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Abstract: The objective is to find out the causes of Cytopenia post-engraftment (CPE) in hematopoietic stem cell
transplantation (HSCT) for patients with β-thalassemia major (β-TM). For this, 61 consecutive β-TM patients underwent 7/8
HLA matched HSCT from January 1, 2009 to June 30, 2015 were retrospectively analyzed. Thirty-eight patients suffered from
CPE and the remainder (n=23) associated without CPE. The effect of pre-transplant ferritin (PTF) and recipient and donor age on
CPE were analyzed in the two groups. The CPE was defined as white blood cell counts less than 3.0×109/L for four weeks or
longer without infection of cytomegalovirus, human parvovirus B19 virus and Epstein-Barr virus. As result, in univariate
analysis, PTF level was a high-risk factor for CPE and significant higher in CPE group than no-CPE group (3927.9 ± 1314.9 vs
2291.0 ± 994.4 ng/ml, p=0.000). The result was also proved by multi-factor binary regression analysis (p=0.001). The optimal
value of PTF level by R language (R 2.15.2) is 2500ng/ml, which is cutoff value in the two groups. The current study showed
high PTF level was a high-risk factor of CPE for β-TM patients underwent 7/8 HLA-matched HSCT. PTF should be reduced
below 2500ng/L if the 7/8 matched HSCT must be done.
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1. Introduction
β-thalassemia major (β-TM) is an ineffective hematopoietic
or hemolytic anemia that results in an imbalanced
accumulation of alpha-globin chains due to reduced or absent
beta-globin synthesis [1, 2]. Although routine blood
transfusions and iron-chelating therapy can reduce long-term
complications and increase life expectancy [3], as well as the
gene therapy just started is likely to cure thalassemia [4],
allogeneic hematopoietic stem cell transplantation (HSCT)
remains an only proved cure for thalassemia [5]. In
thalassemia HSCT, HLA matched sibling is the optimal donor
choice, but only about one third of patients benefit from it. In
the absence of matched sibling donor, mismatched (7/8)
related and unrelated donor and cord blood transplants

(alternative donor transplant, ADT) have been studied [6, 7].
However, more complication, such as infections, cytopenia
post engraftment (CPE) and graft versus host disease (GVHD)
have been observed in ADT. Of them CPE is one of the
commonest complication after ADT. The possible causes
include infection, GVHD, medication and pre-transplant
factors (pre-transplant status, donor age, transplant type, and
HLA matched degree) [8-11].

2. Patients and Methods
2.1. Researched Object
Data of 61 patients with β-TM underwent 7/8 HLA matched (at
HLA-A, -B, -C or -DRB1 antigens or allele levels) related or
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unrelated donor HSCT from January 1, 2009 to June 30, 2015
were collected in the center. Parents of all patients included in this
study signed informed consent in accordance with the Declaration
of Helsinki prior to HSCT and discussed in detail with the doctor
the basis for the risk / benefit ratio of transplantation and possible
complications, including loss of fertility. Sixty-one patients were

divided into CPE group (n = 38) and CPE-free group (n = 23)
according to the presence or absence of CPE. Pre-transplant
characteristics of two groups patients are shown in Table 1. All
patients were classified as degree II status at HSCT time according
to Nanfang Hospital’s standard [12].

Table 1. Patient and Transplant characteristics.
Clinical characteristics
Median donor age (years)
Median recipient age (years)
Pre-transplantation ferritin (ng/ml) ̅ ±
HLA matched
HLA-A
HLA-B
HLA-C
HLA-DRB1

CPE group (n=38)
31.0(25.8~37.0)
6.5(5.0~8.0)
3927.9±1314.9

No CPE group (n=23)
32.0(25.0~37.0)
6.0(5.0~7.0)
2291±994.4

total (n=61)
31.0(25.5~37.0)
6.0(5.0~8.0)
3310.7±1438.3

18(47.4%)
2(5.3%)
1(2.6%)
17(44.7%)

6(26.1%)
0(0.0%)
0(0.0%)
17(73.9%)

24(39.4%)
2(3.3%)
1(1.6%)
34(55.7%)

t/Z
-0.313*
-0.662*
5.140**

P
0.508
0.754
0

P
0.754
0.508
<0.001

Note:# CPE, cytopenias after days 28 transplantation；*Mann- Whitney U- test, ** Independent sample T- test.

2.2. Conditioning Regimen and GVHD Prophylaxis
All patients received the uniform NF-08-TM conditioning
regimen
[12],
Including
intravenous
busulfan,
cyclophosphamide, fludarabine, and thiotepa, and the dose
was adjusted according to the status before transplant by
NF-08-TM protocol. Prophylaxes of GVHD included
cyclosporine A (Cs-A) starting with intravenous injection of
1.5 mg / (kg • d) from days -10 to -2 and then increasing to 3
mg on days -1 to 25 / (kg • d), and subsequently administration
orally at targeted concentration of 200 ± 50 ng / ml. The dose
of Cs-A gradually decreased from the 60th day until it was
terminated at the end of 1 year after transplantation.
Mycophenolate Mofetil (MMF) was administered at a dose of
15 mg / kg bid on the first day after transplantation and
stopped on the 30th day if there was no sign of grade II or more
acute GVHD. Thymoglobuline (France) was used at 2.5 mg /
(kg • d) from day -3 to day -1. In addition, short-term
methotrexate was administered on days 1, 3 and 6 at doses of
15, 10 and 10 mg / m2, respectively. All patients received the
same standard cell dose (8 × 108/kg) of granulocyte colony
stimulating factor (G-CSF) primed peripheral blood stem
cells.
2.3. Support Treatment
All of the patients were given anti-cytomegalovirus (CMV)
pre-transplant emptying treatment, the CMV status was
monitored weekly by quantitative PCR for 6 months, and
patients with CMV reactivation were treated with ganciclovir
or foscarnet. G-CSF was not administered to any patients. The
threshold for red blood cell and platelet transfusion were
hemoglobin 8 g / L and platelet 20 × 103 / mm3, respectively.
For patients with iron overload, no iron-chelating therapy
should be used within one year of transplantation or prior to
discontinuing immunosuppressive drugs.
2.4. CPE Definition
Inclusion criteria: (1) peripheral blood white blood

cells<3.0 × 109 / L for 4 weeks or more; (2) neutrophil count
<0.5 × 109 / L for 4 weeks or more; (3) Hb<80 g / L for 4
weeks or more; (4) PLT <20 × 109 / L for 4 weeks or more;
(5) Autoimmune hemolytic anemia (AIHA) with a clear
clinically hemolysis and Coombs test positive .Exclusion
criteria: (1) CPE with CMV quantitation greater than 500
copies / ml by PCR monitoring; (2) CPE during ganciclovir;
(3) CPE caused by other viral infections such as parvovirus
B19, Epstein-Barr virus and herpes virus infection. All CPE
due to graft failure were not included in the study.
2.5. Statistical Methods
The characteristics of thalassemia patients were
summarized using counts and percentages for this paper.
When continuous variables are not normally distributed, the
median and quartile measurements are used .When it is
normal distribution, statistical measurements are made with
the mean and standard deviation. A single-sample T test is
used when continuous variables are normal, otherwise Mann
Whitney U test is used. Multivariate Regression Models
Hazard ratios for assessing risk factors associated with CPE
and 95% confidence intervals (95% CI) Variables with
significance levels less than 0.05 in univariate models are an
optional part of the multivariate model. In order to determine
the best fit set logarithm for any τ value in any model, log
likelihood function values for the largest logarithmic part are
recorded. The value of τ that produces the largest logarithm
part likelihood function value is the optimal value of τ. This
procedure is completely illustrated in the PTF level of the R
language (R 2.15.2). The study used the SPSS 13.0 software
package (SPSS) for analysis. P value <0.05 was considered to
be statistically significant.

3. Result
All patients were successfully engraftment. Among them,
CPE occurred in 38 cases. The cumulative incidence of CPE
in one year was 62.4% (95% CI, 33.7% -69.2%). The median
time to CPE was 153 days after transplantation (range, 44th to
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196th days) and the duration of CPE was 92 days (range, 29 to
308 days). Of the 38 patients with CPE, 33 showed only
varying degrees of leukopenia (leukopenia less than 3 × 109 /
L, 2 × 109 / L, and 1 × 109 / L in 17, 11 and 5 cases,
respectively), Two patients had thrombocytopenia, Three
patients had leukopenia with thrombocytopenia. Thirty
patients among 34 patients with leukopenia had full recovery
of leukocyte count by adjusting dose of Cs-A and / or using
MMF and tacrolimus. Another two cases with leukopenia
received Thymoglobuline (France, 5mg / kg). Of them one
resulted in normal leukocyte count and the other one had still
abnormal white cell counts around 2 × 109 / L. In addition, the
remaining two cases of leukopenia persisted for 3 months and
did not return to normal levels by the end of the study.
In univariate analysis, the study identified PTF as an
important risk factor of CPE. T test results from an independent
sample showed the normal distribution of PTF. PTF levels in
the CPE group were significantly higher than those in the
CPE-free group (3927.9-1314.9 ng / ml vs 2291.0 -994.4 ng /
ml (P <0.001; Table 1, Figure 1). Age-specific data for the
donors and recipient following the abnormal distribution were
evaluated using the Mann Whitney U test. Patients in the CPE
group and in the CPE-free group had no significant difference
in donor age (31.0 vs. 32.0, P = 0.508; Table 1, Figure 3) and
recipient age (6.5 vs. 6.0, P = 0.754, Table 1, Figure 2); PTF
was also proved to be a risk factor by multivariate logistic
regression model (P = 0.001; Table 2). According to Figure 4,
the optimal PTF level in R language (R 2.15.2; Figure 4) is
2594 ng / ml and has a variable range of 2500-3500 ng / ml.
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Figure 3. CPE group and in the no CPE group had no significant difference
in donor age.

Figure 4. The optimal PTF level in R language is 2594 ng/ ml and has a
variable range of 2500-3500/ml.

4. Discussion

Figure 1. pre-transplant ferritin in CPE groupe were significantly higher
than those in the no CPE group.

Figure 2. Patients in the CPE group and in the no CPE had no significant
difference in recipient age.

The first reports of adverse effects of iron overload on
transplant outcomes were found in a large study on patients
who underwent multiple transfused thalassemia prior to
transplantation [13]. Iron overload is currently recognized as a
poor prognostic factor in HSCT. A variety of early transplant
complications including infection, abnormal liver function,
and sinusoidal obstructive syndrome have been attributed to
iron overload. And it is also consensus that HSCT should be
performed with the closest to normal value of ferritin in the
body. However, the safety threshold of iron overload for
different type transplant is unclear. This is also the purpose of
the current study.
The occurrence of CPE seems to be associated with poor
immune recovery after HSCT, namely, an imbalance between
self-regulatory and autoreactive lymphocytes [14]. The
clinical manifestations of CPE are usually similar to
autoimmune diseases [15]. However, the exact
pathophysiology of CPE is still not fully understood.
Thalassemia patients with similar clinical features and a sound
immune system can be used as good in vivo models to study
immune recovery after transplantation.
In addition to the same disease, the study had a high degree
of concordance on conditioning regimens, GVHD prophylaxis
and transfused cell doses compared to other studies. It noticed
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that a significant association between PTF levels and CPE in
7/8 HLA-matched HSCT. When the PTF level in the entire
study cohort was less than 2594 ng / ml, the probability of
CPE was significantly reduced. In the enrolled HSCT study,
one HLA alleles mismatch increased the risk of developing
CPE, particularly involving multiple loci mismatches [16, 17].
It is well-known that one of the key factors influencing HSCT
results is HLA matched degree at HLA-A, B, C and /or DRB1
loci [18]. The study demonstrated that high levels of PTF
worsened the outcome of thalassemia mismatched HSCT and
increased the incidence of CPE.
Although serum ferritin concentration is not the best
indicator of total iron overload in the body, it remains the
most cost-effective and practical screening method for
estimating iron overload [16]. Ferritin concentrations have
been accepted as a predictor of iron overload in patients
undergoing HSCT [19, 20]. A recent report noted that greater
than 685 ng / ml of PTF was associated with a significant
reduction in overall and recurrence-free survival [21]. Altes
et al[13] have shown that ferritin concentrations greater than
3000 ng / ml and transferrin saturation greater than 100%
upon transplantation are associated with post-HSCT
toxin-related death. Majhail et al [22] PTF significantly
increased the risk of early non-recurrent death after HSCT.
In a prospective study, Pullarkat et al[23] demonstrated that
iron overload assessed using ferritin prior to transplantation
is an effective predictor of mortality and overall survival at
day 100 following HSCT. In addition to being a
pre-transplant risk factor leading to early transplant
complications and reduced survival, iron overload may also
confound clinical findings by mimicking the symptoms of
several post-transplant complications or increase the
incidence of several post-transplant complications [24].
As a heteropolymer containing 24H- and L-type subunits,
ferritin has been considered as an immunomodulatory [25].
Several evidences indicated that ferritin could inhibit the
proliferation of T cells, block the maturation of B cells and
inhibit the proliferation of bone marrow cells by reacting to
mitogens. H-ferritin has been proposed to induce regulatory
T cells to produce interleukin-10 and thereby suppress the
immune response [26]. Based on these findings, multivariate
analysis of high ferritin demonstrated that the increased
incidence of CPE in thalassemia patients may be related to
the inhibitory effect of ferritin on the adaptive immune
response. Ferritin levels are not only triggered by
iron-overload, but also included other factors such as
inflammation, infection and liver damage [27]. So, these
factors should be considered in using the conclusions of this
study. It will be helpful to more accurately analyze the
association between PTF and CPE incidence using MRI to
measure objectively liver iron content.

5. Conclusion
In summary, these results suggested that high PTF levels
increased the incidence of CPE after 7/8 HLA-matched HSCT
for thalassemia patients. PTF of 2500 ng /ml is a threshold

value that associated with a high or low incidence of CPE.
PTF level should be reduced below the threshold value when
patients with thalassemia received 7/8 HLA-matched HSCT.
In the practice, it found that there were more patients with
CPE in thalassemia HSCT. For finding out what factors may
cause CPE besides HLA mismatch, here, the study focused on
and analyzed retrospectively the effect of pre-transplant
ferritin (PTF) on CPE in 7/8 matched thalassemia transplant.
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