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a b s t r a c t

Purpose: To evaluate the incidence and risk factors of lymphedema 10 years after surgical treatment for
breast cancer.
Methods: Prospective observational hospital-based cohort of women undergoing axillary lymph node
dissection. Lymphedema was assessed by indirect volume, measured by circumference, and diagnosed if
there was a difference of 200 mL between the arms or if the patient was treated for it. Independent
variables were patient, tumour and treatment characteristics. Descriptive statistics were conducted as
survival analysis using the Kaplan-Meier estimate. Cox regression was performed, considering a 95%
confidence interval (95%CI).
Results: The study evaluated 964 women. The cumulative incidence of lymphedema observed was 13.5%
at two years of follow-up, 30.2% at five years and 41.1% at 10 years. Final model showed an increased risk
for lymphedema among women that underwent radiotherapy (HR ¼ 2.19; 95%CI 1.63e2.94), were obese
(HR ¼ 1.52; 95%CI 1.20e1.92), had seroma formation after surgery (HR ¼ 1.46; 95%CI 1.14e1.87), un-
derwent chemotherapy infusion in the affected limb (HR ¼ 1.45; 95%CI 1.12e1.87) or advanced disease
staging (HR ¼ 1.41; 95%CI 1.11e1.80).
Conclusions: Cumulative incidence of lymphedema was 41.1%. Women undergoing axillary radiotherapy,
obese, who developed seroma, underwent chemotherapy infusion in the affected limb and with
advanced disease had a higher risk of lymphedema.

© 2017 Published by Elsevier Ltd.
1. Introduction

Breast cancer represents the most common neoplasm among
women, and is responsible for 28.2% of all neoplasm cases. In the
year 2012, there was an estimated 1.67 million new cases and
522,000 deaths from this cancer worldwide [1]. When detected in
the early stages, the disease tends to have a good prognosis.
Population-based studies have shown a mean relative survival in
five years of 80% in developed countries and of 60% in developing
countries [2,3].

Brazil is a developing country which still performs disease
diagnosis in advanced stages. A large study conducted in the
country reported that 53.5% of the cases diagnosed between the
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years 2000 and 2009 were classified as advanced stages (�IIB) [4].
Late diagnosis leads to the need of employment of more aggressive
treatments, carrying to several complications such as lymphedema
[5e7]. Lymphedema is an impairing and chronic condition, which
leads to important physical, social and psychological problems
[8,9].

Most of the studies published in the current literature report the
cumulative incidence of lymphedema in a 5-year follow-up period,
which ranges from 3% to 42.2% depending on the assessment of the
outcome and characteristics of the sample [10e18]. Considering a
10-yearmedian follow-up, an incidence of 29% of lymphedema, as a
self-reported outcome, was found among US multiethnic patients
who had undergone breast cancer treatment [19]. In a meta-
analysis, the estimated pooled incidence was 16.6%. Among pa-
tients who had undergonemore aggressive treatment like Brazilian
patients (axillary lymph node dissection), polled incidence esti-
mated was 19.9% [20]. Considering studies with follow-up period
�5 years, pooled incidence was 15.6%. A previous analysis of the
present cohort was published in 2012 and reported a cumulative
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incidence of 30.3% after a 5-year follow-up, using indirect volu-
metry (volume >200 ml) as the diagnosis method [21].

Several factors have been associated with the occurrence of
lymphedema after breast cancer. Performance of mastectomy,
axillary lymph node dissection (ALND), having positive lymph
nodes, undergo to regional lymph node irradiation, higher body
mass index (BMI), age and the occurrence of post-surgical com-
plications were related to an increase in the risk of lymphedema
[10,13e18,20e30].

To date, there are few studies that have assessed the incidence
and associated factors of lymphedema in a 10-year follow-up
period. As breast cancer has a good prognosis when diagnosed
early, and patients will live with the impact of the treatment, it is
essential to know the incidence and risk factors of lymphedema in
the long term after treatment so that preventive measures can be
incorporated into clinical practice.

This study aimed to evaluate the cumulative incidence and risk
factors associated with the occurrence of lymphedema after ALND
for breast cancer in a hospital-based cohort during 10 years of
follow-up.

2. Material and methods

2.1. Study population and follow-up

This was a prospective cohort study, which included women
undergoing ALND as surgical treatment for breast cancer from
August 2001 to November 2002, in a single reference institution for
cancer treatment. The following criteria for exclusion were
considered: patients who underwent a sentinel Lymph node
mapping; prior oncologic treatment provided at another institu-
tion, a previous contralateral or a synchronous bilateral breast
cancer, previous lymphedema or functional alteration of one of the
upper extremities, a palliative surgery, presence of distant metas-
tasis and inability to answer the study questionnaire. Such women
were initially prospectively followed for 60 months with the spe-
cific aim of determining the incidence and the predictive factors for
lymphedema. The methodologic features of this cohort have been
previously published [21].

The initial population of this study was composed of 1243
women, of which 189 did not fulfill eligibility criteria. This resulted
in a total of 1054 women that participated in the lymphedema
incidence evaluation during a five year follow-up from the surgical
procedure [21]. For this study, all women with early lymphedema
(developed in the first six months after the surgical procedure)
(n ¼ 70) and those with a follow-up of less than six months after
surgery (n ¼ 27) were excluded. Other 7 patients were excluded by
mistake in the 5-year follow-up analysis andwere reincluded. Thus,
a total of 964 women were analyzed.

2.2. Data collection

Medical records from patients without lymphedema at 60
months were reviewed to identify information about the diagnosis
of lymphedema after this period, disease progression or death.
Women without this information in their medical records were
invited for a physical examination at 10 years after surgery.

Demographic data (age, marital status, education level, occu-
pation, race and BMI), treatment characteristics (type of surgery,
radiotherapy, chemotherapy, hormonal therapy) and clinical events
(recurrence, death) were obtained from medical records. Tumour
characteristics (histological type, tumour size, lymph node status,
tumour staging, number of axillary lymph nodes surgically
removed and number of nodes involved) were abstracted from
histopathology reports. Complications related to the healing
process (wound infection, seroma, haematoma) were obtained
from reports in medical charts. Post treatment complications
(axillary web syndrome, early oedema, paresthesia of the inter-
costobrachial nerve, winged scapula) were abstracted from the
routine physical therapy evaluation for the first six months post-
surgery.

The outcome “lymphedema” was assessed at baseline (before
surgical procedure) and during the follow-up using a circumference
measure that was taken at 14 and 7 cm above, and 6, 14 and 21 cm
below, the elbow joint. The volume of each arm was estimated by
the formula for the volume of the frustum of a cone [31], and
lymphedema was diagnosed if there was a difference of 200 ml
between the arms.

2.3. Statistical analysis

Baseline demographics, treatment and clinical characteristics of
the cohort were described using measures of central tendency and
dispersion for continuous variables and proportions for categorical
data.

Survival analysis was conducted by the Kaplan-Meier method,
to identify the cumulative incidence and the possible differences in
the curves for each exposure group. Censoring was considered for
those women who completed 10 years free of lymphedema, those
who were lost during follow-up and those who developed local
recurrence, distant metastasis or death. The diagnosis of lymphe-
dema was considered the event.

The univariate Cox regression analysis was performed in order
to estimate the crude risk factors for the different exposure groups.
Variables with p < 0.20 were selected for the multivariate model.
The multivariate survival analysis was made using Cox regression
model. The variables with p < 0.05 were retained in the final model.

2.4. Ethical standard

This study was approved by the institutional review board un-
der the protocol 42/02. All patients signed an informed consent
before being included in the study.

3. Results

Demographic and clinical characteristics of the 964 analyzed
patients at the time of surgery are described in Table 1. Themajority
of women were married (47.6%), did not complete elementary
school (45.1%) and performed housework (61.2%). Considering
nutritional status, the mean BMI was 27.72 (SD¼ 5.37) where 36.7%
was obese. Regarding treatment, chemotherapy was performed in
the majority of patients, and 27.6% had at least one cycle of
chemotherapy in the affected upper limb. Adjuvant radiotherapy
and hormonal therapy was also performed by the majority of pa-
tients. In most of the cases, women had a mastectomy (65.1%),
ALND until level III (83.8%), a mean of 17.85 (SD ¼ 7.52) lymph
nodes removed and 4.46 positive lymph nodes (SD ¼ 4.84).

The stages IIA and IIB together representedmore than half of the
studied sample.

The occurrence of surgical complications is described in Table 2.
The suction drain was kept for a mean period of 12.59 (SD ¼ 2.90)
days. The observed complications, related to the surgical wound,
were seroma (62.6%), nechrosis (40.7%) and infection (12.9%).
Considering functional complications, 81.7% had paresthesia in the
intercostobrachial nerve, 33.8% had axillary web syndrome and
66.3% had winged scapula.

The conditional probability of lymphedema occurrence, ac-
cording to the Kaplan-Meier curve, in a 10-year follow-up is shown
in Fig.1. The cumulative incidence of lymphedemawas 13.5% in two



Table 1
Socio-demographic, clinical and treatment characteristics of the patients at the
time of the surgical procedure (n ¼ 964).

N (%)

Age [mean (SD)] 55.31 (12.98)
Marital status
Married 454 (47.6)
With partner 3 (0.3)
Divorced/separated 76 (8.0)
Widow 188 (19.7)
Single 233 (24.4)
Educational level
Illiterate 63 (6.8)
Incomplete elementary school 417 (45.1)
Complete elementary school 167 (18.1)
Incomplete high school 34 (3.7)
Complete high school 174 (18.8)
Incomplete college 17 (1.8)
Completed college 53 (5.7)
Occupation
Housework 450 (61.2)
Housekeeper 80 (10.9)
Trade 51 (6.9)
Office 47 (6.4)
Seamstress 23 (3.1)
Cook 14 (1.9)
Healthcare 20 (2.7)
Other 50 (6.8)
Body mass index [mean (SD)] 27.72 (5.375)
Nutritional status
Underweight (BMI <18.5) 16 (1.7)
Normal (BMI 18.5e24.9) 289 (30.0)
Overweight (BMI 25.0e29.9) 305 (31.6)
Obesity (BMI �30.0) 354 (36.7)
Chemotherapy
No 281 (29.1)
Neoadjuvant and Adjuvant 117 (12.1)
Only Neoadjuvant 96 (10.0)
Only Adjuvant 470 (48.8)
Chemotherapy infusion in the affected limb
No 698 (72.4)
1-3 cycles 126 (13.1)
�4 cycles 140 (14.5)
Radiotherapy
No 335 (34.8)
Neoadjuvant and Adjuvant 1 (0.1)
Only Neoadjuvant 16 (1.7)
Only Adjuvant 611 (63.4)
Regional lymph node irradiation
No 685 (71.1)
Yes 279 (28.9)
Hormonal therapy
No 304 (31.5)
Neoadjuvant and Adjuvant 16 (1.7)
Only Neoadjuvant 4 (0.4)
Only Adjuvant 640 (66.4)
Surgical procedure
Mastectomy 622 (65.1)
Breast-conserving 334 (34.9)
Surgical side
Right 461 (47.8)
Left 503 (52.2)
Axillary lymph node dissection level
I 51 (5.6)
II 96 (10.5)
III 764 (83.8)
Excised lymph nodes [mean (SD)] 17.85 (7.52)
Positive lymph nodes [mean (SD)] 4.46 (4.84)
Histopathological staging
0 33 (3.4)
I 181 (18.9)
IIA 311 (32.5)
IIB 233 (24.3)
IIIA 52 (5.4)
IIIB 147 (15.4)

* Total of patients that have performed the treatment.

Table 2
Complications in the surgical wound and in physic functional state of the upper limb
(n ¼ 964).

Variables N (%)

Maintenance of suction drain, days [mean (SD)] 12.59 (2.90)
Seroma
Yes 575 (62.6)
No 344 (37.4)
Nechrosis
Yes 374 (40.7)
No 546 (59.3)
Surgical wound infection
Yes 119 (12.9)
No 801 (87.1)
Paresthesia in the intercostobrachial nerve
Yes 788 (81.7)
No 176 (18.3)
Axillary web syndrome
Yes 326 (33.8)
No 638 (66.2)
Winged scapula
Yes 639 (66.3)
No 325 (33.7)
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years, 30.2% in five years and 41.1% in 10 years (Table 3).
Table 4 shows differences in the probability of developing

lymphedema between stratums of different exposure variables,
according to the Kaplan-Meier method.

Considering socio-demographic and clinical characteristics, only
obesity has shown statistically significant differences (HR ¼ 1.52;
95%CI ¼ 1.21e1.90; p < 0.001). Age at surgery, marital status,
educational level and occupation did not seem to influence the
lymphedema risk in 10 years of follow-up.

Regarding characteristics of breast cancer treatment, statisti-
cally significant differences in the conditional probability of lym-
phedema were observed when the sample was stratified by the
type of breast surgery (HR ¼ 1.31; 95%CI ¼ 1.03e1.68; p ¼ 0.027),
ALND level (HR¼ 1.53; 95%CI¼ 1.07e2.20; p¼ 0.020), performance
of chemotherapy in the affected upper limb (HR ¼ 1.83; 95%
CI ¼ 1.44e2.33; p < 0.001), performance of radiotherapy
(HR¼ 2.32; 95%CI¼ 1.76e3.06; p < 0.001) and regional lymph node
irradiation (HR ¼ 3.01; 95%CI ¼ 2.47e3.89; p < 0.001) (Table 4).
Furthermore, having advanced disease staging (HR ¼ 1.60; 95%
CI ¼ 1.28e2.01; p < 0.001) and having at least four positive lymph
nodes (HR¼ 1.72; 95%CI¼ 1.32e2.25; p < 0.001), also increased the
probability of developing lymphedema.

Women with seroma showed a higher lymphedema incidence
during the follow-up period (HR ¼ 1.47; 95%CI ¼ 1.15e1.88;
p ¼ 0.002), whereas other wounds and functional complications
did not have a significant association with the occurrence of the
outcome.

After adjustment, an increased risk of lymphedema was
observed among women that underwent radiotherapy (HR ¼ 2.19;
95%CI 1.63e2.94), were obese (HR ¼ 1.52; 95%CI 1.20e1.92), had
seroma formation after surgery (HR ¼ 1.46; 95%CI 1.14e1.87), un-
derwent chemotherapy infusion in the affected limb (HR ¼ 1.45;
95%CI 1.12e1.87) or advanced disease staging (HR ¼ 1.41; 95%CI
1.11e1.80) (Table 5).
4. Discussion

Cumulative incidence of lymphedema in a cohort of women
surgically treated for breast cancer, after 10 years of follow-up, was
41.1%. To our knowledge, this is the first study to prospectively
analyze the occurrence of lymphedema and associated factors in a



Fig. 1. Conditional probability of lymphedema in 10 years, according to Kaplan-Meier method.

Table 3
Lymphedema probability calculation, 10-years follow-up, according with Kaplan-
Meier method.

Years after
surgical
procedure

N, in the
beginning
of the year

Lymphedema
cases

Censored Conditional
probability of
lymphedema

6 months
to year 1

964 39 35 0.041

2 890 84 54 0.135
3 752 73 68 0.222
4 611 30 56 0.262
5 525 26 84 0.302
6 415 12 68 0.324
7 335 19 48 0.365
8 268 8 29 0.385
9 231 3 12 0.393
10 216 6 210 0.411
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10-year follow-up using objective measures.
Some studies reported the incidence of lymphedema five years

post-surgery, and noted an incidence ranging from 3% to 42.2%
[10e18,23,32,33]. Only three studies assessed a 10-year follow-up.
Wernicke and colleagues (2011) described a historical cohort of
womenwith early stage disease that had undergone sentinel lymph
node dissection and noted an incidence of 34.8%, assessed through
objective measures [12]. Togawa and colleagues (2014) prospec-
tively assessed self-reported lymphedema in a cohort of women
that undergone none, sentinel biopsy or ALND and found an inci-
dence of 29% [19]. Johansson & Branje (2010) retrospectively
assessed lymphedema through objective measures in women with
axillary dissection and found an incidence of 38.7% [34].

This great variability in literature seems to be due to differences
in methods of assessing the outcome and characteristics of the
population, especially regarding axillary surgery. As reported in a
meta-analysis, when measure was stratified by the method to
assess lymphedema, the following estimates were found: 5.0%,
lymphoscintigraphy; 15.9%, bioelectrical impedance; 12.5%, self-
reported clinical diagnosis; 12.6%, clinical diagnosis; 14.8%,
circumference; 16.4%, perometry; 20.4%, self-reported swelling;
28.2%, more than onemeasure. Considering the axillary surgery, the
incidence of lymphedema was 5.6% and 19.9% among patients that
underwent sentinel lymph node dissection and ALND, respectively
[20].

In our sample, all patients underwent ALND, lymphedema was
assessed by circumference and higher estimates were found. Thus,
this difference may be attributed to the duration of follow-up,
which, also in accordance with data from DiSipio et al. (2013),
provides discrepant measures (ranging from 10.3% in <6 months to
15.6% in >5 years) [20]. Considering this aspect, an increase in cu-
mulative incidence was found in the study across the follow-up:
13.5% in two years, 30.2% in five years and 41.1% in ten years. Nor-
man et al. conducted a study that assessed the occurrence of lym-
phedema in a 5-year follow-up period, using a standard
questionnaire, and an increase in the estimate was also observed:
26.0%, in first year; 31.0% in second year; 36.0% in third year; 40.0%
in fourth year; and 42.0% in fifth year. Although Norman et al.
(2009) found higher estimates, the cases occurred during the first
two years of the follow-up and in our cohort 75.3% of the cases
occurred in the first four years [35]. Therefore, although these
studies reinforce the importance of a close follow-up, data shows
that the majority of lymphedema cases are observed within a few
years after surgery.

As a secondary aim, the risk factors associated with the occur-
rence of lymphedema after surgical treatment for breast cancer
were assessed. In multivariate model, performance of radiotherapy,
obesity, seroma, chemotherapy infusion in the affected limb and
staging were independently associated with lymphedema.

Regarding the performance of radiotherapy, our study showed a
crude hazard ratio of 2.32 and adjusted risk of 2.19. This variable
has been studied by several authors, and is one of the variables
most associated with the occurrence of lymphedema after breast
cancer treatment. Tsai et al. (2009) andWang et al. (2016) found an
increase in the risk of lymphedema of 1.91 (95%CI ¼ 1.54e2.37) and



Table 4
Occurrence and lymphedema risk in accordance with demographic, clinical, treatment and disease variables and several complications.

Variable Frequency (%) Events (%) Censored (%) Mean follow-up without
lymphedema (years)

Log rank
p-value

Crude
HR

95%CI

Demographic and clinical characteristics

Age at the surgery
�65 years 241 (25.0) 69 (28.6) 172 (71.4) 7.48 0.898 1.02 0.78e1.33
<65 years 721 (74.9) 229 (31.8) 492 (68,2) 7.35
Marital status at the surgery
With partner 457 (47.9) 144 (31.5) 313 (68.5) 7.41 0.615 1.06 0.84e1.33
Without partner 497 (52.1) 156 (31.4) 341 (68.6) 7.27
Educational level at the surgery
Complete elementary school 647 (69.9) 213 (32.9) 434 (67.1) 7.21 0.080 1.26 0.97e1.63
High school or more 278 (30.1) 78 (28.1) 200 (71.9) 7.64
Occupation at the surgery
Housework 450 (61.2) 138 (30.7) 312 (69.3) 7.42 0.801 1.03 0.79e1.35
yWork out 285 (38.8) 90 (31.6) 195 (68.4) 7.38
Obesity at the surgery
Yes (BMI�30) 354 (36.7) 136 (38.4) 218 (61.6) 6.79 <0.001 1.52 1.21e1.90
No (BMI<30) 610 (63.3) 164 (26.9) 446 (73.1) 7.70

Treatment and disease characteristics

Breast surgery
Mastectomy 622 (65.1) 204 (32.8) 418 (67.2) 7.11 0.027 1.31 1.03e1.68
Conservative 334 (34.9) 96 (28.7) 238 (71.3) 7.76
Staging
Above IIB 432 (45.1) 154 (35.6) 278 (64.4) 6.75 <0.001 1.60 1.28e2.01
Until IIA 525 (54.9) 144 (27.4) 381 (72.6) 7.82
Positive limph nodes
�4 174 (18.0) 70 (40.2) 104 (59.8) 6.34 <0.001 1.72 1.32e2.25
<4 790 (82.0) 230 (29.1) 560 (70.9) 7.57
Removed lymph nodes
�15 652 (67.6) 210 (32.2) 442 (67.8) 7.33 0.690 1.05 0.82e1.35
<15 312 (32.4) 90 (28.8) 222 (71.2) 7.46
Axillary lymph node dissection level
Total 764 (83.8) 250 (32.7) 514 (67.3) 7.23 0.020 1.53 1.07e2.20
Partial 148 (16.2) 33 (22.3) 115 (77.7) 8.07
Chemotherapy
Yes 683 (70.8) 224 (32.8) 459 (67.2) 7.22 0.105 1.24 0.96e1.61
No 281 (29.1) 76 (27.0) 205 (73.0) 7.70
Chemotherapy infusion in the affected limb
Yes 266 (27.6) 104 (39.1) 162 (60.9) 6.32 <0.001 1.83 1.44e2.33
No 698 (72.4) 196 (28.1) 502 (71.9) 7.73
Radiotherapy
Yes 628 (65.1) 237 (37.7) 391 (62.3) 6.81 <0.001 2.32 1.76e3.06
No 336 (34.9) 63 (18.7) 273 (81.3) 8.41
Regional lymph node irradiation
Yes 279 (28.9) 142 (50.9) 137 (49.1) 5.47 <0.001 3.01 2.47e3.89
No 685 (71.1) 158 (23.1) 527 (76.9) 8.11
Hormonal therapy
Yes 660 (68.5) 215 (32.6) 445 (67.4) 7.33 0.553 1.08 0.84e1.39
No 304 (31.5) 85 (28.0) 219 (72.0) 7.45

Complications

Seroma
Yes 575 (62.6) 200 (34.8) 375 (65.2) 7.02 0.002 1.47 1.15e1.88
No 344 (37.4) 91 (26.4) 253 (73.5) 7.80
Nechrosis
Yes 374 (40.6) 119 (31.8) 255 (68.2) 7.17 0.413 1.10 0.87e1.39
No 546 (59.4) 172 (31.5) 374 (68.5) 7.42
Infection
Yes 119 (12.9) 35 (29.4) 84 (70.6) 7.23 0.818 1.04 0.73e1.48
No 801 (87.1) 255 (31.8) 546 (68.2) 7.34
Paresthesia
Yes 788 (81.7) 240 (30.5) 548 (69.5) 7.46 0.107 0.79 0.60e1.05
No 176 (18.3) 60 (34.1) 116 (65.9) 6.91
Winged scapula
Yes 639 (66.3) 209 (32.7) 430 (67.3) 7.27 0.263 1.15 0.90e1.47
No 325 (33.7) 91 (28.0) 234 (72.0) 7.55
Axillary web syndrome
Yes 326 (33.8) 93 (28.5) 233 (71.5) 7.60 0.135 0.83 0.65e1.06
No 638 (66.2) 207 (32.4) 431 (67.6) 7.24

Bold values are those with statistical significance.
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Table 5
Cox multivariate model to assess the effect of variables with statistic and clinical
importance in the development of lymphedema.

Variables HR 95%CI p-value

Radiotherapy 2.19 1.63e2.94 <0.001
Obesity (BMI�30) 1.52 1.20e1.92 <0.001
Seroma 1.46 1.14e1.87 0.003
Chemotherapy infusion

in the affected limb
1.45 1.12e1.87 0.005

Staging 1.41 1.11e1.80 0.005
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4.285 (95%CI ¼ 2.078e8.835), respectively, after radiotherapy to
lymph node basin and/or breast/chest wall [22,30]. Other studies
reported an increase of the risk of lymphedema after radiotherapy
ranging from 1.44 to 3.24, however only when lymph node basin
were involved [13e16,27]. In a meta-analysis the performance of
regional lymph node irradiation was considered as weak/incon-
clusive evidence and the performance of radiotherapy, indepen-
dently of the site, was considered as moderate level of evidence
[20]. Regardless of discrepancies in the literature, radiotherapy is
an important factor to consider in clinical practice in order to avoid
the occurrence of lymphedema.

Patients with BMI�30, characterized as obese, at the time of the
surgery had an increased risk of lymphedema (HR ¼ 1.52) in both
univariate and multivariate analyses. DiSipio et al. (2013) described
a higher BMI as a variable strongly associated with the occurrence
of lymphedema, increasing the risk by 1.4 times. In studies pub-
lished after the conduction of this meta-analysis, a higher BMI is
also reported as a risk factor for lymphedema, with association
measures that range from 1.05 to 3.58 [13,27e29,36].

Post-surgical seroma formation was another variable associated
with lymphedema and increased the risk by 1.47 and 1.46 times in
univariate and multivariate analyses, respectively, corroborating
the results from previous studies. When seromawas assessed as an
independent variable, the risk of developing lymphedema varied
from 1.59 to 1.92 times [32,37]. When assessing a combined vari-
able of surgical infection and early edema, seroma increased the
risk of developing lymphedema by 1.51 times [30]. As seroma is not
an avoidable condition, its occurrence should be a concern that
leads to close monitoring of patients for lymphedema.

The chemotherapy infusion in the affected limb was also asso-
ciated with the occurrence of lymphedema, increasing the risk by
1.83 and 1.45 times in univariate and multivariate analyses,
respectively. This finding still persists from the analysis in 24 and 60
months, however, to our knowledge, this association had never
been described in other studies before [21,38]. Similar factors that
could increase the risk of lymphedema such as ipsilateral injections
and blood pressure measurements were not assessed since all pa-
tients from the institution are instructed not to perform these
procedures in the arm ipsilateral to surgery. Fergusson et al. (2016)
assessed the association between lymphedema and blood draws,
injections, blood pressure readings, trauma, cellulitis in the at-risk
arm, and air travel, and none of these variables were significantly
associated [39]. This highlights the need of more studies assessing
variables related not only to treatment and disease characteristics
but also to patients' behavior.

The staging at diagnosis increased the risk of developing lym-
phedema by 1.60 and 1.41 times in univariate and multivariate
analyses, respectively. Some studies previously published found an
increase in the risk of developing lymphedema among patients
diagnosed with later stages of the disease ranging from 1.49 to 6.93
[10,16,18,26,40]. However, in a systematic review, the stage was
classified as having weak or inconclusive evidence to be supported
as an independent risk factor [20].

Although our study provides new information about the
incidence of lymphedema and associated risk factors in a long-term
follow-up including a large Brazilian cohort, this study have some
limitations. The lack of information on some demographic and
clinical variables (race, comorbidities) may have impaired adequate
control of the confounding bias. Another limitation is related to
classification bias, since limb volume was obtained by indirect
volumetric (frustum of a cone), and no using more sensitive
methods (such as perometry, bioimpedance and water displace-
ment). Women who presented a difference in arm volume above
200 mL in the first six months after surgical procedure were also
excluded because it could be due to an acute condition (early
oedema).

However, this sample was still representative of the Brazilian
population due to the late diagnosis and the need for more
aggressive treatment. Thus, major strengths of the study are the
assessment of lymphedema using objective measures in a long
term follow-up (10-year period), the use of data from Brazil which
is a middle-income country with few data published in interna-
tional literature, and the confirmation of previously reported risk
factors.

This study highlights the need for strategies to prevent lym-
phedema in all stages of breast cancer, from diagnosis to long-term
follow-up. In addition, it reinforces the importance of early diag-
nosis of breast cancer, so that less aggressive treatment strategies
can be possible aiming to improve the quality of life.

5. Conclusion

After a 10-year follow-up period of this hospital-based cohort of
women that underwent ALND as part of the surgical treatment for
breast cancer, there was a cumulative lymphedema incidence of
41.1%. Although most of the lymphedema cases occurred in the
beginning of the follow-up period, the cumulative incidence kept
increasing throughout the evaluated years.

Final model showed that women that performed radiotherapy,
obese, with seroma formation, that have performed chemotherapy
infusion in the affected limb or diagnosed in an advanced stage of
disease, are at increased risk of developing lymphedema.

In summary, our results show that even after a long period after
breast cancer diagnosis, patients still need to be followed in order
to diagnose and minimize the consequences of the treatment
performed.
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