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Abstract

Background Deep vein thrombosis (DVT) is a common complication in cancer. Although thromboprophylaxis in
cancer patients is recommended by the guidelines, clinicians' use of thromboprophylaxis remains limited due to cost,
bleeding complications, and reluctance to give injectable anticoagulants. Inflammation plays essential roles in the
pathogenesis of cancer-associated thrombosis. Owing to its ability to decrease proinflammatory cytokines, statins
have anti-inflammatory properties. Thus, statins can be possibly utilized as thromboprophylaxis therapy in cancer
patients undergoing chemotherapy.

Objective To compare the effectiveness of atorvastatin and rivaroxaban for DVT prevention in high-risk thrombosis
patients with cancer undergoing chemotherapy.

Methods Double-blind, randomized controlled trial involving cancer patients with high-risk of thrombosis undergo-
ing chemotherapy. We randomly assigned patients without deep-vein thrombosis at screening to receive atorvasta-
tin 20 mg or rivaroxaban 10 mg daily for up to 90 days. Doppler ultrasonography was performed 90 days following
chemotherapy to diagnose DVT. Average cost-effectiveness analysis was performed to analyze the cost of atorvastatin
compared to rivaroxaban.

Results Of the eighty six patients who underwent randomization, primary efficacy end point was observed in 1 of 42
patients (2.3%) in the atorvastatin group and in 1 of 44 (2.2%) in the rivaroxaban group (Odds Ratio [OR], 0.953; 95%
confidence interval [CI], 0.240 to 3.971; p=1.000). There was a significant difference in the incidence of major bleed-
ing, 2 of 42 patients (4.8%) in the atorvastatin group and 12 of 44 (27.3%) in the rivaroxaban group (OR, 0.257; 95% C|,
0.07 to 0.94; p=0.007). The average cost-effectiveness ratio of using atorvastatin was lower than that of rivaroxaban.

Conclusion Atorvastatin did not differ significantly from rivaroxaban in reducing the incidence of DVT, lower bleed-
ing risk, and cost-effectiveness for thromboprophylaxis in high-risk thrombosis patients with cancer undergoing
chemotherapy. The presence of limited statistical power and wide confidence intervals in this study needs further
study to strengthen the efficacy of atorvastatin as DVT prophylaxis in cancer patients.
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Introduction

The incidence of Venous Thromboembolism (VTE) in
cancer patients is high, regardless of whether they are
receiving chemotherapy or not [1-5]. The majority of
VTE events occurred immediately following chemother-
apy initiation, 18.1% in the first month, 47% in the first
3 months, and 72.5% in the first 6 months [6]. Venous
thromboembolism is a major cause of death, morbidity,
delays in treatment, and increased costs of care [7]. The
risk of death is also approximately threefold higher in
asymptomatic DVT [8, 9].

Clinical studies have demonstrated the benefits and
safety of VTE prophylaxis for patients; thus, supporting
the current evidence-based recommendations for throm-
boprophylaxis in clinical practice [10-13]. Prophylaxis
using VTE in cancer patients has been recommended by
various guidelines [14—17]. However, in clinical practice,
the use of VTE prophylaxis by clinicians to date remains
very limited [18—-21]. The most common reasons for this
include cost considerations [18, 20, 22], fears of bleed-
ing complications [19-21], other reasons due to lack of
knowledge or confidence in thromboprophylaxis guide-
lines [19], lack of vigilance [20, 23], and reluctance to give
daily injections of prophylactic anticoagulant [19].

The immune system and inflammation play an impor-
tant role in the pathogenesis of cancer-associated VTE
[24]. Cancer and chemotherapy administration can
induce inflammatory conditions [25], which trigger the
NF-«B signaling pathway to produce pro-inflammatory
cytokines [26]. The role of pro-inflammatory cytokines
such as CRP and IL-6 promotes the status of the immune
system. Procoagulant works mainly by inducing TF
expression [27], which triggers the coagulation system.
This is characterized by increased levels of circulating
thrombin and fibrin formation biomarkers such as F1+2
and D-Dimer [28, 29].

The anti-inflammatory properties of statins is gen-
erated by reducing proinflammatory cytokines and
chemokines, highlighting its potential use as anti-throm-
botic therapy [30] with a lower risk of bleeding compared
to anticoagulants [31]. They are also cheaper and easier
to administer.

Research data on statins and VTE in cancer patients
are limited [32]. Previous studies in a prospective cohort
demonstrated that statin administration and the inci-
dence of VTE were low in patients with cancer. The role
of statins in preventing VTE in cancer patients requires

further confirmation of RCT studies [32]. Newman et
al. reported data from 44 studies using oral atorvastatin
in 16,495 patients. Severe side effects are rare and there
have been no deaths with atorvastatin treatment [33].

Rivaroxaban is a factor Xa (FXa) inhibitor that inhib-
its FXa and prothrombinase activities, therebyeftectively
inhibiting thrombin formation. It not only functions in
the coagulation cascade but also activates intracellular
signaling pathways via G-protein-coupled PARs. Fac-
tor Xa primarily plays a role via PAR-2 and subsequently
stimulates several intracellular NF-«kB and MAPK sign-
aling pathways that induce inflammation and fibrotic
responses [34—37].

Rivaroxaban is an anticoagulant that is convenient to
administer, with once a day dosing, while UFH (unfrac-
tionated heparin) and LMWH (low molecular weight
heparin) are injectables, leading to higher compliance
with rivaroxaban [38, 39]. Rivaroxaban has also been
recommended for VTE prophylaxis in cancer patients
by international and national guidelines [14—17]. The
CASSINI study showed that thromboprophylaxis with
rivaroxaban during the intervention period led to a lower
incidence of thrombosis and lower bleeding side effects
than placebo [13]. Moreover, it also does not require
close monitoring during therapy [40, 41].

This study aimed to compare the effectiveness of
atorvastatin and rivaroxaban for DVT prevention in
high-risk thrombosis patients with cancer undergoing
chemotherapy.

Methods

Patients

The eligibility criteria were cancer patients with a definite
diagnosis of cancer based on histopathological examina-
tion, cancer patients who have not received any chemo-
therapy, high risk thrombosis patients (Khorana risk
score >2), age 18-60 years old, and willing to participate
in the study by signing the informed consent.

Exclusion criteria were deep vein thrombosis diag-
nosed with Doppler ultrasonography examination at
baseline, within 14 days post-surgery, pregnancy, taking
an anti-thrombotic drug, congenital conditions altering
the coagulation system, creatinine clearance <30 ml/min-
ute, patients with AST level >3 times the upper normal
limit, patients with total bilirubin of >5 mg/dl, patients
with CK >3 times the upper normal limit, performance
status ECOC of >3, patients with cardio-cerebrovascular
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disease, patients with infection, patients with active,
major, serious, life-threatening bleeding that cannot be
overcome with medical or surgical intervention, espe-
cially in a critical area (intra-cranial, pericardial, ret-
roperitoneal, intra-ocular, intra-articular, intraspinal),
malignant hypertension, congenital coagulopathy or
severe platelet dysfunction, severe and persistent throm-
bocytopenia (<20,000/ul).

Trial design and interventions

This double-blind, randomized controlled trial involving
high-risk thrombosis patients with cancer undergoing
chemotherapy is conducted in Dr. Kariadi hospital, the
main teaching hospital for Faculty of Medicine of Dipo-
negoro University, Semarang, Indonesia. The hospital is
a tertiary referral hospital for all patients with cancer in
Central Java province.

The sample size was calculated with two sampel pro-
portion test formula with a: 5%, : 20%. Since no previ-
ous research has been conducted on this matter, the
researcher cannot determine a reference for the differ-
ence in proportion as one of the components for calculat-
ing the sample size. Based on the researcher’s judgement,
the difference in proportion is 26%. After calculating the
risk of drop out of 10% each group, the required samples
for each group was 40.

Patients meeting the inclusion criteria were selected
as the subjects of this study. Before this study was con-
ducted, all patients had been informed about the study
in details during individual interviews and asked to sign
a written informed consent. The patient’s history, espe-
cially cancer history, tumor site, tumor histology and
tumor stage were subsequently documented. Age, gen-
der, ABO blood group, body mass index, ECOG, Kho-
rana score, chemotherapy regimen were also recorded
carefully.

The subjects were randomized into 2 groups. After
receiving a prescription with a study code from the inves-
tigator, the patient will go to the pharmacy and received
a 30 days drugs without packaging. The study employed
a simple random sampling method using a list of random
numbers generated based on sample size. Once recruited,
patients will be asked to select an envelope from a bas-
ket, which will indicate their allocation to either the
control or intervention group using a 1:1 randomization
ratio. The study utilized third-party randomization con-
ducted by the pharmacist. This involved concealing and
randomly allocating the study drugs to participants. The
pharmacist then distributed the drugs to the participants
after removing them from their original packaging and
placing them in identical containers for both groups.
This should be done to minimize potential bias resulting
from the different shapes of atorvastatin and rivaroxaban
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tablets. Stratification of the sample was not performed
in this study. The investigator was allowed to open the
concealment, whenever a serious adverse event occurred.
The intervention group receiving chemotherapy and
atorvastatin tablets 20 mg/24 hours for up to 3 months
during chemotherapy. The control group received chem-
otherapy and rivaroxaban 10 mg/24 hours for up to 3
months during chemotherapy. On the 7th day, a physical
examination was performed to see signs of impaired liver
function and signs of myopathy. Liver function labora-
tory tests (ALT, AST) were performed to look for signs of
impaired liver function. CK examination is done if there
are signs of myopathy. If there is an increase in AST lev-
els, ALT 3 times the upper limit and CK levels 3 times
the upper limit, the study treatment would be stopped. If
no side effects of drug administration were observed on
the 7" day, further laboratory tests are performed once
a month.

Monitoring of signs of DVT was performed by calculat-
ing the Wells’ score on days 30 and 60, and patients with
Wells’ score of 2 underwent further Doppler ultrasound
examination. On day 90, all patients underwent Dop-
pler ultrasound to assess the incidence of DVT. Doppler
ultrasound examination was performed within +7 days
of the specified time. During those period, we also moni-
tored for signs of bleeding. The results are recorded on a
pre-established research form. After the pre-set number
of research subjects is reached or the end of the research
deadline is completed, data is aggregated, and statistical
analysis are conducted.

This study was approved by Dr. Kariadi Hospital Insti-
tutional Review Board, as stated in the Ethical Clearance
Statement number 665/EC/KEPK-RSDK/2020. The study
registry number is ISRCTN71891829, Registration Date :
17/12/2020.

Prediction score

Two prediction scores were used in this study: the Kho-
rana and the Wells’ score. For each patients, we calcu-
lated the Khorana risk score to stratify the risk of VTE in
cancer patients undergoing chemotherapy [42]. Patients
were assigned to three risk categories for VTE: low risk
(score 0), intermediate risk (scores 1-2), and high-risk
(score > 3). In this study, cancer patients are deemed to
have high risk of thrombosis if the patient had a Khorana
score of > 2 [14].

Wells’ score considers 1 point each for active cancer,
paralysis, paresis, recent plaster immobilization of lower
limb, recently bedridden for > 3 days, major surgery in
the past 4 weeks; localized tenderness along the distribu-
tion of deep venous system; entire leg swollen; calf swell-
ing >3 cm compared to asymptomatic leg; pitting edema
and collateral superficial veins. The score is subtracted
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by 2 points for alternative diagnosis as likely as, or more
likely than DVT. A score of 3 or higher suggest that DVT
is likely and patients should receive a diagnostic ultra-
sound and the result will be documented [43].

Outcome measures

The primary efficacy endpoint was the occurrence of
proximal or asymptomatic DVT of the limbs diagnosed
objectively through Doppler ultrasound of the lower
limbs; symptomatic DVT of the upper extremities or dis-
tal DVT of the lower limbs; symptomatic or incidental
pulmonary embolism; and death from VTE. The primary
efficacy endpoint of the study was the occurrence of DVT
confirmed by duplex ultrasound.

The secondary efficacy endpoint is the occurrence of
symptomatic VTE events and clinically relevant con-
ditions that are not included in the primary efficacy
endpoint, such as death from any causes, observed
arterial thromboembolism, and observed visceral
thromboembolism.

Color duplex sonography was performed at the Depart-
ment of Radiology of Dr. Kariadi Hospital, Semarang,
Indonesia. Patients with clinically suspected DVT and
Wells’ score of > 2 was assessed for DVT using Logic 7
pro US imaging system (Loqic 7 pro; GE Healthcare,
USA) with the 7-10 Hz linear probe. The diagnosis of
DVT was based either on presence of a non-compress-
ible segment (compression ultrasound test — CUS) or
flow impairment on color Doppler imaging. Patients
were examined for both proximal (popliteal, femoral, and
common femoral vein) and distal (peroneal and tibial
veins) DVT.

The primary safety endpoint is the occurrence of major
bleeding that meets the criteria of the International Soci-
ety on Thrombosis and Hemostasis (ISTH). Major bleed-
ing was defined as clinically evident bleeding associated
with one or more of the following [44]: 1) Fatal bleeding,
and/or 2) Symptomatic bleeding at critical sites such as
intracranial, intraspinal, intraocular, pericardial, intra-
articular, intramuscular with compartment syndrome,
retroperitoneal, intra-articular or pericardial, or intra-
muscular with compart-ment syndrome, and/or 3)Bleed-
ing causing a decrease in hemoglobin of 2 g/dL or more,
or, requires transfusion of 2 or more units of whole blood
or red blood cells.

Secondary safety endpoints were the percentage of
patients with clinically relevant non-major bleeding such
as ISTH criteria, minor bleeding, and bleeding during
the intervention period. Clinically relevant non-major
bleeding was defined as actual bleeding that did not
meet the criteria for major bleeding but was associated
with [13]: 1) medical intervention, 2) unscheduled con-
tact (visit or phone call) with a physician, 3) temporary
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discontinuation of the study drug, or, 4) discomfort such
as pain, or interference with activities of daily living.

The hypotesis of this study was the efficacy of thrombo-
prophylaxis in cancer patients at high risk of thrombosis
undergoing chemotherapy with atorvastatin was compa-
rable to rivaroxaban.

Response to treatment and follow-up

All patients undergoing chemotherapy were followed
up for 3 months. Patients were either evaluated during
routine visits at the hematology and medical oncology
outpatient clinic or medical ward at every pre- and post-
chemotherapy cycle. Performance status, chemotherapy
eligibility and Wells’ score are assessed at each visit. DVT
occurring after enrollment was documented as a new
event.

Statistical analysis

Analysis of the effectiveness of atorvastatin compared
to rivaroxaban as prophylaxis of deep vein thrombosis
in cancer patients at high risk of thrombosis undergoing
chemotherapy was performed using Intention-to-Treat
Analysis (ITT) [45].

The data collected were processed and analyzed
descriptively. Descriptive statistical analysis is used to
describe or provide an overview of the study. In this
descriptive analysis, variables data are presented in a table
to test the equality of the mean values and the frequency
distribution of the variable values in the population [46].
An analysis to see the effect of atorvastatin compared
to rivaroxaban on the incidence of DVT was performed
using chi-square test. Data were analyzed and interpreted
to test the proposed hypothesis using SPSS statistical soft-
ware (IBM v. 21; SPSS Inc., USA). The p value of < 0.05 is
considered statistically significant.

A cost-effectiveness analysis of the model was per-
formed by comparing two drugs for thromboprophylaxis:
(1) Atorvastatin 20 mg/24 hours, and (2) Rivaroxaban 10
mg/24 hours. The analysis was conducted from a health-
care system perspective, with the primary endpoint being
cost per patient without DVT [47].

Results
Demographics and characteristics of the study population
From January 2021 to December 2021, 348 new can-
cer patients were screened for their clinical diagnosis,
histopathological data, and whether they will undergo
chemotherapy or not. There were 106 subjects who met
the inclusion criteria. Of the 106 subjects, there were 86
who entered the intention to treat population and were
randomized.

In the treatment group, namely the group that received
atorvastatin 20 mg daily, 18 subjects stopped receiving
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study treatment before the end of the study. In the con-
trol group, which received rivaroxaban 10 mg daily, 18
study subjects stopped receiving the study drug before
the end of the study. The CONSORT flow diagram can be
seen in Fig. 1.

Demographics and baseline characteristics of the study
population are shown in Table 1. Of the 106 patients who
met the inclusion criteria, 8 (6.7%) patients had DVT at
the initial screening. There were no significant differ-
ences in median age and sex in the atorvastatin and rivar-
oxaban groups. There were no significant differences in
blood group, body mass index, ECOG, Khorana score,
cancer incidence, stage at diagnosis, chemotherapy regi-
men and laboratory parameters of hemoglobin, leuko-
cytes, and platelets between the atorvastatin group and
the rivaroxaban group.

Of the 86 subjects, in the atorvastatin group there were
18 (42.8%) study subjects who discontinued the study
treatment, and in the rivaroxaban group there were
18 (40.9%) study subjects who discontinued the study.
There was no significant difference between the number
of atorvastatin and rivaroxaban groups who could not
continue the study treatment (Odds Ratio [OR], 1.042;
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95% confidence interval [CI], 0.674-1.611; p = 1.000)
(Table S 1 in the Supplementary Appendix).

The study treatment was permanently discontinued
early before the study was completed for several rea-
sons. The reasons for discontinuing the study treat-
ment include death in 16 (88.9%) and 10 (55.6%) study
subjects in the atorvastatin and rivaroxaban groups,
respectively; due to major bleeding in 0 (0%) and 4
(22.2%) subjects, respectively; due to primary efficacy
endpoint in 0 (0%) and 1 (5.6%) subjects, respectively;
due to patients’ decisions in 1 (5.6%) and 1 (5.6%)
study subjects, respectively; due to loss to follow-
up in 1 (5.6%) and 0 (0%) research subjects, respec-
tively; due to the researcher’s decision in 0 (0%) and 1
(5.6%) study subjects, respectively; and due to severe
COVID-19 infection in 1 (5.6) %) and 0 (0%) subjects,
respectively. A significant difference between the two
groups was observed in terms of reasons for stopping
the study treatment (p = 0.043). Patients who stopped
receiving study treatment were followed up to see the
primary efficacy endpoint for up to 90 days of observa-
tion period. Table of rates and reasons for early discon-
tinuation before study completed in the atorvastatin

| Assessed for eligibility (n= 106)

[ Enrollment ]

Excluded (n=20)

+ DVT atinitial screening (n=8)

+ On anti-thrombotic agents (n=2)

+ ECOG 2 3 (n=6)

+ Cardiocerebrovascular disease (n=1)
+ Active bleeding (n=2)

+ Low platelet coung (<20.000/uL) (n=1)

| Randomized (n=86) |

|

L

Y Allocation )i v

Allocated to Atorvastatin Group (n=42)
+ Received allocated intervention (n=42)

[§

v Follow-Up ¥

Allocated to Rivaroxaban Group (n=44)
+ Received allocated intervention (n=44)

Discontinued intervention (n=18)
+ Death (n=16)

+ Patient’s decision (n=1)

+ Lost to follow-up (n=1)

Analysed (n=24)

Fig. 1 Study consort

Analysis

I{:iscontinued intervention (n=18)
+ Death (n=10)

+ Major bleeding (n=4)

+ Primary efficacy end point (n=1)
+ Researcher’s decision (n=1)

+ Patient’s decision (n=1)

+ Severe COVID-19 (n=1)

Analysed (n=26)
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Table 1 Characteristics of the trial population at baseline
Characteristcs Atorvastatin n=42 Rivaroxaban n=44 Totaln=86 p
Age (yr), median (min - max) 435 (19-60) 41.5 (20-60) 0.118"
Sex, no. (%)
Male 21 (50%) 24 (54.5%) 45 0837
Female 21 (50%) 20 (45.5%) 41
Blood type, no. (%)
0 19 (45.2%) 17 (38.6%) 36 0.688"
Non-O 23 (54.8%) 27 (61.4%) 50
Body Mass Index (kg/m?), no. (%)
Underweight 14 (33.3%) 20 (45.5%) 34 0.107%
Normoweight 21 (50%) 22 (50%) 43
Overweight/obesity 7 (16.7%) 2 (4.5%) 9
ECOG, no. (%)
0 26 (61.9%) 29 (52.7%) 55 oot
1 12 (28.6%) 8(18.2%) 20
2 4(9.5%) 7 (15.9%) 1
Khorana score, no. (%)
Intermediate risk (2) 23 (54.8%) 32(72.7%) 55 0131
High risk (>3) 19 (45.2%) 12 (27.3%) 31
Primary site of cancer, no. (%)
Very high risk of thrombosis
Pancreas 5(11.9%) 2 (4.5%) 7 0.109"
Stomach 2 (4.8%) 1(2.3%) 3
High risk of thrombosis
Lung 8 (19%) 7 (15.9%) 15
Genitourinary 3(7.1%) 2 (4.5%) 5
Gynecology 0 (0%) 2 (4.5%) 2
Limphoma 4(9.5%) 5(11.4%) 9
Average risk of thrombosis
Colorectal 14 (33.3%) 17 (38.6%) 31
Breast 2 (4.8%) 2 (4.5%) 4
Sarcoma 0 (0%) 2 (4.5%) 2
Others 4(9.5%) 4(9.1%) 8
Stage of cancer at diagnosis, no. (%)
[ 2 (4.8%) 4(9.1%) 0962F
Il 5(11.9%) 5(11.4%)
1l 13(31%) 11 (25%)
I\ 22 (52.4%) 24 (54.5%)
Chemotherapy regimen, no. (%)
5FU Based 20 (47.6%) 20 (45.5%) 0.446¥
Cisplatin Based 14 (33.3%) 14 (31.8%)
R-CHOP 1(24%) 4(9.1%)
BEP 1(2.4%) 1(23%)
Taxane Monotherapy 2 (4.8%) 2 (4.6%)
Anthracycline Based 1(24%) 2 (4.6%)
ABVD 1(2.4%) 1(23%)
GRALL-LYSA 0 (0%) 1(2.3%)
De Angelis 0 (0%) 1(2.3%)
Laboratory parameters
Haemoglobin (g/dL) 11.05(7.7-15.3) 11.25(7.3-15.9) 0.659F
Leukocyte (x 10%/uL) 13 (4.9-37) 11.9(5.1-21.8) 0.169F
Platelet (x 10*/uL) 445 (194-707) 465 (238-951) 0.883F

" Chi Square Test
P Mann-Whitney U Test
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Table 2 Study efficacy end points
Efficacy endpoints Atorvastatin N=42 Rivaroxaban N=44 p OR;95% ClI
Primary efficacy end points
Yes 1(2.3%) 1(2.2%) 1.000% 0.953; 0.240-3.971
No 41(97.7%) 43 (97.8%)
Secondary efficacy end points
Yes 17 (40.5%) 12 (27.3%) 0.286" 1.337;0.875-2.042
No 25 (59.5%) 32(72.7%)

" Fisher's Exact Test
* Chi Square Test

and rivaroxaban groups can be seen in Table S 2 in the
Supplementary Appendix.

One study subject in the rivaroxaban group who with-
drew from the study eventually died before 90 days of obser-
vation is completed. There were 11 study subjects who died
in the rivaroxaban group. The majority of death in the ator-
vastatin group occurred in less than 30 days of observation.
This showed that death is not due to the study drug, because
the duration of study drug consumption remains minimal.
The main cause of death in both the atorvastatin and rivar-
oxaban groups was cancer progression. In the atorvastatin
group, there was 1 patient who died of severe COVID-19
infection in the COVID-19 isolation ICU.

Demographics and baseline characteristics of the study
population who discontinued the study can be seen in
Table S 3 in the Supplementary Appendix. There was no
significant difference between the atorvastatin group and
the rivaroxaban group in terms of age, sex, blood type,
body mass index, ECOG score, Khorana score, chemo-
therapy regimen, and laboratory parameters (p > 0.05).

In the study population who stopped receiving study
treatment, there was a significant difference between the
atorvastatin group and the rivaroxaban group in terms
of primary site of cancer and the stage at diagnosis with
p = 0.003 and p = 0.043, respectively. The primary loca-
tion of most cancers in the atorvastatin group was the
lung (n=5, 27.8%) , while in the rivaroxaban group were
colorectal cancers (n=7, 38.9%). Based on the stage at
diagnosis, most of the patients were at stage IV in both
the atorvastatin and rivaroxaban group (n=8 (44.4%)
and n=14 (77.8%), respectively), with the higher number
being in the rivaroxaban group.

Demographics and baseline characteristics of the
study population who continued the study are shown
in Table S 4 in the Supplementary Appendix. There
were no significant differences between the atorvasta-
tin group and the rivaroxaban group in terms of age,
sex, blood type, body mass index, ECOG score, primary
location of cancer, stage at diagnosis, chemotherapy
regimen, and laboratory parameters (p > 0.05).

There was a significant difference between the ator-
vastatin group and the rivaroxaban group in terms of
Khorana score (p = 0.006). In the rivaroxaban group,
23 (88.5%) patients had Khorana score of 2 and in the
atorvastatin group 13 (45.8%) patients had Khorana
score of 3.

The effects of atorvastatin on the incidence of deep vein
thrombosis

Primary efficacy endpoint

The effect of atorvastatin administration was observed
using intention-to-treat analysis over a 90-day observa-
tion period, regardless of whether the incidence of deep
vein thrombosis occurred after discontinuation of the
study drug. All study subjects who had discontinued
the study drug before the end of the study underwent a
Doppler ultrasound examination on the 90" day.

In this study, there was 1 (2.3%) and 1 (2.2%) DVT
case in the atorvastatin and rivaroxaban group, respec-
tively (OR 0.953; 95% CI, 0.240-3.971; p =1,000)
(Table 2). The bar chart can be seen in Fig. 2.

Secondary efficacy endpoint

In this study, the secondary efficacy endpoint were as
follows: 1 case of DVT and 16 deaths (17 [40.5%)] cases)
in the atorvastatin group, and 1 case of DVT and 11
deaths (12 [27.3%] cases) in the rivaroxaban group (OR
1.337; 95% CI, 0.875-2.042; p = 0.286) (Table 2). The
bar chart can be seen in Fig. 2.

Primary safety endpoint

In this study, the primary safety endpoint during the
90 day observation period occurred in 2 (4.8%) and 12
(27.3%) subjects in the atorvastatin and the rivaroxaban
group, respectively. There was a significant difference in
terms of major bleeding incidence between the atorvasta-
tin group and the rivaroxaban group (OR 0.257; 95% ClI,
0.07-0.94; p = 0.007) (Table 3 and Fig. 3).
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Primary Efficacy End Point
50
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p=1.000*

35 OR 0.953; 95% ClI, 0.240-3.971
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Secondary Efficacy End Point
35

30

p=0.286t
OR 1.337; 95% CI, 0.875-2.042
25

20
15

10

0
DVT + All Cause of Death No DVT + All Cause of Death
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Fig. 2 Primary and secondary efficacy end points. *Fisher’s Exact Test, tChi Square Test

Table 3 Study safety end points

Efficacy end points Atorvastatin N=42 Rivaroxaban N=44 p OR;95% ClI p
Primary safety end points
Yes 2 (4.8%) 12 (27.3%) 0.007* 0.257;0.070-0.940
No 40 (95.2%) 32 (72.7%)
Secondary safety end points
Yes 2 (4.8%) 6 (13.6%) 0.270* 0.320; 0.600-1.670 0,001P
No 40 (95.2%) 38 (86.4%)
No Bleeding 38 (90,5%) 26 (59,1%)

* Fisher's Exact Test
P Mann Whitney U Test

Secondary safety endpoints

In this study, the secondary safety endpoint during the 90
day observation period occurred in 2 patients (4.8%) and
in 6 patients (13.6%) in the atorvastatin and the rivaroxa-
ban group, respectively. There was no clinically-relevant
significant difference in terms of non-major bleeding
incidence between the atorvastatin and rivaroxaban
groups (OR 0.32; 95% CI, 0.60-1.67; p = 0.27) (Table 3
and Fig. 3).

There was a significant difference in terms of major
bleeding incidence and clinically-relevant non-major
bleeding in the atorvastatin group and rivaroxaban
groups, with p = 0.001 (Fig. 3).

Bleeding occurred in 22 (25.6%) patients. The loca-
tions of major and non-major bleeding in the ator-
vastatin and rivaroxaban groups can be seen in Table
S 5 in the Supplementary Appendix. The major bleed-
ing events occurred in 12 patients in the rivaroxaban
group characterized by clinically significant bleeding

in gastrointestinal tract or cancer primary site, and
a decrease in hemoglobin levels of 2 g / dL or more
requiring transfusion of 2 or more units of blood cells
(ISTH criteria). The majority of clinically-relevant non-
major bleeding occurred in 5 (22.7%) patients in the
rivaroxaban group, the most being in the lower gastro-
intestinal tract.

Evaluation of side effects of atorvastatin

During the 90-day observation period, an evaluation
of the presence of liver function toxicity and signs of
myopathy was performed. There were no signs of liver
toxicity and myopathy progressing to fatal or nonfatal
rhabdomyolysis during the 90-day observation period.
Mann-Whitney U Test showed no significant difference
in ALT and AST levels between the atorvastatin group
and the rivaroxaban group until 90 days of observa-
tion (p = 0.565 and p = 0.156, respectively). The Mann-
Whitney U Test showed no significant difference in total
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Fig. 3 Primary and secondary safety end points. *Fisher's Exact Test, PMann Whitney

bilirubin levels between the atorvastatin group and the
rivaroxaban group until 90 days of observation (p=0.245)
(Table 4).

The Mann-Whitney U Test showed that there
was no significant difference in triglyceride levels
between the atorvastatin group and the rivaroxaban
group until 90 days of observation (p=0.095). The
test also showed that there was no significant differ-
ence in HDL cholesterol levels between the atorvas-
tatin group and the rivaroxaban group until 90 days
of observation (p=0.385), while there was a signifi-
cant difference in total cholesterol levels between the
atorvastatin and rivaroxaban groups up to 90 days of
observation (p=0.000). Independent T-Test showed
that there was a significant difference in LDL choles-
terol levels between the atorvastatin group and the
rivaroxaban group until 90 days of observation (p =
0.000). Total cholesterol and LDL cholesterol levels up
to 90 days of observation were lower in the atorvas-
tatin group compared to the rivaroxaban group, but
the average total cholesterol and LDL cholesterol lev-
els were still within the normal range of 149.76 mg/
dL (normal value: < 200 mg/dL) [48]. and 91.48 mg/dL
(normal value: < 100 mg/dL) [49, 50] (Table 4).

Cost-effectiveness analysis

This study showed that administering 20 mg atorvastatin
daily was cheaper compared to 10 mg rivaroxaban daily
for 3 months as thromboprophylaxis of DVT events in
cancer patients at high risk of thrombosis undergoing
chemotherapy.

The atorvastatin group in this study used Lipitor® 20
mg (atorvastatin 20 mg) and Xarelto® 10 mg (Rivaroxa-
ban 10 mg) daily for a 90 day observation period. On day
90, one of the 42 patients in the atorvastatin group was
discovered to have DVT during the Doppler ultrasound
evaluation, resulting in 41 subjects without DVT events
during the 90-day observation period.

In the rivaroxaban group there were 44 patients
who took the drug for up to 90 days of observation
period. There was an incidence of DVT in the rivar-
oxaban group on the 27" day of observation. The study
drug with a prophylactic dose of thrombosis was then
changed to a therapeutic dose, so that in the rivaroxa-
ban group there were 43 study subjects without DVT
events.

In addition to using atorvastatin and rivaroxaban
anticoagulants, the study of thrombosis prophylaxis in
cancer patients also requires other therapy, including
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Table 4 Baseline data and 90™ day of liver function levels, blood lipid profile and myopathy
Variable Atorvastatin n=42 Rivaroxaban n=44 p

Mean +SD Mean +SD

Pre-treatment SGOT(mg/dL) 3526+ 2144 36,98 + 25,60 0,829"
SGPT (mg/dL) 29,93 +40,32 28,55+30,04 0,772"
Total Bilirubin (mg/dL) 0,78+0,87 0,69+0,65 0,872"
Triglycerides(mg/dL) 158,74 +112,07 163,09+ 78,66 0.265"
Total cholesterol (mg/dL) 176,17 £57,70 181,09+7287 0,890"
LDL cholesterol (mg/dL) 132,45+42,08 131,66 +6892 0,455"
HDL cholesterol (mg/dL) 36,20+ 10,95 3691+17,48 0,424"

90" day Signs of myopathy 0 0 -
SGOT(mg/dL) 50,69+53,58 44,43 +38,90 0,565"
SGPT (mg/dL) 4552 +6297 29,09+24,10 0,156
Total Bilirubin (mg/dL) 0,80+0,73 094+1,69 0,245%
Triglycerides (mg/dL) 148,45 +92,92 175,93 +96,69 0,005
Total cholesterol (mg/dL) 149,76 +£52,61 187,89+50,38 0,000"
LDL cholesterol (mg/dL) 91,48 439,57 132,07 +49,25 0,000*
HDL cholesterol (mg/dL) 34,60+ 14,43 40,68+30,97 0,385"

T Mann-Whitney U Test

*Independent T Test

intravenous fluids, antiallergic drugs, antiemetic drugs Table5 Cost effectiveness analysis

and chem.otherapy regimens. Due tq the variabilitY of the Group Total Cost for Therapy ACER (IDR)

cancer, different chemotherapy regimens were given to 90 days (IDR) Effectiveness

the patients, with differing costs. Thus, to calculate the

cost-effectiveness of treatment in this study, only atorv- Atorvastatin IR 2,016,000 97.6% IDR 20655

Rivaroxaban IDR 4,050,000 97.7% IDR 41,453

astatin and rivaroxaban prices were used to calculate the
cost of treatment.

Several stages are carried out in the cost-effectiveness
analysis, with the first step being the comparison of the
average total cost with effectiveness. The average total
cost was calculated from the cost of atorvastatin and
rivaroxaban. The average total cost of thrombosis pro-
phylactic therapy in cancer patients using atorvastatin
was IDR 2,016,000.00 and the average total cost of pro-
phylactic therapy in cancer patients using rivaroxaban
was IDR 4,050,000.00. The effectiveness of the study
treatment can be seen in Table 5, with the therapeutic
effectiveness of atorvastatin being 97.6% while the effec-
tiveness of rivaroxaban being 97.7%.

The second step of the CEA is to calculate the Average
Cost-Effectiveness Ratio (ACER) of each group. Calcula-
tions were performed using the ACER formula (average
total cost of therapy divided by effectiveness), resulting
the ACER value in cancer patients who used atorvasta-
tin being IDR 20,655.00 and in patients taking rivaroxa-
ban being IDR 41,453.00 (illustrated in Table 5).

The third stage of this analysis is the positioning of
alternative thrombosis prophylaxis based on the cost-
effectiveness diagram (Figure S 1 in the Supplemen-
tary Appendix) [47]. The positioning of alternative

treatments is seen from the average total cost of
therapy and effectiveness. The desired alternative for
thrombosis prophylaxis in cancer patients in this study
is atorvastatin. the position of atorvastatin is in column
D, which means that atorvastatin has similar effective-
ness and lower cost compared to rivaroxaban, so there
is no need to calculate Incremental Cost-Effectiveness
Ratio (ICER).

The analysis showed that atorvastatin was more
cost-effective than rivaroxaban as seen by the ACER
(IDR 20,655.00 per effectiveness vs. IDR 41,453.00 per
effectiveness).

Discussion

Of the 86 study subjects, there were 18 (42.8%) patients in
the atorvastatin group who discontinued the study, and
there were 18 (40.9%) patients in the rivaroxaban group
who discontinued the study. There was no significant
difference between the number of subjects who discon-
tinued the study in the atorvastatin group and the rivar-
oxaban group (OR 1.042; 95% CI 0.74-1.611; p=1.000).
This showed that the treatment group and the control
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group were similar in terms of the number of subjects
who stopped participating the study.

The main cause of death in both the atorvastatin and
rivaroxaban groups was the progression of cancer. In
the atorvastatin group, there was 1 patient who died of
severe COVID-19 infection in the COVID-19 isola-
tion ICU. In the rivaroxaban group, the main reason of
drug discontinuation was major bleeding, which, if not
stopped, would have been harmful for the study subjects.
This indicates that the risk of bleeding was higher in the
rivaroxaban group than in the atorvastatin group.

Early discontinuation of the study drug occurred in
42% of study subjects. This is due to the fact that most
research subjects were already in advanced stage of
cancer. This finding is consistent with other large-scale
studies investigating thrombosis prophylaxis in cancer
patients, such as the CASSINI [13], PROTECHT ([51]
and SAVE-ONCO [52] studies. In the CASSINI study,
discontinuation of the study drug before the end of the
study occurred in 47% of the subjects, higher than in
this study [13].

In the study population who discontinued the study,
there was a significant difference between the atorvasta-
tin group and the rivaroxaban group in terms of the pri-
mary site of cancer and the stage at diagnosis (p=0.003
and p=0.043, respectively). The most common primary
location of cancer in the atorvastatin group was the lung
(27.8%) while in the rivaroxaban group, 38.9% patients
had colorectal cancer. Based on the stage at diagnosis, the
most common stage at diagnosis was stage IV (44.4% and
77.8% in the atorvastatin and rivaroxaban group, respec-
tively), with the higher percentage being in the rivaroxa-
ban group.

The data above shows that, from the study popula-
tion who discontinued the study treatment, the most
frequent cancer was lung and colorectal cancers and
the most frequent stage at diagnosis was stage IV. This
is consistent with data from a UK cancer study , which
showed that the 1-year survival rate for lung cancer
was highest at stage I and the lowest at stage IV at 88%
and 19%, respectively [53]. Data from ASCO’s Cancer.
net showed that if colorectal cancer was diagnosed in
stage I, the survival rate was 90%. If colorectal cancer
has spread to surrounding tissues or organs and/or
regional lymph nodes (stage II/III), the 5-year survival
rate was 73%. If the cancer has spread to distant parts
of the body (stage IV), the 5-year survival rate was only
17% [54].

In the study population who continued the study, there
was a significant difference between the atorvastatin
group and the rivaroxaban group in terms of Khorana
score (p=0.006). In the rivaroxaban group, most patients
had Khorana score of 2 (88.5%) and in the atorvastatin

Page 11 of 15

group, most patients had Khorana score of 3 (45.8%).
Although the number of patients with Khorana score of 3
was higher in the atorvastatin group, the results showed
that thrombosis prophylaxis with atorvastatin yielded
effective results, and the incidence of DVT was simi-
lar between the atorvastatin group and the rivaroxaban
group.

The primary efficacy endpoint in this study was the
number of DVT case during the 90-day observation
period. Only 1 DVT case occurred in the treatment and
in the control group, respectively (2.3% vs. 2.2%) (OR
0.953; 95% CI, (0.240-3.971; p=1.000). This indicates
that the administration of 20 mg atorvastatin daily did
not differ significantly from 10 mg rivaroxaban daily
for 3 months for thromboprophylaxis of DVT in can-
cer patients with high risk of thrombosis undergoing
chemotherapy.

The incidence of primary efficacy endpoint in this
study did not differ from a large-scale study of primary
thromboprophylaxis in patients undergoing chemo-
therapy. The SAVE-ONCO study, a double-blind,
multicenter study, compared the ultra-low-molecular-
weight heparin semuloparin with placebo to evalu-
ate the effectiveness and safety of VTE prophylaxis in
cancer patients undergoing chemotherapy. The results
also showed that VTE occurred in only 20 (1.2%) of the
1608 patients receiving semuloparin, compared to 55
(3.4%) of the 1604 patients, which was statistically sig-
nificant in terms of thromboprophylaxis effectiveness
compared to placebo with HR (Hazard Ratio) 0.36;
95% CI, 0.21-0.60; p<0.001) [52]. The results of this
study seem to indicate that atorvastatin has similar
effectiveness to LMWH, but further study is needed
to compare the efficacy of atorvastatin with LMWH to
prevent DVT.

Likewise, the PROTECHT study, a placebo-controlled,
double-blind study, was designed to evaluate the effec-
tiveness of nadroparin for the prophylaxis of venous
thromboembolic events in cancer patients undergoing
chemotherapy. The results showed that in patients receiv-
ing nadroparin, VTE occurred in only 16 (2.1%) of 769
patients, compared to patients receiving placebo where
VTE occurred in 15 (3.9%) of 381 patients, which was
statistically significant for nadroparin in terms of throm-
boprophylaxis efficacy compared to placebo (interim-
adjusted pvalue = 0.033, relative risk reduction 47.2%,
NNT = 53.8) [51].

The low incidence of VTE in the atorvastatin group
from this study (2.3%), the SAVE-ONCO (1.2%) and
PROTECHT (2.1%) studies is reasonable because the
patients received VTE thromboprophylaxis thereby
reducing the risk of developing VTE in these patients.
The same could explain the underlying mechanism for
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the low incidence of VTE in the rivaroxaban group (2.2%)
of the current study [51, 52].

The results of this study differ from those of the SAVE-
ONCO and PROTECHT studies, where the study treat-
ment was found to be statistically more efficacious for
preventing VTE events compared to the control. This
is due to fact that thromboprophylaxis in the treatment
group used an anticoagulant drug, while placebo was
used as a comparison. Meanwhile, in this study, the treat-
ment group used atorvastatin while the control group
received rivaroxaban, which is an anticoagulant drug that
has been used in the guidelines as thromboprophylaxis.
The results showed that administering 20 mg atorvastatin
daily did not differ significantly from 10 mg rivaroxaban
daily for 3 months for the thromboprophylaxis of DVT in
cancer patients with high risk of thrombosis undergoing
chemotherapy.

In this study, the secondary efficacy endpoint observed
in the 90 days observation period were as follows: 1 case
of DVT and 16 deaths (17 [40.5%)] cases) in the atorvas-
tatin group, and 1 case of DVT and 11 deaths (12 [27.3%]
cases) in the rivaroxaban group (OR 1.337; 95% CI, 0.875-
2.042; p = 0.286).

No significant difference was observed in terms of DVT
plus death from any cause in the atorvastatin and rivar-
oxaban groups. It also showed that that administering
20 mg atorvastatin daily did not differ significantly from
10 mg rivaroxaban daily for 3 months for the thrombo-
prophylaxis of DVT in cancer patients with high risk of
thrombosis undergoing chemotherapy.

The primary safety endpoint during the 90 day obser-
vation period in this study occurred in 2 (4.8%) and 12
(27.3%) subjects in the atorvastatin and the rivaroxaban
group, respectively. There was a significant difference in
terms of major bleeding incidence between the atorvasta-
tin group and the rivaroxaban group (OR 0.257; 95% CI,
0.07-0.94; p = 0.007). This study observed that the risk of
major bleeding was higher in the rivaroxaban group than
in the atorvastatin group.

In this study, the secondary safety end point during
the 90 day observation period in the atorvastatin group
occurred in 2 (4.8%) vs. 6 (13.6%) of patients in the ator-
vastatin and rivaroxaban group, respectively. There was
no significant difference in terms of the incidence of
clinically-relevant non-major bleeding between the ator-
vastatin and rivaroxaban groups (OR 0.32; 95% CI, 0.60-
1.67; p=0.27). There was a significant difference in the
incidence of major bleeding and clinically-relevant non-
major bleeding in the atorvastatin group and the rivar-
oxaban group (p=0.001).

Major bleeding mostly occurred in the rivaroxaban
group characterized by a clinically significant bleed-
ing with a decrease in hemoglobin levels of 2 g/dL or
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more requiring transfusion of 2 or more units of blood
cells (ISTH criteria) (n=7, 31.8%). Clinically relevant
non-major bleeding mostly occurred in the rivaroxaban
group, with the most frequent location being in the lower
gastrointestinal tract (n=>5, 22.7%).

The results of the current study are in accordance with
previous studies, which showed that rivaroxaban had
a higher risk of bleeding when administered to patients
with gastrointestinal cancer [55, 56]. The most common
type of cancer in this study was colorectal cancer in both
the atorvastatin group and in the rivaroxaban group
(n=14 (33.3%) and n=17 (38.6%), respectively).

The incidence of primary safety endpoint and secondary
safety endpoint in this study differed from previous studies.
All three of the SAVE-ONCO, PROTECHT and CASSINI
studies used an anticoagulant as a study drug compared to
placebo as a control. The results of these 3 studies showed
that the incidence of bleeding did not differ significantly
between the treatment group and the control group. Mean-
while, the current study showed that both major and minor
bleeding occurred more in the control group receiving
rivaroxaban compared to the treatment group receiving
atorvastatin, and this finding was statistically significant
[13, 51, 52].

During the 90-day observation period, the presence of
atorvastatin toxicity on liver function and signs of myo-
pathy was evaluated. There were no signs of liver toxicity
and myopathy progressing to fatal or nonfatal rhabdomy-
olysis during the 90-day observation period. There was
no significant difference between the atorvastatin and
rivaroxaban groups in terms of mean levels of triglyc-
erides and HDL cholesterol during the 90-day observa-
tion period. There was a significant difference between
total cholesterol and LDL cholesterol levels in the 90-day
observation period, with levels in the atorvastatin group
being were lower, but remain within normal limits. The
results of this study are in accordance with previous stud-
ies using atorvastatin. Newman et al. analyzed data from
44 studies using Atorvastatin in 16,495 patients. Severe
side effects were rare and there were no deaths from
treatment with Atorvastatin [33].

Based on the data above, this study showed that admin-
istering 20 mg atorvastatin daily did not differ signifi-
cantly from 10 mg rivaroxaban daily for 3 months for
thromboprophylaxis of DVT events in cancer patients
with high risk of thrombosis undergoing chemotherapy
with a lower risk of bleeding.

The cost-effectiveness comparison analysis between
atorvastatin and rivaroxaban showed that atorvasta-
tin was more cost-effective than rivaroxaban as indi-
cated by the ACER (IDR 20,655.00 per effectiveness
for atorvastatin vs. IDR 41,453.00 per effectiveness for
rivaroxaban).
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Research limitations

In this study nearly 42% of the randomized patients dis-
continued the study before the 90-day observation period
was completed for various reasons. This occurs due to
most patients being in advanced cancer stage, leading to
unexpected results. The same also occurred in previous
studies on DVT prophylaxis to cancer patients, such as
the CASSINI [13], PROTECHT [51] and SAVE-ONCO
studies [52].

Conclusion

The administration of 20 mg atorvastatin daily did not
differ significantly from 10 mg rivaroxaban daily for 3
months, for the thromboprophylaxis of DVT in can-
cer patients at high risk of thrombosis undergoing
chemotherapy. There were significant differences in the
incidence of major bleeding and clinically-relevant non-
major bleeding in the atorvastatin group and the rivar-
oxaban group, with a higher number of bleeding events
being in the rivaroxaban group.

The administration of 20 mg atorvastatin daily was less
expensive than 10 mg rivaroxaban daily for 3 months, for
thromboprophylaxis of DVT events in cancer patients at
high risk of thrombosis undergoing chemotherapy.

The presence of limited statistical power and wide con-
fidence intervals in this study prevents us from making
a direct conclusion about the possibility of a significant
results of this study. It is necessary to conduct a multi-
center clinical trial with a larger sample size to further
strengthen the evidence of the efficacy of atorvastatin as
DVT prophylaxis in cancer patients undergoing chemo-
therapy, so that atorvastatin could be proposed in clinical
guidelines as DVT prophylaxis in cancer patients under-
going chemotherapy.

Abbreviations

ACER Average Cost-Effectiveness Ratio
ASCO American Society of Clinical Oncology
AST Aspartate transaminase

ALT Alanine transaminase

CEA Cost Effectiveness Analysis

CRP C-reaktif protein

cl Confidence Interval

COVID-19 Coronavirus Disease of 2019

CcK Creatinie kinase

Cus Compression ultrasound

DVT Deep Vein Thrombosis

ECOG Eastern Cooperative Oncology Group
5FU 5 Fluoro uracil

F142 Prothrombin fragmen F 1+2

FXa Factor Xa

ICER Incremental Cost-Effectiveness Ratio/
IL-6 Interleukin 6

ICU Intensive Care Unit

ISRCTN The International Standard Randomised Controlled Trial Number

ISTH International Society on Thrombosis and Hemostasis

Page 13 of 15

ITT Intention-to-treat

IDR Indonesian Rupiah

LDL Low density lipoprotein
LMWH Low molecular weigh heparin
MAPK Mitogen-activated protein kinase
NF-kB Nuclear factor kappa-B

LDL Low-density lipoprotein

OR Odds ratio

PAR Protease-activated receptor
RCT Randomized controlled trials
TF Tissue factor

UFH Unfractionated heparin

VTE Venous thromboembolism

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512959-023-00497-0.

Additional file 1: Table S1. Subjects Discontinued Study. Table S2. Rates
and Reasons for Early Discontinuation Before Study Completed in the
Atorvastatin and Rivaroxaban Groups. Table S3. Characteristics of Patients
Who Discontinued Study Drug. Table S4. Characteristics of Patients Who
Remained On Study Drug. Table S5. Bleeding Sites in the Atorvastatin and
Rivaroxaban Groups. Figure S1. Cost Efectiveness diagram.

Acknowledgements

Our sincere gratitude to Mika Lumbantobing, M.D., and Suyono, M.D. from
the Department of Internal Medicine, Dr. Kariadi Hospital, Diponegoro
University, Semarang, Indonesia for their contribution in cancer patient
and to all colleagues at dr. Kariadi Hospital who supported us in patient
recruitment. We also acknowledge support of the biomolecular labora-
tory at for providing assistance in ELISA analysis, Gunawan Santosa M.D,,
Ph.D. for his radiological expertise in performing dupplex ultrasound of the
extremities, and Suhartono, M.D., Ph.D. from the Clinical Epidemiology Unit
of Diponegoro University for the statistical support. Lastly but not least, the
authors would like to thank the participants and their family for contributing
by enrolling in the study.

Authors’ contributions

BS: Conceptualizing and design the study, reviewed data, wrote the first man-
uscript, analyzed the data and reviewed the final manuscript. WB: Included
patients, collected the samples and data, and reviewed the manuscript TWS:
Included patients, collected the samples and data, and reviewed the manu-
script. DR: Assissted with study oversight, collected the data, analyzed and
carried out the statistical analysis, and reviewed the manuscript. EAP: Supervi-
sion the study, critically appraised the manuscript. DS: Supervision the study,
critically appraised the manuscript. AWS: Supervision the study, reviewed data,
analyzed the data, critically appraised the manuscript. TIW: Supervision the
study, reviewed data, analyzed the data, critically appraised the manuscript.
IR: Supervision the study, reviewed data, analyzed the data, critically appraised
the manuscript. RDS: Conceptualization design the study, reviewed data,
analyzed the data and reviewed the final manuscript, supervision the study,
critically appraised the manuscript. CS: Conceptualization design the study,
reviewed data, analyzed the data and reviewed the final manuscript, supervi-
sion the study, critically appraised the manuscript. All authors participated in
the interpretation and presentation of the results, then contributed, read and
approved the final manuscript hereby submitted for publication.

Authors’ information

Budi Setiawan is Hematologist and Medical Oncologist, PhD in Division of
Hematology and Medical Oncology, Department of Internal Medicine, Faculty
of Medicine, Diponegoro University/Dr. Kariadi Hospital, Semarang, Indonesia.
Widi Budianto is a clinical fellow in Hematology and Medical Oncology,
Department of Internal Medicine, Faculty of Medicine, Diponegoro University/
Dr. Kariadi Hospital, Semarang, Indonesia.

Tri Wahyu Sukarnowati is a clinical fellow in Hematology and Medical Oncol-
ogy, Department of Internal Medicine, Faculty of Medicine, Diponegoro
University/Dr. Kariadi Hospital, Semarang, Indonesia.


https://doi.org/10.1186/s12959-023-00497-0
https://doi.org/10.1186/s12959-023-00497-0

Setiawan et al. Thrombosis Journal (2023) 21:54

Daniel Rizky is Hematologist and Medical Oncologist in Division of Hematol-
ogy and Medical Oncology, Department of Internal Medicine, Faculty of
Medicine, Diponegoro University/Dr. Kariadi Hospital, Semarang, Indonesia.
Eko Adhi Pangarsa is Hematologist and Medical Oncologist, PhD candidate
in Division of Hematology and Medical Oncology, Department of Internal
Medicine, Faculty of Medicine, Diponegoro University/Dr. Kariadi Hospital,
Semarang, Indonesia.

Damai Santosa is Hematologist and Medical Oncologist, PhD, chief of Division
of Hematology and Medical Oncology, Department of Internal Medicine,
Faculty of Medicine, Diponegoro University/Dr. Kariadi Hospital, Semarang,
Indonesia.

Aru Wisaksono Sudoyo is professor of medicine in Internal Medicine Depart-
ment, Faculty of Medicine, Indonesian University/Cipto Mangunkusumo
Hospital, Jakarta, Indonesia.

Tri Indah Winarni is professor of medicine in Anatomy Department, Faculty of
Medicine, Diponegoro University, Semarang, Indonesia.

Ignatius Riwanto is professor of medicine in Surgery Department, Faculty
of Medicine Diponegoro University/Dr. Kariadi Hospital, Semarang,
Indonesia.

Rahajuningsih Dharma Setiabudy is professor of medicine in Clinical Pathol-
ogy Department, Faculty of Medicine, University of Indonesia, Jakarta,
Indonesia.

Catharina Suharti is professor of medicine in Division of Hematology and
Medical Oncology, Department of Internal Medicine, Faculty of Medicine,
Diponegoro University/Dr. Kariadi Hospital, Semarang, Indonesia.

Funding
Not applicable.

Availability of data and materials
Database of all patients and statistical analaysis are available upon request and
authorization from Dr. Kariadi Hospital.

Declarations

Ethics approval and consent to participate
This single-centre observational study was approved by Ethical Committee of
the Dr. Kariadi Hospital.

Consent for publication
All authors have consented for the publication.

Competing interests
The authors declare no competing interests.

Author details

"Hematology-Medical Oncology Division, Department of Internal Medicine,
Faculty of Medicine, Universitas Diponegoro/Dr. Kariadi Hospital, Semarang,
Indonesia. “Hematology-Medical Oncology Division, Department of Internal
Medicine, Faculty of Medicine, Universitas Indonesia/Dr. Cipto Mangunku-
sumo Hospital, Jakarta, Indonesia. >Department of Anatomy, Faculty of Medi-
cine, Universitas Diponegoro/Center for Biomedical Research (CEBIOR), Faculty
of Medicine, Universitas Diponegoro, Semarang, Indonesia. “Digestive Surgery
Division, Department of Surgery, Faculty of Medicine, Universitas Diponegoro/
Dr. Kariadi Hospital, Semarang, Indonesia. *Department of Clinical Pathology,
Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia.

Received: 18 October 2022 Accepted: 26 April 2023
Published online: 08 May 2023

References

1. Timp JF, Braekkan SK, Versteeg HH, Cannegieter SC. Epidemiology of
cancer-associated venous thrombosis. Blood. 2013;122(10):1712-24.

2. Angchaisuksiri P. Cancer-associated thrombosis in Asia. Thromb J.
2016;14:130-63.

3. Setiawan B, Pangarsa EP, SG, Suharti C. Incidence of asymptomatic deep
vein thrombosis in cancer patients in Kariadi Hospital. In: Programme

20.

21.

22.

23.

24,

Page 14 of 15

Book Pre and Post the 2018 Highlights of American Society of Hematol-
ogy (ASH) in Asia Pasific (HOA-APAC). Bali; 2018. p. 80.

Sutandyo N, Tobing DL, Kardinah. Risk Factors of Deep Vein Thrombosis in
Cancer Patients. Iran J Blood Cancer. 2018;10(4):117-23.

Kirwan CC, Mccollum CN, Mcdowell G, Byrne GJ. Investigation of
proposed mechanisms of chemotherapy-induced venous thrombo-
embolism : endothelial cell activation and procoagulant release due to
apoptosis. Clin Appl Thromb. 2015;2(5):420-7.

Khorana AA, Dalal M, Lin J, Connolly GC. Incidence and Predictors of Venous
Thromboembolism (VTE) Among Ambulatory High-Risk Cancer Patients
Undergoing Chemotherapy in the United States. Cancer. 2013;119:648-55.
Elyamany G, Alzahrani AM, Bukhary E. Cancer-associated thrombosis: an
overview. Clin Med Insights Oncol. 2014;8:129-37.

Kalayci A, Gibson CM, Chi G, Yee MK, Korjian S, Datta S, et al. Asympto-
matic deep vein thrombosis is associated with an increased risk of death :
insights from the APEX Trial. Thromb Haemost. 2018;118(12):2046-52.
Vaitkus PT, Leizorovicz A, Cohen AT, Turpie AGG, Olsson CG, Goldhaber SZ,
et al. Mortality rates and risk factors for asymptomatic deep vein throm-
bosis in medical patients. Thromb Haemost. 2005;93:76-9.

Alikhan R, Cohen AT, Combe S, Samama MM, Desjardins L, Eldor A,

et al. Prevention of venous thromboembolism in medical patients with
enoxaparin : a subgroup analysis of the MEDENOX study. Blood Coagul
Fibrinolysis. 2003;14(4):341-6.

. Leizorovicz A, Cohen AT, Turpie AGG, Olsson C, Vaitkus PT, Goldhaber SZ.

Randomized, Placebo-Controlled Trial of Dalteparin for the Prevention

of Venous Thromboembolism in Acutely Ill Medical Patients Medical
Patients. Circulation. 2004;110:874-9.

Cohen AT, Davidson BL, Gallus AS, Lassen MR, Prins MH, Tomkowski W,

et al. Efficacy and safety of fondaparinux for the prevention of venous
thromboembolism in older acute medical patients: randomised placebo
controlled trial. BMJ. 2006;332:325.

Khorana AA, Soff GA, Kakkar AK, Vadhan-Raj S, Riess H, Wun T, et al. Rivar-
oxaban for thromboprophylaxis in high-risk ambulatory patients with
cancer. N Engl J Med. 2019;380:720-8.

Key NS, Khorana AA, Kuderer NM, Bohlke K, Lee AYY, Arcelus JI, et al. Venous
thromboembolism prophylaxis and treatment in patients with cancer :
ASCO clinical practice guideline update. J Clin Oncol. 2020,38(5):496-520.
Farge D, Frere C, Connors JM, Ay C, Khorana AA, Munoz A. Review 2019 interna-
tional clinical practice guidelines for the treatment and prophylaxis of venous
thromboembolism in patients with cancer. Lancet Oncol. 2019;20(10).e566-81.
Khorana AA. The NCCN Clinical Practice Guidelines on Venous Thrombo-
embolic Disease: Strategies for Improving VTE Prophylaxis in Hospitalized
Cancer Patient. Oncologist. 2007;12:1361-70.

Fadjari TH, Syahyudin, Suharti C. Penatalaksanaan tromboemboli vena
pada kanker. Dalam: Tambunan KL, Suharti C, Sukrisman L, Fadjari TN,
Setiawan B. Pedoman Nasional Tromboemboli Vena. Perhimpunan Trom-
bosis Hemostasis Indonesia. 2018. Hal 53-65.

Atmakusuma TD, Tambunan KL, Sukrisman L, Effendi S, Rachman A,
Setiawati A, et al. Underutilization of Anticoagulant for Venous Thrombo-
embolism Prophylaxis in Three Hospitals in Jakarta. Acta Med Indones
Indones J Intern Med. 2015;47(2):136-45.

Mah I. Factors influencing adherence to clinical guidelines in the
management of cancer-associated thrombosis. Onco Targets Ther.
2018;11:2063-73.

Bradley T, Brasel KJ, Miller JJ, Pappas SG. Cost-effectiveness of prolonged
thromboprophylaxis after cancer surgery. Ann Surg Oncol. 2010;17:31-9.
Figueroa R, Alfonso A, Lopez-Picazo J, Gil-Bazo |, Garcia-Mouriz A, Hermida
J. Insights into venous thromboembolism prevention in hospital-

ized cancer patients : Lessons from a prospective study. PLoS One.
2018;13(8):20200220.

Hibbert PD, Hannaford NA, Hooper TD, Hindmarsh DM, Braithwaite J,
Ramanathan SA, et al. Assessing the appropriateness of prevention and
management of venous thromboembolism in Australia : a cross-sectional
study. BMJ Open. 2016;6:¢008618. 2016:1-8

Bump GM, Dandu M, Kaufman SR, Shojana KG, Flanders SA. How
complete is the evidence for thromboembolism prophylaxis in general
medicine patients ? A meta-analysis of randomized controlled trials. J
Hospit Med. 2009;4:289-97.

Budnik 1, Brill A. Immune factors in deep vein thrombosis initiation. Trends
Immunol. 2018;39(8):610-23.



Setiawan et al. Thrombosis Journal

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2023) 21:54

Boccaccio C, Comoglio PM. Oncogenesis, Cancer and Hemostasis. In:
Khorana AA, Francis CW, editors. Cancer-Associated Thrombosis. New
York: Informa Healthcare USA, Inc; 2008. p. 1-15.

Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, et al. Inflammatory
responses and inflammation-associated diseases in organs. Ontarget.
2018;9(6):7204-18.

Branchford BR, Carpenter SL. The role of inflammation in venous throm-
boembolism. Front Pediatr. 2018;6:142.

Gorp ECM, Suharti C, Cate H, Dolmans WMV, Van Der Meer JWM, Cate
JWT, et al. Review : infectious diseases and coagulation disorders. J Infect
Dis. 1999;180:176-86.

Haddad TC, Greeno EW. Chemotherapy-induced thrombosis. Thromb Res.
2006;118:555-68.

Saghazadeh A, Ha S, Rezaei N. Inflammation in venous thromboembo-
lism : Cause or consequence ? Int Immunopharmacol. 2015;28:655-65.
Rodriguez AL, Wojcik BM, Wakefield TW, Diaz JA, Wakefield TW, Diaz JA.
Statins, inflammation and deep vein thrombosis : a systematic review. J
Thromb Thrombolysis. 2012,33:371-82.

Lotsch F, Kénigsbriigge O, Posch F, Zielinski C, Pabinger |, Ay C. Statins
are associated with low risk of venous thromboembolism in patients
with cancer : a prospective and observational cohort study. Thromb Res.
2014;134(5):1008-13.

Newman CB, Palmer G, Silbershatz H, Szarek M. Safety of atorvastatin
derived from analysis of 44 completed trials in 9, 416 patients. Am J
Cardiol. 2003;92:670-6.

Ichikawa H, Shimada M, Narita M, Narita |, Kimura Y, Tanaka M, et al.
Rivaroxaban, a direct factor Xa inhibitor, ameliorates hypertensive renal
damage through inhibition of the inflammatory response mediated by
protease-activated receptor pathway. J Am Heart Assoc. 2019;8:e012195.
Hashikata T, Yamaoka-tojo M, Namba S, Kitasato L, Kameda R, Murakami
M, et al. Rivaroxaban Inhibits Angiotensin ll-induced Activation in Cul-
tured Mouse Cardiac Fibroblasts Through the Modulation of NF- NF-kB
Pathway. Int Heart J. 2015;56:544-50.

Jiang R, Wang N, Tanaka KA, Levy JH, Guyton RA, Zhao Z, et al. Factor Xa
induces tissue factor expression in endothelial cells by P44/42 MAPK and
NF-kB-dependent pathways. J Surg Res. 2011;169(2):319-27.

Ebrahimi S, Rezaei S, Seiri P, Ryzhikov M, Hashemy SI, Hassanian SM. Factor
Xa signaling contributes to the pathogenesis of inflammatory diseases. J
Cell Physiol. 2016;232:1-19.

Schaefer JK, Li M, Wu Z, Basu T, Dorsch MP, Barnes GD, et al. Anticoagu-
lant medication adherence for cancer-associated thrombosis. J Thromb
Haemost. 2021;19:212-20.

Bauersachs R, Berkowitz SD, Brenner B, Buller HR, Decousus H, Gallus AS,
et al. Oral rivaroxaban for symptomatic venous thromboembolism. N
Engl J Med. 2010;363:2499-510.

Alguwaizani M, Buckley L, Adams C, Fanikos J. Anticoagulants : a review
of the pharmacology, dosing, and complications. Curr Emerg Hosp Med
Rep. 2013;1:83-97.

Masotti L, Campanini M. Pharmacology of new oral anticoagulants :
mechanism of action, pharmacokinetics, pharmacodynamics. Italian J
Med. 2013;7(s8):1-7.

Snyder PB, Groebner RJ, Leonard AW, Osborne TH, Wilson HR. Develop-
ment and validation of a predictive model for the pedestal height. Phys
Plasmas. 2009;16(5):4902-8.

Wells PS, Anderson DR, Rodger M, et al. Evaluation of D-dimer in

the diagnosis of suspected deep-vein thrombosis. N Engl J Med.
2003;349(13):1227-35.

Schulman S, Kearon C. Definition of major bleeding in clinical investiga-
tions of antihemostatic medicinal products in non-surgical patients. J
Thromb Haemost. 2005;3:692-4.

McCoy CE. Understanding the intention-to-treat principle in randomized
controlled trials. West J Emerg Med. 2017;18(6):1075-8.

Harun SR, Putra ST, Chair |, Sastroasmoro S. Uji Klinis. Dalam : Sastroas-
moro S, Ismael S. Dasar dasar Metodologi Klinis. Edisi ke-5. CV. Sagung
Seto 2014. Hal 187-218.

Sarnianto P, Fadia Z, Gusnellyanti E. Pedoman Penerapan Kajian
Farmakoekonomi. Kemenkes RI; 2013. Available from: http://farmalkes.
kemkes.go.id

Laboratory Procedure Manual Total Cholesterol, HDL-Cholesterol, Triglyc-
erides, and LDL-Cholesterol Serum. Hitachi 704 Analyzer which is serviced
by Roche Diagnostics (formerly Boehringer-Mannheim Diagnostics),

49.

50.

51

52.

53.

54.

55.

56.

Page 15 of 15

Indianapolis. 2019. Available from https://www.cdc.gov/nchs/data/
nhanes/nhanes_03_04/113_c_met_lipids.pdf.

Woods AD. Patient education series : Cholesterol levels. Nursing 2010.
2010 August; 31. Available from : https://pubmed.ncbi.nlm.nih.gov/
20647877/.

Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS,

et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/
ASPC/NLA/PCNA Guideline on the Management of Blood Cholesterol:

A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol.
2019;73(24):e285-350.

Agnelli G, Gussoni G, Bianchini C, Verso M, Tonato M. A Randomized
Double-Blind Placebo-Controlled Study on Nadroparin for Prophylaxis
of Thromboembolic Events in Cancer Patients Receiving Chemotherapy:
The PROTECHT Study. Blood. 2008;112(11):6-6.

Agnelli G, George DJ, Kakkar AK, Fisher W, Lassen MR, Mismetti P, et al.
Semuloparin for Thromboprophylaxis in Patients Receiving Chemother-
apy for Cancer. N Engl J Med. 2012,366(7):601-9.

Cancer Research UK. Lung Cancer Survival Statistic. 2019. Available from :
https.//www.cancerresearchuk.org/health-professional/cancer-statistics/
statistics-by-cancer-type/lung-cancer/survival#heading-Three.
Colorectal Cancer: Statistics. 2022. Available from: https://www.cancer.
net/cancer-types/colorectal-cancer/statistics.

Houghton DE, Vlazny DT, Casanegra Al, Brunton N, Froehling DA, Mever-
den RA, et al. Bleeding in Patients With Gastrointestinal Cancer Compared
With Nongastrointestinal Cancer Treated With Apixaban, Rivaroxaban,
or Enoxaparin for Acute Venous Thromboembolism. Mayo Clin Proc.
2021;96(11):2793-805.

Kim JH, Seo S, Kim KP, Chang HM, Ryoo BY, Yoo C, et al. Rivaroxaban
versus low-molecular-weight heparin for venous thromboembolism

in advanced upper gastrointestinal tract and hepatopancreatobiliary
cancer. In Vivo (Brooklyn). 2020;34(2):829-37.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://farmalkes.kemkes.go.id
http://farmalkes.kemkes.go.id
https://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l13_c_met_lipids.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l13_c_met_lipids.pdf
https://pubmed.ncbi.nlm.nih.gov/20647877/
https://pubmed.ncbi.nlm.nih.gov/20647877/
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/survival#heading-Three
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/survival#heading-Three
https://www.cancer.net/cancer-types/colorectal-cancer/statistics
https://www.cancer.net/cancer-types/colorectal-cancer/statistics

	The effectiveness of atorvastatin for the prevention of deep vein thrombosis in cancer patients undergoing chemotherapy
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Patients
	Trial design and interventions
	Prediction score
	Outcome measures
	Response to treatment and follow-up
	Statistical analysis

	Results
	Demographics and characteristics of the study population
	The effects of atorvastatin on the incidence of deep vein thrombosis
	Primary efficacy endpoint
	Secondary efficacy endpoint
	Primary safety endpoint
	Secondary safety endpoints

	Evaluation of side effects of atorvastatin
	Cost-effectiveness analysis

	Discussion
	Research limitations

	Conclusion
	Anchor 29
	Acknowledgements
	References


