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ABSTRACT

Background: Persistent lymphedema (PLE) is a common complication following breast cancer surgery, particularly after axil-
lary lymph node dissection (ALND). It significantly impacts the quality of life and daily functioning of survivors. Understanding
the risk factors for PLE is crucial for early detection and effective management.

Purpose: This study is aimed at identifying the risk factors for PLE following modified ALND in breast cancer patients, focusing
on clinical, surgical, and molecular characteristics.

Methods: A retrospective, single-center study was conducted on women who underwent breast cancer surgery between 2018
and 2021. Demographic, clinical, and treatment-related data were collected from medical records. Univariable and multivariable
logistic regression analyses were performed to identify risk factors for PLE.

Results: Of the 150 patients, 31 (21.4%) developed PLE. Significant risk factors for PLE included metastasis (p < 0.0001), neuro-
vascular invasion (p = 0.029), and the presence of ER-negative (p = 0.032) and Ki-67-positive (p = 0.007) tumors. Surgery type
was significantly associated with PLE, with patients who underwent modified radical mastectomy (MRM) having a higher inci-
dence (42.9%) compared with those who had breast-conserving surgery (BCS) (16.0%) (p = 0.002). Chemotherapy also increased
the likelihood of PLE (p = 0.001). Multivariable logistic regression revealed that metastasis was the strongest predictor of PLE
(OR 11.91, 95% CI: 1.94-73.09, p = 0.007).

Conclusions: Metastasis, surgery type, chemotherapy, and molecular factors such as ER and Ki-67 expression showed unad-
justed associations with PLE. However, in multivariable logistic regression, metastasis remained the only independent predic-
tor of PLE. These findings support risk-stratified postoperative surveillance, and larger prospective studies with standardized
lymphedema measurement are needed to validate independent predictors.

1| Introduction address treatment-related side effects to enhance the quality of

life for these individuals. Among the most common complica-
Advances in breast cancer treatment have significantly im- tions following breast cancer surgery is breast cancer-related
proved survival rates, resulting in an increasing population of ~ lymphedema (BCRL), a condition that significantly impacts the

long-term survivors. Consequently, there is a growing need to physical and emotional well-being of patients [1, 2].
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Persistent lymphedema (PLE), a chronic form of BCRL, can
severely impair daily functioning and quality of life [3]. PLE
arises from dysfunction in the lymphatic system, leading to
the accumulation of protein-rich lymph fluid in the interstitial
space, causing symptoms such as swelling, pain, and reduced
limb mobility [4]. Because of the lack of standardized diag-
nostic criteria, the reported incidence of PLE varies widely,
ranging from less than 5% to over 50% of breast cancer patients
[5, 6]. The consequences of PLE are significant, contributing
to both physical and psychological morbidity [7]. Some studies
suggest that the presence of PLE may even be associated with
reduced survival rates [8]. Although there is currently no cure
for PLE, its symptoms can be managed, making early diagno-
sis and effective prevention strategies critical to mitigating its
impact [9].

Research indicates that both clinical and treatment-related vari-
ables significantly contribute to the development of PLE. Factors
such as age, body mass index (BMI), the extent of surgery, radia-
tion therapy, and the number of lymph nodes removed have been
identified as key determinants in the onset and persistence of PLE
[10-12]. Understanding these factors is crucial for early detection
and management strategies that can mitigate the risk and severity
of PLE in breast cancer patients.

Given the significant burden of PLE, identifying its risk fac-
tors—especially after modified axillary lymph node dissection
(ALND)—is essential for improving prevention and manage-
ment strategies. Although some studies have investigated risk
factors for lymphedema after breast cancer surgery, few have
specifically focused on modified ALND, which is one of the
most commonly performed procedures. This study is aimed at
filling this gap by identifying and evaluating the risk factors for
PLE following ALND in breast cancer patients. By understand-
ing these factors, we aim to develop more targeted prevention
strategies and interventions, ultimately improving patient out-
comes and quality of life.

2 | Methods
2.1 | Study Design and Setting

This retrospective, single-center study included women who
underwent breast cancer surgery between 2018 and 2021 at
Imam Khomeini Hospital, affiliated with Ardabil University
of Medical Sciences (ARUMS), Ardabil, Iran. The study pro-
tocol was approved by the Ethics Committee of ARUMS
(IR.ARUMS.MEDICINE.REC.1400.008).

2.2 | Participants

The inclusion criteria were women diagnosed with breast cancer
who underwent surgery during the study period. Exclusion crite-
ria were applied to reduce major competing causes of upper-limb
edema and extreme heterogeneity that could confound attribution
to modified ALND. Specifically, we excluded severe obesity (BMI
>35kg/m?) (a strong independent predictor of lymphedema that

may dominate risk estimates), postoperative infection (may cause
inflammatory/transient swelling), significant trauma to the upper
limbs or neck (alternative etiology for edema/lymphatic disrup-
tion), neoadjuvant radiotherapy and advanced stage (III-IV) (sub-
stantially different disease and treatment intensity and radiation
fields that alter baseline lymphedema risk structure), and prior
treatment at another institution (incomplete baseline and follow-up
documentation).

2.3 | Data Collection

Demographic and clinical data were retrospectively collected
from patients’ medical records to identify potential risk factors
for PLE. The variables extracted included age, presence of PLE,
tumor location, metastasis, cancer recurrence, tumor pathology,
vascular and nerve invasion, estrogen (ER) and progesterone
receptor (PR) status, human epidermal growth factor receptor 2
(HER?2) expression, Ki-67 expression, chemotherapy administra-
tion, number of dissected lymph nodes, lymph node positivity,
and type of surgery performed.

2.4 | Definition and ascertainment of PLE

PLE was defined as ipsilateral upper-limb swelling consistent
with BCRL that was documented during postoperative follow-up
and persisted for >3 months after onset (i.e., present on at least
two follow-up assessments separated by >3 months), without
an alternative acute explanation (e.g., cellulitis or thrombosis).
PLE ascertainment was based on standard clinical follow-up
documentation in medical records; when available, arm circum-
ference measurements recorded in the chart were extracted,
and when not available, physician-documented persistent ipsi-
lateral arm swelling consistent with lymphedema was used for
classification.

2.5 | Statistical Analysis

Data analysis was performed using SPSS software, Version 23.
Descriptive statistics, including frequency distributions and
means =+ standard deviation (SD), were used to summarize the
data. Independent t-tests and chi-square tests were applied to
compare groups. Univariable logistic regression was performed
for candidate predictors. Variables were considered for multi-
variable logistic regression based on clinical plausibility and
univariable screening (p < 0.20), with emphasis on model
parsimony given the limited number of PLE events. Because
PLE occurred in 31 patients, we limited the number of covari-
ates to reduce overfitting risk and report adjusted associations
accordingly.

Analyses were conducted using a complete-case approach for
patients with sufficient documentation to determine PLE status
and key covariates; no imputation was performed because miss-
ingness was primarily due to loss of evaluable follow-up docu-
mentation (mortality/noncooperation) or incomplete records that
prevented reliable outcome classification.
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3 | Results
3.1 | Demographic and Clinical Characteristics

A total of 178 patients were screened; 28 were excluded due to
mortality (n =9), lack of cooperation/attendance for follow-up
assessment (n = 7), or incomplete records that prevented classifi-
cation of PLE status and/or key predictors (n = 12). Therefore, 150
patients were included in the final analysis. Consequently, 150 pa-
tients were included in the final analysis. The mean age of partic-
ipants was 48.67 + 11.68 years, ranging from 18 to 83 years, with

TABLE1 | Demographic and clinical characteristics of patients.

no significant age difference between the two groups (p = 0.28).
These patients had significantly higher rates of neurovascu-
lar invasion and metastasis compared with those without PLE
(p =0.029 and p < 0.0001, respectively). Biomarker distributions
(including ER and Ki-67) are presented as reported in Table 1.

3.2 | Symptoms and Clinical Events

Patients who developed PLE reported significantly more swell-
ing affecting daily activities and persistent swelling with skin

Characteristic Total (150) Lymphedema (+) Lymphedema (-) P
Age (mean +SD) 48.6 +11.7 50.8 +12.1 47.8 £11.2 0.28%
Metastasis
No 120 (87.0%) 19 (15.8%) 101 (84.2%) <0.00012
Yes 18 (13.0%) 11 (61.1%) 7 (38.9%)
Tumor location
Upper left 61 (48.8%) 14 (23.0%) 47 (77.0%) 0.40°
Lower left 4(3.2%) 0 (0.0%) 4(100.0%)
Upper right 56 (44.8%) 15(26.8%) 41 (73.2%)
Lower right 4(3.2%) 2(50.0%) 2(50.0%)
Tumor type
Ductal 129 (91.5%) 28 (22.4%) 97 (77.6%) 1.000?
Lobular 12 (8.5%) 2 (18.2%) 9 (81.8%)
Lymph node involvement
No 67 (50.0%) 12 (18.2%) 54 (81.8%) 0.1123
Yes 67 (50.0%) 19 (30.2%) 44 (69.8%)
Neurovascular invasion
No 114 (85.1%) 23 (20.7%) 88 (79.3%) 0.029°
Yes 20 (14.9%) 8 (44.4%) 10 (55.6%)
ER positive
No 64 (49.6%) 10 (15.9%) 53 (84.1%) 0.0322
Yes 65 (50.4%) 20 (32.3%) 42 (67.7%)
PR positive
No 67 (51.9%) 13 (19.7%) 53 (80.3%) 0.233%
Yes 62 (48.1%) 17 (28.8%) 42 (71.2%)
HER?2 positive
No 75 (58.1%) 18 (24.3%) 56 (75.7%) 0.9192
Yes 54 (41.9%) 12 (23.5%) 39 (76.5%)
KI-67 positive
No 57 (44.2%) 7 (12.5%) 49 (87.5%) 0.0072
Yes 72 (55.8%) 23 (33.3%) 46 (66.7%)

2Pearson chi-square.
bFisher's exact test.
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discoloration than those without PLE (p < 0.0001 for both).
“Swelling affecting daily activities” was defined as patient-re-
ported or clinician-documented limitation in routine activities
attributable to ipsilateral arm swelling. “Persistent swelling with
skin discoloration” was defined as persistent ipsilateral swelling
accompanied by documented skin color change (e.g., erythema
or hyperpigmentation) not attributed to acute infection at that
visit. Symptom frequencies and clinical events are summarized in
Table 2.

3.3 | Surgical and Treatment Factors

Surgical type was significantly associated with the development
of PLE. Patients who underwent modified radical mastectomy
(MRM) had higher rates of lymphedema (42.9%) compared
with those who underwent breast-conserving surgery (BCS)
(16.0%) (p =0.002). Additionally, patients who received adju-
vant chemotherapy were more likely to develop PLE (p = 0.001).
In contrast, radiotherapy did not show a significant correlation
with the incidence of PLE (p = 0.259). The number of dissected
lymph nodes was not significantly different between the groups
(p = 0.465). These findings are summarized in Table 3.

3.4 | Logistic Regression Analysis

Logistic regression analysis identified metastasis as the most
significant predictor of the development of stable lymphedema.
The odds ratio for metastasis was 11.91 (95% CI: 1.94 to 73.09),
indicating a strong association with the likelihood of developing
lymphedema. The results of the logistic regression analysis are
shown in Table 4.

4 | Discussion

This retrospective study evaluated clinical, surgical, and mo-
lecular correlates of PLE following modified ALND. Several
factors—including surgery type, chemotherapy exposure, and
tumor biomarkers (ER and Ki-67)—were associated with PLE
in univariable analyses. However, in the multivariable model,
metastasis remained the only independent predictor, suggesting
that other observed associations may be confounded by disease
burden and treatment intensity.

First, metastasis was strongly associated with the develop-
ment of PLE. Patients with metastasis exhibited a signifi-
cantly higher risk of developing lymphedema. This finding
is consistent with existing literature, which suggests that the
spread of cancer cells to the axillary lymph nodes disrupts
normal lymphatic function, impairing drainage and leading
to the accumulation of lymph fluid, which results in edema
[13]. Furthermore, the presence of metastasis increases the
risk of lymphedema by causing fibrosis and obstructing lym-
phatic vessels, as described in earlier studies [14].

Mechanistically, metastatic involvement may reflect higher
nodal disease burden and lymphatic obstruction, promoting
lymphatic fibrosis and impaired drainage. In addition, systemic
therapy—particularly taxane-containing regimens—has been

TABLE 2 | Symptoms and clinical events documented during follow-up.

b
<0.0001

Lymphedema (+) Lymphedema (-)

Total (150) N (%)

Operational definition

Symptom/event

96 (89.7%)
18 (47.4%)

11 (10.3%)

No 107 (73.8)

Patient-reported or clinician-

Swelling affecting daily

activities

20 (52.6%)

38(26.2)

Yes

documented functional
limitation attributable to
ipsilateral arm swelling

<0.0001

114 (84.4%)

21 (15.6%)

No 135(93.1)

Persistent ipsilateral swelling

Persistent swelling with skin
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TABLE 3 | Surgical and treatment factors in lymphedema patients.

Characteristic Total (150) Lymphedema (+) Lymphedema (-) P
Surgery type
MRM 42 (34.1%) 18 (42.9%) 24 (57.1%) 0.0022
BCS 81 (65.9%) 13 (16.0%) 68 (84.0%)
Adjuvant chemotherapy
No 34 (24.5%) 1(2.9%) 33(97.1%) 0.001°
Yes 105 (75.5%) 30 (28.6%) 75 (71.4%)
Radiotherapy
Before 4(4.2%) 2(50.0%) 2(50.0%) 0.259b
After 92 (95.8%) 22(23.9%) 70 (76.1%)
Dissected lymph nodes
1-5 21 (16.5%) 2(9.5%) 19 (90.5%) 0.3732
6-10 48 (37.8%) 13 (27.7%) 34(72.3%)
11-15 40 (31.5%) 11 (27.5%) 29 (72.5%)
16-20 15(11.8%) 3(20.0%) 12 (80.0%)
21-25 3(2.4%) 1(33.3%) 2(66.7%)
“Pearson chi-square.
PFisher's exact test.
TABLE 4 | Logistic regression analysis for predictors of lymphedema.
Variable B Sig. Exp (B) 95% CI for Exp (B)
Surgery type —0.408 0.448 0.665 0.232-1.907
Adjuvant chemotherapy 1.694 0.118 5.439 0.650-45.549
Metastasis 2.477 0.007 * 11.909 1.940-73.089
Neurovascular invasion —-0.027 0.972 0.973 0.208-4.548
ER positive 0.374 0.520 1.454 0.465-4.546
Ki-67 positive 0.455 0.458 1.576 0.474-5.243

*p — value < 0.05 indicates statistical significance.

associated with endothelial inflammation and tissue remodel-
ing, which may amplify susceptibility to clinically overt lymph-
edema when combined with surgical disruption of lymphatic
pathways.

Next, the type of surgery performed was another significant risk
factor for PLE. Patients who underwent MRM had a higher in-
cidence of lymphedema compared with those who underwent
BCS. This finding aligns with prior research indicating that more
extensive surgeries, such as MRM, which involve the removal of
multiple lymph nodes, increase the risk of lymphatic injury and
subsequent development of lymphedema [15]. Our study did not
find a significant difference in the number of lymph nodes dis-
sected between groups, suggesting that other factors, such as the
extent of lymph node involvement or surgical technique, may
play a more important role in the development of lymphedema.

Chemotherapy emerged as another significant factor associated
with the development of PLE. In our cohort, chemotherapy,

particularly with taxanes, was strongly linked to the onset of PLE.
Chemotherapy can exacerbate lymphatic dysfunction through
mechanisms such as inflammation and peripheral neuropathy,
which damage both the lymphatic vasculature and surrounding
tissues, ultimately leading to fluid retention and edema [16, 17]. In
support of this, Akezaki et al. demonstrated that breast cancer pa-
tients treated with neoadjuvant and adjuvant chemotherapy, spe-
cifically with docetaxel and cyclophosphamide, had an increased
risk of developing lymphedema following ALND [18]. This un-
derscores the importance of early identification and proactive
management of lymphedema, particularly in patients receiving
chemotherapy, and especially in those with additional risk factors.

When considering breast cancer, the status of ER, PR, HER2,
and Ki-67 markers, alongside lymph node involvement, plays a
critical role in determining prognosis and guiding treatment de-
cisions [19]. High Ki-67 levels and positive lymph node status are
generally associated with a higher risk of lymphedema develop-
ment [20]; however, the exact relationship between these factors
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and lymphedema risk can vary depending on the specifics of
each case. In our study, patients with ER-negative and Ki-67-
positive tumors were more likely to develop PLE. These molecu-
lar characteristics should be taken into account when assessing
a patient's risk for lymphedema, as they may help identify indi-
viduals who are at a higher risk of developing this challenging
condition.

The observed PLE incidence (21.4%) lies within the wide range
reported internationally for BCRL, which varies substantially
by case definition, measurement approach, and follow-up du-
ration. Regarding tumor biology, ER-negativity and high Ki-67
are more prevalent in aggressive phenotypes (e.g., triple-nega-
tive and other high-proliferation subtypes) and may correlate
with more intensive systemic therapy. In our study, these
markers were associated with PLE in univariable analyses
but did not remain independent predictors after adjustment,
suggesting confounding by disease burden and treatment
intensity.

4.1 | Strengths

This study addresses a clinically important survivorship out-
come after modified ALND and incorporates a spectrum of clin-
ical, surgical, and tumor molecular variables (ER/PR/HER2/
Ki-67) that are not consistently available in all lymphedema
datasets.

4.2 | Limitations

First, the retrospective single-center design limits causal in-
ference and may reflect local practice patterns. Second, se-
lection bias and limited external validity are possible because
we excluded patients with factors that markedly alter baseline
lymphedema risk or outcome ascertainment (e.g., BMI >35kg/
m?, advanced stage, neoadjuvant radiotherapy, postoperative
infection, prior upper-limb/neck trauma, and prior treatment
at other institutions); therefore, the incidence and risk esti-
mates may not generalize to higher-risk populations and may
underestimate the overall burden of PLE. Third, outcome as-
certainment/measurement bias may be present because PLE
classification relied on documentation in medical records and
objective standardized limb measurements were not uniformly
available across all patients, which may result in misclassifica-
tion. Fourth, missingness and attrition bias are possible because
some patients were excluded because of mortality, noncoopera-
tion, or incomplete records; excluded patients may have differed
systematically from included participants, and the mechanism
of missingness could not be fully characterized. Fifth, although
we considered clinically plausible predictors, residual con-
founding cannot be excluded, and multivariable adjustment
was necessarily constrained by the limited number of PLE
events (n = 31), increasing the risk of model instability and re-
stricting the number of covariates that could be entered without
overfitting; accordingly, adjusted estimates—particularly for
predictors not retained as significant—should be interpreted
cautiously. Prospective multicenter studies with standardized
objective lymphedema assessment and longer follow-up are
warranted.

5 | Conclusion

In conclusion, although surgery type, chemotherapy exposure,
and tumor biomarkers (ER and Ki-67) were associated with PLE
in unadjusted analyses, metastasis was the only independent
predictor in multivariable regression. Clinically, patients with
metastatic involvement may warrant intensified surveillance
and early referral for lymphedema assessment. Prospective mul-
ticenter studies with standardized objective limb measurement
and adequate sample size are required to confirm independent
predictors.
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