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Oz

Amag: Bu calismada miyeloablasyondan sonra periferik kok hiicrelerin in-
flizyonunu takiben engrafman gelisimini etkileyebilecek faktorleri belirle-
mek amaglanmistir. Gereg ve Yéntem: Otologhematopoetik kok hiicre nakli
(HKHN) yapilan 121 hastanin verileri retrospektif olarak degerlendirildi.Has-
talarin 39’u  (%32) MultipleMyelom (MM), 34t (%28) Nonhodgkin Lenfo-
ma (NHL), 33’0 (%27) hodgkin lenfoma (HL), 9'u (%8) akut I6semi, 6si (%5)
solid timorli hasta idi. Hazirlama rejimi olarak BEAM (karmustin, etoposid,
arabinozid-C, melfalan), yiksek doz ICE (ifosfamid, karboplatin, etoposid),
ME (melfalan+etoposid), BuCy (busulfan+siklofosfamid) ve melfalankullanil-
di. Hastalarin yas ortalamasi 41.3 olup ortanca yas 43 idi (16-71 yil). Kok
hiicre infiizyonunutakibenengrafman gelismesinde ilgili olabilecek faktorleri
belirlemek icin nakil sirasinda kullanilan hazirlama rejimi, infiizyondan sonra
uygulanan biyime faktor tipi, infiize edilen toplam CD34+ hicre sayisi, na-
kilden sonra nétropenik ates olusumu degerlendirildi. Bulgular: Nétrofil (500/
pl) ve trombosit (20000/pl) tutunma sayilari sirasiyla ortalama 10,1+2,3 ve
11,5+3,9 giinde ulasildi. Hastalarin tani, cinsiyet, nakil éncesi alinan RT ve
kullanilan buyume faktérinin engrafman zamani tzerine anlamli etkisi bu-
lunmadi (p>0,05). CD34+ hiicre sayisi (dozu) kademeli olarak arttikca engraf-
manin daha hizli oldugu gézlendi (p<0,05). Hazirlama rejimlerinden ICE kulla-
nilan hastalarda BEAM kullanilan hastalara gére platelet engrafmaninin daha
hizli oldugu ayrica nétrofil engrafmaninin ICE kullanilan hastalarda Melfalan
kullananlara gore daha hizli oldugu saptanmistir (p<0,05). CD34 + hiicre sayl-
si ve engrafman arasinda dogrudan bir iliski gosterilememisken, yiiksek CD34
+ hiicre sayisinda engraftmanin daha hizli oldugu bulunmustur. Tartisma: Ke-
mik iligi rejenerasyonu arttirmak icin optimum periferik kok hiicre nakli pro-
tokoluinu tanimlamak; miyeloablatif tedavi sonrasi hematopoetik yenilenmeyi
hizlandirmak ve engrafman tizerine etkileyen faktérleri belirlemek icin daha
ileri calismalara ihtiyag vardir.
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Abstract

Aim: The aim of this study was to identify factors that may be related to
the development of engraftment following peripheral stem cell infusion after
myeloablation. Material and Method: The data of 121 patients who under-
went autologous hematopoietic stem cell transplantation were retrospec-
tively reviewed. Of the patients, 39 (32%) had multiple myeloma (MM), 34
(28%) had non-Hodgkin lymphoma (NHL), 33 (27%) had Hodgkin lymphoma
(HL), 9 (8%) had acute leukemia and 6 (5%) had solid tumor.BEAM (carmus-
tine, etoposide, arabinoside-C, melphalan), high doses of ICE (ifosfamide,
carboplatin, etoposide), ME (melphalan plus etoposide), BuCy (busulfan and
cyclophosphamide), and melphalan were used as preparation regimes. The
mean age was 41.3 years with a median of 43 years (range 16-71 years).
To identify factors that may be relevant in the development of engraftment
following stem cell infusion, preparation regime, type of growth factor, total
CD34+ cell count, and neutropenic fever occurrence were evaluated. Results:
Neutrophil >500/pl and plt >20,000/pl levels were achieved at 10,1+ 2,3
and11 ,5 + 3,9 days, respectively. Patients age, gender, diagnosis, radio-
therapy before transplantation, and G-CSF administration had no significant
effect on engraftment time. It was found that platelet engraftment was more
rapid in patients who underwent ICE than in those who underwent the BEAM
preparation regime; in addition, it was found that neutrophil engraftment
was more rapid in patients who underwent ICE than in those who underwent
the melphalan preparation regime. No direct correlation was demonstrated
between CD34+ cell count and engraftment, while the engraftment was
found to be more rapid in higher CD34+ cell counts. Discussion: Further stud-
ies are needed to identify the optimal peripheral stem cell transplantation
protocol to improve bone marrow regeneration; to accelerate hematopoietic
regeneration after myeloablative therapy; and to determine factors influenc-
ing engraftment.
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Introduction

Autologous stem cell transplantation describes the process
whereby stem cells are previously obtained and given to the
same patient after high-dose chemotherapy for the treatment
of hematological diseases (multiple myeloma, recurrent lym-
phoma, acute myeloid leukemia) and solid organ tumors [1]. In
autologous stem cell transplantation, one of the success criteria
is the initiation and maintenance of blood element production
for survival without the need for exogenous support by hemato-
poietic progenitor cells engrafting bone marrow. This process,
which occurs within weeks after stem cell infusion, is termed
engraftment. In engraftment kinetics, neutrophil engraftment
is accepted as the first of 3 consecutive days in which the ab-
solute neutrophil count reaches a level higher than 500 mm?/L,
while platelet engraftment is accepted as the first of 3 consecu-
tive days in which the platelet count reaches a level higher than
20,000 mm?3/L without the need for platelet transfusion [2, 3].
It is important to predict the rate and long-term persistence of
hematopoietic engraftment after autologous peripheral stem
cell transplantation. This is because morbidity and mortality
after transplantation, transfusion and antibiotic need, length
of hospital stay, and resultant economic picture all depend on
engraftment, which is an important factor for determining the
success of transplantation. The neutrophil and platelet engraft-
ment times can vary depending on many factors including un-
derlying disease, age, radiotherapy before transplantation, and
the G-CSF agent used in transplantation [4].

In the present study, our aim was to investigate factors af-
fecting engraftment kinetics by retrospectively reviewing the
charts and electronic database of 121 patients who underwent
autologous peripheral stem cell transplantation between Janu-
ary, 2005 and January, 2010.

Material and Method

The present study was conducted by retrospectively reviewing
the outcomes of 121 patients who underwent autologous stem
cell transplantation at the Erciyes Transplantation Center in the
Hematology Department of Erciyes University Medical School
between January, 2005 and January, 2010. Approval from the
local Ethics Committee was obtained prior to commencing the
study and it was carried out according to the principles of the
Helsinki Declaration.

The data were obtained from patient charts and the electronic
database. All patients were informed about the early and late
complications of transplantation; then, they gave informed con-
sent before transplantation.

The diagnosis age, gender, radiotherapy status, preparation re-
gime used in the transplantation procedure, CD34+ cell count
given during transplantation, and G-CSF agent used after trans-
plantation were recorded for all patients.

Preparation Regimes

The following regimes were used:

+ Melphalan (n=39) (200 mg/m? -3. day),

+ BEAM (n=55) [BCNU 300 mg/m? (-8. day), etoposide 200 mg/
m? (-7, -6, -5, -4. days), cytosine arabinoside 2x100 mg/m? (-7,
-6, -5, -4. days), and melphalan 140 mg/m? (-3. day)]

HD ICE (n=14) [ifosfamide 2,5 gr/m?(-8, -7, -6, -5, -4, -3.days),

carboplatin 250 mg/m?(-8, -7, -6, -5, -4, -3.days), etoposide100
mg/m?(-5, -4, -3. days) |

» Cyclophosphamide plus busulfan (n=9) [busulfan 3,2 mg/kg/
day (-7, -6, -5, -4. days), cyclophosphamide 60 mg/kg/day (-3, 2.
days), mesna 120 mg/kg/day (-3, -2,-1. days)]

+ Melphalan plus etoposide (n=4) [melphalan 60 mg/m?(-5, -4,
-3. days), etoposide100 mg/m?(-5, -4, -3. days)] [5].

Stem Cell Transplantation and G-CSF Administration

In the present study, peripheral stem cells were used as the
stem cell sourcein all patients who underwent autologous stem
cell transplantation. On day 1 after stem cell transplantation,
the G-CSF agent (lenograstim, filgrastim) was initiated and
continued until engraftment [6, 7].

Parameters Evaluated for Effects on Engraftment Time

In the post-transplantation period, neutrophil engraftment was
accepted as the first of the 3 consecutive days in which the
neutrophil count was higher than 500mm?/L, while platelet en-
graftment was accepted as the first of the 3 consecutive days
in which the platelet count was higher than 20,000 mm?*/L [2, 3].
After transplantation, the emergence of white blood cells and
platelets was assessed within days. The effects of diagnosis,
age, gender, radiotherapy status, preparation regime used
in transplantation procedure, CD34+ cell count given during
transplantation, and G-CSF agent used after transplantation on
these parameters were evaluated.

Statistical Analysis

The patient charts and electronic database were used to obtain
patient data. Mean values and standard deviation were cal-
culated for the numeric values included. Mann-Whitney U and
Kruskal-Wallis tests were used to determine factors affecting
engraftment. P<0.05 was considered as significant. SPSS for
Windows version 15.0 was used for statistical analysis.

Results

Of the patients who underwent autologous transplantation, 80
(66.1%) were male while 41 (33.9%) were female. The mean
age was 41.3 years with a median of 43 years (range 16-71
years). Table 1 presents the gender, diagnoses, and distribution
of preparation regimes.

Of the patients with acute leukemia, 8 had AML while one had-
biphenotypic leukemia. Of the patients with solid tumors, Ewing
sarcoma was present in 2 patients and choriocarcinoma, osteo-
sarcoma, PNET, and testis tumor in one patient each.

The mean amount of CD34+ hematopoietic stem cells given to
patients was 5.98+3.98x10%kg with a median value of 5.2x10¢/
kg (min:0.6x106/kg-max:19.57x10¢/kg). In patients who under-
went transplantation, neutrophil engraftment developed in a
mean time of 10.1+2.3 days with a median of 10 days (min:7-
max:26 days) while platelet engraftment developed in a mean
time of 11.5+3.9 days with a median of 11 days (min:6-max:33
days). Fifty (42%) patients received radiotherapy before the
preparation phase.

Neutrophil engraftment developed in all patients after trans-
plantation. However, platelet engraftment failed in one patient
with Hodgkin lymphoma. Table 2 presents the leukocyte and
platelet engraftment times according to diagnosis.
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Patients were stratified into 4 groups to evaluate the effect on
engraftment of CD34 + cell count given (dose) (Table 3). The ef-
fects of CD34+ cell count given on times of neutrophil, Neu 500,
Neu 1500, and Neu 2500 engraftment and times of platelet,
platelet 20,000, platelet 50,000, and platelet 100,000 engraft-
ment were evaluated according to this stratification.

The effects of preparation regimes and G-CSF agents used
during transplantation on engraftment were also evaluated. It
was found that platelet engraftment was more rapid in patients
who received the ICE preparation regime when compared to
those who received the BEAM regime (p=0.021). Also, it was
found that neutrophil engraftment was more rapid in patients
who received the ICE preparation regime when compared to
those who received melphalan (p=0.002).No significant differ-
ence was detected between the other regimes. It was found
that diagnosis, gender, neutropenic fever, and radiotherapy and
growth factors used had no significant effect on engraftment.

Table 1. Distribution of gender, diagnosis, and preparation regimes in patients
who underwent autologous peripheral stem cell transplantation.

Number of patients (n)

Gender Female 41 (33.9 %)

Male 80 (66.1 %)
Diagnosis

MM 39 (32 %)

NHL 34 (28 %)

HL 33 (27 %)
Acuteleukemia 9 (8 %)
Solid Tumor 6 (5 %)
Preparation Regime

BEAM Regime 55 (46 %)
Melphalan 39 (32 %)

HD ICE 14 (12 %)
Busulfan+Cyc. 9 (7 %)
Melphalan+Etoposide 4 (3 %)

MM:MultipleMyeloma, NHL:NonHodgkinLymphoma, HL:Hodgkinlymphoma,
BEAM: BCNU (Carmustine)+Etoposide+Melphalan+CytosineArabin

oside, HD ICE (High dose ICE): Ifosfamide+carboplatin+Etoposide,
Cyc:Cyclophosphamide.

Table 3. Stratification according to CD 34+ cell counts

Groups CD 34+ (10° /kg) Number of patients (n)
A 0.6-2.5 13
B 2.5-4.9 38
« 49-7.8 32
D >7.8 30

Table 2. Neutrophil and platelet engraftment times according to diagnosis

Discussion

Autologous stem cell transplantation and high-dose chemo-
therapy are effective in the majority of malign diseases. This
approach is increasingly used in the treatment of hematological
malignancies and selected solid tumors. Our findings showed
that the preparation regime used before transplantation had an
effect on engraftment as a factor in autologous stem cell trans-
plantation. However, according to a previous study, there were
no significant differences in terms of engraftment between the
BEAM and ICE conditioning regimens [8].

Although the mechanism underlying hematopoietic regenera-
tion has not been fully elucidated, it is widely accepted that
bone marrow engraftment has several phases. As hematopoiet-
ic growth factors increase the number of progenitor cells at the
periphery, the initial phase of engraftment is rapid in peripheral
stem cell transplantation, in which growth factors are used for
mobilization [9,10].

The engraftment time for leukocyte and platelets can vary
based on many factors. In EBMT and many studies, a neutrophil
count>500 mm?®/L is accepted as a threshold for leukocyte en-
graftment, while a platelet count>20,000 mm®/L is accepted as
a threshold for platelet engraftment.

The threshold CD34+ cell count should be 2, 0-2, 5x108/kg for
timely hematological recovery [11, 12] and CD34+ cell counts
should be higher than 10x10%kg [13] and 15x10%/kg [14] to ac-
celerate engraftment. It is known that there is a positive cor-
relation between engraftment kinetics and CD34+ cell count.
In our study, no significant difference was observed whenthe
CD34+ cell count was considered in a direct evaluation. Howev-
er, it was found that engraftment was more rapid in the group
with a CD34+ cell count>7.5x10°/kg when patients were evalu-
ated by stratifying into 4 groups according to CD34+ cell count.
It was thought that lack of significant effect of the CD34+ cell
count on either leukocyte or platelet engraftment could be ex-
plained by the infusion of apheresis product which contains re-
dundant amounts of CD34+ cells (5.98+3.98x10°%/kg).

Only one patient received CD34+ cells of 0.6x10°kg and en-
graftment developed on the expected days (leukocyte engraft-
ment: day 11 and platelet engraftment: day 12). In the group
with the lowest number of CD34+ cells, leukocyte and platelet
engraftment developed on day 10.4 and 9.9, respectively. When
compared to the groups with higher numbers of CD34+ cells,
no significant difference was detected regarding engraftment
time. Although blood values increased more rapidly with a high-
er number of CD34 cells after engraftment, particularly at levels
above 7.8x10%kg, use of lower levels should not be avoided in
transplantation.

G-CSF promotes neutrophil production in the bone marrow and
its functions. The unglycosylated form of G-CSF is called fil-

Plt 20.000 mm?/L (day) ~ PIt 50,000 mm?®/L (day) Pt 100,000 mm?*/L (day) Neu mm?/L (day) Neu 1500 mm?*/L (day) Neu 2500 mm?*/L (day)
MM 11.4+2.9 17.9+12.9 246+11 10.52.1 10.6+1.9 11.3+2.3
NHL 12.1+5.1 21.8+14.2 25.6+13.4 9.5+1.6 10.1£2.2 10.3+1.7
HL 11+3.8 11.1+4.3 19.2:8.4 10.1+3.3 10.6+3.7 10.5+2.1
Acute Leukemia  12+3.2 48+60.4 97+116.9 10.6+1.8 114223 12.2+2.6
Solid Tumor 11.8+3.1 14.3+5.8 9.5+1.3 9.8+1.6 10.3:1.5

Plt:Platelet, Neu:Neutrophil, MM:MultipleMyeloma, NHL:NonHodgkinLymphoma, HL:Hodgkinlymphoma,
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grastim while the glycosylated form is called lenograstim.

In our study, no significant difference was detected between
G-CSF agents, when lenograstim and filgrastim were compared
for their effects on engraftment (leukocyte p=0.787, platelet
p=0.253). As no definitive differences have been established
regarding the growth factors used after transplantation, clini-
cians should take other factors such as cost and feasibility into
consideration when selecting the growth factor.

Given the possibility that there may be some changes in the
reserves of bone marrow with age, we evaluated the effects
of age on hematopoietic engraftment time. In our study, no
significant relationship was found between age and leukocyte
(p=0.127) and platelet engraftment times (p=0.492), when pa-
tients who underwent peripheral stem cell transplantation were
stratified according to age. Given the finding that there was no
significant difference (platelet engraftment p=0.130, leukocyte
engraftment p=0.057) even between patients younger than 20
and older than 60 years of age, it may be suggested that age
alone is not a limiting factor regarding transplantation.

Some authors reported that there might be a delay in the re-
generation of bone marrow in cases who received radiotherapy
before the preparation phase for peripheral stem cell transplan-
tation [15]. Accordingly, it has been advocated that apheresis
should be performed more intensively in cases scheduled for
the peripheral stem cell transplantation program after radio-
therapy to a large area, particularly tothe pelvic region [9, 10].
In our cases, the engraftment times were not significantly dif-
ferent in cases who received no radiotherapy. Given the fact
that hematopoietic regeneration is delayed in cases who re-
ceived intensive chemotherapy, it may be suggested that radio-
therapy-based treatments should be preferably considered in
cases in which transplantation is planned.

In our study, it may be concluded that radiotherapy-based treat-
ments should be primarily considered in cases in which trans-
plantation is planned, and also that age is not a limiting factor
regarding engraftment based on the findings that radiotherapy
and age had no significant effect on engraftment. Further stud-
ies are needed to determine optimal stem cell transplantation
protocol; to accelerate hematopoietic regeneration after my-
eloablative therapy; and to identify factors that affect engraft-
ment.
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