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Alterations of hemostasis have been observed following hematopoietic stem cell transplantation (HSCT). In thalassemia diseases, the evidences
of coagulation stimulation have been observed in patients with thalassemia major with and without splenectomy. The comparison between
thalassemia disease before and after HSCT, and malignancy has never been reported. The hemostasis parameters in 8 patients with thalassemia
disease and 10 patients with malignancy before, day 0, days 14, days 30, days 60, days 90, and days 180 of HSCT were studied. The median (range)
ages in thalassemia, malignancy and normal control groups were 8.5 (2 to 17), 11.0 (2.0 to 19.0) and 10.0 (0 to 16.0) years, respectively (p=0.42).
D-dimer level was significantly higher during days 14 to 60 of HSCT in both groups when compared to the normal control group. Protein C and
antithrombin activities were significantly lower during HSCT in thalassemia when compared to the malignancy and normal control groups, while,
no changes of anticoagulation proteins in malignancy group were observed.
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Hematopoietic stem cell transplantation (HSCT)
is the treatment for malignancies, such as leukemia,
lymphoma and solid tumors, hematologic diseases,
such as severe aplastic anemia and thalassemia, and
immunologic diseases, such as severe combined
immune deficiency and chronic granulomatous
disease. Although HSCT has advantages in curing the
diseases, there are several complications that required
close monitoring and prompt management(".

Abnormal hemostasis is one of the complications
after HSCT, resulting in either bleeding or
thromboembolism (TE). The incidence of bleeding
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has been reported to be as high as 84.3%@. The
locations of bleeding are the gastrointestinal tract,
central nervous system, lungs, genitourinary tract and
skin®. Patients receiving anticoagulant and having
graft versus host disease (GvVHD) increase risk of
bleeding™. On the other hand, the incidence of TE has
been reported to be as high as 29%®. The reported TE
include veno-occlusive disease (VOD) or sinusoidal
obstruction syndrome (SOS), venous and arterial
TE, microangiopathic hemolytic anemia (MAHA)®.
Patients with history of venous TE and having GvHD
increase risk of TE®. Bleeding or TE leads to an
increased mortality risks, with the odds ratio of 1.5 to
2 compared to those without complications®.

The etiologies of abnormal hemostasis
relate to high doses of chemotherapy, radiation,
immunosuppressive agents, and infections that cause
endothelial injury, resulting in increasing tissue
factor, von Willebrand factor (vWF), and soluble
thrombomodulin. The coagulation stimulations
are shown by the increased thrombin antithrombin
complex (TAT) and prothrombin fragment (F1+2).
In turn, this stimulation consumes anticoagulation
proteins, as indicated by decreased protein C (PC),
protein S (PS) and antithrombin (AT) activities. After
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hemostasis is activated, the fibrinolysis results in
elevated D-dimer®©.

The alterations of hemostasis during HSCT
were reported by Vannucchi et al. The present study
was performed on days 7, 14 and 21 in 15 patients
underwent autologous HSCT and 14 patients
underwent allogeneic HSCT. It was found that
fibrinogen, vWF and factor VIII activity increased,
but the activities of PC, factor VII and plasminogen
decreased”. Lee et al also studied the hemostasis
changes between days 0 to 21 of HSCT in patients
underwent allogeneic HSCT. It was found that PC
and AT activities significantly decreased in moderate
and severe VOD patients when compared to those
with mild or no VOD®. Tamaki et al studied 26
patients, from which 16 patients survived, and 10
patients did not. It was found that the latter group had
significantly low levels of PC and AT activities from
week 1 through to week 3 after HSCT. From week
1 to 5, thrombomodulin and tissue type plasminogen
activator-plasminogen activator inhibitor-I complex
levels (tPA-PAI-1 complex) were significantly
higher in the former group than in the latter group.
Through week 1 to week 13, D-dimer or soluble
fibrin monomer levels were significantly higher in
the latter group than in the former group®. The other
study was from Matsumoto T et al which included 39
patients. It was found that TAT, D-dimer, tPA-PAI-1
complex were significantly higher in GVvHD group?.
Most of the studies mentioned above enrolled
patients with malignancies such as leukemia, chronic
myeloid leukemia and myelodysplatic syndrome. In
thalassemia, the coagulation stimulations have been
demonstrated, mainly due to the abnormal red blood
cell surfaces, platelet, and endothelial activation.
After HSCT, thalassemia patients showed increased
coagulation stimulation and decreased anticoagulation
proteins'". But, a study compared hemostatic change
between thalassemia disease and malignancy has
never been reported. Therefore, the present report
aimed to demonstrate the changes in coagulation
markers and anticoagulation proteins in severe
thalassemia compared to malignancy patients from
prior to, day 0, days 14, days 30, days 60, days 90 and
days 180 of HSCT. The present study was approved
by the Ethics Committee of the Faculty of Medicine
(ID 02-54-24).

Case Report

All consented patients were diagnosed with
severe thalassemia diseases and malignancies. The
normal controls (NC) were normal children who

1371

were healthy and had no history of bleeding or TE.
Blood samples were collected from all patients prior
to HSCT and on day 0 (day of stem cell infusion),
days 14, 30, 60, 90, and 180 after stem cell infusion
or HSCT. All the blood specimen was collected
in the morning, before transfusion. Laboratory
testing included coagulation markers (TAT, F1+2
and D-dimer) and anticoagulation proteins (PC,
PS, and AT activities). TAT and F1+2 levels were
measured by commercial sandwich enzyme linked
immune absorbance (ELISA) (Dade Behring®), and
D-dimer (VIDAS®) was measured by enzyme linked
fluorescent assay (EIFA). PC and AT activities were
measured by chromogenic assay and PS activity
was measured by automated coagulation functional
assay. The SPSS Statistics, version 17.0 (SPSS Inc.,
Chicago, IL, USA), specifically independent samples
t-test and the Mann-Whitney U test, was used to
analyze the differences between patients and NC.
During follow up appointments, the Friedman test was
used to determine the differences in parameters. The
diagnosis of VOD was determined by the criteria of
hyperbilirubinemia >2 mg/dL, painful hepatomegaly,
and weight gain >2% form baseline, before day 20
after HSCT!?, The severity of VOD was classified
into three groups: mild, in which no treatment was
required, moderate, in which treatment with diuretic
or analgesia was required and lastly severe, in which
patients either did not recover within 100 days after
HSCT or succumbed to death?.

Total number of subjects was 58, 18 were patients
(10 malignancies, 8 thalassemia diseases) and 40
were NC. The median (range) ages in malignancy,
thalassemia and NC groups were 11.0 (2.0 to 19.0),
8.5(2to 17) and 10.0 (0 to 16.0) years, respectively,
(p=0.42). The female to male ratio in patients and
controls was not significantly different, at 1 to 1.5,
1.7 to 1 and 1 to 1.4, respectively, (p=0.55). Types
of HSCT and conditioning regimens were described
in Table 1. Six patients (75%) in thalassemia group
developed fever during HSCT; however, only one
patient documented of BK virus infection while
8 patients (80%) in malignancy group developed
fever; however, 2 patients documented pneumonia
and BK virus infection. GvHD prophylaxis for
matched related donor (MRD) was cyclosporine A and
methotrexate and matched unrelated donor (MUD)
was tacrolimus and methotrexate. Acute GvHD was
found in 3 patients in thalassemia group (37.5%) and
3 patients (30%) in malignancy group (Table 1).

D-dimer levels were significantly higher on days
14 and 30 in malignancy group, and days 30 and 60
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Table 1. Data of 18 patients who underwent hematopoietic stem cell transplantation

Number Sex  Age Diagnosis Conditioning ~ Type of Complication Transfusion
(year) regimen HSCT GVHD VOD Hemorrhage PRC (mL/kg) Platelet (U/kg)
1 F 8.8 E/B thalassemia Bu/Cy MRD No No No 49.5 0.2
2 F 9.3 E/B thalassemia Flu/Bu/Cy/ATG MRD No No Skin 366.3 2.1
3 F 2.8 E/B thalassemia Bu/Cy MRD No VOD No 122.1 1.0
4 M 8.4 E/B thalassemia Flu/Bu/Cy/ATG ~ MUD Skin  VOD Hemorrhagic cystitis 101.3 0.9
5 M 17.4 E/B thalassemia Flu/Bu/ATG MRD Skin No No 21.5 0.1
6 F 10.9 E/B thalassemia Flu/Bu/ATG MUD Skin  VOD Epistaxis/ 84.0 0.9
hemorrhagic cystitis

7 M 5.6 Hb H disease Bu/Cy MRD No No Skin 78.0 0.3
8 F 4.4 E/B thalassemia Bu/Cy MRD No No No 335 0.4
9 F 12.4 ANLL Flu/Bu/ATG MRD No No Skin 123.0 0.9
10 M 12.5 Medulloblastoma Carbo/Eto/Mel Auto No No No 15.7 0.1
11 F 149 Hodgkin lymphoma BCNU,Eto/Cy Auto No No  Hemorrhagic cystitis 9.3 0.1
12 F 238 Wilm'’s tumor Carbo/Eto/Mel Auto No No No 30.9 0.5
13 F 20.7  Non-Hodgkin lymphoma  BCNU/Eto/Cy Auto No No No 6.1 0.1
14 M 10.2 Neuroblastoma Flu/Bu MRD Liver  No Epistaxis/skin 19.6 0.6
15 M 4.6 ALL Ara/Cy/TBI MRD Skin No Epistaxis 19.2 3.6
16 M 15.4 ANLL Bu/Clofarabine MRD Skin  No No 34.8 0.2
17 M 4.0 Neuroblastoma Car/Eto/Mel Auto No VOD Gastrointestinal/skin 212.4 2.2
18 M 13.8  Non-Hodgkin lymphoma BCNU/Eto/Cy Auto No No No 0.0 0.1

ALL=acute lymphoblastic leukemia; ANLL=acute nonlymphocytic leukemia; GvHD=graft versus host disease; HSCT=hematopoietic stem cell transplantation;
MRD=matched related donor; PRC=packed red cell; VOD=veno-occlusive disease

Bu/Cy: busulfan 1.1 mg/kg/day (4 days) and cyclophosphamide 50 mg/kg/day (4 days); Flu/Bu/ATG: fludarabine 30 mg/m?/day (6 days), busulfan 1.1
mg/kg/day (6 days), antithymocyte globulin [Fresenius 10 mg/kg/day (4 days), thymoglobulin 1.5 mg/kg/day (4 days)]; Carbo/Eto/Mel: carboplatin 375
mg/m?/day (4 days), etoposide 300 mg/m?/day (4 days) and melphalan 60 mg/m?/day (3 days); Flu/Bu/Cy/ATG: fludarabine 30 mg/m?/day (6 days),
bufulfan 1.1 mg/kg/day (4 days), cyclophosphamide 50 mg/kg/day (4 days); BCNU/Eto/Cy: BCNU 100 mg/m?/day (3 days), etoposide 800 mg/m?/day
(3 days) and cyclophosphamide 1.5 g/m?/day (4 days), Bu/Clofarabine: busulfan 130 mg/m?/day (4 days) and clofarabine 375 mg/m?/day (4 days); Ara/
Cy/TBI: ara-c 3 g/m?/day (4 days) and cyclophosphamide 45 mg/kg/day (2 days); Flu/Bu: fludarabine 35 mg/m?/day (6 days) and busulfan 130 mg/m?
(4 days); Flu/Cy/ATG: fludarabine 30 mg/m?/day (6 days), cyclophosphamide 60 mg/kg/day (2 days), and Fresenius 10 mg/kg/day (4 days)

in thalassemia group when compared to the level in
NC group. When compared between malignancy and
thalassemia groups, D-dimer level was significantly
higher in thalassemia group on days 60. TAT levels
in both groups were not significantly different when
compared to the level in NC group. The difference was
observed to be higher in malignancy group on days
90 when compared to the thalassemia group. F1+2
levels were not different among the 3 groups (Table 2).

PC levels were significantly lower in thalassemia
group on pre-HSCT, day 0, days14, 30, 60, 90, and
180 of HSCT when compared to the NC group. PC
level was significantly lower in thalassemia group
on days 30 and 90 of HSCT when compared to the
malignancy group. PS levels were significantly lower
in thalassemia group on pre-HSCT, days 30 and 60
of HSCT when compared to the levels in malignancy
group. AT levels were significantly lower in
thalassemia group on pre-HSCT, days 14, 30, 60, and
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90 of HSCT when compared to the level NC group.
AT level was significantly lower in thalassemia group
days 30 when compared to the level in malignancy
group (Table 2).

All blood transfusion was filtered and irradiated.
Most of all platelet transfusion was prepared from
apheresis technique. Patients in MRD or MUD HSCT
group had significant higher total PRC transfusion
until day 180 more than those in autologous HSCT
group [57.7 (19.2 to 366.5) versus 12.5 (0 to 212.4)
mL/kg, p=0.03]. However, no significant difference
in platelet transfusion was demonstrated [0.5 (0.1
to 3.6) versus 0.1 (0.1 to 2.2) U/kg, p=0.109].
Thalassemia patients received higher amount of PRC
when compared to the malignancy group [81.0 (21.5
to 366.3) mL/kg versus 19.4 (0 to 212.4), p=0.043].
However, no significant differences of platelet
transfusion between the 2 groups [0.2 (90.1 to 2.1)
versus 0.4 (0.1 to 3.6), p=0.5].

1372



5F Z 2.8 § 7 ¢ Eleven bleeding episodes, one of which required
g5 |® Ef PC B f: % RE a PRC transfusion, were shared by 9 individual
: = H "B - patients. Four patients were in thalassemia group
g ¢ = § % 3§ &g and 5 patients were in malignancy group. Fifty-five
BlE|2 g B ; SF- 2 £z 82 Ze percent of those bleeding episodes occurred on day
H g/ 8 "1 &8 B/ & B 0 and days 14 of HSCT. Bleeding manifestations
: s § - § = 5 = were mucosal bleeding in four patients, petechial
% 55 & 2 gt B i 2 i es 23 hemorrhage in four patients and hemorrhagic cystitis
£l 8 8 & g 8 2 § in three patients. Moderate VOD was found in four
- Bl - - patients between days 8 to 22 of HSCT (Table 1), 3
3 .5 3 g .3 2 5 .5 o5 % patients were in thalassemia group and 1 patient was
£12|": " 2 3§ = 3 in malignancy group. Patients with VOD recovered
3 ; - after supportive treatment, no anticoagulant and
g mg? " @g L8 8 g fibrinolytic agents were required.
s 3 Eg % 3 Eé gg gé §§ Parameters in four patients with VOD and 14
N = B - patients without VOD, including TAT, F1+2, D-dimer,
g 8§ = § g g Z PC, PS and AT activities prior to and on the days
Bl 5|8 82 w: 83 e 8% w: of HSCT, as well as on days 14, were compared to
5 & s % £ & = & predict the occurrence of VOD. The parameters which
; 5 8 o 2 5 5 = had statistical significance was AT level at pre-HSCT
IR 52 95 8% &5 B &35 which was significantly lower in VOD group [74.0
£l 8§ ¢ § g 8 % (56.0 to 93.0)] when compared to non-VOD group
s 8 . % 2 o = % [90.0 (77.0 to 925.0)], p=0.031.
— S 28 8 g% e GE 33 8
f "R CiEn il GE £ Discussion
3 : i g TE To the authors’ knowledge, the present report
g g ﬂg g H§ M g g was the longest prospective study of long-term
11| %2 82 %: A2 o3f B sc £ 2 follow-up of hemostasis changes for 6 months
T - A E = of severe thalassemia diseases and malignancies
s & . 2 5 2 =|& g after HSCT. The 2 groups, before HSCT, had the
2l g% 22 o} 5% 25 =2 2% f_ g differences of platelet counts which was higher
= & i § 8 g g g g 5 & in thalassemia group and PS which was lower in
; H - - - thalassemia group. In addition, the levels of PC and
g ; .8 - EE E o? é 5 AT were lower in thalassemia group when compared
= s s’é "’g T2 $§ ] E g to the NC. These findings may be explained by the
§ - - ‘g g hypercoagulable state in thalassemia diseases, more
.é 2 @% B m% 28§l E" than that in malignancies, resulted in consumption
s |3 a8 §§ “ s BH 2 BE 5218 of anticoagulation proteins as shown in the previous
5|3 £ 3 5 g £ = & 3: g study'D and the present study.
g E s 8 . § = = 3|1 S After HSCT, D-dimer, one of the coagulation
% 2| 3|5 83 .5 %% 5 55 " : § markers increased on days 14 and 30 of HSCT in
2 R i ¢ z : g é malignancy group while the increment was observed
= - - £ g on days 30 and 60 of HSCT in thalassemia group when
% 2| 2 gg .2 8 B mg? g c§ é E compared to normal subjects. Another coagulation
2 |E|2 Eé 3% 3 “é °°§. 2 °"§ £ = marker, F1+2 levels were also increase on day 0
g 7; N N - % % and days 30 in malignancy group when compared
2 g 2 ;E é g g g g % g to normal subjects. The highest levels were on days
5 |E|g|5s 82 °: 52 &: Sé g - 14 and 30 of HSCT. These results suggested that the
2 M =& 8 ° = & g = coagulation stimulation was observed during HSCT
S s . 2 g g g |£ 8 and gradually decreased after days 60 of HSCT. These
2 |8 : s2 F £ f O f 5% findings were similar to the previous studies*'*'9),
£ |2 : 225 & & ¢z = |&BY The changes of anticoagulation proteins including
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PC, PS, and AT activities were observed. PC activity
decreased prior and post HSCT throughout the follow
up visit in thalassemia group while PC activity
was stable in malignancy group. PS activities in
thalassemia group were lower than the levels in
malignancy group at prior, days 30 and 60 of HSCT.
The AT activities were lower in thalassemia group
when compared to the levels in normal subjects until
days 90 of HSCT. The lowest level was on days 30
of HSCT, similar to the previous studies®!®!415,
These findings suggested that the consumption of
anticoagulation proteins in thalassemia group was
demonstrated since the time before HSCT, maximized
around days 14 to 30, until days 180 of HSCT. The
pathogenesis of coagulation stimulation during HSCT
has been reported to relate mainly to the endothelial
activation causing elevation of tissue factor®® which
may be higher in thalassemia when compared to the
malignancy group.

The incidence of bleeding complication in the
present study was 50% which was lower than the
previous report of 73.5% in patients underwent
autologous HSCT and 84.3%in patients underwent
allogeneic HSCT®. The incidence of VOD in the
present study was 22.2%, which was higher than
the previous report at 4.7%®. The present finding
may be explained by the difference of type of HSCT
and conditioning regimens, including the higher
percentage of regimens containing Busulfan, a
chemotherapeutic agent which increases the risk of
VOD®.The bleeding complication and VOD occurred
during 4 and 3 weeks of HSCT respectively. The time
period of these complications were similar to the
previous report®,

In the subgroup analysis, AT prior to HSCT was
significantly lower in VOD group when compared to
non-VOD group. PC level in the present study was
not significantly different as reported by a previous
study!”?. The statistically insignificant difference
in PC levels may be due to the small sample size
and the low number of VOD patients compared to
other studies"®. The lower level of AT activities may
increase risk of VOD in the present study. Other
subgroup analysis had been studied, such as bleeding
and GvHD, and no significant difference in any
parameters was identified. Thalassemia group had
higher number of patients with VOD which may be
explained by the differences in conditioning regimens,
types of HSCT and levels of anticoagulation proteins
when compared to the malignancy group.

In summary, the present report suggested delayed
recovery of anticoagulation proteins in thalassemia
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patients underwent HSCT when compared to patients
with malignancy; although, there were limited number
of patients in each group. The different in proportion
of allogeneic and autologous HSCT between the 2
groups may also affect the results of the present report.

What is already known on this topic?
Both Thalassemia and HSCT activate hemostasis.

What this study adds?

Delayed recovery of anticoagulation proteins was
demonstrated in thalassemia disease after HSCT when
compared to malignancy. These results may add to the
risk of developing VOD.
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