Khan et al. BMC Surgery ~ (2025) 25:525 BMC Surgery
https://doi.org/10.1186/512893-025-03255-3

Check for
updates

Predictors of early arm lymphoedema
in breast cancer patients treated

with modified radical mastectomy -a
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Abstract

Background Breast cancer is the most common malignancy among women globally, with 2.3 million new cases
in 2022. Advances in early detection and treatment have improved survival, but long-term complications like breast
cancer-related lymphoedema (BCRL) remain underrecognized. Affecting 6-40% of patients following axillary lymph
node dissection, BCRL leads to chronic swelling, pain, and reduced quality of life. The risk is heightened in low- and
middle-income countries (LMICs), where delayed diagnosis and limited awareness necessitate more aggressive
interventions. Despite its profound physical, psychosocial, and economic impact, BCRL remains understudied in
LMICs, highlighting the need for region-specific data and preventive strategies.

Methods This prospective observational study, which was conducted in a tertiary care centre over 18 months

(July 2022-December 2023), aimed to identify clinicopathological predictors of the development of early ipsilateral
arm lymphoedema in patients undergoing Modified radical mastectomy (MRM). We diagnosed lymphoedema via
circumferential measurements (> 10% increase in ipsilateral arm) at 1 day pre-surgery and followed up the patients
at 1-, 3-,and 6-months post-surgery. Variables included patient demographics, tumour characteristics, and treatment
factors.

Results We recruited 80 patients, and 21 of them (26.25%) developed lymphoedema in 6 month period, with
significant predictors identified as BMI (mean 28.42 vs. 26.04 kg/mz, p=0.008), Left-sided tumours (40% vs. 18%

for right-sided, p=0.03), number of lymph nodes removed (mean 21.14 vs. 13.49, p=0.003), and positive lymph
nodes (mean 3.81 vs. 1.15, p=0.009), Axillary radiation (55% vs. 16.7%, p < 0.007). Multivariate analysis confirmed BM|
(@OR=1.19, 95%Cl:1.00-1.42; p=0.045), total lymph nodes removed (@OR=1.08, 95%Cl:1.01-1.15; p=0.027), and
axillary radiation (@OR=4.57, 95%Cl:1.37-15.26; p=0.013) as independent predictors, while positive lymph nodes lost
significance when adjusted for confounders (aOR=1.04, p=0.718). Age, hormone receptor status, and chemotherapy
type showed no significant associations.
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Conclusion The study highlights the critical role of pre-operative risk stratification. These findings underscore
the need for personalized surgical and adjuvant strategies to mitigate Lymphoedema risk, enhancing long-term

survivorship care in breast cancer patients.

Trial registration Clinical Trials Registry India—CTRI/2023/08/056411 (Registered prospectively on 11/08/2023).
Keywords Breast cancer, Lymphoedema, Survivorship, Prospective studies, Axillary dissection

Background

Breast cancer remains the most prevalent malignancy
among women globally, with an estimated 2.3 million
new cases diagnosed in 2022, as per GLOBOCAN 2022
data, accounting for nearly 12% of all cancer diagnoses
worldwide [1]. While advancements in early detection
and multimodal therapies—including surgery, radiation,
and systemic treatments—have significantly improved
5-year survival rates to over 90% for localized disease,
these interventions often carry long-term sequelae that
may compromise survivorship outcomes [2]. Among
these, lymphoedema stands out as a debilitating and
underrecognized complication. Characterized by pro-
gressive swelling of the ipsilateral arm due to impaired
lymphatic drainage, it affects 6-40% of patients undergo-
ing axillary lymph node dissection (ALND), with variabil-
ity attributed to surgical techniques, adjuvant therapies,
and patient-specific risk factors [3, 4]. In low- and mid-
dle-income countries (LMICs), delayed diagnoses leading
to advanced disease, often necessitates more aggressive
interventions, further amplifying the lymphedema bur-
den. However, region-specific data remain scarce, hin-
dering tailored preventive strategies [5].

The pathophysiology of lymphoedema is multifactorial,
rooted in the disruption of lymphatic architecture during
surgery and exacerbated by post-treatment inflammation
and fibrosis. Axillary clearance, a cornerstone of breast
cancer staging, disrupts axillary lymph nodes and col-
lateral pathways, impairing fluid transport and increas-
ing hydraulic resistance within the lymphatic system [6].
Subsequent radiation therapy compounds this damage
by inducing perivascular fibrosis and sclerosis, reduc-
ing lymphatic contractility by up to 60% [7]. Molecu-
lar mechanisms further drive chronicity: transforming
growth factor-beta (TGF-P) activation promotes fibro-
blast proliferation and extracellular matrix (ECM) depo-
sition. In contrast, vascular endothelial growth factor-C
(VEGF-C)-mediated lymphangiogenesis often yields dys-
functional vessels incapable of restoring drainage [8, 9].
Concurrent oxidative stress, mediated by reactive oxy-
gen species (ROS), exacerbates endothelial damage, per-
petuating a cycle of inflammation and tissue remodelling
[10]. These processes culminate in the hallmark features
of lymphoedema—non-pitting oedema, hyperkeratosis,
and recurrent cellulitis, which diminish quality of life and
impose substantial economic burdens.

The ramifications of lymphoedema extend far beyond
physical morbidity. Psychosocially, patients report pro-
found anxiety, depression, and body image disturbances,
often exacerbated by cultural stigmatization of vis-
ible disfigurement [11]. Functionally, reduced range of
motion and chronic pain limit activities of daily living,
with 30% of patients unable to return to work within
two years of diagnosis [12]. Economically, the lifelong
costs of compression garments, physiotherapy, and hos-
pitalizations exceed US$1,800 annually per patient in
high-income countries. At the same time, out-of-pocket
expenses frequently lead to catastrophic health expendi-
tures in resource-limited settings like India, with a recent
study reporting a mean total cost of breast cancer treat-
ment alone to be INR/R 258,095/US$ 3531, with adequate
data for lymphoedema treatment in Indian setting not
available [13]. Despite these challenges, lymphoedema
remains underprioritized in oncology care pathways, par-
ticularly in regions where survival outcomes dominate
clinical focus.

Globally, obesity, extensive nodal dissection, and post-
operative radiation to the axilla are well-established risk
factors for BCRL. However, emerging evidence sug-
gests regional disparities in risk profiles. In South Asia,
for instance, higher rates of advanced-stage diagno-
ses—40% of Indian patients present with stage III/IV
disease—necessitate more aggressive surgical interven-
tions, potentially elevating lymphoedema incidence [14].
Cultural factors, including delayed healthcare-seeking
behaviour and limited lymphoedema awareness, further
complicate early detection and intervention. Such gaps
underscore the urgent need for context-specific research
to inform risk stratification and guide resource allocation
in LMICs.

The primary aim of this study was to identify clinico-
pathological predictors associated with the development
of ipsilateral arm lymphoedema in breast cancer patients
undergoing Modified Radical Mastectomy (MRM). The
study sought to stratify risk and inform targeted strate-
gies for lymphoedema prevention and early intervention
in a resource-limited setting by analysing patient demo-
graphics, tumour characteristics, and surgical and adju-
vant treatment factors.
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Methods

This prospective observational study was conducted at a
tertiary care centre over 18 months (July 2022-Decem-
ber 2023) following approval by the Institutional Ethics
Committee (AIIMS/IEC/23/212). Consecutive sampling
of eligible patients was done, with adherence to inclusion
and exclusion criteria rigorously maintained throughout
the study. All patients were treated in a specialised breast
unit, with standardised pre-operative protocols, workup,
standard surgical technique, post operative care and
rehabilitation protocols, with no major changes over the
period of 18 months.

Eligible participants included in the study were female
patients aged=>18 years with histologically confirmed
breast carcinoma scheduled for Modified Radical Mas-
tectomy (MRM), while exclusion factors were preexisting
ipsilateral arm lymphoedema, pre-operative axillary vein
thrombosis confirmed via imaging, metastatic disease at
presentation, or a history of recurrent breast malignancy.
Consecutive sampling was performed within the speci-
fied time frame.

The diagnostic criteria for lymphoedema were a>10%
increase in ipsilateral arm circumference relative to the
contralateral arm using circumferential measurements
at four anatomical landmarks, a method validated in
resource-constrained settings for its cost-effectiveness
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and reproducibility. All measurements were done by sin-
gle trained observer. Arm measurements were made at
8AM 1 h, all patient were asked not to wear compres-
sion garment on day of measurement and were not given
instructions with regard to activity before measurement
(Fig. 1,) [15].

Pre-operative assessment documented clinical and
tumour characteristics, including baseline arm circum-
ference measurements. Postoperatively, patients were
evaluated at 1, 3, and 6 months to monitor arm circum-
ference changes, with lymphoedema defined as a=10%
increase in circumference compared to pre-operative
measurements or the contralateral limb.

The data collected was tabulated in Microsoft Excel
(Microsoft Corporation). Qualitative (categorical) vari-
ables were expressed in frequency, percentage, and pro-
portions, and quantitative (continuous) variables were
expressed by means and standard deviation or median
with inter-quartile range. The chi-square test was used to
determine the association between the patient, tumour,
and treatment factors and the development of lymphoe-
dema. Unpaired t-tests were used to check the hypothesis
in normally distributed variables (tested by the Shap-
iro—Wilk test). The Wilcoxon-Mann—Whitney U test was
used to compare variables that were not normally distrib-
uted in the two subgroups of the variable lymphoedema.

Acromion

Lateral epicondyle
of humerus

Fig. 1 4 points of arm measurement. F-MP: Midpoint of forearm; C-10: 10 cm below lateral epicondyle of humerus; MP: Midpoint of arm; C-15: 15 cm

above lateral epicondyle of humerus
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Fisher's exact test was used to explore the association
between lymphoedema and variables where more than
20% of the total number of cells had an expected count of
less than 5. Regression analysis was done using backward
selection and bidirectional selection method. All Analy-
ses were done using SPSS v25 (IBM Corporation). A
p-value of <0.05 was considered statistically significant.

Results

The following table summarizes the regression analysis
for the dependent variable using all the predictor vari-
ables together in one go. The 'OR (univariable)' column
lists the odds ratios for each of the variables with respect
to the dependent variable, when these variables are used
as single predictors of the dependent variable, without
entering the rest of the variables in the model. The 'OR
(multivariable)' column lists the odds ratios for all the
variables when they are entered in the model together
(and are now thus controlling for each other). The first
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category in each of the categorical variables is the refer-
ence category, against which the odds ratios of the rest of
the variables is calculated.

The following table is the same as the previous table,
except in this table bidirectional stepwise selection is
used to select only the most useful variables to include
in the final multivariable predictive model for the depen-
dent variable.

This study recruited 86 eligible patients, of whom four
were lost to follow-up after surgery, and two patients
died before completion of the study duration. The attri-
tion rate in our study was 7% (n=6). So, data from 80
patients was taken up for the final Analysis (Fig. 2).

The clinicodemographic characteristics of the patients
are detailed in Table 1. Table 2 presents the final histo-
pathological profile obtained postoperatively, provid-
ing insight into the spectrum of pathological entities
encountered in the cohort. Table 3 outlines the results
of univariate Analysis, identifying factors significantly

Assessed for eligibility

(n=105)

€

GE-' Excluded (n=19)
%

c Refused to participate
"” (n=5)

Metastatic Disease (n = 10)
Recurrent Breast cancer (n = 4)
Included in the study (n = 86)

£ Lost to follow up (n=4)

= Deceased (n =2)

o

©

[T

Patients completing follow up (n = 80)

2

;

T=u Developed Lymphedema Did Not Develop

< (n=21) Lymphedema

(n=59)

Fig. 2 Flowchart for patient assessment for eligibility, inclusion, follow up, attrition and final analysis
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Table 1 Clinicodemographic profile of patients and treatment

received
Factors Mean=SD ||
Median (IQR)
|| Min-Max
ORN (%)
Age (Years) 471111174
4500 (38.00-
55.00) ||
28.00—77.00
Age
<40 Years 24 (30.0%)
41-60 Years 43 (53.8%)
61-70 Years 13 (16.2%)
Gender
Female 79 (98.8%)
BMI (kg/m?) 26.67+3.86 ||
27.15 (24.00-
29.13) ||
18.97—35.30
Dominant Limb
Left 0 (0.0%)
Right 80 (100.0%)
Side of Carcinoma
Left 30 (37.5%)
Right 50 (62.5%)
Stage As Per 8th AJCC
IA
IB
A 23 (28.7%)
1B 16 (20.0%)
A 10 (12.5%)
1113; 30 (37.5%)
Ic 1(1.2%)
Chemotherapy Regimen N (%)
Neoadjuvant Therapy
Not Given 19 (23.8%)
Taxane Based 48 (60.0%)
Trastuzumab Based 13 (16.2%)

Chemotherapy Drug Given
Taxane-Based Given 67 (83.8%)

Trastuzumab Based Given 13 (16.2%)

associated with the outcome of interest, while Tables 4
and 5 displays the multivariate analysis, demonstrating
the independent predictors after adjusting for potential
confounders Tables 6 and 7.

In this prospective study of 80 breast cancer patients
undergoing Modified Radical Mastectomy (MRM),
26.25% (n=21) developed ipsilateral arm lymphoedema
within 6 months post-surgery. Key predictors included:

+ Body Mass Index (BMI): Patients with lymphoedema
had significantly higher BMI (mean 28.42 vs.
26.04 kg/m?, p=0.008). With T test identifying
a significant difference between the two groups
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Table 2 Histopathology features
Tumour factors Mean=SD || Me-
dian (IQR) || Min-
Max OR N (%)
Hormone Receptor Status (Positive) 51 (63.7%)
HER-2-Neu Receptor (Positive) 20 (25.0%)
Nottingham Grade
1 4 (5.0%)
2 18 (22.5%)
3 58 (72.5%)
DCIS Component
Present 16 (20.0%)
Not Present 64 (80.0%)
Lymphovascular Invasion
Present 9(11.2%)
Not Present 71 (88.8%)
Capsular Invasion
Present 10 (12.5%)
Extra Nodal Extension
Present 11 (13.8%)
Not Present 69 (86.2%)
Number of Lymph Nodes Removed 15.50£9.60 || 14.00
(9.75-20.00) ||
0.00—48.00
Positive Lymph Nodes Removed 1.85+3.4810.00
(0.00-2.00) ||
0.00—18.00

in terms of BMI (kg/m?) (t=2.783, p =0.008).
Strength of Association measured by Point-Biserial
Correlation =0.27 (Medium Effect Size). Univariable
OR: 1.20 (95% CI: 1.04—1.43, p=0.02). On
multivariate Analysis (Stepwise Model), aOR: 1.19
(95% CI: 1.00-1.42, p=0.045). Thus, BMI remains
an independent predictor after controlling for

nodal dissection and radiation. Each 1-unit increase
confers 19% higher lymphedema risk.

o Side of tumour: Left-sided tumours were associated
with a higher lymphoedema incidence (40% for left
side vs. 18% for right side. On the chi-square test,
there was a significant difference between the various
groups in terms of the distribution of lymphoedema
(x2=4.688, p=0.030). The odds ratio and relative risk
are 3.04 (CI1=1.09-8.48) and 2.22 (CI=1.08-4.59),
respectively, for the development of lymphoedema
on the left side. Laterality was not included in
multivariate analysis as it is less likely affected by
other confounders.

o Lymph node dissection: A greater number of lymph
nodes were removed in patients who developed
lymphoedema (mean 21.14 vs. 13.49, p=0.003).
Univariable analysis confirmed this association
(OR=1.09, 95% CI: 1.03—1.16, p =0.004). Crucially,
the total number of nodes removed remained
a significant independent predictor in both
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Table 3 Univariate analysis Table 4 Multivariate analysis

Parameters Lymphoedema p-value Dependent: Absent  Present OR OR (mul-
Present Absent Lymphoedema (univariable) tivari-
(n=21) (n=59) able)

Age (Years) 46.14+1024 4746+1229 0635 BMI (kg/ Mean  26.0(3.9) 28.4(3.1) 1.20 1.19

BMI (kg/m?) 28424313  2604+393 0008 m?) (SD) (1.04-1.43,  (1.01-

Side of Carcinoma 0.030 p=0.020) ;1)‘:[(4)’.048)
Left 12(57.1%)  18(30.5%) Number Mean  135(85) 21.1 1 09 107
Right o(429%)  41(69.5%) of Lymph  (SD) (103)  (103-1.16,  (101-1.16,

Dominant Limb 1.000 Nodes p= O 4) p=0.037)
Left 0 (0.0%) 0 (0.0%) Removed
Right 21 (100.0%) 59 (100.0%) Positive  Mean 12(2.5) 38(49) 1.23 1.04

Chemotherapy Drug Given 0496 Lymph  (SD) (1.06-1.47, (0.85-1.29,
Taxane-Based Given 19 (90.5%) 48 (81.4%) Nodes p=0010) p=0718)
Trastuzumab Based Given 2 (9.5%) 11 (18.6%) RerT?O\./ed

Stage As Per 8th AJCC 0614 fji‘:ﬁ:;’” No @33 10067 - ’

A 6 (28.6%) 17 (28.8%) (Post-Op-

B 5 (23.8%) 11 (18.6%) erative)

A 1(4.8%) 9(15.3%) Yes 9(450)  11(550) 6.11 3.87(0.85-
1B 6 (28.6%) 18 (30.5%) (2.05-19.28, 18.38,

e 0(0.0%) 1(1.7%) p=0.001) p=0.077)

Nottingham Grade 0536 MODEL FIT: x%(4) =21.67, p= <0.001 Pseudo-R?=0.24
1 0 (0.0%) 4 (6.8%) Number in data frame =80, Number in model =80, Missing=0
2 6 (28.6%) 12 (20.3%) AIC=80.4, C-statistic=0.82, H&L =Chi-square (8) 10.33 (p=0.243)

3 15 (71.4%) 43 (72.9%)

DCIS Component 0.751 Table 5 Multivariate analysis (bidirectional stepwise selection)
Present 5 (23.8%) 11 (18.6%) Dependent: Absent  Present OR OR (mul-
Not Present 16 (76.2%) 48 (81.4%) Lymphoedema (univariable) tivari-

Lymphovascular Invasion 0433 able)
Present 1(4.8%) 8 (13.6%) BI\;II (kg/ Mean 26.0(3.9) 28.4(3.1) 1.20 1.19

m*) (SD) (1.03-1.41, (1.00-
Not Present 20 (95.2%) 51 (86.4%) p=0.020) 1.42,

Hormone Receptor Status 14 (66.7%) 37 (62.7%) 0.746 p=0.045)

(Positive) Number Mean  135(85) 211 1.09 108

HER-2-Neu Receptor (Positive) 4 (19.0%) 16 (27.1%) 0463 of Lymph (SD) (10.3) (1.03-1.16, (1.01-1.15,

Capsular Invasion 0.118 Nodes p=0.004) p=0.027)
Present 5(23.8%) 5 (8.5%) Removed
Not Present 16 (76.2%) 54 (91.5%) Positive  Mean 1225 3849 1.23 -

Number of Lymph Nodes 211441033 1349+855 0003 Lymph  (SD) (1.05-

Removed Nodes p= 01 O)

Extra Nodal Extension 0.146 RemoYed
Present 5(238%)  6(102%) fji‘jitl:;’” No  50@33) 100067 - -

Not Present 16 (76.2%) 53 (89.8%) (Post-Op-

Radiation to Axilla 11 (52.4%) 9 (15.3%) <0.001 erative)

(Post-Operative) Yes 9450  11(550) 611 457(137-

Positive Lymph Nodes 3.81+4.92 1.15+2.50 0.009 2.01-1858, 1526,

Removed p=0001) p=0013)

Level of Lymph Node 0.262 MODEL FIT: 4(3) =21.54, p= <0.001 Pseudo-R?=0.23

Dissection Number in data frame=80, Number in model=80, Missing=0
ALND 20(9529%)  59(100.0%) AIC=78.6, C-statistic =0.816, H&L=Chi-square (8) 11.86 (p=0.158)

ALND+ Level 3 1 (4.8%) 0 (0.0%)

seroma (Post-Operative) (Yes) 6 (28.6%) 11 (18.6%) 0363 multivariable models. After adjusting for BMI,

Wound Infection (Post-Opera- 3 (14.3%) 8 (13.6%) 1.000 o C . o

ve) (Yes) positive n'odes, and r?dlatlon, each additional node

Restriction in Arm Movement 12 (57.1%) 21 (35.6%) 0.085 removed increased risk by 7% (aOR =1.07,95% CI.

(Post-Operative) (Yes) 1.01-1.16, p=0.037). In the optimized stepwise

model (adjusting for BMI and radiation), each
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Table 6 Performance of study parameters for predicting lymphedema
Variable Total True True False False
Positives Positives Negatives  Positives Negatives
Lymphoedema Present  Absent 21 (262%) - - - -
BMI (kg/mz) (Cutoff: 27.2 by ROC) >=272 <272 40 (50.0%) 16 (20.0%) 35 (43.8%) 24 (30.0%) 5(6.2%)
Number of Lymph Nodes Removed (Cutoff: 16 by >=16 <16 37 (46.2%) 16 (20.0%) 38 (47.5%) 21 (26.2%) 5(6.2%)
ROQ)
Positive Lymph Nodes Removed (Cutoff: 3 by ROC) >=3 <3 18 (22.5%) 10 (12.5%) 51(63.7%) 8 (10.0%) 11 (13.8%)
Table 7 Performance of study parameters for predicting lymphedema
Variable AUROC Sensitivity Specificity PPV NPV Diagnostic
Accuracy
BMI (kg/mz) (Cutoff: 27.2 by ROC) 0.696 (0.57-0.82) 76.2% (53-92)  59.3% (46-72)  40.0% (25-57)  87.5% 63.7%
(73-96) (52-74)
Number of Lymph Nodes Removed (Cutoff: 16 by~ 0.719 (0.60-0.84)  76.2% (53-92)  64.4% (51-76)  432% (27-61)  884% 67.5%
ROQ) (75-96) (56-78)
Positive Lymph Nodes Removed (Cutoff: 3 by ROC)  0.674 (0.54-0.81) 47.6% (26-70)  864% (75-94)  55.6% (31-78)  82.3% 76.2%
(70-91) (65-85)

additional node removed increased risk by 8% (Adj.
OR=1.08, 95% CI: 1.01-1.15, p=0.027).

«  Number of positive lymph nodes: The Number of
positive lymph nodes was higher in patients who
developed lymphoedema (mean 3.81 vs 1.15). On
using the Wilcoxon-Mann—Whitney U Test, there
was a significant difference in terms of Positive
Lymph Nodes Removed (p =0.009), strength of
Association (Point-Biserial Correlation) =0.34
(Medium Effect Size). univariable analysis indicated a
significant association (OR =1.23, 95% CI: 1.05-1.44,
p=0.010), this variable was not an independent
predictor of lymphoedema risk in the multivariate
models. When included in the full multivariable
model simultaneously adjusting for BMI, total lymph
nodes removed, and post-operative axillary radiation,
the association became non-significant (aOR =1.04,
95% CI: 0.85-1.29, p=0.718). Furthermore, the
number of positive lymph nodes was excluded from
the final optimized model derived through
bidirectional stepwise selection.

« Post-operative radiation: Axillary radiation
significantly increased risk (55% vs. 16.7%). Chi-
square test showed a significant difference between
the various groups in terms of distribution of
lymphoedema (x2=11.386, p= <0.001). Strength
of association by Cramer's V test=0.38 (Moderate
Association) and strength of association by Bias
Corrected Cramer's V =0.36 (Moderate Association).
Univariable OR: 6.11 (95% CI: 2.01-18.58, p=0.001).
On Multivariate Analysis (Stepwise Model): aOR:
4.57 (95% CI: 1.37-15.26, p=0.013). which implies
radiation remains the strongest independent
predictor, with 357% higher risk after adjusting for
BMI/nodal dissection.

BMI (kg/m?) demonstrated poor diagnostic perfor-
mance for predicting lymphoedema with an AUROC of
0.696 (95% CI: 0.57—0.82), which was statistically sig-
nificant (p=0.008); at a cutoff>27.2, sensitivity was 76%
and specificity was 59%. The Number of Lymph Nodes
Removed showed fair diagnostic performance with an
AUROC of 0.719 (95% CI: 0.60—0.83), statistically sig-
nificant (p=0.003); at a cutoff>16, sensitivity was 76%
and specificity was 64%. Positive Lymph Nodes Removed
demonstrated poor diagnostic performance with an
AUROC of 0.674 (95% CI: 0.53—0.81), statistically sig-
nificant (p =0.009); at a cutoff > 3, sensitivity was 48% and
specificity was 86%. All three parameters demonstrated
high negative predictive values (82.3-88.4) (Fig. 3).

Non-significant factors included age (p=0.635), che-
motherapy type (taxane vs. trastuzumab, p =0.496), hor-
mone receptor status (p=0.746), pre-operative T- stage
and N- stage, presence of in situ component (p=0.751),
Lymphovascular invasion (p=0.433), capsular invasion
(p=0.116), extra nodal extension (p=0.146) and post-
operative complications like seroma (p = 0.363) or wound
infection (p = 1.000).

Discussion

This prospective observational study sought to address
gaps by identifying clinicopathological predictors of early
lymphoedema in Indian breast cancer patients undergo-
ing modified radical mastectomy (MRM).

Lymphoedema developed in 21 out of 80 patients
(26%). This finding is concordant with data projected by
similar studies in the literature, reporting incidence rang-
ing from 10 to 45%. In a recent meta-analysis, in which
57 studies were analysed, the overall estimated incidence
of chronic arm oedema following axillary lymph node
dissection was documented to be 21.4% [16].
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Fig. 3 Area under ROC curve analysis for predictors of Lymphedema (BMI, Total number of Lymph nodes Removed, Number of Positive lymph nodes)

Higher BMI (mean 28.42 vs 26.04 kg/m?% t=2.783,
p=0.008) and left-sided tumours (40% vs 18% incidence;
x> =4.688, p=0.030; OR=3.04, CI=1.09-8.48) emerged
as significant clinical predictors of lymphoedema. Cru-
cially, BMI maintained independent predictive sta-
tus after multivariate adjustment (Adj. OR=1.19, 95%
CIL:1.00-1.42, p=0.045), with each unit increase confer-
ring 19% higher risk. The total number of lymph nodes
removed demonstrated robust independent association
(mean 21.14 vs 13.49; W =2891.000, p=0.003), remain-
ing significant in both full (Adj. OR=1.07, 95% CI:1.01-
1.16, p=0.037) and stepwise models (Adj. OR=1.08, 95%

CIL:1.01-1.15, p=0.027), indicating 7—-8% increased risk
per additional node excised after controlling for con-
founders. Post-operative axillary radiation constituted
the strongest independent predictor (55% vs 16.7% inci-
dence; x*=11.386, p <0.001; stepwise Adj. OR =4.57, 95%
CIL:1.37-15.26, p=0.013), translating to 357% elevated
risk when adjusted for BMI and nodal dissection. While
positive lymph node count was elevated in lymphoe-
dema cases (mean 3.81 vs 1.15; W =835.500, p=0.009)
and significant univariably (OR=1.23, 95% CI:1.05-1.44,
p=0.010), it lost independence in multivariate analysis
(full model Adj. OR=1.04, 95% CI:0.85-1.29, p=0.718)
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and was excluded from the stepwise model, suggesting its
effects are mediated through total nodal excision. Non-
significant factors included age (p =0.635), chemotherapy
type (p=0.496), hormone receptor status (p =0.746), pre-
operative T/N stage, histopathological features (in situ
component p=0.751; LVI p=0.433; capsular/extra nodal
invasion p=0.116-0.146), and post-operative complica-
tions (seroma p =0.363; infection p =1.000).

The association of a higher BMI with increased inci-
dence of lymphoedema concurs with similar studies doc-
umented in the literature, including meta-analysis of 57
studies by Manirakiza et. al. and prospective studies by
Degnim et al.,, Clark et al., Dominick et al., and Kwan et
al., among others [17-21]. In our study, we observed that
patients with lymphoedema had a higher BMI (28.42)
than those without (26.04) (p=0.0081), indicating that a
higher BMI could increase the risk for lymphoedema. The
cause of this effect is complex and multifactorial. A func-
tional link has emerged between lymphatic malfunction
and the pathogenesis of obesity. Patients with higher BMI
may require more lymphatic channels for higher lymph
flow to facilitate drainage. It is likely to result from the
capacity of the lymph and circulatory imbalance [22]. So,
either it could be that a heavier arm needs more lymph
flow to maintain optimum lymph content, or it is because
the surgery is more extensive/destructive due to the pres-
ence of more adipose tissue in the axilla [16, 23]. Studies
have also claimed that obese patients are susceptible to
fat necrosis, poor wound healing, and infection, and the
separation of deep lymphatic channels by additional sub-
cutaneous fat, thus leading to lymphoedema [24].

In our study, patients with left-sided breast carcinoma
demonstrated a significantly higher incidence of ipsilat-
eral arm lymphoedema (40%) compared to those with
right-sided carcinoma (18%), with this difference being
statistically significant (x>=4.688, p=0.030). While this
association is clearly observed, the underlying mecha-
nisms remain speculative and require further investiga-
tion. Potential explanations might include anatomical
asymmetries in venous or lymphatic drainage between
sides, or the fact that all patients had right-hand domi-
nance—possibly leading to differential limb use patterns
that could theoretically influence fluid dynamics. How-
ever, these remain hypotheses needing rigorous vali-
dation; causation cannot be inferred from the present
data. Similar associative findings were reported by Singh
et al. [25], though the biological or behavioural basis for
this lateralization effect warrants dedicated mechanistic
studies.

A significant difference emerged in lymph node
removal between groups (mean 21.14 vs. 13.49;
W =891.000, p=0.003), with univariable analysis show-
ing each additional node increased lymphedema risk
by 9% (OR 1.09, 95% CI 1.03-1.16, p=0.004). Crucially,
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this association persisted after multivariate adjustment
for BMI and radiation (Adj. OR 1.08, 95% CI 1.01-1.15,
p=0.027), suggesting an independent 8% risk increase
per node. While this effect may reflect mechanical dis-
ruption of lymphatics, alternative explanations like
more aggressive disease biology in extensively dissected
cases could theoretically contribute — particularly given
these patients' higher positive node burden (mean 3.81 vs
1.15). The findings align with Clark et al. and Dominick et
al. [18, 19] but contradict Yen et al. and Beaulac et al. [26,
27], highlighting the need for larger studies dissecting
causal pathways between surgical extent, tumour biology,
and lymphedema development.

A significant difference was observed in positive
lymph node counts between groups (mean 3.81 vs. 1.15;
W =835.500, p=0.009), with univariable analysis indicat-
ing a 23% increased lymphedema risk per positive node
(OR 1.23, 95% CI 1.05-1.44, p=0.010). However, this
association did not persist in multivariate analysis when
adjusted for BMI, total nodes removed, and radiation
(Adj. OR 1.04, 95% CI 0.85-1.29, p=0.718). While this
univariable relationship might theoretically reflect greater
lymphatic disruption or more aggressive disease biol-
ogy, causation cannot be established from these data. The
effect appears largely explained by its correlation with the
extent of nodal dissection (total nodes removed), which
remained independently significant. Similar associative
patterns were reported by Ahmed et al. and Zou L et al.
[28, 29], though the non-independent nature of this vari-
able in our models suggests these findings require careful
reinterpretation in light of surgical extent confounders.

Notably, the study found no association between hor-
mone receptor status or chemotherapy type (taxane vs.
trastuzumab) and lymphoedema, contrasting with West-
ern cohorts where HER2-targeted therapies correlate
with higher incidence [30].

The ROC-derived cutoffs (BMI>27.2 kg/m?% nodal
dissection>16 nodes; positive nodes=>3) offer clinically
actionable thresholds for risk stratification despite sub-
optimal individual diagnostic performance (AUCs <0.72).
These parameters should be integrated into a combinato-
rial risk assessment model rather than used in isolation,
prioritizing patients with multiple risk factors—par-
ticularly those receiving axillary radiation (highest inde-
pendent risk) or with left-sided tumours. We propose
intensified surveillance (e.g. Clinical examination and
assessment patient-reported outcomes, quarterly bio-
impedance measurements, early physiotherapy referral)
for high-risk cohorts defined by:

1. Major criterion: Axillary radiation
2. Minor criteria:

o BMI>27.2 kg/m.?



Khan et al. BMC Surgery (2025) 25:525

o 216 lymph nodes removed
o Left-sided primary tumour

The high negative predictive values (NPV 82-88%) sup-
port using these cutoffs to identify low-risk patients who
may require less intensive monitoring. Future studies
should validate these algorithms and incorporate radia-
tion status and laterality to optimize resource allocation
in lymphedema prevention programs.

By bridging critical gaps in region-specific evidence,
this study provides hope for prioritizing high-risk
patients and adopt preventive measures such as pre-
operative BMI optimization, tailored radiation planning,
early identification and referrals for high-risk cohorts.
Future research should explore genetic and biomarker
profiles (e.g., miR-21, TGE-p levels) to refine predictive
models and enable precision medicine approaches. In
resource-constrained settings, integrating BCRL surveil-
lance into national cancer control programs and training
community health workers in early symptom recogni-
tion could mitigate long-term disability, underscoring the
imperative of holistic, patient-centred survivorship care.

Limitations

The study's sample size limits its statistical power for
detecting small-effect associations and subgroup analy-
ses, increasing Type II errors for small-effect predictors.
While BMI, nodal dissection, and radiation emerged as
robust predictors in our cohort, their effect sizes and
clinical utility require validation in larger, multi-centre
studies before implementation in guidelines. While our
findings identified risk factors for early-onset lymph-
edema, long-term studies are needed to assess predic-
tors of late onset lymphedema. Several confounders exist,
like comorbidity granularity (diabetic status recorded
but not glycaemic control/neuropathy severity), treat-
ment specifics (chemotherapy timing/agents and radia-
tion dosimetry/fields), and post-operative factors (drain
duration, compression compliance, rehabilitation inten-
sity),) may influence risk estimates. Future studies should
incorporate detailed treatment and comorbidity data.
This study lacks patient-reported outcomes, potentially
limiting sensitivity for stage 0—1 lymphedema. Circum-
ferential measurement with 10% cut- off was chosen
due to resource-limited settings, balancing specificity
(reducing false positives) with feasibility. The association
of left-sided tumours remains speculative. Though inter
observer reliability was not done which may contribute
to systemic error, but similar studies on circumferential
methods demonstrate high intra observer reliability [31].
Generalizability is limited by single-centre model and
may not reflect community-level LMIC resource limita-
tions affecting treatment decisions.
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Conclusion

This study confirms a substantial early onset lymphoe-
dema burden (26%) in Indian patients after Modified
Radical Mastectomy. Key findings support a practical
risk-stratification approach using readily available clinical
factors: elevated BMI, left-sided tumour laterality, extent
of nodal dissection, and post-operative axillary radiation.
Notably, the novel finding of increased lymphoedema
risk with left-sided tumours suggests potential ana-
tomical or biomechanical influences, but needs further
exploration before causation can be determined. Future
studies should combine circumferential measurements
with validated PRO tools to correlate objective findings
with symptom burden. We propose prioritizing intensi-
fied surveillance for patients possessing multiple risk
factors (Axillary radiation, higher BMI, extensive lymph
node dissection). This targeted strategy can be crucial
for optimizing resource allocation in constrained set-
tings, enabling pre-operative weight management and
early intervention in high-risk groups. Validation of these
predictors through larger multi-centre studies is essential
to establish standardized, evidence-based lymphoedema
prevention protocols.
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