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Abstract. Chemotherapy-induced myelosuppression is one of
the main problems in the treatment of cancer. In the present
study, the effects of allogeneic umbilical cord blood hema-
topoietic stem cell (UCB-HSC) infusion were investigated
on the treatment of chemotherapy-related myelosuppression.
In total, 65 patients (male, 42; female, 23) diagnosed with
chemotherapy-related myelosuppression were included in the
study. The majority of the patients were classified with stage II
myelosupression at enrolment, and an average concentration of
7.07x10°/1 UCB-HSCs were transfused through the peripheral
vein. The minimum values of the white blood cell (WBC) count,
hemoglobin (Hb) level, platelet (PLT) count and Karnofsky
performance status (KPS) scores were recorded prior to and
between days 7 and 14 following UCB-HSC infusion. When
assessing the overall data, the results revealed that the mean
WBC and PLT counts increased significantly following
UCB-HSC infusion. However, the subgroup analyses based
on gender and KPS score revealed that UCB-HSC infusion
was more successful in male patients and those with a higher
KPS score. Spearman's correlation analysis revealed a linear
correlation between the number of transfused UCB-HSCs and
the changes in the WBC and PLT counts following treatment.
In conclusion, the results indicated that peripheral vein infu-
sion of non-human leukocyte antigen matched UCB-HSCs can
markedly improve chemotherapy-related myelosuppression in
a safe and effective manner.

Introduction

Currently, conventional chemotherapy is one of the main
approaches for the treatment of numerous forms of advanced
cancer. Increasing the dose intensity (DI) of chemotherapeutic
drugs is considered to enhance their ability to kill cancer
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cells and reduce the occurrence of drug resistance. However,
increasing the DI is not feasible due to the resultant chemo-
therapy-induced myelosuppression (1,2). At present, strategies
for the management of chemotherapy-induced myelosuppres-
sion are limited. Furthermore, the therapeutic effects vary
significantly among individuals, and a number of adverse reac-
tions have been observed. Therefore, an improved therapeutic
method is urgently required to solve this problem.

In 1988, Dr Eliane Gluckman successfully treated a child
with Fanconi anemia by performing the first umbilical cord
blood (UCB) hematopoietic stem cell (HSC) transplantation,
which demonstrated that UCB-HSC transplantation may be
a promising tool for the treatment of blood system impair-
ments (3,4). Traditional allogeneic UCB-HSC transplantation
requires partial human leukocyte antigen (HLA) matching, abla-
tion of the recipient's marrow and immunosuppression following
transplantation (5,6). These requirements significantly limit the
broad application of UCB-HSC transplantation in patients with
chemotherapy-related myelosuppression. However, a number
of studies have shown that non-HLA matched allogeneic
UCB-HSC transplantation exerts no risk of graft-versus-host
disease (GVHD), and encouraging clinical therapeutic
effects have been observed in the treatment of degenerative
diseases (6-8). The underlying mechanism of the cord blood
stem cells is hypothesized to be largely a result of the secre-
tion of a number of growth factors, which are considered to
be central in the repair of injured cells. However, transplanted
UCB-HSCs are not permanently engrafted in the recipient's
bone marrow, as transplanted HSCs are eliminated by the host
immune system after a certain period of time (6). These obser-
vations indicate that non-matched UCB-HSCs may be useful in
the treatment of chemotherapy-related myelosuppression.

In the current study, the clinical observations following
the application of allogeneic UCB-HSC transplantation for
the treatment of chemotherapy-related myelosuppression were
investigated.

Materials and methods

Subjects. In total, 65 patients (male, 42; female, 23; age range,
22-83 years; average age, 59.32 years) that had been diag-
nosed with chemotherapy-related myelosuppression were
included in the study. Written informed consent was obtained
from the patient. These patients had a variety of cancer types,
including lymphoma, lung cancer, gastric cancer, colorectal
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Table I. Values of three blood-related parameters and KPS scores prior to and following UCB-HSC transplantation.

Groups WBC (x10°/1) PLT (x10°/1) Hb (g/1) KPS
Before treatment
Total 4.82+2.41 154.20+94.50 105.75+£20.90 60.00+£19.28
Males 4.85+2.23 150.88+96.50 109.52+20.00 59.28+19.68
Females 4.75+2.76 160.26+92.57 08.87+21.16 61.30+18.90
KPS =60 4.49+2 44 153.95+73.01 109.07+21.78 70.89+9 .25
KPS <60 5.56+2.24 154.75+133.19 98.30+16.96 35.50+11.91
After treatment
Total 5.92+2.51° 172.66x105.08° 107.02+21.45 67.23+18.83°
Males 6.14+2 45° 181.62+112.83° 108.90+22.73 65.00+18.38°
Females 5.53+2.62* 156.30+89.24 103.56+18.89 71.30+19.38°
KPS =60 5.71+2.54° 168.29+65.59° 110.00+20.25 77.33+8.89°
KPS <60 6.42+2.43 182.50+164.58 100.30+23.06 44 .5+15.04°

Results are expressed as the mean + standard deviation. *P<0.05 and "P<0.01, vs. values prior to treatment. WBC, white blood cell; PLT,

platelet; Hb, hemoglobin; KPS, Karnofsky performance status; UCB, umbilical cord blood; HSC, hematopoietic stem cell.

cancer, nasopharyngeal carcinoma and breast carcinoma,
all of which were confirmed by a biopsy examination. All
the patients received the conventional dose of chemo-
therapy (1,2). The chemotherapy drugs administered were
pemetrexed, gemcitabine, paclitaxel, docetaxel, cisplatin,
carboplatin, nedaplatin, fluorouracil, oxaliplatin, irinotecan,
cyclophosphamide, epirubicin and vindesine. Certain patients
also received radiotherapy. The majority of patients enrolled
were classified with stage II myelosuppression (as defined by
National Cancer Institute common toxicity criteria) prior to
the initiation of UCB-HSC infusion (1,2). A routine blood
examination was conducted for each patient to determine
the minimum values of the white blood cell (WBC) count,
hemoglobin (Hb) level and platelet (PLT) count prior to the
stem cell treatment, which were found to be 0.32x10%/1, 69 g/1
and 25x107/1, respectively. Drugs that may have affected the
blood cell counts, including granulocyte colony-stimulating
factor (G-CSF), granulocyte-macrophage colony-stimulating
factor (GM-CSF), erythropoietin (EPO) and thrombopoietin
(TPO), were avoided for at least two weeks prior to and two
weeks following UCB-HSC infusion.

Treatment procedure. UCB was donated by the Obstetrics
Department of Renmin Hospital of Wuhan University
(Wuhan, China), and was harvested in the third stage of labor.
HSCs were prepared in the stem cell laboratory of the Cancer
Center of Renmin Hospital. The study was approved by the
Ethics Committee of Renmin Hospital. The procedures for
UCB collection, separation, preservation and testing were
performed according to a previously described protocol (8,9).
UCB-HSCs that were confirmed to be non-HLA matched and
non-ABO matched were stored in 100-ml suspensions, with
an average concentration of 7.07x10%1 and cell viability of
>90%. The cells were transfused via a needle with a diameter
of 0.9 mm through the peripheral vein. To avoid a transfu-
sion reaction and GVHD, 5 mg dexamethasone was regularly
administered via an intravenous drip prior to transplantation.

The vital signs of the patients were closely monitored during
the 30-min period of stem cell infusion.

Evaluation. Karnofsky performance status (KPS) scores were
determined priorto and following UCB-HSC transplantation (10).
In addition, routine blood tests were performed prior to treat-
ment and between days 7 and 14 following treatment. Laboratory
parameters, including the WBC and PLT counts and the Hb
level, were recorded and analyzed.

Statistical analysis. SPSS version 12.0 (SPSS, Inc. Chicago, IL,
USA) for Windows was used for statistical analysis, and the data
are expressed as the mean + standard deviation. A paired t-test
was used to analyze the differences between parameters prior
to and following treatment. In addition, Spearman's correlation
analysis was performed to analyze correlations among the vari-
ables. All the calculated P-values were two-tailed, and P<0.05
was considered to indicate a statistically significant difference.

Results

Overall data analysis. As shown in Table I, the mean
WBC count, Hb level and PLT count of the patients prior
to treatment were 4.82+2.41x10%1, 105.75£20.90 g/1 and
154.20+£94.51x10%/1, respectively. Following UCB-HSC
transplantation, these values increased to 5.92+2.51x10%/1,
107.02+21.45 g/l and 172.66+105.08 x 10%/1, respectively, with
the WBC count increasing by 22.98% (P=0.0001) and the PLT
count increasing by 11.97% (P=0.01). These differences were
found to be statistically significant.

Subgroup analysis. When analyzed according to gender, the
WBC count in the males (n=42) increased from 4.85+2.23x10°/1
to 6.14+2.45x10°/1 (P=0.003), while the PLT count increased
from 150.88+96.50x107%/1 to 181.62+112.84x10°%/1 (P=0.004).
In the female group (n=23), a statistically significant differ-
ence was not observed in the PLT count following stem cell
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Figure 1. Linear correlation (r=0.289, P=0.019) between the number of trans-
fused UCB-HSCs and the AWBC (WBC count after treatment - WBC count
before treatment). WBC, white blood cell; UCB, umbilical cord blood; HSC,
hematopoietic stem cell.
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Figure 2. Linear correlation (r=0.271, P=0.029) between the number of
transfused UCB-HSCs and the APLT (PLT count after treatment - PLT count
before treatment). PLT, platelet; UCB, umbilical cord blood; HSC, hemato-
poietic stem cell.
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Figure 3. Linear correlation (r=0.095, P=0.449) between the number of trans-
fused UCB-HSCs and the AHb (Hb level after treatment - Hb level before
treatment). Hb, hemoglobin; UCB, umbilical cord blood; HSC, hematopoietic
stem cell.
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treatment. However, the WBC count increased significantly
from 4.75+2.76x10%/1 to 5.53+2.63x10°/1 (P=0.03), which was a
16.44% increase (Table I).

Next, the patients were divided into two groups according
to their KPS score (=60 and <60 points). The WBC and
PLT counts in the group with a KPS score of =60 (n=45)
increased from 4.49+2.44x10°/1 and 153.96+73.01x10%/1
to 5.71+2.54x10°/1 and 168.29+65.59x10%/1, respectively
(P=0.0001 and 0.037, respectively). However, in the patients
with a KPS score of <60 (n=20), no statistically significant
differences were observed in the WBC count, PLT count or
Hb level (Table I).

Correlation analysis. To determine whether the actual
number of UCB-HSCs transfused into the patients was
associated with the changes in the WBC count (Fig. 1), PLT
count (Fig. 2) and Hb level (Fig. 3) following treatment, three
scatter plots showing these data were constructed. Notably,
the scatter plots revealed that the three parameters tended to
change with the number of transfused stem cells. Spearman's
correlation analysis was subsequently conducted and linear
correlations were observed between the number of trans-
fused UCB-HSCs and the AWBC (WBC count following
treatment - WBC count prior to treatment; correlation coef-
ficient, 0.289; P=0.02) or the APLT (PLT count following
treatment - PLT count prior to treatment; correlation coef-
ficient, 0.271; P=0.03).

KPS score. Following UCB-HSC transplantation therapy, the
majority of patients reported noticeable subjective improve-
ments in numerous symptoms, including fatigue, anorexia,
dizziness and chest congestion. As shown in Table I, the KPS
scores increased significantly following stem cell treatment
(P<0.01).

Adverse reactions. No serious adverse reactions were
observed in the stem cell treatment patients. In addition, there
were no transfusion reactions, evidence of GVHD or cases of
morbidity and mortality attributable to the stem cell transplant
procedure.

Discussion

In addition to surgery, chemotherapy is well-recognized as one
of the most important anticancer interventions. The therapeutic
efficacy and overall survival rate associated with chemotherapy
are constantly increasing. However, chemotherapy-induced
myelosuppression limits the possible intensity and progress
of chemotherapy. Although several solutions to the problem
of chemotherapy-induced myelosuppression have emerged
in recent decades, including G-CSF, GM-CSF, interleukin
(IL)-11, EPO, TPO or even blood component infusion (2),
these therapies have been found to have certain disadvantages
in clinical practice. For example, these therapeutic methods
are accompanied by numerous adverse reactions, including
edema, headache, fever, palpitation, nausea, vomiting, dizzi-
ness, insomnia, dyspnea, rash, conjunctival congestion and
muscle and joint pain. Furthermore, their therapeutic effects
vary greatly among individuals and the exact efficacy remains
unknown (2,10,11).
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Bone marrow is the source of all hematological cells in the
human body, and the majority of blood cells are generated by
HSCs or hematopoietic progenitor cells in the bone marrow.
HSCs have the capacity to self-renew and generate multiple
progenitor cell and mature cell types (12); thus, in theory, the
cells are widely applicable in clinical practice. Compared with
stem cells derived from the bone marrow and peripheral blood,
those derived from the UCB may be a better source for trans-
plantation due to their various advantages, including their rich
source, strong regeneration ability and weak antigenicity to cord
blood lymphocytes, as well as the low incidence and severity of
GVHD with their use. Furthermore, UCB-HSC transplantation
can be performed even if there are one or two differences in the
HLA between the donor and recipient. Therefore, this treatment
does not require any HLA matching or use of immunosup-
pressives (13). Moreover, the incidence of infection following
UCB-HSC transplantation is low, the response is rapid and the
cost is relatively low. Thus, UCB-HSC transplantation may be a
promising therapy in numerous fields of medicine (13-15).

Previous studies have reported that the use of UCB-HSCs
in the treatment of myelosuppression may activate the
bone marrow (5,7,19). UCB has been shown to be abundant
in hematopoietic growth factors, including G-CSF (16),
GM-CSF (5), EPO (16), IL-2 (16), IL-6 (16,17), insulin-like
growth factors (18) and steel factor (7). The expression levels
of these growth factors are significantly higher in UCB
compared with the peripheral blood. Following transfu-
sion, UCB-HSCs strongly activate stem cells in the bone
marrow, thereby playing an important role in the treatment
of myelosuppression (5,7,19). Zhang et al (7) summarized the
clinical function of UCB-HSC:s as follows: i) Specific stimula-
tion, where UCB is able to stimulate hematopoiesis in the host
to reverse anemia and granulocytopenia; and ii) non-specific
stimulation, where the subjective symptoms of the patients
improve significantly following UCB transplantation.

UCB is rich in not only hematopoietic growth factors,
but also HSCs, which may be responsible for producing the
majority of the aforementioned growth factors (5). The HSCs
in UCB release hematopoietic growth factors and stimulate
hematopoiesis following infusion. Subsequently, the function
of hematopoiesis is gradually restored in the activated bone
marrow. An et al (20) treated 52 patients with chemotherapy-
and radiotherapy-induced myelosuppression using UCB-HSC
transplantation, and found that the WBC and red blood cell
counts in the patients significantly and rapidly improved
following treatment, although the increase in the PLT count
was less significant.

In the present study, the 65 patients exhibited similar results,
with only a few differences. Furthermore, GVHD did not
occur in any patient. Following transplantation, the majority of
the patients achieved a higher KPS score and marked improve-
ments in a number of clinical symptoms, including fatigue,
loss of appetite, dizziness and chest congestion. At two weeks
after treatment, the blood circulation impairment caused by
myelosuppression recovered, with the WBC and PLT counts
increasing by an average of 22.82 and 11.97%, respectively.
However, the difference in the Hb level prior to and following
treatment was not significant. Additional subgroup analysis
based on the gender and KPS scores revealed that male patients
and those with a good KPS score appeared to benefit more
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from stem cell transplantation compared with female patients
and those with a poor KPS score, respectively. In addition,
the AWBC and APLT in each patient was found to positively
correlate with the number of stem cells transfused. These
observations indicated that increasing the number of stem
cells transfused may promote the restoration of bone marrow
function in patients with myelosuppression. The possibility
that the bone marrows of male patients and patients with a
good performance status showed a better response to growth
factors released by UCB-HSCs was considered. Furthermore,
it was hypothesized that UCB-HSCs stimulate different types
of blood cells via different mechanisms. In future studies,
these issues should be addressed.

In conclusion, the results of the present study demonstrated
that peripheral vein infusion of non-HLA matched UCB-HSCs
markedly improved chemotherapy-related myelosuppres-
sion in a safe and effective manner. In addition, UCB-HSC
infusion was shown to significantly ease the symptoms of
myelosuppression; however, the therapy was more effective in
male patients and patients with a good KPS status. In order
to achieve greater therapeutic benefits, increasing the number
of UCB-HSCs in each infusion, or the number of infusions,
may be considered. Further research into the subgroup differ-
ences observed in the present study and potential strategies for
increasing the number of stem cells delivered per infusion are
currently under investigation.
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