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Abstract

Purpose: Breast Cancer-Related Lymphedema (BCRL) is a major long-term complication for post-

surgery breast cancer survivors. Although several risk factors have been identified, lifestyle

characteristics have been neglected in previous studies. The aim of this study was to develop and validate

a nomogram for estimating this population’s risk of developing lymphedema, taking into consideration

their demographic, clinical, and personal lifestyle behaviors.

Methods: In a cross-sectional study, we collected data from 775 post-operative breast cancer survivors

who had attended a follow-up session in the recent ten years (primary cohort). Lymphedema was assessed

using the Norman telephone questionnaire, self-reported by patients. Multiple logistic regression was

used to identify risk factors for lymphedema, including demographic, clinical, and lifestyle-related

factors. A nomogram was constructed based on those factors and was validated using a separate group

of 314 breast cancer patients (validation cohort).

Results: The factors independently associated with lymphedema were higher body mass index (BMI),

modified radical mastectomy (MRM), postsurgical infection, chemotherapy, radiotherapy, exercise of

the affected arm, and the active participation in physical activity (P<0.05). The Area under curve (AUC)

values of the primary and the validation cohorts were 0.721 (95% confidence interval: 0.685-0.756) and

0.702 (95% confidence interval: 0.646—0.759), respectively.

Conclusions: BCRL risk factors include MRM, radiotherapy, chemotherapy, and higher BMI, while the

active physical activity behavior of patients appears to be a protective factor against lymphedema. The

nomogram incorporating the patients’ clinical and lifestyle factors might be useful for predicting

lymphedema in breast cancer survivors.
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Introduction

Breast cancer survival rates have been significantly improved in recent decades from ongoing

advancements in surgical and treatment approaches [1]. However, complications from treatment that

affect the long-term quality of life of patients have become a significant concern. Breast cancer-related

lymphedema (BCRL) is a painful and potentially devastating complication of lymph node damage caused

by surgery and/or radiotherapy [2,3]. Pain, stiffness, disfigurement, and altered body image are distinct

features of lymphedema, which is incurable and can profoundly diminish the quality of life of patients

[4]. Breast cancer survivors have a lifelong risk of developing lymphedema, with the incidence of

developing lymphedema among post-operative breast cancer survivors, ranging widely from 9% to 52%

differences in the prospective and retrospective studies, the use of measurement techniques [5-7] and the

length the follow-up periods [8-10].

Several disease and treatment risk factors for BCRL, including modified radical mastectomy (MRM)

and radiotherapy, have been demonstrated as major risk factors for BCRL due to the damage done to the

axillary lymphatic reflow [8,9,11,12,10,13,14]. Although treatment-related risk factors are largely not

modifiable, substantial scope exists for the modification of lifestyle behaviors aimed at minimizing the

incidence of lymphedema in those at risk, defined as patients who have had their lymph nodes removed

or who has undergone radiation therapy during treatment for cancer. A higher body mass index (BMI) is

a major risk factor related to BCRL; It can increase the initial lymphatic overload responsible for the

onset of lymphedema and contribute to the pathophysiological changes responsible for its progression

[8,15].
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Meanwhile, physical activity has also been shown to be an important factor associated with BCRL

[16,17]. The physiological theory supporting the role of physical activity is that the physical contraction

of the skeletal muscles of the upper extremity acts as a “muscle pump” in the lymphatic flow mechanism.

This “muscle pump” is considered to be the primary channel for lymphatic drainage throughout the body;

thus, the consequent development of lymphedema is significantly related to a decrease in the lymphatic

pump function of the muscles [18-20]. A systematic review revealed that the risk of developing BCRL

was higher among patients who did not participate regularly physical activity than for those who did [8].

Thus, primary or secondary prevention, in particular, through the administration of a physical activity

intervention is recommended under various guidelines when there is a considerable risk that a patient

will develop BCRL [16,21]. In addition, some precautionary behaviors such as avoiding the drawing of

blood, injections, blood pressure readings, and trauma to the at-risk arm have been recommended under

various lymphedema risk-reduction guidelines to prevent overload of the lymphatic system of the at-risk

limb or affected limb [22,23]. However, the evidence remains inconclusive on the association between

exposure to these behaviors and the development of BCRL [24,25]. Since patients need to continuously

avoid engaging in certain lifestyle behaviors throughout their life for fear of developing BCRL, it is

essential to specify well-substantiated lifestyle factors in this setting [26].

Although models for predicting the risk of developing BCRL exist, they have either been derived

from patient disease and treatment characteristics or have not been validated [10,27-30]. Prediction

models that include and/or identify lifestyle behaviors as factors associated with BCRL have seldom

been developed. The primary objective of the present study was to identify multiple risk factors for BCRL

based on the demographic, disease and treatment, and lifestyle behaviors of patients in order to develop
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a predictive tool (nomogram). Secondary objectives were the development and validation of the

nomogram to predict the risk of developing lymphedema in breast cancer survivors.

Methods

Study Design and Participants

A cross-sectional study was conducted to recruit participants using the following criteria: (i) age 18 years
or older; (ii) diagnosis with unilateral breast cancer after 2011; (iii) completed breast cancer surgery at
least 6 months earlier; and (iv) proficiency in the Chinese language. The exclusion criteria were as
follows: (i) failed to complete radiation and/or chemotherapy treatment; (ii) other conditions that could
cause edema (e.g., congestive heart failure, renal diseases and malnutrition etc); (iii) have a history of
major trauma, surgery, or infection in the upper limbs or neck; and; (iv) unable to complete the study

questionnaire.

Data collection procedures
Seven hundred and seventy-five eligible patients were recruited consecutively between April 2019 and
September 2019 from three general hospitals in Beijing and the Rehabilitation Branch of China anti-
cancer association in Beijing, who made up the primary cohort of the present study, to identify the risk
factors of lymphedema from data on the demographic, clinical, and lifestyle behavior characteristics of
breast cancer survivors. Using the same selection criteria as for the primary cohort, 314 patients were
recruited into the validation cohort between September 2019 to December 2019 at a general hospital in
Shenyang, China.

The online-version advertisements for the study were posted on websites dedicated to breast cancer.
Managers of the Rehabilitation Branch of China Anti-Cancer Association recommended that the
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association members participate in the study according to the inclusion criteria, the first and fifth authors
worked in the anti-cancer association as volunteers and recruited breast cancer patients. In addition, the
potential participants were screened by oncology nurses at the breast cancer clinic in each of the four
hospitals, and then referred to the first and sixth to eighth authors of this report. They explained verbally
and in writing the purpose and procedures of the study. Participants were given the opportunity to ask
questions and allowed adequate time to consider their participation. Assurances of confidentiality were
provided. Informed consent was obtained from all participants before they filled in the questionnaires.
The first author was available to answer any questions about the questionnaire. She also read the
questionnaire and recorded the responses for those patients who were illiterate. Researchers checked the
completeness of the questionnaires returned by the participants. Participants who completed the
questionnaire received a gift voucher. Ethical approval was obtained from the Medical Ethical

Committee of the Capital Medical University (No. Z2019SY022).

Analytic variables

All of the participants were asked to complete a set of structured questionnaires. The data collected for
each patient included information on their sociodemographic, clinical, and lifestyle behavior
characteristics. The socio-demographic information included facts about their age, marital status, level
of education, and monthly family income. Clinical information such as disease and treatment
characteristics included the duration of their illness, the surgery site, Tumor, Node, Metastases (TNM)
staging, operative site, surgical types, and the occurrence of postsurgical infection; the use of
chemotherapy, radiotherapy, hormonal therapy, or Chinese medicine; whether or not the tumor had

recurred, and any chronic diseases such as cardiovascular disease, diabetes, or osteoporosis. We assessed
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the performance of lifestyle behaviors through 20 items, including the level of physical activity, skin

care, the avoidance of limb constriction, the wearing of compression garments, and exposure to extreme

temperatures. We assessed the level of physical activity by asking the participants the frequencies of

physical activity per week with four-point responses (1 = almost every day, 2 = 2-4 days per week, 3 =

occasionally, and 4 = never). According to their frequencies of physical activity, we assessed whether

they had performed physical activity actively, participants reporting more than 2 days of physical activity

per week were classified as active, those who do not practice physical activities or practice occasionally

were classified as insufficiently active [31]. We assessed the performance of other lifestyle behaviors by

asking the participants whether they had performed each lifestyle behavior after breast cancer surgery,

instructing them to choose either “Yes” or “No” to confirm whether they performed the listed behaviors

daily [22,32].

Evaluation of BCRL events

The outcome “lymphedema” was assessed using the Chinese version of the Norman telephone

questionnaire. The questionnaire is a self-reported, subjective measure with adequate validity, which

predicts BCRL by using self-reports of discharged breast cancer survivors [12,33,34]. The Norman

telephone questionnaire, which was originally developed by Norman et al. [33]. Liu et al. [35] had

translated this questionnaire into Chinese and reported that its sensitivity was 0.56, its specificity was

0.61, and its accuracy was 0.6. Using the Chinese version of this questionnaire, We asked patients

whether their right and left hands seem to be differ in size from each other (Norman et al.), and the

question was repeated separately for the lower arms and upper arms. Patients who did not report

difference at a location were assigned a degree score of 0. If they observed a difference in size, they
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were asked: “would you say that, on average, the different in the sizes of your hands/lower arms/
upper arms were: (1) very slight; you are the only person who would notice this, (2) noticeable to
people who know you well but not to strangers, or (3) very noticeable.” Patients were classified as
mild (1-3 scores), moderate (4-6 scores), or severe (7-9 scores) volume of lymphedema. Moreover, to
increase the accuracy of the measurement of BCRL, we collected the patients’ self-report of their
diagnosis of BCRL by asking the following “Yes” or “No” question: “Have you been diagnosed as
having BCRL by a doctor or physiatrist?”. Consequently, patients were identified as having lymphedema
if their Norman telephone questionnaire score was > 1, or if they had been diagnosed as having BCRL

by a doctor or physical therapist.

Statistical analysis

Data were analyzed using the STATA 15.0 for Mac (StataCorp Texas, USA) and R software version
3.4.1 (rms package; R Project, Vienna, Austria; http://www.Rproject.org). Categorical variables were
summarized as frequencies and percentages; continuous data were presented as means, standard
deviation, and range. A Chi-square test and Mann-Whitney U test were used to conduct the between-
group comparisons. Univariate and multivariable logistic analysis was used to select the predictive
features from the primary cohort. Candidate variables with significance (those with a P value of <0.20)
under the univariate analysis were entered into the multivariate analysis model using the forward
stepwise logistic regression. The nomogram for predicting BCRL was constructed based on the
independent risk factors that resulted from the multivariable logistic regression analysis. A receiver
operating characteristics (ROC) curve was drawn and the area under the curve (AUC) value was
calculated to measure the discrimination of the BCRL nomogram. It is generally accepted that AUC
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values of 0.7-0.8 represent reasonable discrimination, and values above 0.8 represent good
discrimination [36]. Calibration of the nomogram was examined graphically by plotting the calibration
curve, with the predicted BCRL risks plotted on the x-axis and the observed BCRL risks plotted on y-
axis. The 45-degree gray line represents a perfect prediction. The solid black line represents the predictive
performance of the nomogram, of which a closer fit to the 45-degree gray line represents a better

predictive performance of the model [37].

Results

Characteristics of the primary and validation cohorts

The primary cohort comprised 775 patients (median age: 55 years; interquartile range: 48—62 years), and
398 patients (51.4%) had BCRL: 140 patients (35.4%) were mild, 148 patients were moderate, and 109
patients (37.2%) were severe. The validation cohort consisted of 314 patients (median age: 54 years;
interquartile range: 47-60 years) and 137 patients (43.6%) had BCRL: 74 patients (54.0%) were mild,
36 patients (26.3%) were moderate, and 27 patient (19.7%) were severe. A comparison of patient
characteristics between the primary and validation cohorts are shown in Table 1. In general, distributions
were similar regarding patients’ disease and treatment characteristics and statistically significant
differences were found in Duration of illness, TNM staging, Hormonal therapy, Chinese medicine
conditioning, Osteoporosis (P << 0.05); In terms of lifestyle related characteristics, 6 of 21 factors
showed significant difference between the primary and validation cohorts(P << 0.05), including “Avoid
punctures, such as injections and blood draws, in the affected arm”, “Avoid having blood pressure taken
on the at-risk extremity”, “Use care with razors to avoid nicks and skin irritation” , “If a rash, itching,

redness, pain, increased skin temperature, or fever symptoms occur, contact your physician immediately
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for early treatment”, “Keep extremely clean and dry”, “Wear well-fitted compression garment for

strenuous activities (prolonged standing or running)”.

Development and validation of the BCRL nomogram
In the univariate analysis, 17 of the 38 factors tested were associated with the occurrence of BCRL and
were entered into the multivariate analysis (Table 2). In the multivariate analysis, 7 factors were
identified as independent predictors of BCRL (P<0.05). A significant increase in the risk of developing
BCRL was found in women with a higher BMI, those who had undergone a modified radical mastectomy,
experienced a postsurgical infection, or who had undergone chemotherapy or radiotherapy, whereas a
decreased risk of developing lymphedema was found in those who exercised their affected arm regularly
or active participation in physical activity. The specifics of the predictors of BCRL are presented in Table
3. A model incorporating the above independent predictors was developed and presented as the
nomogram (Fig. 1). A total point is the sum of points for each variable and the probability of BCRL is
the corresponding number of the total points in the nomogram. For instance, if a total point is >300, the
probability of BCRL is >70 %. The AUC for the nomogram in our primary cohort was 0.721 (95% CI:
0.685-0.756). As shown in Fig. 2, the calibration plot of the nomogram on the probability of BCRL
indicated good agreement between the prediction and actual observation, where the ideal calibration and
the logistic calibration curve were represented by the 45-degree gray line and the solid line accordingly.
The BCRL nomogram was validated in the independent validation cohort, the AUC for the
nomogram in our validation cohort was 0.702 (95% CI: 0.646—0.759). The calibration plot showed that

the probabilities of BCRL predicted by the nomogram were sometimes not in good agreement with the
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actual probabilities observed in the validation cohort, indicating the need for improvement of the

calibration for this nomogram (Fig. 3).

Discussion

Using data from a large cohort, we examined the demographic, disease, treatment, and lifestyle

characteristics of the patients that may affect their development of secondary lymphedema after surgery

for breast cancer. We identified seven key predictors of BCRL: a higher BMI, MRM, postsurgical

infection, chemotherapy, radiotherapy, exercise of the affected arm, and the level of physical activity.

Among them, a higher BMI, MRM, radiotherapy, chemotherapy and postsurgical infection are important

risk factors for BCRL [8-10,12,29]. Recently, exercise of the affected arm, and the active participation

in physical activity have also been identified as potential predictors for lymphedema [16].

Several trends arising from the data added to the research base, which is important to clinical

practice with regard to educating patients on risk reduction. Among the lifestyle-related factors, we found

that women who exercised their affected arm and engaged in active physical activity per week appeared

to have a lower risk of developing lymphedema than those who did not perform those activities. The

association between exercise and the risk of developing lymphedema has been shown in Park’s cohort

study and in another study conducted by Disipio et al. [8,16]. A possible mechanism by which physical

activity decreases the risk of developing lymphedema is through the activation of the “muscle pump,”

which can theoretically enhance the lymphatic fluid drainage and decrease the individual’s risk of

developing BCRL [18,38]. Baumann et al. [17] revealed that moderate exercise training improved the

functional capacity and improved subjective and objective parameters in patients with BCRL. Notably,

dynamic, moderate, and high-frequency exercise appeared to provide the most positive effects.
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Meanwhile, guidelines recommended that breast cancer survivors actively engaged in physical activity

in daily life. However, fewer than half of patients in our primary and validation cohort were still

insufficiently physically active. Moreover, many post-operative breast cancer survivors might face a

significantly decrease of the physical activity level for a long time comparing to their preoperative value

[39]. Misconceptions that exercise is associated with the development of lymphedema, lack of

sufficient information regarding exercise and the exercise programs might prevent the patients from

being physical active. In addition, many breast cancer survivors received conflicting advice on exercise,

which may have further limited them from engaging in active exercise [40,41]. Thus, it is important that

therapists provide their patients with correct information about exercise and exercise programs.

We found no significant association between BCRL and engagement in such lifestyle behaviors as

getting blood pressure readings, having blood drawn, receiving injections, and engaging in air travel.

Asdourian et al. [24] reported similar findings in a study involving 327 patients who underwent bilateral

breast cancer surgery as those in a study by Ferguson et al. [25] involving women 6 to 60 months after

they had received a diagnosis of cancer. Considering that the lifestyle behaviors relating to lymphedema

risk have not been well established, when determining education strategies active consideration should

be given to providing individual-based lifestyle instructions in order to alleviate unnecessary distress and

anxiety for those at risk of developing lymphedema.

Our results are in agreement with the majority of studies showing an association between

postsurgical infection and an increased risk of developing lymphedema [8,42,27]. The mechanism may

be that the immune response caused by postsurgical infection increased the load on the lymphatic system.

Similarly, Indelicato et al. [43] found that patients with BCRL were more likely to develop delayed breast

cellulitis, suggesting a vicious circle between the development of cellulitis and BCRL.
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Furthermore, we developed a nomogram based on a cohort with an long duration of disease (Median:

42 months, IQR: 15-94 months) and the AUC was 0.721(95% CI: 0.685—0.756), which performed well

on the primary cohort on measures of discrimination and calibration. For the external cohort, the

nomogram was accurate with an AUC of 0.702 (95% CI: 0.646-0.759), indicating the need for further

cohort study to evaluate the calibration of this nomogram. Therefore, this nomogram may represent an

convenience and available tool for clinicians to estimate the BCRL risk of individuals within the follow-

up period. Notablely, different from other BCRL prediction tools based on clinical data [12,10,29,28].

the variables in our proposed model consisted of clinical and exercise characteristics. This would be

helpful for optimizing lymphedema surveillance efforts and for guiding efforts to minimize the risk of

lymphedema through refining individual lifestyle behaviors following their breast cancer treatment.

Meanwhile, though the nomogram is acceptable for BCRL risk estimation, its discrimination and

accuracy of nomogram need to be improved comparing with similar studies [10,28,29] due to several

limitations. Firstly, It was worth noting that the predicted probabilities were higher than the actual

probabilities in the calibration Plot (Figure 3) of the validation cohort. This is likely because patients

with arm asymmetry were misdiagnosed as mild lymphedema due to the absence of baseline

measurement of the arm swelling. A study reported that 28.3% patients were with 5% of arm asymmetry

and 10 % patients with 2.9 % of arm asymmetry, respectively [44]. Secondly, participants of our study

may be considered as mild lymphedema, and this might reduce the predictive power of the model. Thirdly,

the risks for lymphedema of axillary lymph node dissection (ALND) and sentinel lymph node biopsy

(SLND) are completely different (25-34.1% vs, 5.6-10%, respectively) [12,8,45]. However, the clinical

factors included in the nomogram of this study did not specify whether the patients had ALND or SLND.

It was because the final nomogram was formulated based on a cohort consisted of women who were

14/23



301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

diagnosed before 2011 when sentinel lymph node biopsy was less common [46]. Thus, the nomogram

was unable to clarify the risk of lymphedema with different axillary node status, and the risk of

lymphedema in patients with SLND might be overestimated. Furthermore, as the process of gradually

adopting new institutional radiotherapy policies, different irradiation ranges caused different impacts,

regional lymph node irradiation has been found to increase the risk of BCRL by 2-4 times, whereas the

breast/chest wall alone is not associated with lymphedema [10]. The radiotherapy included in this

nomogram did not specify whether it included regional lymph nodes or breast / chest wall alone, Thus,

when applying this nomogram to estimate the risk of BCRL in patients with radiotherapy, clinicians need

to differentiate their different radiotherapy regimens.

Moreover, the previous studies also reported that chemotherapy played a crucial role for BCRL.

Taxane-based chemotherapy can lead to the accumulation of extracellular fluid and accelerate peripheral

edema [47]. Furthermore, taxanes-based chemotherapy with or without trastuzumab can increase the risk

of BCRL. Herceptin-based therapy can reduce the direct proliferative effects of vascular endothelial

growth factor on tumor cells, and diminish the operation of lymph angiogenesis website, prevent

lymphatic regeneration, and thereby promote lymphedema [48]. Thus, development and validation

including different chemotherapy or trastuzumab warrants further clarification in future studies.

Our study has also some methodological limitations. Firstly, the convenience sampling method may

have decreased the representativeness of the sample. Asymptomatic patients may have refused to

participate in the collection of information on symptoms, while affected patients might have been more

motivated to fill in the questionnaire. Secondly, in the current study, we adopted a subjective method

(the patient self-report lymphedema), with high sensitivity and specificity compared to expert physical

measurements [49]. However, this method may result in recall bias, especially in elderly people.

15/23



323

324

325

326

327

328

329

330

331

332

333

Therefore, combing with the objective measurements such as clinical and physical examinations, the

measurement bias could be reduced in the future study.

Conclusion

Active engagement in physical activity including exercising the affected arm appear to be a protective

factor against BCRL. These results may be valuable for guiding lymphedema surveillance strategies and

patient education in clinical practice. Moreover, in this study a nomogram incorporating both the exercise

signature and clinical risk factors was constructed. This nomogram can be conveniently used during the

follow-up session to screen groups that are at a high-risk of developing BCRL. Further investigations

involving larger, multi-center, prospective cohorts are warranted.
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Figure Captions

Fig. 1 Nomogram for predicting the probability of lymphedema

Rows 2 through 8 represent variables. By drawing a vertical line between each variable
and the Points’ axis to determine the effect of each variable by a defined number of
points, which should be summed and located in row 9 (Total Points). Vertical line
should be made between the row 9 and 11 (Risk of lymphedema) to obtain the predicted
probability of BCRL.

Fig. 2 Calibration curve of the BCRL nomogram in the primary cohort

Fig. 3 Calibration curve of the BCRL nomogram in the validation cohort
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