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Abstract

Background: Hematopoietic stem cell transplantation (HSCT) patients are at risk of thromboembolic events, making
thromboprophylaxis crucial.
Objectives: This study aimed to compare apixaban, a direct factor Xa inhibitor (DOAC),with dalteparin andunfractionatedheparin
for thromboprophylaxis in HSCT recipients. The safety outcome included the assessment of hemorrhagic events.
Methods: In this open-label randomized clinical trial, 182 HSCT recipients were divided into three groups: apixaban (n = 61, 2.5 mg
two times a day), dalteparin (n = 59, 5000 IU daily), and unfractionated heparin (n = 62, 5000 IU twice daily). These anticoagulant
regimens were administered after central vein catheterization and during hospitalization. The primary clinical outcome was
the risk of thrombosis, and the secondary outcome was the rate of bleeding. Relevant laboratory results were analyzed using
appropriate statistical tests.
Results: Among the 61 patients in the apixaban group, six experienced thrombosis (9.83%), with four (6.65%) of them on
anticoagulants. In the dalteparin group, three patients (5%) developed thrombosis, two of whom (3.38%) were on anticoagulants.
In the heparin group, all four thrombosis cases (6.4%) occurred in patients on anticoagulants (P = 0.543 overall and P = 0.776 in
anticoagulant users). Only two cases of bleeding were reported (1.09% overall), one in the dalteparin group (1.69%) and the other in
the apixaban group (1.63%).
Conclusions: Apixaban, dalteparin, and heparin demonstrated similar effectiveness in preventing thromboembolism in HSCT
recipients. Furthermore, the comparison of bleeding rates across the study groups did not reveal significant differences. Larger
studies with higher event ratesmay yieldmore precise conclusions.
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1. Background

Hematopoietic stem cell transplantation (HSCT) is
a medical procedure used to treat blood malignancies.
While HSCT offers benefits such as increasing the life
expectancy of patients, it can also lead to complications
that worsen the patient’s condition during treatment (1,
2). One of these complications is thromboembolic events,
whichcanhavevariousunderlyingcauses (3). Additionally,

patients undergoing HSCT may experience hemorrhagic
complications, such as diffuse alveolar hemorrhage and
hemorrhagic cystitis (4, 5).

Thrombotic events in HSCT recipients can be
classified into several categories, including venous
thromboembolic event (VTE), catheter-related thrombosis
(CRT), sinusoidal obstruction syndrome (SOS) or
veno-occlusive disease (VOD), and transplant-associated
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thrombotic microangiopathy (TA-TMA) (6). Among
these, pulmonary thromboembolism (PTE) and deep
vein thrombosis (DVT) are the two primary forms of VTE
observed in patients with cancer and blood malignancies
(7). Venous thromboembolic event is commonly seen
in HSCT patients due to various factors, including
malignancy, infections, intense conditioning treatments,
immunomodulatory regimens, total body radiation,
extended periods of immobilization or hospitalization,
and the use of central vein catheters (7, 8). The occurrence
rate of VTE after HSCT ranges from up to 7.5%, while
clinically symptomatic bleeding occurs in a range of 15.2%
to 27.1% (8-10).

Catheter-related thrombosis is a complex condition
influenced by both patient-specific factors and
catheter-related factors. Several factors can contribute
to the development of CRT, including malignancy, a
history of catheterization, recent surgery, prolonged
catheterization duration, anticoagulant therapy, age,
diabetes, obesity, chemotherapy, and thrombophilia (11,
12).

The veno-occlusive disease is a severe complication
that can occur following a myeloablative conditioning
regimen. Patients with this condition typically experience
painful enlargement of the liver, fluid retention leading to
weight gain, and elevated bilirubin levels (13, 14).

Transplant-associated thrombotic microangiopathy
is another life-threatening disorder that can develop
within 100 days after transplantation due to endothelial
damage related to the treatment type and underlying
diseases. Clinical manifestations of this condition include
thrombocytopenia, hemolysis, acute renal failure, mental
status changes, and organ dysfunction (15, 16).

2. Objectives

Guidelines for preventing thrombosis in cancer
patients recommend the use of various types of
heparins and direct oral anticoagulants (DOACs) (17).
Both categories of medications have been investigated
in numerous studies to assess their advantages and
limitations (18). Low molecular weight heparins offer the
benefits of easier dose adjustment and do not require
continuous monitoring. However, dose adjustment is
necessary in patients with renal failure. Additionally,
due to the injectable route of administration, they
may be less preferable for patients compared to DOACs
(19, 20). On the other hand, DOACs are administered
orally, demonstrating a lower risk of recurrent venous
thromboembolism (VTE) compared to low molecular
weight heparins. However, patients using DOACs tend to
experience higher rates of severe bleeding and clinically

relevant non-major bleeding (CRNMB) in comparison
to those prescribed low molecular weight heparins (21).
Despite a review of existing studies in this area, there
is a lack of well-documented research comparing the
effectiveness of different anticoagulants specifically in
hematopoietic stem cell transplant (HSCT) recipients
(22). HSCT recipients are particularly susceptible to
complications from drug therapy compared to other
cancer patients. Therefore, selecting an appropriate
anticoagulation regimen can help prevent numerous
life-threatening conditions and enhance the quality of
life for HSCT recipients. This study aimed to compare the
efficacy (thrombosis prevention) and safety (bleeding
rate) of apixaban, dalteparin, and unfractionated heparin
in HSCT recipients.

3. Methods

This studywas conductedas anopen-label randomized
clinical trial at the Bone Marrow Transplant Ward of
Taleghani Hospital, affiliated with Shahid Beheshti
University of Medical Sciences, Tehran, Iran. The study
was registered with the codes IR.SBMU.SME.REC.1401.089
and IRCT20100127003210N25 in the Ethics Committee
of Shahid Beheshti School of Pharmacy and the Iranian
Registry of Clinical Trials (IRCT), respectively.

3.1. Patients

Patients admitted to the Bone Marrow Transplant
Ward were considered eligible for participation in this
study if they met the following inclusion criteria: aged
at least 18 years, weight ≥ 40 kg, Caprini VTE score
≥ 5, a life expectancy of more than 60 days, functional
status score of 2 or less according to ECOG criteria,
creatinine clearance ≥ 30 mL/min, platelet count ≥
50,000/µL, liver enzyme levels (alanine transaminase (ALT)
and aspartate transaminase (AST)) less than three times
the upper normal limit, international normalized ratio
(INR) ≤ 1.6, and not pregnant. Patients with any of
the following conditions were excluded from the study:
bacterial endocarditis, severe liver disease (Childs Pugh
Class BorC cirrhosis), activebleeding, severehypertension
(systolic blood pressure > 170 mmHg and diastolic blood
pressure > 110 mmHg), drug interactions, especially with
apixaban (concurrent use of carbamazepine, phenytoin,
phenobarbital, rifampin, rifapentine, ritonavir, antifungal
azoles like itraconazole and voriconazole), and known
anticoagulation disorder or thrombocytopenia due to
previous heparin use. Additionally, patients with a history
of active bleeding within the past two weeks were not
included in the study.
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3.2. Randomization and Patient Allocation

Based on hospital data, the estimated risk of
thrombosis was approximately 40% with heparin-based
anticoagulant regimens. We anticipated that the studied
regimens would reduce the risk of thrombosis to 10%.
Assumingα = 0.01,β = 0.1, a power of 90%, and accounting
for a 20% dropout rate, the sample size was calculated to
be 65 patients for each arm of the study. Patients were
randomly assigned to receive either apixaban, dalteparin,
or heparin (as the standard group). Block randomization
was employed to ensure an equal distribution of major
confounding factors across the study arms. Two primary
factors used for stratified randomization of eligible
patients were the risk of thrombosis based on the Caprini
VTE score and the type of bone marrow transplant
(allogeneic or autologous).

3.3. Study Protocol

As baseline data, the sociodemographic information
of the patients, their medical and medication history,
and baseline laboratory results, including electrolyte
levels, complete blood cell counts, and liver and kidney
function tests, were recorded. The risk of thrombosis
was assessed for each patient using the Caprini VTE
score. According to this criterion, patients with a score
≥ 5 required thromboprophylaxis. After the initial
evaluations, prophylactic antithrombotic treatment was
initiated immediately after jugular vein catheterization.
Catheterization was performed in the operating room
by the surgical team. After local anesthesia with 1%
lidocaine and disinfection of the skin insertion site
with povidone-iodine, a polyurethane double-lumen
catheter was inserted into the internal jugular vein using
the Seldinger technique (23). The catheter placement
was confirmed using X-ray imaging and then secured
with sutures and a sterile dressing. The insertion sites
were monitored daily for thrombosis, infection, signs of
swelling, andpain. Dalteparin (5000units subcutaneously
daily, 7500 units if BMI ≥ 40 kg/m2), heparin (5000 units
subcutaneously twice daily, 7500 units if BMI ≥ 40
kg/m2), or apixaban (2.5 mg orally twice daily) were
used for each of the three study groups. According to
the protocol designed for the bone marrow transplant
ward, the anticoagulant regimen was paused for 24 hours
before stemcell collection and then resumed immediately
afterward. The length of hospitalization in the ward was
considered the follow-up period for the patients. During
this time, their conditions and laboratory factors were
evaluated daily.

Theprimary outcomewas the incidence of thrombosis
(including any thromboembolic events, such as DVT, PTE,

or CRT), while the incidence of bleeding (considered
as the safety variable) was regarded as the secondary
outcome. Prophylactic treatment would be discontinued
under certain conditions: if the platelet count dropped to
less than 50,000/µL at any point during hospitalization,
anticoagulant administration was halted. In the event
of bleeding associated with any anticoagulants, patients
would receive the necessary procedures to stop the
bleeding. If severe bleeding occurred (characterized by
a drop in hemoglobin levels of at least 2 g/dL, the need
for at least 2 units of packed red blood cell transfusion,
or hemorrhage in critical areas, such as the skull, spinal
cord, eye, intra-abdomen, heart, joints, and muscles,
along with the development of compartment syndrome
or life-threatening bleeding), the anticoagulant was
discontinued. Thrombosis was assessed based on Doppler
ultrasound findings. Data analysis was performed using
version 26.0 of the SPSS software.

4. Results

The present study was conducted from February
2022 to January 2023. Out of the initial 211 patients,
195 underwent randomization. Sixteen patients were
excluded from the study due to baseline platelet counts
< 50,000/µL and drug interactions or drug-related
complications. Specifically, four patients from the
apixaban group, six from the dalteparin group, and three
fromtheheparingroupwere excluded. The final statistical
analysis was conducted on a total of 182 patients (Figure 1).

Table 1 displays the demographic features andbaseline
laboratory results of the patients, revealing no significant
differences between the groups.

Table 2 presents the incidence of thrombosis and
bleeding in the study groups. In total, 13 cases of
thrombosis occurred, with ten patients experiencing
thrombosis while on anticoagulant medication. Three
patients developed thrombosis when anticoagulant
treatment was temporarily halted (due to a platelet count
< 50,000/µL). Among the 61 patients in the apixaban
group, six had thrombosis (9.83%), with four of them
(6.65%) being on anticoagulants. In the dalteparin
group, three patients (5%) had thrombosis, and two
of them (3.38%) were on anticoagulants. Within the
heparin group, all four patients with thrombosis (6.4%)
were on anticoagulants. In terms of the incidence of
thrombosis, therewere no significant differences between
the participating groups (P = 0.594 overall and P = 0.776
in cases of thrombosis while on anticoagulants). Only two
cases of bleeding were reported during the study: one in
the dalteparin group (classified as minor bleeding) and
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Table 1. Demographics and Baseline Laboratory Data of Patients a

Variables Apixaban (n = 61) Dalteparin (n = 59) Heparin (n = 62) P-Value

Age, y 50.9 ± 10.6 47.8 ± 12.9 47.9 ± 12.6 0.286

BMI, kg/m2 26.6 ± 4.5 27.3 ± 3.6 26. ± 4.2 0.605

Gender 0.547

Male 35 36 32

Female 26 23 30

Hematologicmalignancy 0.869

Multiplemyeloma 40 38 35

Lymphoma 15 14 15

AML 2 3 6

ALL 3 2 3

Other 1 2 3

Type of graft 0.805

Autologous 52 51 51

Allogenous 9 8 11

Comorbidities 0.287

With comorbidity 25 15 25

Without comorbidity 36 44 37

Cardiovascular diseases (hypertension,
coronary artery disease, etc.)

9 7 10

Psychiatric disorders 5 0 3

Diabetes 2 2 2

Kidney Diseases 0 1 0

Liver diseases (hepatitis, cirrhosis, fatty
liver, etc.)

0 2 0

Pulmonary diseases 2 1 2

Other diseases 7 2 8

Caprini VTE score 0.872

5 - 6 43 41 39

7 - 8 13 13 18

> 8 5 5 5

Albumin, g/dL 4.1 ± 0.5 4.1 ± 0.5 4.0 ± 0.6 0.533

Alp, U/L 285.2 ± 166.8 279.4 ± 148.8 278.6 ± 158.6 0.969

ALT, iU/L 25.0 ± 15.1 28.7 ± 19 31.9 ± 30.3 0.244

AST, iU/L 27.1 ± 18 25 ± 12.2 28.4 ± 15.4 0.481

Direct bilirubin,mg/dL 0.27 ± 0.12 0.28 ± 0.10 0.27 ± 0.10 0.971

Total bilirubin,mg/dL 0.8 ± 0.4 0.8 ± 0.3 0.9 ± 1.6 0.673

LDH, iU/L 453.7 ± 352.6 454.95 ± 175.6 493.1 ± 209.4 0.631

BUN,mg/dL 14.7 ± 5.5 15.3 ± 5.1 15.1 ± 5.1 0.831

Cr,mg/dL 1.08 ± 0.2 1.12 ± 0.2 1.03 ± 0.2 0.132

Na,meq/L 140.6 ± 2.8 140.9 ± 3.1 140.8 ± 2.7 0.911

K,meq/L 3.9 ± 0.4 4.0 ± 0.5 3.9 ± 0.5 0.412

RBC, 106 /uL 4.2 ± 0.5 4.1 ± 0.7 4.0 ± 0.5 0.335

WBC, 103 /uL 12.7 ± 10.2 12.9 ± 8.8 12.8 ± 10.4 0.852

Hgb, g/dL 12.3 ± 1.7 12.1 ± 2.0 11.9 ± 1.8 0.496

HCT, % 36.5 ± 4.8 36.1 ± 5.3 36.5 ± 4.6 0.865

Plt, 103 /uL 187.0 ± 58.1 177.2 ± 66.9 177.3 ± 72.8 0.573

PT, second 12.2 ± 0.8 13.8 ± 0.3 12.1 ± 0.8 0.512

PTT, second 28.2 ± 3.4 29.2 ± 4.6 26.9 ± 8.6 0.505

INR 1.01 ± 0.08 1.03 ± 0.07 1.02 ± 0.07 0.656

a Values are expressed asmean ± SD or Number.

4 Iran J Pharm Res. 2024; 23(1):e143213.
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Figure 1. CONSORT diagram: Enrollment, randomization, and allocation of patients participating in the study.

the other in the apixaban group (categorized as CRNMB)
(P = 1.00).

1. Needing medical intervention by a healthcare
professional

2. Needing hospitalization ormore care
3. Leading to a face-to-face visit

5. Discussion

Given the specific conditions of HSCT patients, who
may be at risk of thromboembolic events due to their
disease and treatment, the use of an anticoagulant
regimen can improve their condition if there is an
indication. The primary objective of this study was to
address this goal. Another aimwas to reduce the relatively
high rate of thrombosis observed in the bone marrow
transplant ward where this study was conducted.

After the initial evaluations, eligible patients received
prophylactic anticoagulant regimens, includingapixaban,
dalteparin, and heparin. The study results indicated that
none of these regimens exhibited significant superiority.
Additionally, therewereno significantdifferences in terms
of bleeding risk associated with thesemedications.

Due to the limited information available regarding
the optimal prevention of thrombosis in HSCT patients,

selecting themost appropriate treatment options remains
challenging. Most studies in this field focus on treating
or preventing thrombosis in cancer patients, particularly
those with solid tumors.

The CLOT trial, which employed dalteparin and
warfarin, reported thromboembolic events in 8% of
patients in the dalteparin group and 15% of patients
experienced thromboembolic the dalteparin (n = 336) and
warfarin groups (n = 336), respectively (95% confidence
interval [CI], 0.30, 0.77, P = 0.002) with the bleeding rate
of 6% and 4% for the dalteparin and warfarin groups,
respectively (P = 0.090) (24).

In the Hokusai VTE cancer trial, the edoxaban group
had a recurrence rate of VTE at 7.9%, compared to 11.3%
in the dalteparin group. The bleeding rate was 6.9% in
the edoxaban group and 4% in the dalteparin group (95%
CI, 0.70, 1.36, P = 0.006 for noninferiority; P = 0.870 for
superiority) (25).

The SELECT-D trial found that rivaroxabanhad a4% VTE
recurrence rate (95% CI, 2% to 9%), compared to 11% for
dalteparin (95% CI, 7% to 16%) at 6, with bleeding rates of
4% and 6% for dalteparin and rivaroxaban, respectively (7).

Similar results were observed in the ADAM VTE trial,
wherepatientsondalteparinhadahigher rateof recurrent

Iran J Pharm Res. 2024; 23(1):e143213. 5
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Table 2. Clinical Outcomes During the Treatment Period a

Apixaban (n = 61) Dalteparin (n = 59) Heparin (n = 62) Total (n = 182) P-Value

Primary outcome

Total Venous thromboembolism 6 (9.83) 3 (5) 4 (6.4) 13 (7.1) 0.594

Deep vein thrombosis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pulmonary embolism 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Catheter-related thrombosis 6 (9.83) 3 (5) 4 (6.4) 13 (7.1)

Veno-occlusive disease 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Venous thromboembolism on anticoagulant 4 (6.65) 2 (3.38) 4 (6.4) 10 (5.5) 0.776

Safety outcome

Bleeding 1 (1.63) 1 (1.69) 0 (0.0) 2 (1.09) 1.00

Major bleeding b 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Clinically relevant non-major bleeding c 1 (1.63) 0 (0.0) 0 (0.0) 1 (0.54)

Minor bleeding d 0 (0.0) 1 (1.69) 0 (0.0) 1 (0.54)

a Values are expressed as No. (%).
b Transfusion of red blood cells of two or more units, decrease in hemoglobin level of 2 g/dL or more, involvement of a vital anatomic site, such as retroperitoneal,
intracranial, spinal cord, eye, pericardial, articular, or intramuscular compartment syndrome.
c Any sign or symptom of hemorrhage that does not fit the ISTHmajor bleeding criteria but has at least one of these features:
d All non-major bleeding will be consideredminor bleeds.

VTE (6.3%) compared to those on apixaban (0.7%) (P =
0.028), along with a higher incidence of bleeding (1.4% for
dalteparin and 0% for apixaban) (P = 0.138) (26).

In the Caravaggio trial, which compared dalteparin
and apixaban in treating thromboembolic events in
cancer patients, the VTE recurrence rates were 7.9%
for dalteparin and 5.6% for apixaban (P < 0.001 for
noninferiority). Major bleeding rates were 4% for
dalteparin and 3.8% for apixaban, with no significant
difference (P = 0.60) (27). Another important factor
to consider is the duration and the study population.
Most of the patients included in these trials had solid
tumor cancers and experienced active thromboembolic
events during their treatment. Only seventy patients in
the CLOT trial (24), 28 in the SELECT-D trial (7), and 28
patients in the ADAM VTE (26) trial had hematological
malignancies. Specific analyses for these subpopulations
were not reported. Additionally, some studies did not
provide information on central venous catheters (86
patients), except for the CLOT trial. The study duration
was six months in all trials, except for the Hokusai VTE
cancer trial, which extended to 12 months. Furthermore,
the number of patients varied across the studies, ranging
from 287 (ADAM VTE) to 1168 (Caravaggio trial) (7, 24-27).

The present study differs in terms of the study
population and duration. All participants in the study had
hematological malignancies requiring HSCT and received
thromboprophylaxis during their hospitalization, with
follow-up evaluations conducted during this period.
While each patient’s hospitalization duration varied, the
average durations were reported as 24.6 ± 6.9 days for the

apixaban group, 24.8 ± 3.4 days for the dalteparin group,
and 25.3 ± 6.1 days for the heparin group.

The primary cause of thrombosis in this study was
CRT, with an overall incidence rate of 7.1%, of which 5.5%
occurred while patients were on anticoagulant therapy.
Some previous studies on CRT in HSCT patients have
reported incidencerates ranging from7.5% to9%. However,
it’s worth noting that these studies utilized different
methodologies and typesof catheters, suchasperipherally
inserted central catheters (PICCs) (28, 29).

In the AVERT study, which aimed to prevent
thromboembolism in cancer patients with central
venous catheters, the risk of VTEwas lowerwhen apixaban
was used (4.8%) compared to a placebo group (18.7%) (P
< 0.0001) (30). The lower thrombosis rate in the AVERT
study compared to the present study may be attributed
to various factors, including differences in the patients’
medical conditions and treatmentmethods.

Themedicationsused intheconditioningregimens for
the patients in this study included lomustine, etoposide,
cytarabine, melphalan, fludarabine, and busulfan.
Additionally, cyclosporin, methotrexate, leucovorin,
and anti-thymocyte globulin (ATG) were administered for
graft-versus-host disease (GVHD) prophylaxis. It is worth
noting that thromboembolic events are knownside effects
of certain medications, such as cyclosporin, which were
part of the treatment regimens.

Furthermore, a significant number of patients
with thrombosis had multiple myeloma, and the
treatment regimens for these patients often include
immunomodulatory agents like thalidomide and

6 Iran J Pharm Res. 2024; 23(1):e143213.
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lenalidomide, as well as proteasome inhibitors
like bortezomib. These agents are known to be
associated with an increased risk of thrombosis and
microangiopathy (31). Studies have reported that the risk
of thrombosis in multiple myeloma patients treated with
lenalidomide or thalidomide ranges from 23% to 75%.
Thromboprophylaxis has been explored in these patients
to reduce thromboembolic events, and among various
agents studied (aspirin, warfarin, and low molecular
weight heparins), the use of low molecular weight
heparins is recommended for high-risk patients (32, 33).

One of the limitations of this study was its small
sample size, which was unavoidable due to the specific
characteristics of these patients and the limited bed
capacity of the hospital ward for hospitalization.
Additionally, some patients had to be excluded from
the study due to stem cell collection failure.

5.1. Conclusions

HSCT patients face potential risks of thromboembolic
and bleeding events due to complications and specific
treatment conditions. The implementation of treatment
and preventive protocols tailored to the patient’s clinical
situation can help mitigate these treatment-related
complications. This study aimed to compare the
effectiveness of apixaban, dalteparin, and heparin
in thromboprophylaxis for hematopoietic stem cell
transplant recipients. The results revealed no significant
difference among the three medications, suggesting that
the choice of medication may depend on the patient’s
condition and the physician’s judgment. Future studies
involving larger populations are expected to explore these
considerations further.

Acknowledgments

We thank all the nurses and staff of the bone
marrow transplant department for their cooperation
in conducting this study.

Footnotes

Authors’ Contribution: M.T.A. and A.H. formulated
the study concept and design. S.P., M.M., A.H., and S.A.
completed patient enrollment and clinical information
collection. J.S. and S.A. performed the statistical analysis.
M.T.A., F.D., and S.A. wrote the manuscript. All authors
contributed to the writing of the discussion, reviewed,
edited, and approved the final version, and agreed to
submit it.

Conflict of Interests: There are no conflicts of interest to
report. Maria Tavakoli-Ardakani and Jamshid Salamzadeh
declare that they are editorial board members and
reviewers of this journal.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: This study was approved under the
ethical approval code IR.SBMU.SME.REC.1401.089.

Funding/Support: No funds, grants, or other support
were received.

Informed Consent: Written informed consent was
obtained from all participants upon enrollment.

References

1. Hatzimichael E, Tuthill M. Hematopoietic stem cell transplantation.
Stem Cells Cloning. 2010;3:105–17. [PubMed ID: 24198516]. [PubMed
Central ID: PMC3781735]. https://doi.org/10.2147/SCCAA.S6815.

2. Jodele S, Laskin BL, Dandoy CE, Myers KC, El-Bietar J, Davies SM, et al.
A new paradigm: Diagnosis and management of HSCT-associated
thrombotic microangiopathy as multi-system endothelial injury.
Blood Rev. 2015;29(3):191–204. [PubMed ID: 25483393]. [PubMed
Central ID: PMC4659438]. https://doi.org/10.1016/j.blre.2014.11.001.

3. O’Hara VJ, Miller T, Mehta R, Swartzendruber E, Kiel PJ. Incidence
of venous thromboembolism in the setting of hematopoietic cell
transplantation. Am J Ther. 2014;21(1):15–9. [PubMed ID: 24061558].
https://doi.org/10.1097/MJT.0b013e31829b59f5.

4. Agarwal S, Cortes-Santiago N, Scheurer ME, Bhar S, McGovern SL,
Martinez C, et al. Diffuse alveolar hemorrhage: An underreported
complication of transplant associated thromboticmicroangiopathy.
Bone Marrow Transplant. 2022;57(6):889–95. [PubMed ID: 35352036].
https://doi.org/10.1038/s41409-022-01644-3.

5. Ersoy GZ, Bozkurt C, Aksoy BA, Oner OB, Aydogdu S, Cipe F, et al.
Evaluation of the risk factors for BK virus-associated hemorrhagic
cystitis in pediatric bone marrow transplantation patients: Does
post-transplantation cyclophosphamide increase the frequency?
Pediatr Transplant. 2023;27(1). e14364. [PubMed ID: 35851981]. https://
doi.org/10.1111/petr.14364.

6. Pihusch R, Salat C, Schmidt E, Gohring P, Pihusch M, Hiller E, et
al. Hemostatic complications in bone marrow transplantation:
a retrospective analysis of 447 patients. Transplantation.
2002;74(9):1303–9. [PubMed ID: 12451270]. https://doi.org/10.1097/
00007890-200211150-00018.

7. Young AM, Marshall A, Thirlwall J, Chapman O, Lokare A, Hill
C, et al. Comparison of an Oral Factor Xa Inhibitor With Low
Molecular Weight Heparin in Patients With Cancer With Venous
Thromboembolism: Results of a Randomized Trial (SELECT-D). J Clin
Oncol. 2018;36(20):2017–23. [PubMed ID: 29746227]. https://doi.org/10.
1200/JCO.2018.78.8034.

8. Lee A, Badgley C, Lo M, Banez MT, Graff L, Damon L, et al. Evaluation
of venous thromboembolismprophylaxis protocol inhematopoietic
cell transplant patients. Bone Marrow Transplant. 2023;58(11):1247–53.
[PubMed ID: 37626267]. [PubMed Central ID: PMC10622316]. https://
doi.org/10.1038/s41409-023-02039-8.

9. Rivas Luque M, Morente Constantin E, Romero Garcia P, Garcia-Ruiz
MA, Jurado M. Venous Thromboembolic Disease and Bone Marrow
Transplant: A Remarkable Cause of Mortality and Morbidity —
Potentially Preventable. Blood. 2018;132(Supplement 1):5070. https://
doi.org/10.1182/blood-2018-99-113780.

Iran J Pharm Res. 2024; 23(1):e143213. 7

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=316444
http://www.ncbi.nlm.nih.gov/pubmed/24198516
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3781735
https://doi.org/10.2147/SCCAA.S6815
http://www.ncbi.nlm.nih.gov/pubmed/25483393
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4659438
https://doi.org/10.1016/j.blre.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/24061558
https://doi.org/10.1097/MJT.0b013e31829b59f5
http://www.ncbi.nlm.nih.gov/pubmed/35352036
https://doi.org/10.1038/s41409-022-01644-3
http://www.ncbi.nlm.nih.gov/pubmed/35851981
https://doi.org/10.1111/petr.14364
https://doi.org/10.1111/petr.14364
http://www.ncbi.nlm.nih.gov/pubmed/12451270
https://doi.org/10.1097/00007890-200211150-00018
https://doi.org/10.1097/00007890-200211150-00018
http://www.ncbi.nlm.nih.gov/pubmed/29746227
https://doi.org/10.1200/JCO.2018.78.8034
https://doi.org/10.1200/JCO.2018.78.8034
http://www.ncbi.nlm.nih.gov/pubmed/37626267
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10622316
https://doi.org/10.1038/s41409-023-02039-8
https://doi.org/10.1038/s41409-023-02039-8
https://doi.org/10.1182/blood-2018-99-113780
https://doi.org/10.1182/blood-2018-99-113780


Uncorrected Proof

Azimi S et al.

10. Zahid MF, Murad MH, Litzow MR, Hogan WJ, Patnaik MS, Khorana
A, et al. Venous thromboembolism following hematopoietic stem
cell transplantation-a systematic review and meta-analysis. Ann
Hematol. 2016;95(9):1457–64. [PubMed ID: 27103008]. https://doi.org/
10.1007/s00277-016-2673-3.

11. Zhou X, Lin X, Shen R, Qu Y, Mo C, Li Y, et al. A retrospective
analysis of risk factors associated with catheter-related
thrombosis: a single-center study. Perfusion. 2020;35(8):806–13.
[PubMed ID: 32419612]. https://doi.org/10.1177/0267659120915142.

12. Leung A, Heal C, Perera M, Pretorius C. A systematic review of
patient-related risk factors for catheter-related thrombosis. J Thromb
Thrombolysis. 2015;40(3):363–73. [PubMed ID: 25680892]. https://doi.
org/10.1007/s11239-015-1175-9.

13. Dalle JH, Giralt SA. Hepatic Veno-Occlusive Disease after
Hematopoietic Stem Cell Transplantation: Risk Factors and
Stratification, Prophylaxis, and Treatment. Biol Blood Marrow
Transplant. 2016;22(3):400–9. [PubMed ID: 26431626]. https:
//doi.org/10.1016/j.bbmt.2015.09.024.

14. Corbacioglu S, Jabbour EJ, Mohty M. Risk Factors for
Development of and Progression of Hepatic Veno-Occlusive
Disease/Sinusoidal Obstruction Syndrome. Biol Blood Marrow
Transplant. 2019;25(7):1271–80. [PubMed ID: 30797942]. https:
//doi.org/10.1016/j.bbmt.2019.02.018.

15. Elsallabi O, Bhatt VR, Dhakal P, Foster KW, Tendulkar KK.
Hematopoietic Stem Cell Transplant-Associated Thrombotic
Microangiopathy. Clin Appl Thromb Hemost. 2016;22(1):12–20.
[PubMed ID: 26239316]. https://doi.org/10.1177/1076029615598221.

16. Meri S, Bunjes D, Cofiell R, Jodele S. The Role of Complement
in HSCT-TMA: Basic Science to Clinical Practice. Adv Ther.
2022;39(9):3896–915. [PubMed ID: 35781192]. [PubMed Central ID:
PMC9402756]. https://doi.org/10.1007/s12325-022-02184-4.

17. Elshoury A, Schaefer JK, Lim MY, Skalla DP, Streiff MB. Update on
Guidelines for the Preventionof Cancer-Associated Thrombosis. J Natl
Compr Canc Netw. 2022;20(13). [PubMed ID: 35728777]. https://doi.org/
10.6004/jnccn.2021.7108.

18. Patel T, Nadeem T, Shahbaz U, Tanveer F, Ahsan M, Saeed
U, et al. Comparative Efficacy of Direct Oral Anticoagulants
and Low-Molecular-Weight Heparin in Cancer-Associated
Thromboembolism: A Systematic Review and Meta-Analysis. Cureus.
2023;15(6). https://doi.org/10.7759/cureus.41071.

19. Becattini C, Bauersachs R, Maraziti G, Bertoletti L, Cohen A,
Connors JM, et al. Renal function and clinical outcome of
patients with cancer-associated venous thromboembolism
randomized to receive apixaban or dalteparin. Results from
the Caravaggio trial. Haematologica. 2022;107(7):1567–76.
[PubMed ID: 34382385]. [PubMed Central ID: PMC9244816].
https://doi.org/10.3324/haematol.2021.279072.

20. Buijsse N. Clinical outcomes in patients with renal impairment and
therapeutic dalteparin treatment. Utrecht, Nederland: Utrecht
University; 2022.

21. MoikF, PoschF, ZielinskiC, Pabinger I, AyC.Directoral anticoagulants
compared to low-molecular-weight heparin for the treatment of
cancer-associated thrombosis: Updated systematic review and
meta-analysis of randomized controlled trials. Res Pract Thromb
Haemost. 2020;4(4):550–61. [PubMed ID: 32548553]. [PubMed Central
ID: PMC7292654]. https://doi.org/10.1002/rth2.12359.

22. Chiu J, Lazo-Langner A. Venous thromboembolism in hematopoietic
stem cell transplantation: A narrative review. Thromb Res.
2023;226:141–9. [PubMed ID: 37150028]. https://doi.org/10.1016/j.
thromres.2023.04.019.

23. Seldinger SI. Catheter replacement of the needle in percutaneous
arteriography. A new technique. Acta Radiol Suppl (Stockholm).
2008;49(Sup 434):47–52. [PubMed ID: 19023715]. https://doi.org/10.
1080/02841850802133386.

24. Lee AY, Levine MN, Baker RI, Bowden C, Kakkar AK, Prins M, et al.
Low-molecular-weight heparin versus a coumarin for the prevention
of recurrent venous thromboembolism in patients with cancer. N
Engl J Med. 2003;349(2):146–53. [PubMed ID: 12853587]. https://doi.org/
10.1056/NEJMoa025313.

25. Raskob GE, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia
D, et al. Edoxaban for the Treatment of Cancer-Associated
Venous Thromboembolism. N Engl J Med. 2018;378(7):615–24.
[PubMed ID: 29231094]. https://doi.org/10.1056/NEJMoa1711948.

26. McBane R2, Wysokinski WE, Le-Rademacher JG, Zemla T,
Ashrani A, Tafur A, et al. Apixaban and dalteparin in active
malignancy-associated venous thromboembolism: The ADAM
VTE trial. J Thromb Haemost. 2020;18(2):411–21. [PubMed ID: 31630479].
https://doi.org/10.1111/jth.14662.

27. Agnelli G, Becattini C, Meyer G, Munoz A, Huisman MV, Connors JM,
et al. Apixaban for the Treatment of Venous Thromboembolism
Associated with Cancer. N Engl J Med. 2020;382(17):1599–607.
[PubMed ID: 32223112]. https://doi.org/10.1056/NEJMoa1915103.

28. Garces-Carrasco AM, Santacatalina-Roig E, Carretero-Marquez C,
Martinez-Sabater A, Balaguer-Lopez E. Complications Associatedwith
Peripherally Inserted Central Catheters (PICC) in People Undergoing
Autologous Hematopoietic Stem Cell Transplantation (HSCT) in
Home Hospitalization. Int J Environ Res Public Health. 2023;20(3).
[PubMed ID: 36767070]. [PubMed Central ID: PMC9914549].
https://doi.org/10.3390/ijerph20031704.

29. Mariggio E, Iori AP, Micozzi A, Chistolini A, Latagliata R,
Berneschi P, et al. Peripherally inserted central catheters in
allogeneic hematopoietic stem cell transplant recipients.
Support Care Cancer. 2020;28(9):4193–9. [PubMed ID: 31900609].
https://doi.org/10.1007/s00520-019-05269-z.

30. Brandt W, Brown C, Wang TF, Tagalakis V, Shivakumar S,
Ciuffini LA, et al. Efficacy and safety of apixaban for primary
prevention of thromboembolism in patients with cancer
and a central venous catheter: A subgroup analysis of the
AVERT Trial. Thromb Res. 2022;216:8–10. [PubMed ID: 35660801].
https://doi.org/10.1016/j.thromres.2022.05.014.

31. Levi M, Sivapalaratnam S. An overview of thrombotic complications
of old andnewanticancer drugs. Thromb Res. 2020;191(Suppl 1):S17–21.
[PubMed ID: 32736772]. https://doi.org/10.1016/S0049-3848(20)30391-
1.

32. Chaturvedi S, Neff A, Nagler A, Savani U, Mohty M, Savani BN. Venous
thromboembolism in hematopoietic stem cell transplant recipients.
Bone Marrow Transplant. 2016;51(4):473–8. [PubMed ID: 26691425].
https://doi.org/10.1038/bmt.2015.308.

33. Palumbo A, Rajkumar SV, Dimopoulos MA, Richardson PG, San
Miguel J, Barlogie B, et al. Prevention of thalidomide- and
lenalidomide-associated thrombosis in myeloma. Leukemia.
2008;22(2):414–23. [PubMed ID: 18094721]. https://doi.org/10.1038/
sj.leu.2405062.

8 Iran J Pharm Res. 2024; 23(1):e143213.

http://www.ncbi.nlm.nih.gov/pubmed/27103008
https://doi.org/10.1007/s00277-016-2673-3
https://doi.org/10.1007/s00277-016-2673-3
http://www.ncbi.nlm.nih.gov/pubmed/32419612
https://doi.org/10.1177/0267659120915142
http://www.ncbi.nlm.nih.gov/pubmed/25680892
https://doi.org/10.1007/s11239-015-1175-9
https://doi.org/10.1007/s11239-015-1175-9
http://www.ncbi.nlm.nih.gov/pubmed/26431626
https://doi.org/10.1016/j.bbmt.2015.09.024
https://doi.org/10.1016/j.bbmt.2015.09.024
http://www.ncbi.nlm.nih.gov/pubmed/30797942
https://doi.org/10.1016/j.bbmt.2019.02.018
https://doi.org/10.1016/j.bbmt.2019.02.018
http://www.ncbi.nlm.nih.gov/pubmed/26239316
https://doi.org/10.1177/1076029615598221
http://www.ncbi.nlm.nih.gov/pubmed/35781192
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9402756
https://doi.org/10.1007/s12325-022-02184-4
http://www.ncbi.nlm.nih.gov/pubmed/35728777
https://doi.org/10.6004/jnccn.2021.7108
https://doi.org/10.6004/jnccn.2021.7108
https://doi.org/10.7759/cureus.41071
http://www.ncbi.nlm.nih.gov/pubmed/34382385
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9244816
https://doi.org/10.3324/haematol.2021.279072
http://www.ncbi.nlm.nih.gov/pubmed/32548553
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7292654
https://doi.org/10.1002/rth2.12359
http://www.ncbi.nlm.nih.gov/pubmed/37150028
https://doi.org/10.1016/j.thromres.2023.04.019
https://doi.org/10.1016/j.thromres.2023.04.019
http://www.ncbi.nlm.nih.gov/pubmed/19023715
https://doi.org/10.1080/02841850802133386
https://doi.org/10.1080/02841850802133386
http://www.ncbi.nlm.nih.gov/pubmed/12853587
https://doi.org/10.1056/NEJMoa025313
https://doi.org/10.1056/NEJMoa025313
http://www.ncbi.nlm.nih.gov/pubmed/29231094
https://doi.org/10.1056/NEJMoa1711948
http://www.ncbi.nlm.nih.gov/pubmed/31630479
https://doi.org/10.1111/jth.14662
http://www.ncbi.nlm.nih.gov/pubmed/32223112
https://doi.org/10.1056/NEJMoa1915103
http://www.ncbi.nlm.nih.gov/pubmed/36767070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9914549
https://doi.org/10.3390/ijerph20031704
http://www.ncbi.nlm.nih.gov/pubmed/31900609
https://doi.org/10.1007/s00520-019-05269-z
http://www.ncbi.nlm.nih.gov/pubmed/35660801
https://doi.org/10.1016/j.thromres.2022.05.014
http://www.ncbi.nlm.nih.gov/pubmed/32736772
https://doi.org/10.1016/S0049-3848(20)30391-1
https://doi.org/10.1016/S0049-3848(20)30391-1
http://www.ncbi.nlm.nih.gov/pubmed/26691425
https://doi.org/10.1038/bmt.2015.308
http://www.ncbi.nlm.nih.gov/pubmed/18094721
https://doi.org/10.1038/sj.leu.2405062
https://doi.org/10.1038/sj.leu.2405062

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Patients
	3.2. Randomization and Patient Allocation
	3.3. Study Protocol

	4. Results
	Figure 1
	Table 1
	Table 2

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Availability: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

