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Abstract

Statins, which are considered as essential for primary and secondary prevention of
atherosclerotic diseases, were also reported to reduce first venous thromboembolism (VTE).
However, the effect of statins on VTE recurrence remains conflicting. We aimed to examine
the association between statin use and VTE recurrence in a large observational study in Japan.
The COMMAND VTE Registry is a multicenter registry enrolling consecutive 3027 patients
with acute symptomatic VTE in 29 centers in Japan between January 2010 and August 2014.
In the current study, the entire cohort was divided into statin group (N=437) and no-statin
group (N=2590) according to the status of statin use at baseline. The statin group as
compared with the no-statin group was older (statin group 71.2 versus no-statin group 66.5
years, P<0.001), included more women (67% vs. 60%, P=0.008), and less frequently had
active cancer (12% versus 25%, P<0.001). There was no significant difference in the clinical
presentation of VTE (pulmonary embolism, 58% versus 56%, P=0.44). The cumulative
3-year incidence of recurrent VTE was significantly lower in the statin group than the
no-statin group (3.8% versus 8.8%, P<0.001). After adjusting for confounders including
active cancer, statin use was associated with significantly lower risk for recurrent VTE (HR
0.49, 95% CI 0.29-0.78, P=0.002). The results were consistent in a sensitivity sub-group
analysis with and without active cancer. In conclusion, statin use was associated with
significantly lower risk for the recurrent VTE in patients with VTE.

Key words

statins; venous thromboembolism; recurrence.

Introduction

Statins decrease serum low-density lipoprotein (LDL) cholesterol levels by inhibiting hepatic
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cholesterol biosynthesis.® Statins reduce risk for atherosclerotic diseases such as coronary
artery disease and stroke, and it has been suggested that the benefit of statins is derived not
only from the lipid lowering effect, but also from the pleiotropic effects.? Given interference
of statins with platelet activity and coagulation cascade,’ statins have been thought to serve as
a potential option to prevent venous thromboembolism (VTE). A randomized controlled trial,
JUPITER, has revealed that statins for healthy subjects reduced the occurrence of VTE,
demonstrating potential benefit for primary prevention.* On the other hand, it remains as a
matter of debate whether statins are effective for secondary prevention of VTE. Some
previous observational studies have suggested that statins were associated with significantly
low risk for recurrent VTE,>® while other studies showed insignificant associations between
statin use and recurrence of VTE.”® It would be worthwhile to examine usefulness of statins
for patients with VTE in a research registry that contains clinically adjudicated data on
patients’ characteristics, comorbidities and diagnoses. Therefore, we aimed to examine
association between statins use and VTE recurrence in a large observational registry of VTE

in Japan.

Methods

The COMMAND VTE (COntemporary ManageMent AND outcomes in patients with \enous
ThromboEmbolism) Registry is a physician-initiated, multicenter cohort study enrolling
consecutive patients with acute symptomatic VTE objectively confirmed by imaging
examinations or by autopsy in 29 centers in Japan between January 2010 and August 2014.
The detailed design of the registry was previously reported.®® The relevant review boards or

ethics committees in all the 29 participating centers (Supplemental Appendix 1) approved the
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research protocol. Written informed consent from each patient was waived, because we used
clinical information obtained in routine clinical practices, and no patients refused to
participate in the study when contacted for follow-up. This method is concordant with the
guidelines for epidemiological studies issued by the Ministry of Health, Labor, and Welfare
in Japan.

We referred to the hospital charts for clinical diagnosis and imaging examinations,
and enrolled consecutive patients who met the definition of acute symptomatic VTE
diagnosed within 31 days from symptom onset during the study period."* The symptoms of
VTE were defined as follows; sudden onset dyspnea, pleuritic chest pain, substernal chest
pain, cough, fever, hemoptysis, and syncope due to pulmonary embolism (PE), and erythema,
warmth, pain, swelling, tenderness, and pain upon dorsiflexion of the foot for deep vein
thrombosis (DVT).*** Sudden onset abnormalities in vital signs such as a decrease in arterial
oxygen saturation and hypotension were regarded as symptoms of PE. The presence or
absence of symptoms was evaluated at the time of the imaging studies.

After screening the consecutive 19634 patients with suspected VTE for eligibility
through chart review by the physicians at each institution, a total of 3027 consecutive patients
who had acute symptomatic VTE were enrolled in the current registry (Figure 1). We divided
the entire cohort into patients with and without statins use at baseline. Status of statins use
was evaluated at the time of discharge for patients who were hospitalized for VTE, and at the
time of diagnosis for patients who were not hospitalized. Patient management including
duration of anticoagulation was left to the discretion of the attending physicians in each
participating hospital.

Baseline data were collected from hospital charts or hospital databases according to the
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pre-specified definitions, using an electronic case report form in a web-based database system.
The study investigators at each institution were responsible for data entry, and data were
automatically checked for missing or contradictory input and values out of the expected range.
Additional data monitoring were performed at the general office of the registry.

Transient risk factors for VTE included recent surgery (within 2 months prior to VTE), recent
immobilization (defined as non-surgical bed-ridden status within 2 months prior to VTE),
long-distance travel (travel lasting >6 hours in the previous 3 weeks), central venous catheter
use, pregnancy or puerperium, severe infection, and estrogen use.** Patients with active
cancer were defined as those on treatment for cancer such as chiemotherapy or radiotherapy;,
those scheduled to undergo surgery for cancer, those with metastasis to other organs, and/or
those with terminal cancer (expected life expectancy < 6 months) at the time of diagnosis of
VTE.

Initial anticoagulation therapy was defined as parenteral anticoagulation therapy in
the acute phase (heparin or fondaparinux) for <10 days after the diagnosis, while
anticoagulation therapy beyond acute phase was defined as anticoagulation therapy (warfarin,
direct oral anticoagulant, or heparin) for >10 days after the diagnosis.>’® The detailed
definitions of other patient characteristics are described in the Supplemental Appendix 2.
Follow-up information was mainly collected by reviewing hospital charts, and additional
follow-up information was obtained by phone and/or mail to patients, relatives, and/or
referring physicians, regarding vital status, recurrent VTE, bleeding, invasive procedure,
acute myocardial infarction, stroke and status of anticoagulation therapy. Data was collected
between July 2016 and March 2017 with a median follow-up duration of 1218 (interquartile

range [IQR] 847-1764) days for surviving patients (95.1% follow-up rate at 1 year).
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The primary outcome measure in this study was recurrent VTE. Recurrent VTE
was defined as PE and/or DVT with symptoms accompanied by confirmation of new
thrombus or exacerbation of the thrombus by objective imaging and/or autopsy. The
secondary outcomes were major bleeding and all-cause death. Major bleeding was defined as
International Society of Thrombosis and Hemostasis (ISTH) major bleeding, which consisted
of reduction in the hemoglobin level by at least 2 g/dL, transfusion of at least 2 units of blood
or symptomatic bleeding in a critical area or organ.® The independent clinical event
committee (Supplemental Appendix 3) who were unaware of the patient characteristics
reviewed all the study outcomes, and classified the causes of deaths as due to PE, due to
cardiac events, due to cancers, due to bleeding events, due to other non-cardiac events, or due
to unknown causes.'’ Death was judged to be due to PE (fatal PE), if it was confirmed by
autopsy or if death followed a clinically severe PE, either initially or after recurrent PE events.
Death from the end-stage of cancer without a specific cause of death was regarded as cancer
in origin. Death was judged to be bleeding-related, if it followed an intracranial hemorrhage
or a bleeding episode leading to hemodynamic deterioration. Final classifications for causes
of deaths were based on the full consensus of the independent clinical event committee. For
patients who received anticoagulation therapy beyond acute phase, discontinuation of
anticoagulation therapy was defined as withdrawal of anticoagulant drug for >14 days.
Categorical variables were presented as numbers and percentages, and continuous variables
were presented as mean and standard deviation (SD) or median and IQR based on their
distributions. Categorical variables were compared by the chi-squared test when appropriate;
otherwise, by the Fisher’s exact test. Continuous variables were compared by the Student’s t

test or Wilcoxon’s rank sum test based on their distributions. Cumulative incidences were
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estimated by the Kaplan-Meier method and the differences were assessed by the log-rank test.
To adjust for the clinically relevant covariates, we constructed multivariable Cox proportional
hazard models to estimate hazard ratios (HR) and their 95% confidence intervals (ClI) of
those with statins relative to those without statins for each clinical outcome measure. Based

9101821 and the clinical relevance, we selected 8, 9 and 16

on the previous reports
risk-adjusting variables for recurrent VTE, major bleeding and all-cause death, respectively
(listed in Table 1).

We conducted a sensitivity sub-group analysis for those with and without active cancer,
because active cancer was associated with an extremely higher risk for all-cause death
(Supplemental Appendix 4). Additionally, we calculated cumulative incidence functions and
constructed multivariable subdistribution hazard models to account for competing risk of
all-cause death (Supplemental Appendix 5). To take anticoagulation therapy during the
follow-up into consideration, we incorporated status of anticoagulation during the follow-up
as a time-updated covariate in the Cox proportional hazard models (Supplemental Appendix
6).

A physician (Y. Yoshikawa) performed the statistical analyses with R version 3.5.3 (R

Foundation for Statistical Computing, Vienna, Austria). The reported P values were two-sided

and P values <0.05 were considered statistically significant.

Results
Of the 3027 patients enrolled in the registry, 437 patients received statins (statin group) and
2590 did not receive statins at baseline (no-statin group) (Figure 1). The baseline clinical

characteristics and treatment were substantially different between the two groups and
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summarized in Table 1.

Patients in the statin group more frequently received anticoagulation therapy both during and
beyond the acute phase than patients in the no-statin group (Table 1). Anticoagulation therapy
beyond the acute phase was implemented in 424 patients of the statin group and in 2379
patients of the no-statin group. The rate of discontinuation of anticoagulation therapy was
significantly lower in the statin group than in the no-statin group (19.1% versus 32.3% at
1-year, and 30.5% versus 45.1% at 3-year, log-rank P<0.001) (Figure 2).

The cumulative 3-year incidence of recurrent VTE was significantly lower in the statin group
than in the no-statin group (3.8% versus 8.8%, log-rank P<0.001) (Figure 3A). Even after
adjusting for the confounders, the lower risk of the statin group relative to the no-statin group
remained highly significant for recurrent VTE (adjusted HR 0.49, 95% CI 0.30-0.81,
P=0.005) (Table 2).

The cumulative 3-year incidence of major bleeding was not different between the statin group
and no-statin group (8.3% versus 10.0%, log-rank P=0.16) (Figure 3B). After adjusting for
the confounders, the risk of the statin group relative to the no-statin group remained
insignificant for major bleeding (adjusted HR 0.87, 95% CI 0.61-1.25, P=0.46) (Table 2).
The cumulative 3-year incidence of all-cause death was significantly lower in the statin group
than in the no-statin group (12.8% versus 26.1%, log-rank P<0.001) (Figure 3C). Even after
adjusting for the confounders including active cancer, the risk of the statin group relative to
the no-statin group remained highly significant for all-cause death (adjusted HR 0.63, 95% ClI
0.49-0.82, P<0.001) (Table 2).

In the sensitivity sub-group analysis, there was no significant interaction between the

presence or absence of active cancer and the effects of statins on clinical outcomes. Even in
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patients without active cancer, the statin group as compared with the no-statin group was
associated with lower risk for recurrent VTE and mortality with similar risk for major
bleeding (Table 3 and Supplemental Appendix 4). In the sensitivity analysis including
all-cause death as a competing risk, the results were consistent with those in the main
analysis (adjusted HR for recurrent VTE 0.53, 95% CI 0.32-0.87, P=0.01) (Supplemental
Appendix 5). In the sensitivity analysis incorporating the status of anticoagulation therapy
(on versus off) during the follow-up, the results were fully consistent with those in the main
analysis (adjusted HR for recurrent VTE 0.59, 95%CI 0.36-0.98, P=0.042) (Supplemental

Appendix 6).

Discussion

The main findings of the current study were as follows; 1) in patients with symptomatic VTE,
baseline characteristics and therapeutic management were different between patients with and
without statins; 2) even after adjustment, statin use was associated with significantly lower
risk for recurrent VTE.

The JUPITER trial demonstrated that rosuvastatin for healthy subjects reduced the
occurrence of first symptomatic VTE with roughly 40-50% relative risk reduction
(rosuvastatin group 0.18 versus placebo group 0.32 event per 100 person-years, P=0.007).*
This might support the presence of some potential effects of statins unrelated to changes in
lipid profile, because higher total/LDL cholesterol level has been reported to have no large
influence on VVTE occurrence.?? Given that the recurrence rate of VTE is much higher than

that of the first occurrence (7.8 per 100 person-years at 1 year),? it is intriguing to explore

whether statins are also effective for secondary prevention of VTE.

10



Journal Pre-proof

The effect of statins on VTE recurrence is conflicting in several observational studies. In a
prospective observational cohort of VTE patients’ and a population-based registry which was
linked to pharmaceutical data,® statin intake was not associated with reduced risk for
recurrent VTE. On the other hand, a Dutch population-based registry that derived from
pharmacy records of PE patients has suggested that treatment with statins was associated with
decreased risk for recurrent PE (adjusted HR 0.50, 95% CI 0.36-0.70).> Another Canadian
population-based cohort study that enrolled elderly patients has indicated that current use of
statins was associated with decreased risk for recurrent VTE (adjusted HR 0.74, 95% CI
0.61-0.89) while past use was not (adjusted HR 0.98, 95% CI 0.76-1.25).° Recently, a
meta-analysis including those studies has reported that statin-use was associated with
significantly lower risk for VTE recurrence (risk ratio 0.73, 95% CI 0.68-0.79).%* The results
of the current study are in line with the previous reports, which indicates substantial benefit
of statins for prevention of VTE recurrence. Most of these previous studies on statins as
secondary prevention of VTE were based on routinely collected health data for purposes
other than research, such as population-based, health administrative data, or pharmacy claim
data, which raises questions regarding specificity of clinical characteristics and events, and
might be lacking in validity.?® In contrast, a strength of the present study is that the data on
baseline patient characteristics and therapeutic management were collected in detail and the
clinical outcomes were strictly adjudicated. Therefore, the results of the current study can
strongly support the previously reported effectiveness of statins in reducing recurrent VTE.

The results of the current study including the sensitivity analyses and the sub-group analysis
were all consistent. First, active cancer in patients with VTE is an extremely strong factor for

mortality.>*® Treatment unrelated to cancer, such as statins, could be less likely to be
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prescribed or more likely to be stopped in patients with active cancer; indeed, the statin group
in this study included significantly less patients with active cancer than the non-statin group.
Furthermore, the durations of anticoagulation therapy significantly differed between the statin
group and the no-statin group. The different durations might have been related to the
differences in prior stroke, hypertension, prior VTE, anemia and prior major bleeding
between the groups. To address these issues, we performed the sub-group analysis for active
cancer and the multivariable analysis including anticoagulation status; nevertheless, these
analyses consistently showed significant association between statin use and lower risk for
recurrence of VTE.

Several possible mechanisms can be considered for the lower risk for recurrent VTE in the
statin group. First, statins inhibit platelet activities. Statins reduce thromboxane A2 within
activated platelets, which indicate decreased platelet aggregation and activation.”® As the first
step of thrombus formation is platelet activity, statins possibly reduce VTE through inhibition
of platelet functions.?” Second, statins have been shown to regulate thrombotic factors. For
instance, fluvastatin and simvastatin have been reported to decrease tissue factor,”® resulting
in decreased conversion of factor X to Xa.?’ For these molecular mechanisms and proven
pleiotropic effects,® the results of the current study suggest that statins could contribute to
reduction in recurrent VTE.

In addition, in the present study, no significant differences were seen between the statin and
non-statin groups in the rates of major bleeding. Bleeding events are important because while
anticoagulation therapy can prevent VTE recurrence, the benefit of anticoagulants is
counterbalanced by increase in risk for bleeding. Thus, it is necessary to seek an alternative

and/or additional treatment that lowers recurrent VTE, ideally without causing bleeding.
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Given that statins do not increase the risk for bleeding, they could be an additional option as
secondary prevention of VTE for its safety.***" A further prospective randomized trial is
warranted to explore the potential benefit of statins for prevention of recurrent VTE.

The current study has several limitations. First and most importantly, this study has an
observational study design, and treatment selection bias may have existed. Some critical
confounders, such as active cancer, might not have been completely controlled, and there
might still be unmeasured confounders despite the extensive adjustment we performed. Thus,
the results are hypothesis-generating and should be interpreted with caution. Second, we had
no sufficient information concerning dyslipidemia such as serum LDL-cholesterol levels.
Third, we could not assess types and doses of statins, nor status of prescription during the
follow-up. After the index VTE event, the patients in the statin group might have stopped
statins and those in the no-statin group might have started statins.

In conclusion, statin use was associated with significantly lower risk for the recurrent VTE in
patients with VTE.

Disclosures

Y. Yamashita received lecture fees from Daiichi-Sankyo and Bristol-Myers Squibb. T.
Morimoto received lecture fees from Mitsubishi Tanabe Pharma and Pfizer Japan and
consultant fees from Asahi Kasei, Bristol-Myers Squibb, and Boston Scientific. M.A.
received lecture fees from Pfizer, Bristol-Myers Squibb, Boehringer Ingelheim, Bayer
Healthcare and Daiichi-Sankyo. T. Kimura serves as an advisory board member for Abbott
Vascular and Terumo Company. All other authors have reported that they have no

relationships relevant to the contents of this paper to disclose.

13



Journal Pre-proof

Acknowledgment

We appreciate the support and collaboration of the co-investigators participating in the
COMMAND VTE Registry. We are indebted to the independent clinical research
organization (Research Institute for Production Development, Kyoto, Japan) for technical

support.

1. Oesterle A, Laufs U, Liao JK. Pleiotropic Effects of Statins on the Cardiovascular System.
Circ Res 2017;120:229-243.

2. Undas A, Celinska-LOowenhoff M, Kaczor M, Musial J. New nonlipid effects of statins and

their clinical relevance in cardiovascular disease. Thromb Haemost 2004:91:1065-1077.

3. Violi F, Calvieri C, Ferro D, Pignatelli P. Statins as antithrombotic drugs. Circulation
2013;127:251-257.

4. Glynn RJ, Danielson E, Fonseca FAH, Genest J, Gotto AM, Kastelein JJP, Koenig W,
Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG, Shepherd J, Willerson JT, Ridker
PM. A randomized trial of rosuvastatin in the prevention of venous thromboembolism. N
Engl J Med 2009;360:1851-1861.

5. Biere-Rafi S, Hutten BA, Squizzato A, Ageno W, Souverein PC, de Boer A, Gerdes VEA,
Buller HR, Kamphuisen PW. Statin treatment and the risk of recurrent pulmonary embolism.
Eur Heart J 2013;34:1800-1806.

6. Tagalakis V, Eberg M, Kahn S, Azoulay L. Use of statins and reduced risk of recurrence of
VTE in an older population. A population-based cohort study. Thromb Haemost
2016;115:1220-1228.

7. Delluc A, Tromeur C, Le Moigne E, Nowak E, Mottier D, Le Gal G, Lacut K. Lipid
lowering drugs and the risk of recurrent venous thromboembolism. Thromb Res
2012;130:859-863.

8. Braekkan SK, Caram-Deelder C, Siegerink B, van Hylckama Vlieg A, le Cessie S,

Rosendaal FR, Cannegieter SC, Lijfering WM. Statin use and risk of recurrent venous

14



Journal Pre-proof

thrombosis: results from the MEGA follow-up study. Res Pract Thromb Haemost
2017;1:112-119.

9. Yamashita Y, Morimoto T, Amano H, Takase T, Hiramori S, Kim K, Konishi T, Akao M,
Kobayashi Y, Inoue T, Oi M, Izumi T, Takahashi K, Tada T, Chen P-M, Murata K, Tsuyuki
Y, Sakai H, Saga S, Sasa T, Sakamoto J, Yamada C, Kinoshita M, Togi K, Ikeda T, Ishii K,
Kaneda K, Mabuchi H, Otani H, Takabayashi K, Takahashi M, Shiomi H, Makiyama T, Ono
K, Kimura T, COMMAND VTE Registry Investigators. Anticoagulation Therapy for Venous
Thromboembolism in the Real World - From the COMMAND VTE Registry. Circ J
2018;82:1262-1270.

10. Yamashita Y, Morimoto T, Amano H, Takase T, Hiramori S, Kim K, Oi M, Akao M,
Kobayashi Y, Toyofuku M, Izumi T, Tada T, Chen P-M, Murata K, Tsuyuki Y, Saga S, Sasa
T, Sakamoto J, Kinoshita M, Togi K, Mabuchi H, Takabayashi K, Watanabe H, Shiomi H,
Kato T, Makiyama T, Ono K, Kimura T, COMMAND VTE Registry Investigators. Influence
of Baseline Platelet Count on Outcomes in Patients With Venous Thromboembolism (from
the COMMAND VTE Registry). Am J Cardiol 2018;122:2131-2141.

11. Goldhaber Sz, Visani L, De Rosa M. Acute pulmonary embolism: clinical outcomes in
the International Cooperative Pulmonary Embolism Registry (ICOPER). Lancet
1999;353:1386-1389.

12. Meissner MH, Moneta G, Burnand K, Gloviczki P, Lohr JM, Lurie F, Mattos MA,
McLafferty RB, Mozes G, Rutherford RB, Padberg F, Sumner DS. The hemodynamics and
diagnosis of venous disease. J Vasc Surg 2007;46 Suppl S:4S5-24S.

13. Pollack CV, Schreiber D, Goldhaber Sz, Slattery D, Fanikos J, O'Neil BJ, Thompson JR,
Hiestand B, Briese BA, Pendleton RC, Miller CD, Kline JA. Clinical characteristics,
management, and outcomes of patients diagnosed with acute pulmonary embolism in the
emergency department: initial report of EMPEROR (Multicenter Emergency Medicine
Pulmonary Embolism in the Real World Registry). J Am Coll Cardiol 2011;57:700-706.

14. Laporte S, Mismetti P, Décousus H, Uresandi F, Otero R, Lobo JL, Monreal M, RIETE
Investigators. Clinical predictors for fatal pulmonary embolism in 15,520 patients with
venous thromboembolism: findings from the Registro Informatizado de la Enfermedad
TromboEmbolica venosa (RIETE) Registry. Circulation 2008;117:1711-1716.

15



Journal Pre-proof

15. Biller HR, Décousus H, Grosso MA, Mercuri M, Middeldorp S, Prins MH, Raskob GE,
Schellong SM, Schwocho L, Segers A, Shi M, Verhamme P, Wells P. Edoxaban versus
warfarin for the treatment of symptomatic venous thromboembolism. N Engl J Med
2013;369:1406-1415.

16. Schulman S, Kearon C, Subcommittee on Control of Anticoagulation of the Scientific
and Standardization Committee of the International Society on Thrombosis and Haemostasis.
Definition of major bleeding in clinical investigations of antihemostatic medicinal products in
non-surgical patients. J Thromb Haemost 2005;3:692-694.

17. Faller N, Limacher A, Méan M, Righini M, Aschwanden M, Beer JH, Frauchiger B,
Osterwalder J, Kucher N, L&mmle B, Cornuz J, Angelillo-Scherrer A, Matter CM, Husmann
M, Banyai M, Staub D, Mazzolai L, Hugli O, Rodondi N, Aujesky D. Predictors and Causes
of Long-Term Mortality in Elderly Patients with Acute Venous Thromboembolism: A
Prospective Cohort Study. Am J Med 2017;130:198-206.

18. Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galie N, Gibbs
JSR, Huisman MV, Humbert M, Kucher N, Lang I, Lankeit M, Lekakis J, Maack C, Mayer E,
Meneveau N, Perrier A, Pruszczyk P, Rasmussen LH, Schindler TH, Svitil P, Vonk
Noordegraaf A, Zamorano JL, Zompatori M, Task Force for the Diagnosis and Management
of Acute Pulmonary Embolism of the European Society of Cardiology (ESC). 2014 ESC
guidelines on the diagnosis and management of acute pulmonary embolism. Eur Heart J
2014;35:3033-3080.

19. Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg N, Goldhaber SZ, Jenkins
JS, Kline JA, Michaels AD, Thistlethwaite P, Vedantham S, White RJ, Zierler BK, American
Heart Association Council on Cardiopulmonary, Critical Care, Perioperative and
Resuscitation, American Heart Association Council on Peripheral Vascular Disease,
American Heart Association Council on Arteriosclerosis, Thrombosis and Vascular Biology.
Management of massive and submassive pulmonary embolism, iliofemoral deep vein
thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement
from the American Heart Association. Circulation 2011;123:1788-1830.

20. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, Huisman M, King
CS, Morris TA, Sood N, Stevens SM, Vintch JRE, Wells P, Woller SC, Moores L.
Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report. Chest

2016;149:315-352.
16



Journal Pre-proof

21. JCS Joint Working Group. Guidelines for the diagnosis, treatment and prevention of
pulmonary thromboembolism and deep vein thrombosis (JCS 2009). Circ J 2011;75:1258—
1281.

22. Ageno W, Becattini C, Brighton T, Selby R, Kamphuisen PW. Cardiovascular risk factors

and venous thromboembolism: a meta-analysis. Circulation 2008;117:93-102.

23. Arshad N, Bjeri E, Hindberg K, Isaksen T, Hansen JB, Braekkan SK. Recurrence and
mortality after first venous thromboembolism in a large population-based cohort. J Thromb
Haemost 2017;15:295-303.

24. Kunutsor SK, Seidu S, Khunti K. Statins and secondary prevention of venous
thromboembolism: pooled analysis of published observational cohort studies. Eur Heart J
2017;38:1608-1612.

25. Hemkens LG, Benchimol EI, Langan SM, Briel M, Kasenda B, Januel J-M, Herrett E,
Elm von E. The reporting of studies using routinely collected health data was often
insufficient. J Clin Epidemiol 2016;79:104-111.

26. Notarbartolo A, Davi G, Averna M, Barbagallo CM, Ganci A, Giammarresi C, La Placa
FP, Patrono C. Inhibition of thromboxane biosynthesis and platelet function by simvastatin in
type lla hypercholesterolemia. Arterioscler Thromb Vasc Biol 1995;15:247-251.

27. Chaffey P, Thompson M, Pai AD, Tafreshi AR, Tafreshi J, Pai RG. Usefulness of Statins
for Prevention of Venous Thromboembolism. Am J Cardiol 2018;121:1436-1440.

28. Colli S, Eligini S, Lalli M, Camera M, Paoletti R, Tremoli E. Vastatins inhibit tissue
factor in cultured human macrophages. A novel mechanism of protection against
atherothrombosis. Arterioscler Thromb Vasc Biol 1997;17:265-272.

17



Journal Pre-proof

Figure 1. Study flowchart.

Figure 1

19634 patients with suspected VTE
screened for eligibility
(January 2010 — August 2014, 29 centers in Japan)

16607 patients who did
not meet the definition of
acute symptomatic VTE

3027 patients with acute symptomatic VTE

/\

Statin No-statin
N=437 N=2590

Atotal of 3027 consecutive patients were enrolled in the COMMAND VTE Registry.

VTE, venous thromboembolism.

Figure 2. The Kaplan-Meier curves for discontinuation of anticoagulation therapy.
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FlgU re 2 Discontinuation of anticoagulation therapy
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A total of 2803 patients received anticoagulation therapy beyond acute phase of VTE. The

rate of discontinuation was significantly higher in the non-statin group than in the statin

group.

VTE, venous thromboembolism.

Figure 3. The Kaplan-Meier curves for recurrent VTE, major bleeding and all-cause

death; stating group versus non-statin group.
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Figure 3C

All-cause death
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—— No-statin

—— Statin Log-rank P<0.001
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Cumulative incidence
0.2
|
l
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0.1

T T T T
0 365 730 1095

Days since index VTE

|| neval | oday | 365day | 730<ay | 1095day |

Number of patients at risk 2590 1997 1625 1172
No-statin  Number of patients with event 459 575 628
Cumulative incidence 18.2% 23.3% 26.1%
Number of patients at risk 437 394 335 240
Statin Number of patients with event 28 42 51
Cumulative incidence 6.5% 10.0% 12.8%

The Kaplan-Meier curves represent the cumulative incidences of (A) recurrent VTE, (B)
major bleeding and (C) all-cause death. The cumulative incidence of recurrent VTE was
significantly lower in the statin group than in the non-statin group.

VTE, venous thromboembolism.
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Table 1. Baseline patient characteristics.

Statin use
Variable Yes (N=437) No (N=2590) P value
Age (years)*T1 71.2+11.8 66.5+15.8 <0.001
Age >75 193 (44%) 916 (35%) <0.001
Women*7ti 293 (67%) 1565 (60%) 0.009
Body mass index (kg/m?) 24.2+4.6 23.0+4.4 <0.001
Body mass index >30* 37 (8.5%) 132 (5.1%) 0.005
Prior venous thromboembolism *3 27 (6.2%) 151 (5.8%) 0.78
Prior heart failure 23 (5.3%) 78 (3.0%) 0.02
Prior stroke} 49 (11%) 221 (8.5%) 0.07
Atrial fibrillation 19 (4.3%) 110 (4.2%) 0.92
Lung disease 47 (11%) 224 (8.6%) 0.15
Liver cirrhosist 3(0.7%) 23 (0.9%) 0.67
History of major bleedingt ] 19 (4.3%) 212 (8.2%) 0.005
Hypertension 265 (61%) 896 (35%) <0.001
Diabetes mellitus} 88 (20%) 298 (12%) <0.001
Chronic kidney diseaset i 105 (24%) 467 (18%) 0.003
Hemodialysis 2 (0.5%) 19 (0.7%) 0.52
Coronary artery disease 64 (15%) 81 (3.1%) <0.001
Prior percutaneous coronary intervention 43 (9.8%) 41 (1.6%) <0.001
Prior myocardial infarction 24 (5.5%) 29 (1.1%) <0.001
Varicose vein*} 25 (5.7%) 114 (4.4%) 0.22
Connective tissue diseasef 48 (11%) 196 (7.6%) 0.02
History of cancer 88 (20%) 850 (33%) <0.001
Active cancer* 1] 54 (12%) 641 (25%) <0.001
Transient risk factor for venous
thrombocmbolism* 1 143 (33%) 943 (36%) 0.14
Presentation of venous thromboembolism™*+
Pulmonary embolism 255 (58%) 1460 (56%) 0.44
with hypoxemia 132/255 (52%) 718/1460 (49%) 0.45
with shock 25/255 (9.8%) 154/1460 (11%) 0.72
with cardiac arrest/collapse 5/255 (2.0%) 75/1460 (5.1%) 0.03
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deep vein thrombosis only 182 (42%) 1130 (44%) 0.44
Proximal deep vein thrombosis 129/182 (71%) 792/1130 (70%) 0.83
Laboratory data
Anemiat} 215 (49%) 1412 (55%) 0.04
Thrombocytopeniat] 20 (4.6%) 147 (5.7%) 0.35
Estimated glomerular filtration rate (ml/min/m?) 63.9+£25.2 71.6£31.0 <0.001
Estimated glomerular filtration rate <60 198 (46%) 925 (36%) <0.001
Creatinine (mg/dl) 0.76 [0.62-0.98] 0.74[0.59-0.97] 0.021
D-dimer (ug/mL) 10.0 [5.0-20.1] 10.3 [5.0-20.5] 0.70
Thrombophilia*} 16 (3.7%) 131 (5.1%) 0.21
Treatment during acute phase
Initial parenteral anticoagulation therapy 384 (88%) 2150 (83%) 0.01
Heparin 360/384 (94%) 2057/2150 (96%) 0.10
Fondaparinux 40/384 (10%) 128/2150 (6.0%) 0.001
Thrombolysis 76 (20%) 354 (16%) 0.11
Inferior vena cava filter 119 (27%) 601 (23%) 0.07
Concomitant medication
Antiplatelet therapy 109 (25%) 198 (7.6%) <0.001
Non-steroidal anti-inflammatory drugs 33 (7.6%) 264 (10%) 0.09
Proton-pump inhibitor / H, blockers 253 (58%) 1083 (42%) <0.001
Corticosteroid 62 (14%) 285 (11%) 0.053
Anticoagulation therapy beyond acute phase
Anticoagulation therapy 424 (97%) 2379 (92%) <0.001
Warfarin 4141424 (98%) 2262/2379 (95%)  <0.001
Direct oral anticoagulant 8/424 (1.9%) 70/2379 (2.9%) 0.29
Heparin 2/424 (0.5%) 47/2379 (2.0%) 0.04

Categorical variables are presented as numbers and percentages. Continuous variables are presented

as mean and standard deviation or median and interquartile range depending on their distributions.

Anemia was diagnosed if the value of hemoglobin was <13 g/dL for men and <12 g/dL for women.

Thrombocytopenia was defined as platelet count less than 100x10° /L. Thrombophilia was defined as

protein C deficiency, protein S deficiency, antithrombin deficiency, antiphospholipid syndrome or any

other coagulation disorder.

*Potential risk-adjusting variables for the multivariable Cox regression model for recurrent venous

thromboembolism .



Journal Pre-proof

tPotential risk-adjusting variables for the multivariable Cox regression model for major bleeding.

iPotential risk-adjusting variables for the multivariable Cox regression model for all-cause death.

Table 2. Long-term clinical outcomes; risk of the statin group relative to the no-statin group

on clinical endpoints.

Unadjusted hazard
Adjusted hazard ratio

ratio
[95% confidence [95% confidence

) P value ) P value

interval] interval]
Recurrent venous

) 0.43 [0.26-0.70] <0.001 0.49 [0.30-0.81] 0.005

thromboembolism
Major bleeding 0.78 [0.55-1.11] 0.17 0.87 [0.61-1.25] 0.46
All-cause death 0.51 [0.40-0.66] <0.001 0.63 [0.49-0.82] <0.001

Death due to venous
0.14 [0.03-0.56] 0.006
thromboembolism
Death due to bleeding 0.88[0.34-2.27] 0.79

Death due to cancer 0.39 [0.26-0.57] <0.001

The hazard ratios represent the risks of patients with statins relative to those without statins
for each clinical outcome. The covariates for the multivariable analysis are indicated in Table

1.

Table 3. Sub-group analysis; effects of the statin group relative to no-statin group on clinical

endpoints in patients with and without active cancer .

Without active cancer With Active cancer
Adjusted hazard ratio o Adjusted hazard o Interaction
[95% confidence ratio [95% P
) value ) ) value
interval] confidence interval]
Recurrent venous 0.47 [0.27-0.84] 0.01 0.59[0.21-1.64] 0.31 0.84
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thromboembolism

Major bleeding 1.04 [0.69-1.55] 0.86 0.50[0.20-1.24] 0.14 0.13
All-cause death 0.70 [0.50-0.98] 0.035 0.60 [0.40-0.89] 0.01 0.37

The HRs represent the risks of patients with statins relative to those without statins for each
clinical outcome. The covariates for adjustment are the same as those in the main analysis

(listed in Table 1).
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