor
mobilization of PBSC is associated with poor trdasfation outcomes after
ASCT for a variety of hematologic malignancfés.

Several studies have shown that about 15-40% odémiathave failed to
mobilize a sufficient number of autologous PBSC doHection®™ It has been
demonstrated that the variables predicting poam stell mobilization include
advanced age, disease entities, extensive priaitayt therapies, secondary
myelodysplastic change, disease invasion of thee bmarrow, and mobilizing
strategies used for PBSC collectibt!? However, several other studies have
failed to demonstrate an association of these factwith poor PBSC
mobilization”® PBSC mobilization is not successful even in a sub$ healthy
donors given recombinant human granulocyte coldimptsating factor (G-CSF)
as the mobilization stimulug™ These findings strongly suggest that factors
other than malignancy and prior therapies may affebilization.

Chronic red blood cell transfusion in patients wigmatologic malignancies
is often necessary. However, it may cause ironloadrand its complicatiors.
Excessive iron can cause serious cellular anddigsunages through formation
of highly reactive hydroxyl radical$.Such free radicals can damage proteins,
lipids and DNA, leading to destruction of organglleell death, and tissue
fibrosis. The clinical effects of excessive tisinom include heart disease, hepatic

dysfunction, and derangement of endocrine system.



The influences of iron overload on the regulatidn hematopoiesis and
immunity have not yet been fully elucidated. Anvitro study suggested that
ferritin had an inhibitory effect on the prolifei@ of human hematopoietic
progenitor cells and T lymphocytes and differegiatof human B lymphocytes
into antibody-producing celf§.Negative effects of transfusional iron overload on
immune system, causing susceptibility to infectjongre also been recently
demonstrate® Especially for patients with hematologic malignasc
undergoing hematopoietic stem cell transplantatioom overload could be a
significant contributor to treatment-related mdtyal®*° In this study, | evaluated
the effect of transfusion-associated iron overlaedthe PBSC collection in

patients with hematologic malignancies.



Patientsand Methods
Study population

| retrospectively analyzed a total of 51 patiemsdergoing PBSCs collection
between January 2000 and December 2006. The ummderbtliseases were
multiple myeloma (n=18), malignant lymphoma (n=28)d acute myeloid
leukemia (n=8). To exclude the hyperferritinemiae do other causes, such as
infection, connective tissue disease and liver adisge patients with active
infection or liver disease were excluded from thiedg All patients signed
written informed consent and were treated at thes¥o University Health
System. In all patients, serum levels of ferritimnsferrin iron binding capacity
(TIBC), iron and C-reactive protein (CRP) were eksad on the first day of
leukapheresis. Finally, patients with serum CRRellewore than 6mg/dL were
excluded from the analysis due to the possibilitésindetectable infection or
inflammation. Patients with serum ferritin levelgeo 1,000 ng/mL, and with a
history of red blood cell transfusions prior torsteell collection were defined as
a group having transfusion-associated iron overl®ads retrospective study was
approved by the Severance Hospital Institutionali®e Board.

Mobilization regimens

Fifty patients received mobilizing chemotherapy spitecombinant human
G-CSF (Neutrogen; Choongwae Pharmaceutical., S&auga) to mobilize and
collect PBSC. One patient received G-CSF alonenfobilizing purpose. The
chemotherapy regimens were heterogeneous and datzhjas etoposide-based
(n=22), high dose cyclophosphamide (n=6), etopogids cyclophosphamide
based (n=14) and other drug combinations (n=9).aHgpatients, subcutaneous
administrations of G-CSF (300g/day) were commenced from the first day of
neutropenia (neutrophils count < 0.5 X/1 until the completion of the PBSC

harvest.



PBSC collections

Apheresis was started immediately when the whibedbicell count exceeded
3.0 x 10/L after mobilization chemotherapy. Collection BFC was performed
using a large-volume leukapheresis (LVL) procedye blood volumes
processed ) with a blood cell separator (COBE $peci0, COBE BCT Inc.,
Lakewood, CO, USA) as previously describédAutologous PBSCs were

cryopreserved until reinfusion for ASCT.

Flow cytometry assay for CD34ells enumeration

The CD34 cell counting was carried out using the ProCOUN®genitor
Cell Enumeration from Becton Dickinson (BD Biosaies, San Jose, CA, USA).
Briefly, 50 pL of leukapheresis product was incubated with adrdntibodies
and anti-CD34 antibody from the ProCOUN'kit from Becton Dickinson. The
acquisition and analysis of the data were performeihg a flow cytometer
(FACSCalibur; Becton Dickinson).

Statistical analysis

Patients with transfusion-associated iron overl@adum ferritin level over
1,000 ng/mL) were defined as the high ferritin grotemaining patients were
defined as the low ferritin group. Poor mobilizevere defined as patients for
whom the required number of CD34ells/kg per LVL (1 x 10kg) was not
collected. Successful mobilization was definedases where the total number of
CD34' cells obtained with whole procedures was overx218/kg. All statistical
analyses were done using SPSS ver.12 (SPSS, ChitagdSA). Two-tailed
comparedt-tests were used for continuous variablebj-square tests for
categorical variables and multiple logistic regimasstests for multivariate

analysis. Statistical significance was defineg<3.05.



Results
Patients’ characteristics according to mobilizatiertent

Comparison of the good and poor mobilizing groug®aled no difference in
sex, age, disease entities, disease status atshabeme marrow involvement,
number of previous chemotherapies, and platelentsoat the first day of
leukapheresis (Table 1). White blood cell countthatfirst day of apheresis were
not different between the good mobilizer group 218.7.5 x 18/L) and the poor
mobilizer group (16.4 + 15.6 x 1@). Additionally, no difference was observed
in the number of CD34cells harvested among the different mobilizingmemns
utilized, which mainly consisted of etoposide- aogtlophosphamide-based
protocols. However, the number of CD3:lIs{iL in the peripheral blood at the
first day of harvest was significantly lower (7 #{8.) in the high ferritin group
compared with that (73 + 541l) of the low ferritin group (Table 1). In line vhit
these findings, there was a significant differeircéhe number of CD34cells
per the first round of apheresis (0.6 + 8.40°/kg for poor mobilizer vs. 8.2 + 5.2
x 10P/kg for good mobilizerp<0.001) and total number of CD3#lls collected
(2.7 + 2.0x 10°/kg for poor mobilizer vs. 14.7 + 94 1¢F/kg for good mobilizer;
p<0.001.

There was a remarkable difference in the amoutviaosfused red blood cell
between the good and poor mobilizer (2 units venigs; p=0.01). In connection
with these findings, serum ferritin levels werendgiigantly higher in the poor
mobilizer group (1,670 + 1,320 ng/mL) compared wite good mobilizer group
(965 + 705 ng/mLp=0.03) (Table 1).



Table 1. The characteristics of patients according to mobilization extent

Good Poor =
Factors mobilizer mobilizer value
(N=34) (N=17)
Sex (M/F) 16/18 8/9 NS
Median age (yr, range) 47 (16-69) 43 (17-64) NS
Disease entities
(lymphoma/multiple myeloma/AMLY*) 16/15/3 9/3/5 NS
Status at harvgst_ 19/15 11/6 NS
(complete remission/advanced)
Bone marrow involvement at harvest 2 1 NS
Number of prior chemotherapy i i
(median, range) 4(1-8) 4(2:9) NS
Platelet count at harvest
(x10/L, mean+SD) 90156 88+58 NS
AmOL_mt of pRBC transfusion 2 (0-20) 8 (1-20) 0.012
(median unit , range)
Serum ferritin (ng/mL, meanzSD) 965+705 1,670+1,3200.035
Mobilizing regimens
Etoposide-based 13 9 NS
High dose cyclophosphamide 4 2 NS
Combined 12 2 NS
Others 5 4 NS
Number of apheresis cycles 2 (1-4) 3 (2-11) <0.001

(median, range)

WBC count at T harvest day
(x10°/L, mean+SD)

CD34+ cells in PB at T harvest

10.2+7.5 16.4+15.6 0.061

+ + <
day (/uL, mean+SD) 7354 7£5 0.001
CD34+ cells/kg/apheresis
(x10°/kg, mean=SD) 8.245.2 0.620.4 <0.001
Total CD34+ cells collected 14.740.1 97420 <0.001

(x10°%kg, mean+SD)

* acute myeloid leukemia;T, DECP (dexamethasone / etoposide /
cyclophosphamide / cisplatin) or D-PACE (dexamethas/ cisplatine /
adriamycin / etoposide / cyclophosphamide); IVAM (vincristine /
methotrexate / cytarabine / ifosphamide), VAD (vistine / adriamycin /
dexamethasone), DHAP (cisplatine / cytarabine Aadethasone), or MICMA
(mitoxantrone / carboplatine / cytarabine / predoise); 9, peripheral blood.



Patients’ characteristics according to serum ferritevel

Sixteen patients (31%) were categorized in the Hegkitin group and 35
(69%) patients were categorized in the low ferrggioup. The mean value of
serum ferritin was 2,343 ng/mL in the high ferrigiroup, which was significantly
higher than that (678 ng/mL) in the low ferritinogp (<0.001). The mean
serum iron level was 123 ug/dL in the low ferritimoup, which showed a
statistical difference comparing with that (188dlg/of the high ferritin group
(p<0.001). Comparing the low and high ferritin gpeuthere was no difference in
sex, age, disease status at harvest, bone marvolWwément, number of previous
chemotherapyor serum level of CRP (Table 2). No difference waserved in
the types of mobilizing regimens according to sefamitin levels. White blood
cell counts at the first day of apheresis weredifférent between the low ferritin
group (14.6 + 14.4 10°/L) and the high ferritin group (11.2 + 9410°/L). In
contrast, platelet counts at the first day of apbisrwere significantly higher in
the low ferritin group compared with those of thghhferritin group (105 + 6k
10%/L vs. 57 + 23x 10°/L; p<0.001). | found that the median unit of transfused
red blood cell was significantly higher in the higrritin group (median, 12
units; range, 8-20 units) compared with that of lthe ferritin group (median 1
unit; range, 0-7 unitsp<0.001) and the serum ferritin level was observed a
significant correlation with the amount of trangfdsred blood cells (r=0.692,
p<0.001).
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Table 2. The characteristics of patients according to serum ferritin level

Low High
ferritin ferritin P
Factors
group group value
(N=35) (N=16)
Sex (M/F) 18/17 6/10 NS
Median age (yr, range) 47 (16-64) 42 (17-69) NS
Disease entities
(lymphoma/multiple myeloma/AMLY) 18/17/0 718 NS
Status at harvgst_ 19/16 11/5 NS
(complete remission/advanced)
Bone marrow involvement at harvest 3 0 NS
Numt_)er of prior chemotherapy 4 (2-9) 3 (1-9) NS
(median, range)
Platelet count at harvest
(x10°/L, mean+SD) 105+61 57+23 0.004
AmOL_mt of pRBC transfusion 1(0-7) 12 (8-20) <0.001
(median unit, range)
Serum ferritin (ng/mL, meanSD) 6781467 2,343+1,3280.001
CRP** (mg/dL, mean+SD) 1.8+1.5 1.8+1.4 NS
Mobilizing regimens
Etoposide-based 13 9 NS
High dose cyclophosphamide 4 2 NS
Combined 13 1 NS
Others 5 4 NS
Number of apheresis cycles 2 (1-11) 3 (2-7) 0.098

(median, range)

WBC count at 1 harvest day
(x10%/L, mean+SD)

CD34+ cells in PB at T harvest day

11.2+9.4 14.6+14.4 NS

+ +
(/uL, mean+SD) 6754 16+14 0.001
CD34+ cells/kg/apheresis
(x10F/kg, mean+SD) 7.4%5.8 2.0+1.4  0.001
Total CD34+ cells collected 13.140.1 & 5id7 0.010

(x10%kg, mean+SD)

*, acute myeloid leukemia; **, C-reactive proteifi; DECP (dexamethasone /
etoposide / cyclophosphamide / cisplatin) or D-PAQ#examethasone /
cisplatine / adriamycin / etoposide / cyclophospida); T, IVAM (vincristine /
methotrexate / cytarabine / ifosphamide), VAD (vistine / adriamycin /
dexamethasone), DHAP (cisplatine / cytarabine adethasone), or MICMA
(mitoxantrone / carboplatine / cytarabine / predoise); ¥, peripheral blood.
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Figure 1. Comparison CD34+ cells harvested between high ferritin group
and low ferritin group. Oblique lined bars represented total collected Gb34
cells (x 16/kg), which showed a statistical difference betweéan groups
(p=0.010). Dotted bars represented CD34+ cells delleper one cycle of

apheresis and it also had a significant differeaceording to ferritin level
(p=0.001).
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PBSCs mobilization in relation to serum ferritivéds

There was no difference in the median number otegdis between the low
and high ferritin groups. However, the number of3@DcellsfiL in peripheral
blood at the first day of harvest was significantwer (16 + 14AL) in the high
ferritin group compared with that of the low feirmigroup (67 + 54}iL, p=0.001).
Mean number of CD34 cells/kg collected per apheresis procedure was
significantly decreased in the high ferritin groopmpared to that of the low
ferritin group (2.0 £ 1.4vs. 7.4 £+ 5.8,p=0.001). The cumulative number of
CD34 cells/kg collected during the whole procedure aB® significantly low
in the high ferritin group (5.5 + 4\5.13.1 £ 9.1p=0.01) (Figure 1). The rate of
successful mobilization, as defined by collectibweer 2.5x 10°7/kg CD34 cells
with the whole apheresis, was significantly lowtlie high ferritin group (66.7%
vs. 91.4%;p=0.043). Multivariate analysis revealed that serigmitin levels,
together with low platelet count, remained as irtejent predictive factors for

poor hematopoietic stem cell mobilization (Table 3)

Table 3. Multivariate analysis of predictive factors for successful stem cdl

mabilization

Factors P value Oddsradio (Cl 95%)
Age 0.65 0.91 (0.91-1.01)
Disease entities 0.17 7.73 (0.43-142.12)
Disease status at harvest 0.72 0.74 (0.11-4.65)
Burden of previous chemotherapy 0.10 1.53 (0.9@)2.3
Platelet count 0.06 1.01 (1.00-1.29)
High serum ferritin level 0.05 7.81 (1.01-61.71)

13



Discussion

This study revealed that transfusion-associated aerload is a predictive
factor for poor hematopoietic stem cell mobilizatia patients with hematologic
malignancies. Substantial differences in the comatian of CD34 cells in the
leukapheresis products among patients followingobilization procedure have
been reported**?*The incidence of poor mobilizing population wasiasle
to range from 15 to 40% in different subsets ofquas’

The dose of CD34+ cells has been reported to infleaepost-transplant
morbidity and overall survival following ASCT. In a study of 262 consecutive
patients who underwent ASCT for Hodgkin's and nardgkin’s lymphomas,
low numbers of infused CD34ells were associated with both progression and
death’ Identification of predictive factors for poor méibing patients is of value
both for providing insight into the mechanism ofbilization and for selection of
patients who may not benefit from a mobilizatiop@ach.

In this study, poor stem cell collections were duoeated in approximately
twenty percent of cases undergoing leukapheresimp@ring the good and poor
mobilizing groups, there was no difference in s&ye, disease entities, disease
status at harvest, bone marrow involvement, nurnbgrevious chemotherapies
or platelet counts at the first day of leukapherelsi addition, no difference was
also observed in terms of CD3dells harvested among the different mobilizing
regimens utilized, which consisted primarily of giside- or cyclophosphamide-
based protocols.

Surprisingly, there was a statistical differencesémum ferritin levels and in
the number of red blood cell units transfused prioleukapheresis between the
poor and good mobilizing groups. The unit numbereaf blood cells transfused
and the mean serum ferritin levels in the poor tim#yi group were significantly
higher compared with the good mobilizer group.

With respect to iron overload, we could not find atifferences in sex, age,

disease status, and previous burden of chemotlesrapiradiotherapy, marrow

14



involvement at the harvest, serum CRP titer, oritizify regimens between the
low and high ferritin groups. As expected, the raadvalue of red blood cell
units transfused was significantly higher in thghhferritin group compared to
the low ferritin group. To eliminate the possilddg of hyperferritinemia due to
other causes, patients with infection, inflammatiornigher serum CRP titer 6
mg/dL) were excluded from the study.

There was no difference in white blood cell couattshe first day of harvest
or the number of apheresis between the low and feigiin groups. However,
the number of CD34cellsfiL in peripheral blood at the first day of harvestsw
significantly lower in the high ferritin group comped with that of the low
ferritin group. Both the number of CD34ells/kg per each apheresis and total
number of CD32 cells/kg collected were significantly lower in thegh ferritin
group. Multivariate analysis indicated that seruemrifin level prior to the
initiation of leukapheresis remained as an indepenhgredictive factor for poor
hematopoietic stem cell mobilization.

The mechanisms underlying the negative effectsraf ioverload on the
mobilization of stem cells will require further iastigation. One possibility is
that the expression and functional status of adhesnolecules such as
lymphocyte function-associated antigen-1 (LFA-1)d aintercellular adhesion
molecule-1(ICAM-1) may be altered on the hematgwistem cells by iron
overload, since it has been demonstrated that thst significant difference
between the good and the poor mobilizing groups thaspercentage of cells
expressing the ligand-receptor pair of LFA-1 and&MG1.%? It is also possible
that functional ligand-receptor interactions betwéige hematopoietic stem cells
and bone marrow niche, including stromal cell dedifactor-1 (SDF-1) and its
receptor (CXCR4¥* vascular cell adhesion molecule-1 (VCAM-1)/CD4%A,
P-selectin glycoprotein ligand-1 (PSGL)/CD6Z1and Kit/c-kit ligand?® may be
potentially affected by iron overload. In conclusipo my study reveals that

transfusion-associated iron overload was signiflgaassociated with poor PBSC
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mobilization in patients with hematologic malignasc Evaluation of iron
overload status prior to ASCT may be very importantidentifying patients at
high risk of poor mobilization and who may not bénftom high-dose therapy
and ASCT. In addition, effective iron chelation lygy may be an optimal
strategy to allow for collection of sufficient nueis of PBSC for ASCT in

patients with history of multiple transfusions.
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Conclusion

In this study, | analyzed the effect of iron ovadoon the mobilization of
CD34+ peripheral blood stem cells (PBSC). | evaddahe association between
the serum ferritin level prior to PBSC collectiomdathe number of CD34ells
collected in fifty-one patients with various hematpc malignancies. Mean
number of CD324cells/kg collected per apheresis procedure anduhwulative
number of CD3%4 cells/kg collected during the whole procedure were
significantly lower in the high ferritin group comged to those of the low
ferritin group. Multivariate analysis revealed tlsarum ferritin level remained
as an independent predictive factor for poor PBSBilization.
My study indicated that transfusion-associated iomerload is a predictive
factor for poor PBSC mobilization. Iron chelatidmetapy prior to apheresis
may be required to collect sufficient numbers ofSEB in the iron-overload
patients.
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