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Background: Cancer may be linked to the risk of deep vein thrombosis, as
well as cancer therapies, location and extent. In relation to breast cancer,
the risk to develop venous thromboembolism (VTE) is 4 fold more when
compared with patients of equivalent age without cancer.

Aims: To evaluate the incidence of deep vein thrombosis (DVT) in the
cohort of women diagnosed with breast cancer, between 2007 and 2009, at
the Brazilian National Cancer Institute (INCA).

Methods: A retrospective observational study in a hospital cohort of 4,413
women diagnosed with breast cancer between 2007-2009, and followed by
60 months. The databases were the hospital-based cancer registry of

Brazilian National Cancer Institute - Cancer Hospital III and medical
records. Outcome was defined as first episode of deep venous thrombosis,
determined by Ultrasound Doppler. Cumulative incidence analyzes were
performed using the survival functions by Kaplan-Meier method and
Hazard ratios determined by Cox Regression.

Results: The conditional probability of developing deep vein thrombosis
after diagnosis of breast cancer was 2.7% (n=105) at 60 months of follow-
up, and chemotherapy was the most important risk factor for DVT
(adjusted HR=4.97; 95% CI 2.68-9.21).

Conclusions: The incidence of deep vein thrombosis in this cohort of
women diagnosed with breast cancer was low and remained relatively
constant during the study time.

Key Words: Neoplasms; Breast neoplasms; Venous thrombosis; Incidence;
Cobhort studies.

INTRODUCTION

Breast cancer is the most common tumor location among women in the
world. In Brazil, estimates for 2018 indicate the occurrence of about
59,700 new cases of breast cancer (ASR 56.33 cases per 100,000 women)
[1]. Data from hospital records of cancer (HRC) in Brazil, including
59,317 women diagnosed with breast cancer between 2000 and 2009,
showed that 53.4% of these women were in advanced stages (2B: 15.9%,
3A:12.3%, 3B: 14.7%, 3C: 1.7%, 4: 8.8%) at diagnosis [2]. This advanced
stage leads to the use of more aggressive treatments and various adverse
effects resulting thereof [3].

Regarding systemic therapies, the main adverse effects found in cancer
patients are cardiovascular disorders including myocardial ischemia,
arrhythmia, pulmonary hypertension, peripheral arterial occlusive disease,
pleural effusion and venous thromboembolism (VTE) [4].

VTE is a term that includes principally deep vein thrombosis (DVT) and
pulmonary embolism (PE) [5]. Cancer is an important and independent
risk factor for VTE [6], as well as the extent of the disease and their
treatments [7]. From all VTE events that occur in the population, 18% to
29% may be associated with cancer [8,9].

In relation to breast cancer, It was reported, in a Danish cohort, that 8,586
women who had this diagnosis were 4 fold more likely to develop VTE
compared with patients of equivalent age without cancer (RR=3.9; 95% CI
3.3-4.72) [10]. Chavez-MacGregor et al., in the United States, estimated a
cumulative incidence of VTE of 2.9% in 12 months (1.4% of DVT) among
89,172 women with breast cancer [11]. Moreover, based on data from a
large cohort of the United Kingdom with 13,202 women with breast
cancer, in the time following a VTE event, the risk of dying was more than
doubled in multivariate analysis (HR=2.42; 95% CI 2.13-2.75) [12].

Since breast cancer is the most frequent tumor site among women in the
world [1], the occurrence of VTE, although low, represents an important
Public Health problem, since it affects the prognosis of these women.
Despite this, there are few epidemiological studies assessing the incidence

of this adverse reaction in breast cancer patients and there are no registers
of this incidence in Brazil. Furthermore, most evidences related to VTE, in
patients with cancer, come from studies that combined pulmonary
embolism and DVT as the outcome [13-15]. Such methodological decision
introduce important limitations making impossible the understanding of
the real DVT magnitude in cancer patients.

Therefore, the aim of this study was to evaluate the incidence of DVT in
the cohort of women diagnosed with breast cancer between 2007-2009 at
the Brazilian National Cancer Institute (INCA).

METHODS

Study Population and Design

This is a hospital cohort study with women diagnosed with breast cancer
from January 2007 to December 2009 at the Cancer Hospital III of the
National Cancer Institute (INCA), and retrospectively followed for 60
months.

All women diagnosed with breast cancer (ICD: C50.0-C50.9), aged at least
18 years, were eligible for the study.

During the study period, 4,641 histological confirmed breast cancer cases
were identified using the Hospital-based cancer registry database of INCA
Cancer Hospital III. Of these women, 228 (4.9%) women were excluded
with the following conditions: previous diagnosis of any cancer, a second
primary tumor (except breast cancer) during the period of study, and
diagnosis of DVT prior to breast cancer. Therefore, a cohort of 4,413 cases
was formed to the analysis.

Data was obtained from computerized medical records and whenever
necessary, physical records were consulted. The studied variables were:
age and clinical stage at diagnosis; marital status; educational level; skin
color; family history of cancer; history of alcohol and smoking
consumption; surgery, radiation therapy, chemotherapy and hormonal
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therapy start date. The occurrence of death and its date were collected and
then confirmed through the information system mortality.

Outcome was determined using information system of the image
department of INCA Cancer Hospital III. The first diagnosis of DVT,
confirmed by Doppler Ultrasound from January 2007 to December 2014,
was determined as outcome of interest.

Statistical Analysis

For descriptive analysis of the cohort, categorical variables were
expressed as percentages and differences between them were analyzed
using the chi-square test.

Incidence of deep vein thrombosis was analyzed considering DVT
diagnosis as interest event, determined by the date of Doppler Ultrasound
confirmation. The observation start time (T°) was defined as the date of
breast cancer clinical diagnosis. All living patients without a diagnosis of
DVT were censored at the end of 60 months of follow-up and those lost
during follow-up (for death) were censored at the last date recorded in the
medical record and/or Mortality Information System. Cumulative
incidences were estimated by Kaplan-Meier method, and the comparison
of survival curves were performed using log-rank test (95%CI).

A proportional Cox regression was also performed to determine the
influence of different factors on risk of DVT, by crude and adjusted
Hazard ratios and respective 95% confidence intervals (95% CI). Multiple
models were constructed using stepwise selection of variables with a P
value < 0.2 at simple analysis. All variables with p value less than 0.2
were tested in the model and remained in the final model those that were
statistically significant or altered the estimates of other variables.

A P value <0.05 was used to ascertain the occurrence of statistical
significance and all analyzes were performed with software SPSS version
20.0 (IBM Corporation, NY, USA).

Ethical Aspects

This study was approved by the Ethics Research Committees of all
involved institutions (INCA and ENSP-FIOCRUZ).

RESULTS

The mean age of the 4,413 women with breast cancer, who composed this
cohort, was 57 years (SD: 13.6; Median: 56); (data not shown) and 2.8%
of women with 60 years or more developed DVT. As well as 2.5% of non-
white women, 2.4% of those that had less than eight years of schooling,
2.4% that had no partner, 2.4% of smokers, 2.3% of alcohol drinker and
2.6% of those that reported a family history of cancer. However, no
difference statistically significant of such characteristics was observed
among DVT positive and negative women (Table 1).

Considering clinical stage, the cumulative incidence of DVT increases
with the increase of cancer staging, and the differences between groups
was statistically significant (P=0.000); (Table 1).

By comparing the groups of different therapeutic behaviors for the breast
cancer, there was a statistically significant difference between the
proportions of DVT diagnosis in relation to chemotherapy, surgery
(mastectomy and breast-conserving surgery) and hormone therapy, with a
higher proportion of DVT diagnosis in the groups without surgery (4.2%),
taking chemotherapy (3.3%) and not using hormone therapy (3.2%), than
the groups with surgery (3.0%), without chemotherapy (0.9%) and using
hormone therapy (1.8%), respectively (Table 1).

Deaths in five years occurred in 25.2% of women diagnosed with breast
cancer and it was observed that a higher proportion of women in the group
who developed DVT died (52.4%) than the group with no DVT (24.5%),
and this difference was statistically significant (P=0.000); (Table 1).

Table 1: Distribution of breast cancer cohort (N=4,413)

according to socio demographic and clinical variables, Rio de
Janeiro, Brazil, 2007-2009. (* Total differences occur by
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missing. ** For deaths, the totals are presented in the columns
and not in the lines.

Variables Without DVT Total X2 P Cumulativ Log
DVT o o valu e Rank
N (%) N (%) N(%) e incidence (P)
° of DVT
(%)
Age (yr.)
<45 781 19 800 2.7
(97.6) (2.4) (100)
45-59 1791 36 1827 2.3
(98.0) (2.0) (100)
260 1736 50 1786 0.26 3.1 0.242
(97.2) (2.8) (100) 3
Skin color*
White 2408 55 2463 25
(97.8) (2.2) (100)
Non-White 1891 49 1940 052 29 0.382

(97.5) (25)  (100) 5

Education (yr.)*

<8 2780 68 2848 2.7
(97.6) (24)  (100)

>8 1514 36 1550 089 25 0.696
(97.7) (23)  (100) 2

Marital status*

With a partner 1987 47 2034 2.6
(97.7) (2.3) (100)

Without a partner 2312 57 2369 083 27 0.755
(97.6) (2.4) (100) 5

Smoking*

No# 2697 67 2764 2.7
(97.6) (2.4) (100)

Current 1478 37 1515 097 28 0.892

(97.6) (24)  (100) 0

Alcohol intake*

No## 2844 73 2917 2.8
(95.5) (2.5) (100)
Current 1306 31 1337 0.71 25 0.653
(97.7) (2.3) (100) 8
Family history of
cancer*
No 1623 36 1659 24
(97.8) (2.2) (100)
Yes 2538 67 2605 040 29 0.482

(97.4) (26)  (100) 5

Clinical stage*

0-1A 963 9(0.9) 972 0.9
(99.1) (100)
2A-2B 153 30 1565 2.0

(98.1) (1.9)  (100)

3A-3C 1287 50 1337 46
(96.3) (3.7)  (100)

4 430 16 446 0.00 7.2 0.000
(96.4) (36)  (100) 0
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Surgery*
No 1071 47 1118 6.0
(95.8) (4.2) (100)
Breast-conserving 892 9(1.0) 901 1.0
(99.0) (100)
Mastectomy 2344 48 2392 0.00 2.1 0.000

(98.0) (2.0)  (100) 0

Radiation therapy*

No 2043 58 2101 3.1
(97.2) (2.8) (100)

Yes 2264 46 2310 0.09 23 0.032
(98.0) (2.0) (100) 3

Chemotherapy*

No 1609 14 1623 0.9
(99.1) (0.9) (100)

Yes 2699 91 2790 0.00 3.7 0.000

(96.7) (33)  (100) 0

Hormonal therapy

No 1746 57 1803 37
(96.8) (32)  (100)

Yes 2562 48 2610 0.00 2.0 0.000
(98.2) (1.8)  (100) 5

Death in 5 years**

No 3253 50 3303 15
(75.5) (47.6) (74.8)

Yes 1055 55 1110 0.00 18.0 0.000
(24.5) (524) (252) O

# Non-smoking include 11 former smokers, none of them developed DVT.

##No alcohol consumers include 4 former alcohol consumers, one of them
developed DVT.)

Age > 60 (HR=2.04; 95% CI 1.37-3.05) and chemotherapy (HR=4.97;
95% CI 2.68-9.21) were associated with an increased risk of DVT, while
surgery (HR=0.32; 95% CI 0.20-0.51) and hormone therapy (HR=0.57;
95% CI 0.38-0.85) were associated with a decreased risk of developing
DVT in the final model (adjusted by age, clinical stage, surgery, radiation
therapy, chemotherapy and hormonal therapy). However, clinical stage
(HR=2.13; 95% CI 1.01-4.49, for 2A-2B; HR=4.71; 95% CI 2.32-9.59,
for 3A-3C and HR=8.21; 95% CI 3.62-18.66, for 4) and Radiation
therapy (HR=0.66; 95% CI 0.45-0.97) were associated with increased and
decreased risk of DVT, respectively, only in the unadjusted model (Table
2).

The overall cumulative incidence of DVT in 60 months of follow-up was
1.2% (n=52) in 12 months, 1.8% (n=73) in 24 months and 2.7% (n=105)
in 60 months (Table 3). Kaplan-Meier survival curves (Figure 1) using the
log-rank test showed a significant difference in probabilities of developing
DVT in 60 months, between groups, according to clinical stages, surgery,
chemotherapy and hormone therapy.
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Figure 1: Cumulative incidence of deep vein thrombosis (DVT), in 60
months, Rio de Janeiro, Brazil, 2007-2009.

Table 2: Cumulative incidence of deep vein thrombosis (DVT),
in 60 months, Rio de Janeiro, Brazil, 2007-2009.

Followin N°  Case Probabili Probabili Condition Condition Cumulati
g time at s of ty of ty of no al al ve
risk DVT DVT DVT probabilit incidence
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(months y of no probabilit of DVT
) DVT yof DVT (%)

0-6 441 23 0.0052 0.9948 0.995 0.005 0.5
6.1-12 4,19 29 0.0069 0.9931 0.988 0.012 1.2
121 - 4,01 13 0.0032 0.9968 0.984 0.016 1.6

18 7

181 - 3,85 8 0.0021 0.9979 0.982 0.018 1.8
24 5

241 - 372 8 0.0022 0.9978 0.980 0.020 2.0
30 3

301 - 361 5 0.0014 0.9986 0.979 0.021 21
36 7

36.1 - 351 9 0.0026 0.9974 0.976 0.024 24
42 1

421 - 342 4 0.0012 0.9988 0.975 0.025 25
48 2

481 - 3,36 5 0.0015 0.9985 0.974 0.026 26
54 3

541 - 329 1 0.0003 0.9997 0.973 0.027 2.7
60 1

Table 3: Hazard Ratio (HR) of deep vein thrombosis (DVT), in
60 months, Rio de Janeiro, Brazil, 2007-2009.

Variables HR Adjusted HR *
(95% Cl) (95% ClI)
Age (yr.) <60 1.00 1.00
260 1.36 (0.93-1.99) 2.04 (1.37 —3.05)
Skin color White 1.00
Non-White 1.19(0.81 - 1.75)
Education (yr.) <8 1.00
>8 0.92 (0.62 — 1.38)
Marital status With a partner  1.00
Without a 1.06 (0.72 - 1.57)
partner
Smoking Never smoker 1.00
Smoker 1.02 (0.68 — 1.52)
Alcohol intake Never 1.00
Current 0.95 (0.62 — 1.43)
Family history of No 1.00
cancer
Yes 1.16 (0.77 — 1.73)
Clinical stage 0-1A 1.00 1.00
2A-2B 2.13(1.01-4.49) 1.28(0.59 —2.75)
3A-3C 4.71(2.32-9.59) 2.07 (0.96 —4.48)
4 8.21 (362 - 1.69(0.65-4.44)
18.66)
39

Surgery No 1.00 1.00

Yes 0.27 (0.18-0.40) 0.32(0.20-0.51)
Radiation therapy No 1.00 1.00

Yes 0.66 (0.45-0.97) 0.67 (0.43-1.02)
Chemotherapy No 1.00 1.00

Yes 3.89(2.21-6.82) 4.97 (2.68-9.21)
Hormonal therapy No 1.00 1.00

Yes 0.49(0.33-0.71) 0.57 (0.38 —0.85)

DISCUSSION

This study estimated the cumulative incidence of Deep Vein Thrombosis
(DVT) in a cohort of 4,413 women diagnosed with breast cancer, from
2007 to 2009, at Cancer III Hospital (HCIII / INCA), and is the first study
that estimates this incidence in a cohort of breast cancer women in Brazil.

In the literature, most studies combined pulmonary embolism and DVT
incidences, making limited the information for comparisons to our
findings. However, Chavez-MacGregor et al developed a retrospective
cohort of breast cancer in USA population, analyzing the cumulative
incidence of DVT, isolated from VTE, in incident cancer women. After 12
months of follow-up, the DVT incidence was 1.4% [11]. Similarly, we
observed a cumulative incidence of 1.2% in 12 months of follow-up.

In relation to VTE cumulative incidence, a historical population cohort of
108,255 patients with breast cancer, in California, showed a VTE
cumulative incidence of 1.2%, after 2 years of follow-up, [13] a value
below the DVT incidence reported in our study of 1.8% in the same
follow-up period.

Some studies that analyze VTE cumulative incidence up to 60 months of
follow-up. A population-based cohort that included 8,338 Swedish women
diagnosed with invasive breast cancer, between 2001 and 2008, with a
mean age of 57.1 years, observed, after a mean follow-up of 7.2 years, a
VTE cumulative incidence at 1, 2 and 5 years, of 2.0%, 2.5% and 4.0%,
respectively [16]. A value well above the result of our hospital-based
cohort (2.7% of DVT after 5 years). In contrast, Chew et al., using the
Taiwan's National Health Insurance Research Database, identified 6,035
newly diagnosed breast cancer patients and a VTE cumulative incidence
of 0.8% in more than 8 years of follow up [15].

VTE incidence in breast cancer is reported to be lower, when compared to
some other cancers [14,15]. A study with a large population cohort
(n=235,149), after 2 years of follow-up, showed VTE cumulative
incidence after a metastatic cancer diagnosis of pancreas (5.4%), uterus
(4.8%), stomach (4.4%) and bladder (4.3%). In contrast, for metastatic
breast cancer, VTE cumulative incidence was 2.6%, one of the lowest
incidences, except for metastatic cancers of lung (2,4%), Non-Hodgkin
lymphoma (2,1%) and prostate (1,2%) [17]. Although the low incidence
of VTE in breast cancer, how breast cancer is the most frequent tumor site
among women in the world, VTE in this population still represents an
important Public Health problem, highlighting the importance of
following the established thromboprophylaxis recommendations in this
population [18].

Furthermore, a higher VTE incidence has been reported in specific groups
of breast cancer women, according to the treatment received. In 2010, in a
cohort of 280 women with early stage breast cancer who were treated with
adjuvant chemotherapy at a UK cancer center, Nolan et al observed a
cumulative VTE incidence of 7.5%, during or up to four weeks after
chemotherapy.[19] Onitilo et al reported a cumulative VTE incidence in
American breast cancer women who underwent tamoxifen treatment
(3435) of 8.4% (289), in a retrospective cohort between 1994 and 2009,
with up to 5 years of follow-up.[8] These findings suggested that different
therapeutic behaviors could alter the risk of a woman with breast cancer
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develop VTE. However, the risk factors associated with VTE, in breast
cancer, were only adequately explored more recently.

In a recent cohort study of 13,202 English women diagnosed with breast
cancer, Walker et al collected data from four different sources on
population health care, between 1997 and 2006. Cases of VTE occurred in
611 women (8.4/ 1,000 person-years; 95% CI 7.8 - 9.1), of which 314
were isolated DVT. The highest VTE absolute rates were observed during
chemotherapy treatment and in the first month after the end of this
treatment, with a risk of 10.8 (95% CI 8.2-14.4) and 8.4 (95% CI
4.9-14.2), respectively, when compared to women who did not undergo
chemotherapy. The risk of VTE still increased with age in the multivariate
analysis (60 - 69 years: HR = 2.9, 95% CI 1.8 - 4.6 and 80 years: HR =
5.0, 95% CI 3.0 - 8.2).[20]

Similarly, in our study, age was risk factor in multiple analyses and
chemotherapy was the main risk factor for DVT. Although chemotherapy
treatment is associated with an increased risk of thrombosis [11,16,20], the
pathogenic mechanisms for the thrombogenic effect of chemotherapeutic
drugs are poorly understood [21]. Probably, chemotherapeutic agents are
associated with thrombogenic mechanisms, such as reduction in
fibrinolytic activity, direct endothelial cells lesions and interaction with
the Von Willebrand factor [22].

Regarding the initiation of chemotherapy, Pritchard et al observed a
predominance of 84% [21] of VTE cases occurring within 6 months after
initiation of this treatment [23]. The prevalence of early VTE development
was also observed in the prospective cohort of Kirwan et al, where of the
134 breast cancer women recruited prior to chemotherapy start, receiving
clinical and radiological evaluations at 3, 6, 12, and 24 months of follow-
up, 69% developed VTE within 3 months of chemotherapy initiating [24].
In our cohort, for 91 DVT cases that realized chemotherapy, 42.9% of
DVT diagnosis occurred within 6 months of the start of chemotherapy
(data not shown).

Still in the study by Walker et al., it was observed that, in women who
received hormone therapy, the risk of VTE, in the first three months after
starting treatment, was more than double the risk compared to those
women who did not undergo this therapy (HR=2.4, 95% CI 1.7-3.4). But,
no risk was observed after 3 months of hormone therapy (HR=0.9, 95%
CI 0.7-1.1), and only 3.7% of VTE cases had no indication of hormone
therapy use [20].

In our study, for 30.5% of DVT cases, the estrogen and progesterone
receptor status of the tumor was negative (data not shown), so, they had
no indication for hormone therapy. This high frequency of negative
hormone receptors tumors in women that developed DVT may explain our
results that showed that the use of hormonal therapy was associated with a
lower risk of developing DVT (HR=0.57, 95% CI 0.39-0.86, in multiple
analyses). However, in the study by Brand et al., hormonal therapy use
was not statistically significant associated with a higher risk of developing
VTE (HR=1.60, 95% CI 0.87-2.94, adjusted for age at diagnosis).
Moreover, Brand et al. observed that the negative status for progesterone
hormone receptors was an independent risk factor for the development of
VTE in women with breast cancer (HR=1.38, 95% CI 1.12-1.70, adjusted
for age at diagnosis) but negative status for estrogen hormone receptors
had no effect [16]. In contrast, in cohort of Chavez-MacGregor et al., with
men and women breast cancers, negative status for estrogen hormone
receptors was a protect factor for VTE (OR=0.84, 95% CI 0.73-0.96) and
for DVT (OR=0.72, 95% CI 0.59 - 0.88) in multiple analyses [11]. In our
study, we could not analyze hormone receptors as a risk factor, because
we do not have data on estrogen and progesterone receptor status for the
women in the cohort that do not developed DVT.

Some biological mechanisms corroborate that hormonal therapy would be
a risk factor for VTE, since, probably, the estrogenic effect of tamoxifen
would lead to the reduction of antithrombin III [22], but in accordance
with the above, this association still needs to be better studied.

An American database with 112,617 women undergoing surgical
treatment of breast cancer between 2005 and 2013 observed a low risk of
mortality and morbidities in these procedures, regardless of the age of the
woman (0.1% in women under 80 years and 0.3% in women aged 80
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years or older, p<0.01) [25]. In our study we found that the surgery
procedures (mastectomy or a breast-conserving), was a protective factor
for DVT. Similar result was found by Walker et al. demonstrating that
surgical removal of the tumor is a protective factor for the development of
DVT, although not statistically significant (HR=0.6, 95% CI 0.3-1.1), after
the two month of hospital discharge [20].

Regarding radiotherapy, in multiple analysis, women in this study who
underwent such treatment had no risk of developing DVT. In the Swedish
population—based study that included 8,338 breast cancer patients, the
radiotherapy showed no association with VTE in multivariable analyses
(HR=1.07, 95% CI 0.79-1.47) [16] Begtrupo et al. in a prospective clinical
study evaluated blood sampling in 39 women who underwent adjuvant
radiotherapy after breast cancer in the year 2016 at a Danish center and
concluded that radiotherapy did not affect hemostasis evaluated by platelet
aggregation and thrombin generation; neither as a single dose nor during
the entire radiation course [26].

Another risk factor for VTE events is advanced staging of breast cancer,
how was demonstrated in the cohort of Chavez-MacGregor et al. for VTE
(OR=1.98, 95% CI 1.68-2.33) and for DVT (OR=1.50, 95% CI
1.17-1.93), comparing stage 4 patients with stage 1 [11]. In our study,
advanced staging of breast cancer was a risk factor for DVT only in the
unadjusted model.

The current study was able to determine the incidence of DVT in a large
hospital cohort, and to demonstrate some possible risk factors associated
with DVT, mainly in relation to cancer treatment. The study has
limitations pertinent to a retrospective study design. However, these
limitations probably do not generate information bias, since the hospital
has detailed patient records that were consulted by qualified and
experienced professionals for the accomplishment of this study.

CONCLUSIONS

A cumulative incidence of deep venous thrombosis of 2.7% was found,
after 60 months of follow-up, in the hospital cohort of women diagnosed
with breast cancer from 2007 to 2009, and chemotherapy was the main
risk factor.
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