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Stable Hematopoietic Recovery after Peripheral Blood
Stem Cell Transplantation in Patients Receiving
High-dose Chemotherapy for Advanced Germ Cell Tumors
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Abstract. Aim: The objective of this study was to evaluate the
utility of CD34-positive peripheral blood stem cell
transplantation (PBSCT) in the hematopoietic recovery, in
patients receiving high-dose chemotherapy (HDCT), for
advanced germ cell tumor (GCT). Materials and Methods:
This study included 41 patients with advanced GCT, who were
treated with HTCT combined with PBSCT. PBSCs were
harvested after conditioning chemotherapy followed by the
administration of granulocyte colony-stimulating factor. A
retrospective analysis of a total of 86 PBSCTs was carried out
focusing on the effects of several factors, including age (<35
years versus =35 years), CD34-positive cell dose (<5.0x1 06/kg
versus =5.0x10%/kg), indication of HDCT (first-line versus
salvage) and previous history of HDCT before PBSCT (with
versus without), on hematopoietic recovery after PBSCT.
Results: The median number of CD34-positive PBSCs
collected during a single apheresis and the median cumulative
number of CD34-positive PBSCs from each patient were
8.3x10%/kg and 23.2x10%/kg, respectively. The median number
of PBSCT performed in each patient was two and the median
number of CD34-positive cells transplanted during a single
course was 5.7x10%/kg. The median recovery times to white
blood cells (WBC) greater than 500/ul, 1000/ul and 2000/ul
were 8, 9 and 10 days, respectively, following PBSCT, while
that to neutrophils greater than 500/ul and that to platelets
greater than 50000/ul were 9 and 13 days, respectively,
following PBSCT. Only the recovery time to platelet count
greater than 50000/ul was significantly affected by age;
however, there were no significant differences in the recovery
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of WBC, neutrophils and platelets in relation to several
parameters examined. Conclusion: These findings suggest that
CD34-positive PBSCT may facilitate stable hematopoietic
recovery after HDCT in patients with advanced GCT, and that
HDCT, if combined with PBSCT, could be performed with
comparative safety in such patients, irrespective of their
individual characteristics.

Approximately 70-80% of patients with advanced germ cell
tumors (GCTs) achieve a durable complete response to
cisplatin-based combination chemotherapy with surgical
resection of residual masses. However, the prognosis of the
remaining 20-30% of patients with refractory or relapsed
diseases after first line chemotherapy remains poor, despite
the introduction of several kinds of salvage chemotherapy (1).
Recently, high-dose chemotherapy (HDCT), combined with
autologous peripheral blood stem cell transplantation
(PBSCT) has been increasingly used for several kinds of
malignant disease, including advanced GCT (2). Although
the prognostic benefit of HDCT in patients with advanced
GCT has not been clearly demonstrated in randomized trials,
several investigators reported the favorable outcomes of
HDCT as first-line, as well as salvage regimens, compared
with those of conventional-dose chemotherapy (3-5).
Autologous stem-cell rescue is necessary for patients who
receive HDCT, in order to promote hematopoietic
engraftment, shorten the period of neutropenia and
thrombocytopenia, and decrease the risk of infection and
bleeding (2). Stem cells collected from peripheral blood by
leukapheresis after the administration of HDCT have
largely replaced bone marrow as the source of stem cells,
because it is a less invasive procedure and allows a more
rapid hematological recovery (6). Considering these
findings, administration of an HDCT regimen would be
dependent on effective hematopoietic support, particularly
PBSCT. To date, factors regulating hematopoietic recovery
after HDCT followed by PBSCT have been investigated in
several kinds of malignant disease (2, 7-11); however, there
has been no study analyzing such factors in patients with
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Table 1. Characteristics of 41 patients with advanced germ cell tumors.

Table I Results of peripheral blood stem cell harvest.

Median age (years, range) 32 (17-62)
Site of primary tumor (%)

Testis 34 (82.9)

Retroperitoneum 4 (9.8)

Mediastinum 2 (4.9)

Intraperitoneum 1(24)
IGCCCG classification (%)

Good 11 (26.8)

Intermediate 13 (31.7)

Poor 17 (41.5)
Indication of HDCT (%)

First-line 30 (73.2)

Salvage 11 (26.8)
Regimen of HDCT (%)

ICE 33 (80.5)

T-ICE 8 (19.5)
Median cycles of HDCT (range) 2 (1-6)

IGCCCG: International Germ Cell Cancer Collaborative Group;
HDCT: high-dose chemotherapy; ICE: ifosfamide, carboplatin,
etoposide; T-ICE: ICE plus paclitaxel.

advanced GCT. In this study, therefore, we retrospectively
reviewed the clinical data from 41 patients with advanced
GCT, who were treated with HDCT combined with PBSCT,
in order to characterize the features of hematopoietic
recovery following PBSCT in these patients.

Materials and Methods

This study included a total of 41 male patients who were diagnosed
as having advanced GCTs, including 7 cases of extragonadal origin,
between November 1994 and December 2005, and were
subsequently treated with HDCT combined with PBSCT. The
characteristics of these 41 patients are summarized in Table I.

In this series, after conditioned cisplatin-based combination
chemotherapy, daily administration of subcutaneous recombinant
human granulocyte colony-stimulating factor (rhG-CSF) at a
dosage of 5 ug/kg/day was started on the day the leukocyte count
had decreased to <1000/ul and continued until completion of
apheresis. As a rule, leukapheresis was performed over 2
consecutive days with the Cobe Spectra continuous flow cell
separator (Cobe Laboratories, Lakewood, CO, USA). The
leukapheresis product was centrifuged, and platelet-rich plasma
was reinfused into the patient. The remaining peripheral
mononuclear cells containing PBSCs were mixed with Roswell Park
Memorial Institute (RPMI)-1640 medium (Gibco, Grand Island,
NY, USA) containing 5% dimethyl sulfoxide (Kyokuto
Pharmaceutical, Tokyo, Japan) and 4% human serum albumin. The
mixture was transferred into freezer bags and frozen to -85°C with
a cryopreservation device. A small sample removed before
cryopreservation was used for a CD34-positive cell assay by flow
cytometry (Becton Dickinson, Sunnyvale, CA, USA). On the day
of tansplantation, the bags were thawed in a water bath at 37°C.

As HDCT regimens, ICE (ifosfamide, 7.5 g/mZ; carboplatin, 1250
mg/m?; etoposide, 1500 mg/m?2) or T-ICE (ICE plus paclitaxel, 175
mg/m?) therapy was administered in 33 or 8 patients, respectively.
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No. of patients following regimen
of conditioning chemotherapy (%)

BEP 35 (85.4)

VIP 5(12.2)

VAB-6 1(2.4)
Total no. of apheresis sessions 111
Median no. of apheresis sessions 2 (1-8)

per patient (range)

Median no. of collected CD34-positive cells
at a single apheresis session x100/kg (range)

8.3 (0.2-114.2)

Median cumulative no. of collected CD34-positive
cells per patient x100/kg (range)

232 (5.4-196.2)

BEP: bleomycin, etoposide, cisplatin; VIP: etoposide, ifosfamide,
cisplatin; VAB-6: cisplatin, vinblastin, cyclophosphamide, actinomycin,
bleomycin.

Table III. Results of PBSCT.

Total no. of transplantations 86

Median no. of transplantations 2 (1-6)

per patient (range)

Median no. of CD34-positive cells transplanted 5.7 (1.5-18.5)

at a single course x100/kg (range)

Median time to recovery (days, range)
Elevation of WBC from nadir 7 (4-10)
WBC >500/ul 8 (5-12)
WBC >1000/ul 9 (6-13)
WBC >2000/ul 10 (8-14)
Neutrophils > 500/ul 9 (7-13)
Platelets > 50000/ul 13 (4-28)

PBSCT: peripheral blood stem cell transplantation.

At 72 h after the last administration of chemotherapy, the PBSCs
were intravenously reinfused. The day of PBSCT was set as day 0,
all patients received rhG-CSF at a dosage of 5 ug/kg/day, starting
on day 1 and continuing until the leucocyte count was greater than
1500/ul. Red blood cell and platelet transfusions were occasionally
performed to maintain hemoglobin levels greater than 8.0 g/dl and
platelet levels greater than 20000/ul, respectively.

The log-rank test was used to compare hematopoietic recovery
following PBSCT according to several factors, including age (<35
years versus =35 years), CD34-positive cell dose (<5.0x100/kg
versus =5.0x10%/kg), indication of HDCT (first-line versus salvage)
and previous history of HDCT, before apheresis (with versus
without). Statistical calculations were performed using Statview 5.0
software (Abacus Concepts, Inc., Berkely, CA, USA), and p values
<0.05 were considered significant.
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Table IV. Association between several factors and hematopoietic recovery after PBSCT.

Median time to recovery (days, range)

Variable Elevation p-value WBC p-value WBC p-valuer WBC  p-value Neutrophils p-value Platelets p-value
of WBC >500/ul >1000/ul >2000/ul >500/ul >50000/ul
from nadir
Age (years) 0.55 0.22 0.66 0.098 0.079 0.006
Younger than 35 7 (4-10) 8 (5-12) 9 (8-13) 10 (8-14) 9 (8-15) 13 (7-17)
35 or older 7 (5-9) 8 (5-10) 9 (6-12) 10 (8-11) 9 (7-10) 14 (4-28)
CD34-positive cell dose 0.16 0.28 0.061 0.26 0.11 0.59
Less than 5.0x100/kg 7 (5-10) 9 (6-12) 9 (8-12) 10 (8-14) 9 (8-13) 13 (9-17)
5.0x10%kg or greater 7 (4-10) 8 (5-11) 9 (6-13) 9 (8-14) 9 (7-13) 13 (4-28)
Indication of HDCT 0.13 0.20 0.45 0.48 0.36 0.39
First-line 7 (4-10) 8 (5-12) 9 (8-13) 9 (8-14) 9 (8-13) 13 (7-28)
Salvage 8 (5-10) 9 (5-10) 9 (6-11) 10 (8-12) 9 (7-10) 13 (4-17)
Previous history of
HDCT before PBSCT 0.94 0.34 0.091 0.79 0.96 0.78
With 7 (5-10) 8 (6-11) 9 (7-13) 10 (8-14) 9 (8-13) 13 (7-28)
Without 7 (4-10) 9 (5-12) 9 (6-12) 10 (8-14) 9 (7-12) 13 (4-24)

PBSCT: peripheral blood stem cell transplantation; WBC: white blood cell; HDCT: high-dose chemotherapy.

Results

The outcomes of PBSC harvest are presented in Table II.
In this series, a total of 111 leukapheresis sessions were
performed in 41 patients. The median number of CD34-
positive PBSCs collected during a single apheresis session
and the median cumulative number of CD34-positive
PBSCs from each patient was 8.3x10%/kg and 23.2x10%/kg,
respectively.

Table III summarizes the features of a hematopoietic
recovery following 86 PBSCTs performed in 41 patients.
The association between several factors and hematopoietic
recovery after PBSCT was then investigated. As shown in
Table IV, recovery time to a platelet number greater than
50000/ul was significantly affected by age; that is,
significantly earlier recovery of platelet count was observed
in patients younger than 35 years. However, there were no
significant differences in the recovery of WBC, neutrophils
and platelets, in relation to the other parameters examined.

Discussion

HDCT is currently regarded as one of the useful therapeutic
options for patients with advanced GCT (3-5). Furthermore,
combining PBSCT with HDCT has been shown to produce
rapid hematopoietic engraftment, reducing the duration of
neutropenia and thrombocytopenia, and decreasing the risk
of life-threatening infection and bleeding (2). However, the
significance of PBSCT in patients with advanced GCT has
not been well investigated; accordingly, in this study, we
retrospectively reviewed our experience of 86 PBSCTs

performed in 41 patients with advanced GCTs, who were
treated with HDCT.

The number of CD34-positive stem cells required for
prompt hematopoietic recovery remains controversial.
Although approximately 5x10%/kg CD34-positive cells has
been regarded as the standard dose for PBSC rescue
following HDCT (2), some recent studies suggested that a
lower dose of CD34-positive stem cells could achieve a
similar hematopoietic recovery (12). In this series, the
median cumulative number of CD34-positive PBSCs in each
patient was 23.2x10%kg, ranging from 5.4 to 196.2x10%/kg.
These findings showed that a target CD34-positive cell dose
of approximately 5.0x10%kg is easily achievable in the
majority of patients with advanced GCT. Furthermore,
patterns of hematopoietic recovery after PBSCT observed
in this series were similar to previous studies (2, 7, 8, 10),
and there were no late engraftment failures or toxic deaths.

Although factors that affect hematopoietic recovery
following HDCT and PBSCT in advanced GCT have not
been well characterized, several studies have investigated
such factors in various kinds of other malignant diseases (2, 7-
11). For example, a close association between the
administered CD34-positive cell dose and the rate of
hematopoietic engraftment after HDCT for hematological
malignancies has been reported (7, 8). It has also been
suggested that there are factors other than CD34-positive cell
dose involved in hematopoietic recovery after HDCT, such
as the gender, kind of malignant disease (i.e., hematological
versus non-hematological) and duration of previous
chemotherapy (9-11). In this series, only recovery time to
platelet count greater than 50000/ul was significantly affected
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by age, while there were no significant differences in the
recovery of WBC, neutrophils and platelets in relation to the
parameters examined. These findings suggest that the
majority of patients with advanced GCT may achieve stable
hematopoietic recovery after HDCT, by combining CD34-
positive PBSC rescue. These stable features of hematopoietic
recovery in GCT patients may be due to the younger patient
age, compared with that in other malignant diseases.

In conclusion, despite the small number of patients
analyzed in this study, the present outcomes suggest that
CD34-positive PBSCT may facilitate the prompt and stable
hematopoietic recovery following HDCT in patients with
advanced GCT, and would allow HDCT to be performed
with comparative safety in such patients, irrespective of
their individual characteristics.

References

1 Bosl GJ and Motzer RJ: Testicular germ-cell cancer. N Engl J
Med 337: 242-253, 1997.

2 Siena S, Schiavo R, Pedrazzoli P and Carlo-Stella C: Therapeutic
relevance of CD34+ cell dose in blood cell transplantation for
cancer therapy. J Clin Oncol 18: 1360-1377, 2000.

3 Schmoll HJ, Kollmannsberger C, Metzner B, Hartmann JT,
Schleucher N, Schoffski P, Schleicher J, Rick O, Beyer J,
Hossfeld D, Kanz L, Berdel WE, Andreesen R, Bokemeyer C
and German Testicular Cancer Study Group: Long-term results
of first-line sequential high-dose etoposide, ifosfamide, and
cisplatin chemotherapy plus autologous stem cell support for
patients with advanced metastatic germ cell cancer: an extended
phase I/II study of the German Testicular Cancer Study Group.
J Clin Oncol 21: 4083-4091, 2003.

4 MotzrerRJ, Mazumdar M, Bosl GJ, Bajorin DF, Amsterdam A
and Vlamis V: High-dose carboplatin, etoposide, and
cyclophosphamide for patients with refractory germ cell tumors:
treatment results and prognostic factors for survival and
toxicity. J Clin Oncol 74: 1098-1105, 1996.

5 Hara I, Miyake H, Yamada Y, Yamanaka K, Furukawa J,
Kumano M, Takenaka A and Fujisawa M: Feasibility and
usefulness of high-dose chemotherapy (high-dose ifosfamide,
carboplatin and etoposide) combined with peripheral blood
stem cell transplantation for male germ cell tumor: a single-
institute experience. Anticancer Drugs 17: 1057-1066, 2006.

4968

6 Goldman J: Peripheral blood stem cells for allografting. Blood
85: 1413-1415, 1995.

7 Kiss JE, Rybka WB, Winkelstein A, de Magalhaes-Silverman
M, Lister J, D’Andrea P and Ball ED: Relationship of CD34
cell dose to early and late hematopoiesis following autologous
peripheral blood stem cell transplantation. Bone Marrow
Transplant 79: 303-310, 1997.

8 wvan der Wall E, Richel DJ, Holtkamp MJ, Slaper-Cortenbach
IC, van der Schoot CE, Dalesio O, Nooijen W], Schornagel JH
and Rodenhuis S: Bone marrow reconstitution after high-dose
chemotherapy and autologous peripheral blood progenitor cell
transplantation: effect of graft size. Ann Oncol 5: 795-802, 1994.

9 Tricot G, Jagannath S, Vesole D, Nelson J, Tindle S, Miller L,
Cheson B, Crowley J and Barlogie B: Peripheral blood stem cell
transplants for multiple myeloma: identification of favorable
variables for rapid engraftment in 225 patients. Blood 85: 588-
596, 1995.

10 Martino M, Morabito F, Console G, Irrera G, Messina G, Pucci
G, Nardi M, Nobile F, Molica S, Cicero G, Palazzo S, Peta A,
Musolino C and Iacopino P: Differences in transplant-related
complications between hematologic malignancies and solid
tumors receiving high-dose chemotherapy and autologous
peripheral blood stem cell transplantation. Tumori 89: 385-390,
2003.

11 Oran B, Malek K, Sanchorawala V, Wright DG, Quillen K,
Finn KT, La Valley M, Skinner M and Seldin DC: Predictive
factors for hematopoietic engraftment after autologous
peripheral blood stem cell transplantation for AL amyloidosis.
Bone Marrow Transplant 35: 567-575, 2005.

12 Weaver CH, Potz J, Redmond J, Tauer K, Schwartzberg LS,
Kaywin P, Drapkin R, Grant B, Unger P, Allen C, Longin K,
Zhen B, Hazelton B and Buckner CD: Engraftment and
outcomes of patients receiving myeloablative therapy followed
by autologous peripheral blood stem cells with a low CD34+
cell content. Bone Marrow Transplant 79: 1103-1110, 1997.

Received August 11, 2006
Revised October 26, 2006
Accepted October 27, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


