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Abstract

Objective: To investigate the effect of Danshen injection combined with prostaglandin E1 and low-dose
heparinon prevention of hepatic veno-occlusive disease (HVOD) after hematopoietic stem cell transplantation
(HSCT). Methods: A total of 126 patients undergoing HSCT between January 2008 and June 2015, received a
combined prophylactic regimen of intravenous Danshen 20-30 mil/day, prostaglandin E 120-30 pg/d, and
subcutaneous injection of low-dose heparin (100 U/kg/day) for prevention of HVOD. The incidence of HVOD and
adverse events associated with this prophylactic regimen were observed.

Results: Among 126 patients, 65 received autologous peripheral blood stem cell transplant, 34 received HLA-
identical sibling HSCT, six received HLA mismatched siblingHSCT, seven received HLA-matched unrelated HSCT,
and 14 received HLA-mismatched unrelated HSCT. No adverse reaction or coagulation disorder associated with this
prophylactic regimen was observed. Only one case with acute myeloid leukemia (CR2) developed HVOD seven
days after receiving myeloablative chemotherapy with oral busulfan and cyclophosphamide followed by HLA-
mismatched unrelated peripheral blood stem cell transplantation. This patient died of HVOD.

Conclusion: Danshen injection combined with prostaglandin E1 and low-dose heparin is a safe and effective

regimen for the prevention of HVOD after HSCT.

Keywords: Danshen injection; Prostaglandin E1; Low-dose heparin;
Hepatic  veno-occlusive  disease; ~Hematopoietic ~ stem  cell
transplantation

Introduction

Veno-occlusive disease (VOD) of the liver is a severe complication
of hematopoietic stem cell transplantation (HSCT). The incidence of
VOD is reported to range from 5% to 60% in adults and from 18% to
28% in children [1]. The risk factors for VOD include older age,
advanced disease, conditioning regimen especially oral Busulfan
regimen, HLA mismatched, unrelated donors, non-T-cell depleted
graft and positive serology results for Cytomegalovirus (CMYV),
Hepatitis B virus (HBV), or Hepatitis C virus (HCV) [2,3]. The
mortality rate of VOD is nearly 50% [4]. Currently, there is no
standard prophylactic regimen for this serious complication. Many
studies have shown that low-dose heparin, prostaglandin El, anti-
thrombin , ursodeoxycholic acid, and defibrotide, alone or
combination, were effective in preventing VOD. However, the
incidence of VOD is still high and the effects of these drugs are
controversial [5-7]. Recently, it has been reported that neither
prophylactic low-dose heparin nor lipo-prostaglandin E1 reduced the
incidence of VOD, although these prophylactic strategies did reduce
the severity of VOD [8].

Danshen injection, a Traditional Chinese Medicine formulation, has
been widely used in the treatment of coronary heart diseases,
myocardial infarction, and hypertension. Danshen is a crude herbal
drug isolated from the dried root of Salvia miltiorrhiza Bunge
(Lamiaceae). This plant is widely used in Asia, United States of
America, and the European countries for the treatment of coronary
heart disease, menstrual disorders, menostasis, blood circulation
diseases, and other cardiovascular diseases [9]. Danshen activates
blood circulation and dissipates blood stasis [10]. Its beneficial effects
are attributable to its microcirculation-improving, vasodilatory, anti-
coagulant, anti-thrombotic, anti-inflammatory, free radical
scavenging, and mitochondria-protective activities. Moreover, it has
showed beneficial effects as an anti-dementia, antioxidant, and
antitumor agent. Some reports show that Danshen injections have
inhibitory effects on platelet aggregation and prothrombolytic activity
[11]. Pharmacological studies have shown that water-soluble extracts
from Danshen can provide an alternative regimen for the prevention of
ischemic heart disease [12-15]. Danshen has also been demonstrated
to be having protective effects on liver injury models induced by
carbon tetrachloride, D-galactosamine, acetaminophen, and alcohol
[16].

The chemical constituents of S. miltiorrhiza have been studied for
more than 60 years, but research has been focused mainly on the
lipophilic  diterpenoid  quinones. In recent decades, the
pharmacological activities of the water-soluble components of S
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miltiorrhiza have been investigated, including the active constituents
magnesium lithospermate B (MLB, also called salvianolic acid B),
rosmarinic acid (RA), lithospermic acid (LA), prolithospermic acid,
ammonium potassium lithospermate B, and magnesium salvianolate E
oligomers of caffeic acids [17,18].

The purpose of this study was to investigate the effects of a
combination therapy consisting of prophylactic low-dose heparin,
prostaglandin El, and Danshen injections on VOD prevention in
patients undergoing HSCT.

Materials and Methods

Patients

One hundred and twenty-six patients underwent HSCT at the
Department of Hematology, the First Affiliated Hospital of Xian
Jiaotong University, between January 2008 and June 2015. All
procedure were in accordance with the ethical standards of the
institutional and/or national research committee and the 1964
Declaration of Helsinki. All patients provided written informed
consent for participation in the study.

Prophylactic treatment for VOD

Prophylactic low-dose heparin (Heparinsodium, Shanghai No.l
Biochemical & Pharmaceutical Co. LTD, Shanghai, China) was
injected subcutaneously at a dose of 100 U/kg/day. Prostaglandin E1
(Alprostadilinjection, Beijing Tide Pharmaceutical Co. LTD, Beijing,
China) was injected intravenously at a dose of 10 pg per 8 hour in
adults or 12 hour in children. Intravenous Danshen injections (Chiatai
Qingchunbao Pharmaceutical Co. LTD, Shanghai, China) were
provided at a dose of 30 ml/day in adults and 20 ml/day in children.
The drugs for the prevention of VOD were administered starting on
preoperative day 7 until postoperative day 30. When platelet count was
<70 x 10°/L, heparin and Danshen injections were discontinued.
When the platelet count was <20 x 10%/L prostaglandin E1 injections
were discontinued. Additionally, heparin was discontinued if the
activated partial thromboplastin time (APTT) was found to be > 1.2-
fold compared to the normal or if there were any major bleeding
episodes.

VOD definition

A diagnosis of VOD required two of the following within 20 days of
transplantation according to the Seattle clinical criteria:
Serumbilirubin>2 mg/dl, hepatomegaly, and weight gain>2% over
baseline [19].

Results

Patient characteristics

The characteristics of the study sample at the time of transplantation
are shown in (Table 1). The median age at the time of HSCT was 38
years (range: 4-63 years), and 16 patients were children. Of the 126
patients, 66 patients were diagnosed with acute leukemia, 9 with
chronic myelogenous leukemia, 39 with lymphoma and 12 with plasma
disease. Sixty-five patients received autologous hematopoietic stem cell
transplantation while 61 received an allogeneic transplantation. Ten
patients had HBV infection and one had HCV infection before
transplantation. None of the patients had abnormal liver function prior

to the start of conditioning. Preparative conditioning was mostly
ablative, including total body irradiation (TBI) (2) and chemotherapy-
based regimens (124). Graft-versus-host disease (GVHD) prophylaxis
included short-duration methotrexate (MTX), cyclosporine A (CsA),
and mycophenolate mofetil (MMF) regimens in allo-HSCT patients.

Age (years) <18 218
Number 16 110
Gender

Males 12 74
Females 4 36
Primary diagnosis

AML (18 CR) 6 33
AML(z 2" CR) 1 3
ALL (15t CR) 0 18
ALL (= 2" CR) 2 1
Acute mixed leukemia 0 2
CML

CP 4 3
AP 0 1
BP 0 1
NHL 3 33
HL 0 3
MM 0 10
Extra medullary plasmacytoma 0 2
Stem cell source

BM 0 1
PB 16 109
Donor type and HLA-match

Allogeneic, related

HLAmatch 4 30
1 Ag mismatch 0 1

2 Ag mismatch 0 1

3 Ag mismatch 1 4
Allogeneic, unrelated

HLA match 1 6
1 Ag mismatch 2 6

2 Ag mismatch 0 6
Autologous 6 59
Preparative regimen
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Allogeneic

Bu-based 9 50
TBl-based 0 2
Autologous

BEAC 4 36
CBV 1 2
Mel-based 7 1
BuCy 2 11
TBI 0 1
Others 0 1
GVHD prophylaxis

CsA+MTX+MMF 5 29
CsA+MTX+MMF+ATG 4 23

CMV serology positivity pre-transplantation

Allogeneic

Recipient only 3 15
Donor only 0 4
Recipient and donor 5 34

Autologous recipients

CMV+ 6 42

CMV- 2 15

HBV serology status, recipient

Positive 1 9

Negative 15 101

HCV serology status, recipient

Positive 0 1

Negative 16 109

Table 1: The characteristics of the study sample at the time of
transplantation

Incidence of VOD

One of 126 patients (0.79%) developed VOD. This patient had acute
myeloid leukemia, and had experienced a second remission before
receiving an unrelated allogeneic stem cell transplant. The
conditioning regimen was as follows: busulfan (4 mg/kg/day) orally on
days -7 to-4 (ie. from preoperative day 7 to preoperative day 4),
intravenous cyclophosphamide (60 mg/kg/day) on days -3 to -2,
methyl chloride hexamethylene urea nitrate Me-CCNU; 250 mg/m?/
day) orally once on day-3, and intravenous antithymoglobulin (ATG;
2.5 mg/kg/day) on days -4 to -2. On postoperative day 7, VOD was
diagnosed.

Bleeding complications and survival

The coagulation parameters such as activated partial
thromboplastintime (APTT) and prothrombintime (PT) were
monitored every week. None of the patients showed > 2-fold increase
in APTT compared to the baseline value. Most patients developed
petechia at the injection site. None, however, developed hematoma.
None of the patients showed organ bleeding due to VOD prophylaxis.

Thirty-four patients died in all, among which two died within 100
days after the transplant. Of these two died patients, the death of one
could be attributed directly to VOD, while the other died of post-
transplant lymphoproliferative disorder (PTLD).

Discussion

VOD is one of the most common complications of HSCT. Danshen,
a Traditional Chinese Medicine formulation, has been widely used in
the treatment of coronary heart diseases, myocardial infarction, and
hypertension. In this study, we tried to investigate the efficacy of
Danshen injection in the prevention of VOD.

The risk factors for VOD include transplant-related factors, as well
as patient and disease characteristics. VOD is more common after
allogeneic HSCT (allo-HSCT) accompanied by amyeloablative
conditioning regimen, or with unrelated/HLA-mismatched donors,
compared with allo-HSCT with reduced intensity conditioning
regimen and autologous HSCT (auto-HSCT) [2]. Busulfan, especially
oral busulfan, combination with cyclophosphamideis associated with
an increased risk of VOD [3]. Older age, impaired Karnofsky status (<
90) and advanced-stage disease have been reported asrisk factors for
VOD. Previous hepatic disease is also one of the main risk factors of
VOD [2]. In our study, 61 patients underwent allo-HSCT, including 21
cases of unrelated HSCT and 23 cases of HLA-mismatched allo-HSCT;
of these 61 patients, 9 had advanced-stage disease and 11 had a history
of hepatic disease. We found that a combination of prophylactic low-
dose heparin, prostaglandin E1, and Danshen injection could
effectively prevent VOD in patients undergoing HSCT. The incidence
of VOD was only 0.79%, which is far lower than the reported incidence
among both adults and children. The patients in this study were
exposed to most of the risk factors for VOD. In spite of this, only one
patient received oral busulfan as conditioning regimen and underwent
unrelated HLA-mismatched HSCT; this patient also had previous HBV
infection and advanced-stage diseases. Exposure to a range of risk
factors finally led to the development of VOD. Based on our analysis,
we postulated that VOD was successfully prevented in high-risk HSCT
patients.

Drugs used to prevent VOD include heparin, prostaglandin El,
anti-thrombin III, ursodeoxycholic acid, and defibrotide (DF), alone or
in combination. Among these, the use of heparin is still very
controversial. Some trials showed that unfractionated or low-
molecular-weight heparin decreased the risk for VOD insignificantly;
however, some showed a beneficial effect of heparin. Bleeding was
reported as an adverse event in most studies [5]. At present, heparin is
used for VOD prevention in some European Society for Blood and
Marrow Transplantation (EBMT) centers.

Prostaglandin E1 is a vasodilator with inhibitory effects on platelet
aggregation and prothrombolytic activity, and can reduce the overall
incidence of VOD. It has been reported that prophylactic low-dose
heparin or prostaglandin EI, alone or in combination, could not
significantly reduce the incidence of VOD, although these prophylactic
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strategies reduced the severity of VOD [1]. We formulated a combined
regimen consisting of heparin, prostaglandin E1, and a traditional
Chinese herb Danshen to prevent VOD. Heparin was injected
subcutaneously, whereas the other two were administered via
intravenous infusion. The results showed that these three drugs can
play a synergistic role in the prevention of VOD, and none of the
patients showed organ bleeding due to VOD prophylaxis. Most
patients just developed petechiae at the injection site; none, however,
developed a hematoma.

The incidence of post-transplantation VOD in children is reported
to range from 18% to 28%. Defibrotide (DF) has been used for
preventing VOD in children. It was reported that DF could
significantly reduce the incidence of VOD in pediatric patients
undergoing HSCT [20,21]. However, no randomized prospective study
evaluating VOD prevention with DF has so far been reported in adult
patients. In this study, there were 16 pediatric patients, and none
developed VOD; this may indicate that our novel prophylactic regimen
of heparin combined with prostaglandin E1 and Danshen injection is
effective in children also, without the risk of any severe adverse events.

In conclusion, we observed that a combination of low-dose heparin,
prostaglandin E1, and Danshen injection was effective in preventing
VOD in patients undergoing HSCT. However, this study has a few
limitations. The sample size was small and this was not a randomized
controlled trial. Further randomized controlled trials are needed to
identify and investigate the mechanism of the synergistic effects of this
prophylactic regimen.
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