Journal Pre-proof

THROMBOSIS
RESEARCH

Oral contraceptives and hormone replacement therapy: How
strong a risk factor for venous thromboembolism?

Leslie Skeith, Grégoire Le Gal, Marc A. Rodger

PII: S0049-3848(21)00103-1

DOI: https://doi.org/10.1016/j.thromres.2021.03.012
Reference: TR 8117

To appear in: Thrombosis Research

Received date: 14 December 2020

Revised date: 14 March 2021

Accepted date: 15 March 2021

Please cite this article as: L. Skeith, G. Le Gal and M.A. Rodger, Oral contraceptives and
hormone replacement therapy: How strong a risk factor for venous thromboembolism?,
Thrombosis Research (2021), https://doi.org/10.1016/j.thromres.2021.03.012

This is a PDF file of an article that has undergone enhancements after acceptance, such
as the addition of a cover page and metadata, and formatting for readability, but it is
not yet the definitive version of record. This version will undergo additional copyediting,
typesetting and review before it is published in its final form, but we are providing this
version to give early visibility of the article. Please note that, during the production
process, errors may be discovered which could affect the content, and all legal disclaimers
that apply to the journal pertain.

© 2021 Published by Elsevier Ltd.



Oral contraceptives and hormone replacement therapy: How strong a risk factor for
venous thromboembolism?
Leslie Skeith', Grégoire Le Gal?, Marc A. Rodger®

!Division of Hematology and Hematological Malignancies, Department of Medicine, University
of Calgary, Alberta, Canada

?Ottawa Hospital Research Institute, University of Ottawa, Ottawa, Ontario, Canada
Department of Medicine, McGill University, Montreal, Quebec, Canada

Corresponding address: Leslie Skeith, 1403-29" Street NW. Taigary, AB, T2N 2T9
Phone: 403-944-5246; Fax: 403-944-1647; E-mail: laskeith @ ''ca gary.ca

Short running heading: Hormone and thrombosi© 1.3k
Abstract word count: 80

Manuscript word count: 2086

Reference count: 49

Tables/Figures: 2



Abstract

Exogenous hormone therapies, such as combined oral contraceptives (COC) and hormone
replacement therapy (HRT), cause blood hypercoagulability and are a risk factor for venous
thromboembolism (VTE). There is controversy on how strong this “provoking” risk factor is,
and how other risk factors may synergise VTE risk. We aim to review the latest literature on the
risk of initial and recurrent VTE with COC and HRT use to provide guidance for decision-

making about duration of anticoagulation, and guide future researrh ¢ “forts.



Introduction

Venous thromboembolism (VTE) has largely been categorized as either provoked, with risk
factors identified prior to the event (e.g. major surgery or prolonged immobilization), or
unprovoked with no risk factors present. This dichotomous classification has helped guide
clinicians and patients in shared decision-making about the duration of anticoagulation, because
patients with an unprovoked VTE are at higher risk of VTE recurrence and so may benefit from
long term anticoagulation, while patients with VTE provoked by stru.2q temporary risk factors
(e.g. major surgery) may discontinue anticoagulants due to ve:y 'ow risk of recurrent VTE after
completing anticoagulant therapy®. However, this classifica.ion system is far from perfect — in
part, because not all patients with unprovoked events arz « high risk of VTE recurrence, but also
because not all provoked VVTE risk factors are ecu.’«v potent leading to variable risks of
recurrence after completing short-term ant.~oe yulant therapy**.

One of the most debated risk facto.< is exogenous hormone use, where some researchers
classify a hormone-associated VTF. " 1. gely unprovoked*® and others classify this as a clearly
provoking event®. To reconcil~ t1.~se opposing views, what if we consider the absolute VTE
recurrence risk on a continucm — where would a hormone-associated risk factor fall? What
information can we provid'e patients on the absolute risk of VTE recurrence after a hormone-
associated VTE? We aimed to review the literature on the risk of initial and recurrent VTE with
combined oral contraceptives (COC) and hormone replacement therapy (HRT) to provide

guidance for decision-making about duration of anticoagulation, and guide future research efforts.

Hormones and hypercoagulability



Most COCs contain 20-30 ug of ethinyl-estradiol (with earlier use of >50 ug ethinyl-estradiol in
first-generation COCs) in combination with different progestins that are used in second-
generation (levonorgestrel or norgestrel) or third-generation (desogestrel, gestodene or
norgestimate) COCs. The use of the progestins cyproterone acetate or drospirenone are often
prescribed for their benefit on acne and hirsutism because of additional anti-mineralocorticoid
properties. Oral HRTs include either conjugated equine estrogen or 17-p-estradiol in
combination with different progestins.

COCs increase levels of fibrinogen, factors 11 (prothre:.>uy, VI, VI and X, decrease
levels of antithrombin and protein S, and lead to acquired o, tein C resistance (APC)" . There
is also an increase in fibrinolysis of unknown significarce, with increased levels of tissue
plasminogen activator (tPA) and reduced levels 5t [ (acminogen activator inhibitor type 1 (PAI-1)
described’ *°. Similar effects are seen with HP [, with increased fibrinogen and factor VIII, and
reduction in antithrombin, protein S, APC resistance and PAI-1 levels’*!. Different types of
progestins in COCs have different '. 7e.> of APC resistance as detected by a thrombin generation
assay, with the two main determ.nants being free protein S levels and free tissue factor pathway
inhibitor (TFPI) antigen le21s'* "2, What the mechanisms by COCs lead to decreased free protein
S and free TFPI antigen 1.vels are still largely unknown*?. Researchers have also proposed that
the hypercoagulability of COCs may be related to the total estrogenicity present, and is related to
the balance of the estrogen and progestins levels because progestins have an “anti-estrogenic”
effect’®. Sex hormone binding globulin has been found to be a surrogate marker for the total
estrogenicity present and associated hypercoagulability, as SHBG binds 17-p-estradiol but not
progesterone™®,

The risk of an initial VTE with COCs and HRT



In the general population, the VTE incidence in young women is approximately 1 in
10,000 per year; in two large cohorts of non-COC users, the reported risk of VTE was 1.9 and
3.7 per 10,000 person years'**®. COC use increases the risk of VTE by approximately 2-4 fold
(RR 3.5, 95% CI 2.9-4.3)™ but the absolute risk is still low (e.g. <0.1%). Higher estrogen doses
(>30 ng of ethinyl estradiol) and non-levonorgestrel progestin containing COCs such as
drosperidone, desogestrel, gestodene and cyproterone acetate are associated with a higher VTE
risk even when accounting for different study biases™ 2. HRT is asz"ciated with a slightly
increased risk of VTE compared to no HRT exposure (OR ~1 = %,"*"°. Progesterone-only
intrauterine devices, progesterone-only pills or transdermai ~strogen-only HRT formulations do
not appear to be associated with an increased VTE risk, u. ‘ike other alternatives such as

9% Trere is limited data on the risk of initial

injectable progestin, patches, and vaginal rings
VTE with progesterone-only subcutaneous imr.lants. In a Danish database study that included
29,497 woman years, five women had cu2firmed VTE events with progestin-only subcutaneous
implants with etonogestrel (inciden2= rote 1.7 per 10,000 exposure years; adjusted relative risk of

1.4, compared to non-users)®!. V" xere is less data on the initial risk of VTE associated with
hormones in transgender femai~-, which is reviewed in detail elsewhere’.

Risk factors such s thrombophilia, age, smoking, obesity and major provoking risk
factors (e.g. major surgery or fractures) further increase the risk of VTE in COC-users and HRT
users®*2?°. Some risk factors are not simply additive but are synergistic when combined, such as
the COC use and the factor V Leiden mutation®. Studies have reported the combination of COC
use and smoking to be synergistic?, but with no synergistic effect reported with HRT and
smoking in other studies?®3*. Family history of VTE appears to be an additive risk based on

limited data, which may reflect the presence of an untested inherited thrombophilia defect®2%,



Women who are older than 50 years of age have an increased risk of VTE associated with
COC use (OR 6.3, 95% CI, 4.6-9.8) compared to similar aged women with no COC use, which
was reportedly higher than the risk associated with HRT (OR 4.0, 1.8-8.2)*. Obesity increases
the risk of VTE for women using COC, with a higher risk reported for higher levels of obesity as
reported in a large case-control study (BMI<25 kg/m? and COC use: age adjusted OR 4.2 (95%
Cl, 2.9-6.0); BMI 25-29.9 kg/m?and COC use: aOR 11.6 (95% ClI, 7.5-18.1); BMI1>30 kg/m?
and COC use: OR 23.8 (95% ClI, 13.4-42.3))?. Other provoking riss factors, such as surgery or
lower limb casting, are less well studied because they are morz m.2x reported as a subgroup
within a larger trial (e.g. a subgroup of women using COC .ndergoing surgery or lower limb
casting)®*?.

While relative risk is helpful to identify Fov st-ong a risk factor may be, the absolute risk
helps to put this risk in perspective when ¢ ~un.elling patients. In cohort studies, the absolute
VTE risk reported for mild thrombophilic. in COC users is 0.49 (95% CI, 0.18-1.07) per 100 pill
years and 2.0 (95% CI, 0.3-7.2) per 20L =l years**®; for more potent thrombophilias this risk
was higher at 4.3 (95% ClI, 1.4-5.7) per 100-pill years and 4.62 (95% CI, 2.5-7.9) per 100 pill-
years>>®. This data argues ©r . individualized approach and discussion about the advantages
and disadvantages amongy ‘wvomen with a personal or family history of a mild thrombophilia, but

that more caution and alternative contraception is recommended for those with potent

thrombophilia.

The risk of recurrent VTE after a hormone-associated VTE



The risk of recurrence after a hormone-associated VTE once anticoagulation is stopped is
controversial. Some research groups reported a lower risk of VTE recurrence compared to non-

COC users®*’, whereas others have shown similar VVTE recurrence risk* (Table 1).

One major challenge to interpreting this data and directly comparing COC users versus
non-users is that there are major age differences between users and non-users. These differences
are difficult to completely adjust with statistical methods (i.e. residual age confounding). In a
patient-level meta-analysis that had a primary goal of evaluating D-u.mer strategies, the adjusted
hazard ratio for VTE recurrence after a hormone-associated V7= vvas 0.5 (0.3-0.8), compared to
women with no hormone-associated VTE®*, In this patier.. level meta-analysis, a sensitivity
analysis found an interaction between age, sex and hormo, 2l therapy™.

Women who use hormones are typically yo.n5er and so already have a low risk of VTE
recurrence®’“%*, When comparing 175 wo.me' with a first VTE occurring during COC use and
60 women in the same age group with an vnprovoked VTE (AUREC cohort 1992-2003), the
cumulative probability of recurren.e a1.ir 5 years was 5.9% (95% CI, 0.6-11.1) compared to 4.3%
(95% CI, 0-10.1)*. The relative \isk of recurrence for COC users was 0.8 (95% ClI, 0.1-4.0) and
remained unchanged after a.usument for other factors including age*?. In an updated AUREC
cohort (1992-2008), the b ‘/ear probability of recurrence was 6% (95% CI, 3-9%) among COC
users, compared to 17% (95%, 12-22%) among non-users®’. Women who used hormones were
younger than non-users and their observation time was longer. The relative risk of recurrence for
COC users was 0.3 (95%, 0.2-0.6), and 0.4 (95% CI, 0.2-0.8) after adjustment for factors
including age (Table 1)*. In a prospective study evaluating all women under 50 years old, there
was no significant association between exposure to COC and risk of recurrent VTE after

adjusting for age: among 180 COC users and 61 non-users, the incidence of recurrent VTE with



COC use was 17.9/1,000 year (95% CI, 9.6-33.2) versus 17.6/1,000/year (95%, 6.6-47) for non-
users (incidence ratio 0.7, 95% Cl, 0.2-2.4)*. Other studies have reported subgroups with age <50
to better account for age®****. Ljundvist et al. reported the risk of recurrent VTE after a COC-
related VTE compared to an otherwise unprovoked VTE with an adjusted HR of 0.7 (95% ClI,
0.43-1.20), and when only evaluating those women <50 years old the adjusted HR was 0.9 (95%
Cl, 0.2-1.1)*. In a large database study of 4,170 women between age 15 and 64 years old with a
first VTE, the adjusted hazard ratio for recurrent VTE after an initia, hormone-associated VTE
was 0.71 (95% ClI, 0.58-0.88) versus non-users*. This relationz, f relative risk for recurrent
VTE between hormone users versus non-user remained the ~ame in the subgroups of women
aged 15-44 years old and women aged 45-64 years old™®.

Rather than focusing on relative risks, urde st2ading the absolute risk estimates may
provide more information to better counse. nat.ents on the duration of anticoagulation. From
available studies, the per year cumulative *isk estimates for recurrent VTE ranged from 0.4% to
5% (Figure 1), and 2.3% to 9% at = =& (Table 1). The differences in risk across the studies
may be based on the year of piib.*cation where different generation of COCs could have been
used, inclusion of differert ;rocps of patients (e.g. number of COC or HRT users), and more
recent studies that evalua. lower risk subgroup strategies (e.g. negative D-dimer testing or low
HERDOO?2 prediction scores). In earlier studies, the risk of VTE recurrence included patients
who continued COC without anticoagulation, which is no longer common practice®®. Overall,
these risk estimates are reassuringly low, and justify stopping anticoagulation long term in the
majority of patients.

Additional risk factors affect the risk of VTE recurrence among patients with a hormone-

associated VTE. The prospectively validated HERDOO?2 rule included those patients with an



initial hormone-associated VTE, whereas the Vienna score excluded patients with estrogen use,
and the DASH score includes hormone use at the time of VTE event as a predictive variable. In
an updated subgroup analysis of the original REVERSE cohort, women who were both low risk
for HERDOO2Z and COC users had a recurrence rate of 0.4% (95% CI 0.0-2.1) per patient-year
as compared to 1.4% (95% CI1 0.7-2.5) per patient-year for women who were low risk
HERDOO2 and non-users (HR 0.27, 95% CI 0.0-2.0). Women who were high risk for
HERDOO2 and COC users had a recurrence rate of 3.5% (95% CI ¢.1-12.5) per-patient year as
compared to 6.1% (95% CI 4.3-8.5) per-patient year among wzmc:> who were high risk for
HERDOO2 and non-users (HR 0.6, 95% C1 0.1-2.5) (unpu.'ished data). This suggests a
continuum of risk where other risk factors play a role.

Limitations exist, including that many of th: reyorted studies were not specifically
designed to address the question of VTE rc~ur ence following a hormone-associated event, often
resulting in not enough statistical power > answer this important question. There is limited data
on how other risk factors impact ric.. ov “zcurrence for hormone-associated VTE, with the
exception of how reported relativ~ risk or hazard ratios change when statistical models are
adjusted for factors such ez ~ae, M, location of VTE and thrombophilia status (Table 1). Some
cohort studies included p.tients whose initial presentation was a distal DVT**" or other major
provoking risk factors®, so the risk of recurrent VTE may be lower in both COC users and non-
users®. In a recent study that evaluated antiphospholipid antibody screening in an unselected
VTE population, the prevalence of antiphospholipid syndrome among 116 women with COC use
at the time of a VTE event was 6.9%", but it is unclear how this affects the VTE risk of

recurrence as the majority of these patients likely continued anticoagulation.



Finally, the majority of studies evaluating VTE recurrence after COC use have been
reported in the era of vitamin K antagonists like warfarin. With the introduction of direct oral
anticoagulants for secondary VTE prevention that have an improved safety profile, the long-term
balance of risks and benefits of anticoagulation in women with COC and additional VTE risk

factors still deserves further study.

Do | continue COCs after a hormone-associated VTE?

In women with an hormone-associated VTE, continuing horrorn. therapy was not associated
with an increase in VTE recurrence among women who >mc*ned on therapeutic anticoagulation;
this data from Martinelli and colleagues supports the practice of continuing hormone therapy if a
patient remains on therapeutic anticoagulation® It .. zatient stops anticoagulation, then stopping
COC/HRT therapy is recommended to lowc~ e risk of VTE recurrence***“°. Other forms of
contraception that do not carry an increase risk of VTE recurrence are recommended, such as
the progestin-only 1UDs. There is "in.*teu data on the risk of VTE recurrence in the setting of
continuing progestin-only sub<titeeous implants>. In women who have had a hormone-
associated VTE, thrombouruhylaxis with low-molecular-weight heparin is recommended

during pregnancy and for .3 weeks postpartum to lower the risk of VTE recurrence™.

Summary

Exogenous hormone use is associated with hypercoagulability and is a risk factor for VTE. The
absolute risk is low for an initial VTE, even in those with risk factors such as mild thrombophilia.
The risk of recurrent VTE after hormone-associated therapy is variably reported but is low for

the majority of individuals. This is, in part, likely reflective of the young patient population using

COCs. Additional risk factors, such as risk factors in the HERDOO?2 score, do affect the risk of

10



recurrent VTE in individuals with an initial hormone-associated VTE. Further research is still
needed to better understand how individual risk factors affect this risk and what these long-term

risks are, to better counsel patients on the duration of anticoagulation in the era of the DOACs.
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Table 1. Studies evaluating VTE recurrence risk among women with an initial otherwise unprovoked VTE by exogenous hormone

(COC/HRT) use*

Cohort Study Follow-up Events/patients Events/patients Unadjusted RR/HR | Adjusted RR/HR
duration Hormone use Non-users (95% CI) including age
(95% CI)
Cushman 2006 median 2.1 1/123 ?/109 NR HR 0.5 (0.2-1.5)
yrs (IQR 1.0- | 1yr: 5.0% (1.1-8.9) | 1yr: 6.4% (1.4-11.4)
3.3) 3yr:5.0% (1.1-8.9) | 3yr: 15.0% (6.3-23.8)
Prandoni 2007 median 50 12/100 (1.2%) 268/864 (31.0%) NR NR
mos 10 yr: 20.3% (8.9- | 10 yr: 52.6% (45.6-
31.7) 59.5) N\
Le Moigne 2013 median 66 10/102 4/33 IR 1.0 (0.3-3.2) IR 0.7 (0.2-2.4)
mos 1.8% (0.96-3.32%) | 1.8% (0.66-4.74~)
(IQR 33-103) (7
Eischer 2014 mean 69 22/333 (7%) 221207 (L7%0) RR 0.3 (0.2-0.6) RR 0.4 (0.2-0.8)
+ 52 mos 5yr: 6% (3-9) 5vii17% (12-22)
Ljungqvist 2014 mean 5.2 yrs | 27/368 (1376 PY) 571352 (1765 PY) HR 0.6 (0.4-0.9) HR 0.7 (0.4-1.1)
(0.1-9.1) 2.0% mean anrua' 3.2% mean annual rate
rate of recur.onc 2 of recurrence
1yr: 5% 1yr: 7%
5yr:v% 5yr: 18%
Christiansen (LETS) | mean 7.3 yrs , 19/133 10/96 NR NR
2010 (7 d-11.7 yrs) | 1.5% (0.5-1.0%) 1.4% (0.7-2.6)
Rodger 2008 (update | mean 5.7 yrs | 4/50 48/272 HR 0.37 (0.1-1.0) NR
submitted) 1.1% (0.3-2.9%) 3.2% (2.4-4.3)
Rodger 2018 medianl.0 4/291 4/138 NR NR
Low HERDOO?2 yrs (IQR 1.4% (0.4-3.7) 3.1% (0.8-7.9)
<50yo 0.99-1.0)
Rodger 2018 median 1.0 0/24 9/168 NR NR
Low HERDOO?2 yrs (IQR 0% 6.8% (3.1-12.8)

12



>50y0 0.99-1.0)
Prins 2018 CHOICE: 1 | 1/64 (1.6%) NR NR NR
yr
EXT: median
265 days
(IQR 123-
354)
Kearon 2019 median 5 yrs | 1/58 12/81 NF NR
0.4% (0.0-2.3) 3.8% (2.0-6.6)
5yr: 2.3% (0.0-6.8) | 5yr: 17% (8.1-25.9)

*4 studies also included a small number of patients with an initial pregnancy—assoﬂat\d—\ TE as described below.

Cumulative incidence and long-term risk reported when available. RR: Relati*e ri"k, HR: Hazard ratio; CI: Confidence interval; NR:
Not reported; Yrs: years; Mos: months; IQR: Interquartile range

Cushman: Included events in pregnancy, and placebo and low-dose wa f~:1n arms combined; Adjusted for age, treatment assignment
(placebo or low-dose warfarin), BMI, presence of FVL or proth:u. 1k n geiie mutation (PGM), and number of pre-enrollment VTE.
Placebo only events: 8.1% per year (8 events) non-users, and 4 5°5 per year (7 events) hormone users.

Prandoni: Included events in pregnancy

Le Moigne: Unprovoked major VTE subgroup only

Eischer: Adjusted for age, site of VTE (distal, pro:-imc! 2'VT or PE), and factor V Leiden (FVL)

Ljunggvist: Adjusted for age, presence of FV! ¢* PCM, BMI, location of initial VTE

Christiansen: Included events in pregnancv nd *hose that remained on COC after stopping anticoagulation. For patients with an initial
hormone-associated VTE and reme..rec ofi o1 anticoagulation, the recurrent risk was 1.5% (0.5-2.1%), compared to patients who
remained on COC in follow-up: 4.9% 2.4-8.7%).

Prins: Included ASA and placebo ariiis from EINSTEIN CHOICE and EINSTEIN EXTENSION combined
Figure Legends

Figure 1. Cumulative risk estimates of recurrent VTE after an initial hormone-associated VTE
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Highlights

e Exogenous hormones cause hypercoagulability and an increased risk of thrombosis
e In the majority of patients, VTE recurrence is low after a hormone-associated VTE
e Other risk factors may influence VTE recurrence risk after a hormone-associated VTE
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