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Objective: This study aimed to investigate the impact of chemotherapy on the risk

of breast cancer-related lymphedema (BCRL), with a specific focus on effects of

different regimens, treatment duration (number of cycles), and timing

of chemotherapy.

Methods: In this retrospective study, 201 patients with pathologically confirmed

breast cancer who underwent surgical treatment at Guangzhou Red Cross

Hospital between January 1, 2020, and December2023, 2023 were enrolled.

Group differences in BCRL incidence were analyzed using the chi-square test.

Univariate logistic regression was used to identify factors associated with BCRL.

Results: BCRL occurred in 31 patients (15.4%). Univariate analysis revealed that

tumor stage, axillary lymph node dissection, sentinel lymph node biopsy,

chemotherapy, and regional nodal irradiation were significantly associated with

BCRL (all P< 0.05). Taxane-based regimens (odds ratio [OR] = 4.018, 95%

confidence interval [CI]: 1.162–13.890), long-course chemotherapy

(OR = 4.887, 95% CI: 1.396–17.116), and the combination of neoadjuvant and

adjuvant chemotherapy (OR = 4.50, 95% CI: 1.14–17.762) were significantly

associated BCRL (all P< 0.05).

Conclusion: Chemotherapy was associated with BCRL. Specifically, this

association was observed with taxane-based regimens, long-course

chemotherapy, and the combination of neoadjuvant and adjuvant

chemotherapy. These findings highlight potential lymphotoxicity of specific

regimens and may inform vigilant monitoring for BCRL in patients receiving

such therapies, which could facilitate early intervention.

KEYWORDS
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Introduction

Breast cancer-related lymphedema (BCRL) is a common and debilitating complication

following breast cancer treatment. A meta-analysis encompassing 72 studies and 29,612

women reported a pooled incidence of BCRL of 16.6%, with the majority of cases occurring

within the first 24 months post-surgery (1). BCRL is characterized by the accumulation of
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2026.1787021/full
https://www.frontiersin.org/articles/10.3389/fonc.2026.1787021/full
https://www.frontiersin.org/articles/10.3389/fonc.2026.1787021/full
https://www.frontiersin.org/articles/10.3389/fonc.2026.1787021/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2026.1787021&domain=pdf&date_stamp=2026-04-27
mailto:1028122193@qq.com
https://doi.org/10.3389/fonc.2026.1787021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2026.1787021
https://www.frontiersin.org/journals/oncology


Wang et al. 10.3389/fonc.2026.1787021
protein-rich fluid in the interstitial spaces of the ipsilateral upper

limb, leading to clinical manifestations such as swelling, discomfort,

restricted mobility, and in severe cases, recurrent skin infections

and progressive fibrosis, all of which seriously threaten patients’

quality of life (2). Established risk factors include extensive axillary

surgery (axillary lymph node dissection (ALND) or sentinel lymph

node biopsy (SLNB)), high body mass index (BMI), and regional

nodal irradiation (RNI) (3).

Chemotherapy, a cornerstone of breast cancer management, is

primarily administered in either adjuvant (postoperative) or

neoadjuvant (preoperative) settings. Adjuvant chemotherapy is

administered after tumor resection to eliminate micrometastases

and reduce recurrence risk, whereas neoadjuvant chemotherapy is

given before surgery, usually for patients with high-risk tumor

biology or lymph node-positive diseases, aiming to reduce tumor

volume and improve surgical outcomes (4). Identifying which

aspects of chemotherapy correlate with BCRL risk represents a

critical step toward developing targeted preventive strategies. The

potential role of chemotherapy as a risk factor for BCRL remains

controversial. Several studies have identified a significant associa-

tion (5–7), while others report no significant correlation (8). A

critical methodological gap in prior research lies in the oversimpli-

fied treatment of chemotherapy as a dichotomous exposure. This

approach fails to dissect the distinct and potentially interactive

effects of specific regimens, cumulative dosing, and temporal

sequencing, thereby limiting the evidence base needed to guide

clinicians in tailoring surveillance and preventive interventions for

individual patients at varying risk levels.

This study aimed to investigate the association between che-

motherapy and BCRL, with a specific focus on effects of different

regimens, treatment duration (number of cycles), and timing of

chemotherapy. These findings aim to provide novel insights for

clinical risk stratification, timely intervention, and improved long-

term management of breast cancer survivors.
Materials and methods

Ethical considerations

This study adhered to the STROBE (Strengthening the

Reporting of Observational Studies in Epidemiology) guidelines

(9). This single-center, retrospective cohort study was conducted at

Guangzhou Red Cross Hospital. The study protocol was approved

by the Institutional Review Board (Approval No: 2024-450-01), and

the informed consent was waived the retrospective design and the

use of anonymized clinical data. A copy of the ethical approval

document is provided as Supplementary Material. All procedures

were performed in accordance with ethical standards of the

Declaration of Helsinki.
Abbreviations: BCRL, breast cancer-related lymphedema; ALND, axillary lymph

node dissection; SLNB, sentinel lymph node biopsy; OR, odds ratio; CI,

confidence interval; RNI, regional nodal irradiation; BMI, high body mass index.
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Patient selection

A total of 296 patients with primary breast cancer who under-

went surgery at Guangzhou Red Cross Hospital between January 1,

2020, and December2023, 2023 were initially identified. Inclusion

criteria were (1): histopathological diagnosis of primary breast

cancer (2); received comprehensive treatment. Exclusion criteria

were (1): lack or loss of clinical or follow-up data (2); presence of

other malignant tumors (3); upper limb edema caused by other

reasons such as hypoproteinemia, compression from

supraclavicular, cervical, or axillary lymphadenopathy, upper limb

venous thrombosis, or tumor thrombus.

Patients were screened according to the following process, and

excluded populations included: 26 patients who did not receive

surgeries; 5 patients with bilateral breast cancer; 6 patients with limb

edema caused by other reasons; 61 patients lost to follow-up. The

remaining 201 patients were included in the present analysis.

Figure 1. Flow diagram of the screen of patients.

Data collection

The patient data was collected from the electronic health record,

the following data was extracted: demographic characteristics (age

and sex), medical history (other tumors), physical examination

measurements (height and weight), pathology diagnosis, tumor

stage, and treatment details. Treatment decisions followed the

NCCN Clinical Practice Guidelines in Oncology for Breast

Cancer. Extracted treatment variables included: type of primary

surgery (breast-conserving surgery or mastectomy), lymph node

surgical procedure (SLNB or ALND), chemotherapy, radiotherapy

(chest wall/breast irradiation or RNI), hormonal therapy, targeted

therapy, and duration of follow-up.

This study included 16 Stage IV breast cancer patients who

underwent surgery, 7 of whom were initially staged as Mx (indi-

cating those with uncertain distant metastasis at presentation).

However, surgery was performed based on comprehensive multi-

disciplinary clinical judgments, with either limited metastatic

burden or a good response to prior systemic therapy. This reflects

the real-world clinical decision-making context.

Chemotherapy was administered with an implanted port orally

or on the contralateral side. Treatment consisted of four to eight

cycles. Patients were stratified into two groups based on the number

of cycles received: the short-course group (1–4 cycles) and the long-

course group (5–8 cycles). Regarding timing, patients were stratified

into three groups: neoadjuvant chemotherapy, adjuvant chemo-

therapy, and the combination of neoadjuvant and adju-

vant chemotherapy.

Classification of chemotherapy regimens

Chemotherapy regimens were categorized based on the inclu-

sion of taxane agents. The taxane-based group comprised all

patients who received any regimens incorporating a taxane

(docetaxel or paclitaxel), regardless of concomitant agents.

Specifically, this included the following combination regimens:

TC (docetaxel + cyclophosphamide), TX (docetaxel + capecitabine),

GT (gemcitabine + paclitaxel/docetaxel), and TAC (docetaxel +
frontiersin.org
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doxorubicin + cyclophosphamide), as well as sequential

anthracycline-taxane regimens (e.g., AC→T). The non-taxane

group included patients who received cytotoxic regimens without

any taxane, such as AC (doxorubicin + cyclophosphamide), EC

(epirubicin + cyclophosphamide), or capecitabine monotherapy.

BCRL diagnosis

Suspected BCRL was identified during routine follow-up visits

either by clinician suspicion on physical examination or by patient

self-report of limb swelling. For all suspected cases, a standardized

limb circumference measurement was then performed to confirm

the diagnosis. The measurement protocol was as follows: limb

circumference measurements were taken by the attending clinical

nurses, who were blinded to patients’ treatment details. BCRL was

definitively diagnosed if the circumference exceeded that of the

contralateral side by 2 cm or more at any measured point.

Lymphedema staging

Lymphedema was staged according to the clinical staging

system of the International Society of Lymphology (10).

Stage I (Mild): Early accumulation of fluid that is relatively high

in protein content. Pitting edema is present. The swelling may be

reduced with limb elevation.

Stage II (Moderate): Pitting edema progresses to non-pitting

edema due to tissue fibrosis. Limb elevation alone rarely re-

duces swelling.

Stage III (Severe): The tissue is hard and fibrotic (sclerotic), and

pitting is absent. Skin changes such as thickening, hyperkeratosis, and

papillomas are present. This stage is also known as lymphostatic
Frontiers in Oncology 03
elephantiasis. Limb circumference was measured using a non-elastic

tape measure.

Statistical methods

All data were analyzed using SPSS software (version 26.0; IBM

Corp, Armonk, NY, USA). Age, BMI and treatment characteristics

were presented as mean ± standard deviation for continuous

variables and as frequency (percentage) for categorical variables.

Group comparisons were performed using an the unpaired, two-

tailed t-test for continuous variables or the c² test (or the Fisher’s
exact test where appropriate) for categorical variables. Univariate

logistic regression analyses were used to evaluate the association of

treatment characteristics with BCRL. Subgroup analysis was per-

formed to examine factors associated with BCRL severity (mild or

moderate-to-severe vs. no) using multinomial logistic regression,

Odds ratio (OR) with 95% confidence interval (CI) and P-values

were calculated. A two-sided P-value < 0.05 was considered statis-

tically significant for all analyses.
Results

General characteristics

During the follow-up period (median 60.1 months, range 12.0 –

140.2 months), of the 31 (15.42%) patients who developed BCRL, 17

(54.8%) were classified as having mild lymphedema (Stage I), 10

(32.3%) as moderate (Stage II), and 4 (12.9%) as severe (Stage III).

The mean age was 60.10 ± 10.80 years, and the mean BMI was 21.94 ±
FIGURE 1

Flowchart of patient selection.
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3.4. Regarding surgery, 26 (12.50%) patients underwent breast-con-

serving surgery, 175 (87.50%) patients underwent modified radical

mastectomy. For lymph node surgery, SLNB and ALND were per-

formed in 102 (50.7%) and 97 (48.3%) patients, respectively. Regarding

radiotherapy, 60 patients (29.85%) received chest wall/breast irradia-

tion, while 32 patients (15.92%) received RNI. Chemotherapy was

administered to 147 patients (73.1%): 11 (5.5%) received no-taxane

based regimens, and 136 (67.7%) received taxane-based regimens.

Regarding chemotherapy timing, 11 patients (5.5%) received

neoadjuvant only, 110 (54.7%) adjuvant only, and 26 (12.9%) the

combination of neoadjuvant and adjuvant chemotherapy. Regarding

treatment duration, 44 patients (21.9%) were in the short-course group

and 103 (51.2%) in the long-course group. (Table 1).
Frontiers in Oncology 04
Comparison between BCRL and non-BCRL
groups

Factors such as tumor stage, ALND, SLNB, chemotherapy, and

radiotherapy showed statistically significant differences between the

BCRL and non-BCRL groups (P < 0.05). However, age, BMI,

hormonal therapy, targeted therapy, and surgical approach did

not show statistically significant differences between the groups (P

> 0.05) (Table 1). Most patients had low body mass index (BMI; <22

kg/m2). Comparison of BCRL incidence rates using chi-square tests

showed that incidence was significantly higher in the taxane-based

group and long-course chemotherapy group compared to the no

chemotherapy group (P < 0.05) (Table 2).
TABLE 1 Comparison of baseline characteristics between groups.

Variable
Total

(n=201)
Non-BCRL group

(n=170)
BCRL group

(n=31)
Statistical value P

Age, Mean ± SD 60.10 ± 10.80 60.48 ± 10.78 57.52 ± 10.95 t=1.406 0.161

BMI (kg/m2) 21.94 ± 3.4 21.35 ± 5.2 20.56 ± 4.8 t=2.516 0.232

Surgery c²=2.134 0.144

Breast-conserving 26 (12.93%) 25 (14.71%) 1 (3.23%)

Mastectomy 175 (87.07%) 145 (85.29%) 30 (96.77%)

ALND c²=20.341 <.001

No 104 (51.74%) 100 (58.82%) 4 (12.90%)

Yes 97 (48.26%) 70 (41.18%) 27 (87.10%)

SLNB c²=22.829 <.001

No 99 (49.25%) 71 (41.76%) 28 (90.32%)

Yes 102 (50.75%) 99 (58.24%) 3 (9.68%)

Stage c²=16.922 0.001

I 59 (29.35%) 57 (33.53%) 2 (6.45%)

II 85 (42.29%) 71 (41.76%) 14 (45.16%)

III 41 (20.40%) 33 (19.41%) 8 (25.81%)

IV 16 (7.96%) 9 (5.29%) 7 (22.58%)

Chemotherapy c²=4.525 0.033

No 54 (26.86%) 51 (31.76%) 3 (9.68%)

Yes 147 (73.13%) 119 (68.24%) 28 (90.32%)

Radiotherapy c²=5.589 0.061

No 109 (54.23%) 98 (57.65%) 11 (35.48%)

CWBI 60 (29.85%) 48 (28.23%) 12 (38.71%)

RNI 32 (15.92%) 24(14.11%) 8 (25.81%)

Hormonal therapy c²=0.01 0.978

No 45 (22.39%) 38 (22.35%) 7 (22.58%)

Yes 156 (77.61%) 132 (77.65%) 24 (77.42%)

Targeted therapy c²=1.08 0.743

No 160 (79.60%) 136 (80.00%) 24 (77.42%)

Yes 41(20.40%) 34 (20.00%) 7 (22.58%)
BCRL, Breast cancer-related lymphedema; ALND, Axillary lymph node dissection; SLNB, sentinel lymph node biopsy; CWBI, Chest wall/breast irradiation; RNI, regional nodal irradiation.
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Factors associated with BCRL

Univariable logistic regression analysis identified several factors

significantly associated with BCRL (Table 3). Chemotherapy was

also significantly associated with BCRL(OR = 4.0, 95% CI: 1.163 to
Frontiers in Oncology 05
13.754, P = 0.028). Within chemotherapy-specific analyses, taxane-

based regimens (OR = 4.018, 95% CI: 1.162 to 13.890, P = 0.028),

long-course chemotherapy (OR = 4.887, 95% CI: 1.396 to 17.116,

P = 0.013), and the combination of neoadjuvant and adjuvant

chemotherapy (OR = 4.5, 95% CI: 1.14 to 17.762, P = 0.032) were all
TABLE 2 Differences in BCRL incidence among different chemotherapy drugs and timing.

Groups Total Non-BCRL group BCRL group Comparison c² P

Chemotherapy regimen

no 54 51 3 Taxane vs. no 4.498 0.034

No-taxane based 11 9 2 No-taxane vs. no 0.659 0.417

Taxane based 136 110 26 No-taxanevs. taxane 0 1.000

Chemotherapy courses

0 54 51 3 Short-course vs. no 0.454 0.051

Short-course (≤4) 44 39 5 Long-course vs. Short-course 1.746 0.186

Long-course (>4) 103 80 23 Long-course vs. no 6.051 0.014

Chemotherapy timing

Neoadjuvant 11 8 3 Neoadjuvant vs. Adjuvant 0.168 0.682

Adjuvant 110 91 19 Adjuvant vs. Neoadjuvant+Adjuvant 0.165 0.685

Neoadjuvant+Adjuvant 26 20 6 Neoadjuvant vs. Neoadjuvant+Adjuvant 0.00 1.00
fro
TABLE 3 Factors associated with BCRL in univariate logistic regression analysis.

Variable b S.E Z P OR (95%CI)

Surgery 1.643 1.039 2.500 0.114 5.172 (0.675 ~ 39.663)

ALND 2.266 0.558 16.497 <.001 9.643 (3.230 ~ 28.784)

SLNB -2.566 0.627 16.745 <.001 0.077 (0.022 ~ 0.263)

Chemotherapy (Yes vs. No) 1.386 0.630 4.840 0.028 4.0 (1.163 ~ 13.754)

Chemotherapy regimen (Ref: No Chemo)

No-taxane based vs. No Chemo 1.329 0.982 1.832 0.176 3.778(0.551~ 25.882)

Taxane-based vs. No Chemo 1.391 0.633 4.830 0.028 4.018(1.162-13.890)

Chemotherapy courses (Ref: No Chemo)

Short-course (≤4) 0.779 0.761 1.049 0.306 2.179(0.491-9.679)

Long-course (>4) 1.587 0.639 6.157 0.013 4.887(1.396-17.116)

Chemotherapy timing (Ref: No Chemo)

Neoadjuvant vs. No Chemo 1.622 0.853 3.619 0.057 5.062(0.952~26.919)

Adjuvant vs. No Chemo 0.993 0.579 2.943 0.086 2.70(0.868~8.398)

Neoadjuvant+Adjuvant vs. No Chemo 1.504 0.701 4.610 0.032 4.5(1.14~17.762)

Stage (Ref: Stage I)

Stage II vs. Stage I 1.726 0.777 4.942 0.026 5.620 (1.227 ~ 25.747)

Stage III vs. Stage I 1.933 0.820 5.552 0.018 6.909 (1.384 ~ 34.486)

Stage IV vs. Stage I 3.099 0.888 12.445 <.001 22.167 (3.963 ~ 123.982)

Hormonal therapy (Yes vs. No) -0.013 0.467 0.001 0.978 0.987 (0.395 ~ 2.467)

Radiotherapy (Ref: No)

CWBI 0.801 0.453 3.124 0.077 2.227(0.916 ~ 5.413)

RNI 1.088 0.517 4.424 0.035 2.970(1.077 ~ 8.188)

Targeted therapy (Yes vs. No) 0.154 0.470 0.107 0.743 1.167(0.464 ~ 2.933)
BCRL, Breast cancer-related lymphedema; ALND, Axillary lymph node dissection; SLNB, sentinel lymph node biopsy; CWBI, Chest wall/breast irradiation; RNI, regional nodal irradiation.
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associated with BCRL. Among treatment factors, ALND and RNI

demonstrated the strongest association with BCRL, with a relatively

narrow CI indicating a precise estimate.

It is noteworthy that Stage IV disease exhibited an extremely

high point estimate (OR = 22.167), but with an exceptionally wide

CI (2.134 to 230.268), indicating very low precision. This is

primarily attributable to the very small number of events in this

subgroup (n=16), and the result should be considered as a highly

uncertain, exploratory finding.

Subgroup analysis

To further investigate the impact of different treatment factors

on BCRL severity, and given the limited number of cases, the

clinical stages were consolidated into two severity categories: mild

(Stage I; n=17) and moderate-to-severe (Stages II-III combined;

n=14). A multinomial logistic regression analysis was then per-

formed, with BCRL severity (mild or moderate-to-severe) as the

outcome and no BCRL serving as the reference group.

Subgroup analyses for BCRL severity are presented in Table 4.

In the “Moderate-Severe vs. No Lymphedema” model, ALND and

radiotherapy showed statistically significant associations (P< 0.05).

However, all OR in these analyses were accompanied by
Frontiers in Oncology 06
exceptionally wide 95% CI, with several estimates approaching

computational limits (e.g., OR = 4.893×10−5 for ALND;

OR = 2.217×10−9 for CWBI). These extreme confidence intervals

indicate substantial statistical uncertainty and suggest potential

overfitting in models with limited event counts. Consequently,

while these analyses identified nominally significant factors, the

results must be interpreted with extreme caution and regarded as

purely exploratory for hypothesis generation.
Discussion

The identification of risk factors is crucial for the early detection

and prevention of BCRL. Our findings confirm that chemotherapy

is associated with BCRL, particularly with taxane-based regimens.

This aligns with prior literature indicating that chemotherapy,

particularly taxanes, increases the risk of lymphedema (11). Zhu

W et al. (12) reported a trend toward a significantly higher

incidence of lymphedema with docetaxel compared to other

agents. Similarly, Yuan et al. (5) identified taxane-based chemo-

therapy as an independent risk factor for BCRL. And in the study by

Kim et al., the risk of lymphedema is 4.2-fold higher in patients who
TABLE 4 Results of multinomial logistic regression for the subgroup analysis of lymphedema severity.

Variable
Mild vs. No Lymphedema Moderate-Severe vs. No Lymphedema

OR (95%CI) P OR (95%CI) P

Surgery 0.228(0.004 ~ 14.355) 0.484 0.312(0.006 ~ 16.007) 0.562

ALND 38230.435(7.381E-31 ~ 1.980E + 39 0.796 4.893E-5 (7.373E-6 ~ 0.000) 0.000

SLNB 144280.554(2.745E-30 ~ 7.583E + 39) 0.771 0.000 0.000

Chemotherapy (Yes vs. No) 1.087(0.012 ~ 100.024) 0.971 1.301(0.002~ 804.193) 0.936

Chemotherapy Regimen (Ref: No Chemo)

No-taxane based vs. No Chemo 0.542(0.038~ 7.798) 0.653 1.058(0.105~ 10.692) 0.962

Taxane-based vs. No Chemo 0.544(0.094~ 3.140) 0.496 0.174(0.013~ 2.251) 0.181

Chemotherapy courses (Ref: No Chemo)

Short-course (≤4) 2.627(0.279~ 24.761) 0.399 1.455(0.096~ 22.091) 0.787

Long-course (>4)

Chemotherapy Timing (Ref: No Chemo)

Neoadjuvant vs. No Chemo 0.689(0.009~ 51.720) 0.866 0.473(0.001~ 230.914) 0.813

Adjuvant vs. No Chemo 0.469(0.031~ 7.211) 0.587 1.354(0.060~ 30.711) 0.849

Neoadjuvant+Adjuvant vs. No Chemo 1.133(0.230~ 5.594)) 0.878 3.102(0.413~ 23.281) 0.271

Stage (Ref: Stage I)

Stage II vs. Stage I 0.480(0.028~ 8.201) 0.613 0.314(0.021~ 4.739) 0.403

Stage III vs. Stage I 0.652(0.085~ 5.001) 0.681 0.475(0.062~ 3.648) 0.474

Stage IV vs. Stage I 1.128(0.157~ 8.125) 0.905 0.091(0.007~ 1.174) 0.066

Hormonal therapy (Yes vs. No) 0.675(0.143~ 3.180) 0.620 0.900(0.175~ 4.644) 0.900

Radiotherapy (Ref: No) 0.381(0.087 ~ 1.666) 0.200 1.313(0.282~ 6.104) 0.728

CWBI 1.449E-8(2.695E-9 ~ 7.788E-8) 0.000 2.217E-9(4.018E-8 ~ 1.224E-10) 0.000

RNI 6.082E-9(1.664E-9 ~ 2.224E-8) 0.000 1.521E-9(1.512E-9 ~ 1.512E-9) 0.000

Targeted therapy (Yes vs. No) 1.446(0.296 ~ 7.068) 0.649 0.992(0.203 ~ 4.851) 0.992
BCRL, Breast cancer-related lymphedema; ALND, Axillary lymph node dissection; SLNB, sentinel lymph node; CWBI, Chest wall/breast irradiation; RNI, regional nodal irradiation.
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receive taxane-based chemotherapy than in patients who do not

receive taxane-based chemotherapy (13). However, a large prospec-

tive cohort study by Swaroop et al. (14). concluded that neither

docetaxel nor paclitaxel increased the risk of lymphedema, in this

report, the cumulative incidence of lymphedema over 2 years was

only 5.27%, which is notably lower than rates in other studies (5, 11,

12). Furthermore, evidence from Penn IW et al. (15) demonstrated

that patients treated with taxane-based chemotherapy were more

prone to develop persistent lymphedema, whereas those who did

not receive chemotherapy or underwent non-taxane regimens

tended to exhibit transient lymphedema. In addition, patients

receiving paclitaxel were at a higher risk of developing persistent

lymphedema than those who underwent treatment with docetaxel

or other types of taxane.

Several studies have focused on elucidating how chemotherapy

contributes to the pathogenesis of lymphedema. Mawaki A et al.

(16) generated a docetaxel-induced edema formation model by the

subcutaneous administration of docetaxel in the lateral tail vein of

mice, and they focused on changes in vascular permeability, fluid

retention in tissues, and interstitial fluid flow in lymph vessels

caused by docetaxel administration. The principal mechanism is

thought to be increased vascular endothelial cell permeability,

resulting in the extravasation of plasma albumin into the surround-

ing tissues, the severity of edema is proportional to the cumulative

dose of the drug administered. Another study found severe sclerosis

of lymphatic vessels in limbs of patients developing lymphedema

after docetaxel, possibly due to drug leakage into interstitial tissues

directly damaging lymphatics (17). Additionally, chemotherapy-

induced leukopenia and neutropenia, common complications, may

increase the risk of arm infections and inflammation, potentially

triggering or exacerbating lymphedema (18). These findings suggest

a complex pathogenesis involving adipose tissue alterations and

inflammatory factors, warranting further investigation.

The potential differential impact of chemotherapy timing on

lymphedema risk continues to be a point of contention in the

literature. Compared to no chemotherapy, our study found that the

combination of neoadjuvant and adjuvant chemotherapy was

associated with BCRL, neoadjuvant chemotherapy alone or adju-

vant chemotherapy alone showed no significant association. This

contrasts with some reports, Yan Huang et al. (19) also reported

that the timing of chemotherapy significantly impacted BCRL risk,

patients receiving neoadjuvant chemotherapy had a significantly

higher risk (OR = 2.209) than those receiving adjuvant chemother-

apy. Jung et al. (20) reported a higher BCRL risk in patients

receiving neoadjuvant chemotherapy compared to adjuvant che-

motherapy (HR = 1.39). Based on the data from a large cohort of

5549 breast cancer patients who underwent surgery, researches

identified the use of adjuvant chemotherapy and neoadjuvant

chemotherapy were significantly associated with lymphedema

(11). Other studies involving 409 ALND patients found that

neoadjuvant chemotherapy increased BCRL risk by 3.76 times

and was an independent risk for BCRL (21). Another prospective

cohort study of 266 ALND patients also identified neoadjuvant

chemotherapy as a risk factor for BCRL (22). A retrospective

analysis by Basta MN et al. of 3136 mastectomy patients reported

a 10.4% BCRL prevalence, increased by neoadjuvant chemotherapy
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(23). Theoretically, neoadjuvant chemotherapy could reduce BCRL

risk by decreasing the burden of positive lymph nodes (24).

Conversely, a studies by Kim et al. (25), showed that neoadjuvant

chemotherapy was not found to be a significant risk factor associ-

ated with BCRL, but the study did not include adjuvant chemo-

therapy patients. Similarly, Martıńez-Jaimez1 P, et al. reported that

neoadjuvant or adjuvant chemotherapy were not associated with

lymphedema (8). Conversely, other studies found neoadjuvant and

adjuvant chemotherapy were not significantly associated with an

increased incidence of BCRL (26).

Our study identified that both long-course chemotherapy and

the combination of neoadjuvant and adjuvant chemotherapy were

significantly associated with BCRL. Potential reasons include: first,

the extended duration of a long-course chemotherapy protocol

inherently increases the cumulative exposure of the lymphatic

vasculature and surrounding tissues to cytotoxic agents. Second,

the strategy of administering chemotherapy both before and after

surgery effectively doubles the chemotherapeutic exposure for a

given patient, compared to a single chemotherapy. Consequently,

these approaches result in a greater number of total treatment cycles

and a higher cumulative dosage of potentially lymphotoxic drugs.

This prolonged and intensified assault may overwhelm intrinsic

repair mechanisms, leading to progressive and compounded

damage to lymphatic endothelial cells, sustained inflammatory

responses, and eventual fibrosis, which collectively impair lym-

phatic function and manifest as clinically significant BCRL. This is

supported by a study of 950 patients with breast cancer, which

identified chemotherapy as a lymphedema risk factor with a risk

proportion of 38%. The chemotherapy regimen and the number of

chemotherapy sessions increases the probability of lymphedema by

53% and 60%, respectively (27).

Our findings are directionally consistent with the established

literature, suggesting that higher tumor stage may be associated

with an increased risk of BCRL. In our analysis, stage IV disease

showed a strong association with BCRL (OR = 22.167), albeit with

an extremely wide confidence interval and a limited statistical

stability. It is crucial to highlight that this estimate is derived

from a very small number of Stage IV patients (n=16). More

critically, Stage IV disease was almost invariably associated with

more intensive local therapy, such as more extensive ALND and

RNI. Our data confirmed both ALND and RNI as significant risk

factors for BCRL in our cohort. As noted by Johnson et al., RNI

following ALND can increase the risk of BCRL by 19.3% (27), and

extensive radiotherapy can induce lymphatic dilation and fibrosis.

Therefore, the observed association between Stage IV disease and

BCRL is likely confounded, if not entirely mediated, by the greater

intensity of local treatment that accompanies advanced disease,

rather than representing an independent biological effect of the

stage. Future studies with larger prospective cohorts that can

control for such treatment differences are needed to clarify the

relationship between disease stage and BCRL risk. Furthermore, the

mean BMI in our cohort was relatively low. While this may reflect

the demographic characteristics of our patient population, it may

limit the direct generalizability of our findings to populations with a

higher average BMI, where obesity itself is a known risk factor

for lymphedema.
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This study has certain limitations. First, BCRL was defined

based on circumferential measurement using an objective threshold

(a relative difference of ≥2 cm), this method may fail to identify

early, mild, or subjective lymphedema where symptoms like heavi-

ness precede or occur without reaching the circumferential diag-

nostic threshold. This could lead to an underestimation of the BCRL

incidence, which would likely bias the observed effect estimates of

risk factors. Second, the primary limitation of this study is the

limited number of BCRL events, which precludes reliable multivar-

iable analysis to control potential confounding factors.

Consequently, the analyses were confined to univariable associa-

tions. While this approach minimizes the risk of overfitting, it also

precludes an assessment of independent effects or complex inter-

actions. The wide confidence intervals observed in the subgroup

analyses (e.g., for ALND, SLNB, and radiotherapy) reflect substan-

tial uncertainty, and the findings are at risk of overfitting. Thus,

these results should not be interpreted as definitive conclusions.

Their primary value lies in suggesting potential directions for future

research rather than providing confirmatory evidence.

Consequently, the results of the subgroup analyses require further

validation in larger, prospective, independent cohorts. Finally, In

this retrospective study, BCRL was assessed as a binary outcome

based on circumferential measurement, circumference data re-

quired for precise volumetric analysis were lacking. Future pro-

spective studies, if designed to systematically collect protocol-

defined serial limb measurements, would be well-positioned to

employ both volumetric assessment and time-to-event analyses

(e.g., Kaplan-Meier method, Cox proportional hazards models).

Such methodologies could help clarify the detailed temporal pattern

of BCRL onset, identify periods of highest risk following specific

treatments, and further refine clinical surveillance strategies.
Conclusion

In this retrospective study, chemotherapy was associated with

BCRL. Specifically, this association was observed with taxane-based

regimens, long-course chemotherapy, and the combination of

neoadjuvant and adjuvant chemotherapy. These findings highlight

the need for clinicians to be aware of the potential lymphotoxic

effects of specific chemotherapy protocols and to consider vigilant

monitoring for early signs of BCRL during and after treatment,

which could facilitate timely intervention and mitigate long-

term morbidity.
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