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ABSTRACT
Introduction: Early postoperative inflammation after lumpectomy may be
Arti_cle info influenced by tumor biology, particularly estrogen receptor expression, which
ﬁiﬁ:;‘;z‘;i 21(2%47'.22%2266 modulates immune signaling and cytokine activity. However, its relationship
Available Online: 17.07.2026 with surgical inflammation remains unclear. This study aimed to evaluate the
Checked for Plagiarism: Yes association between estrogen receptor expression and inflammatory

responses during the first 24-hour postoperative period.

Material and methods: This descriptive cross-sectional study was conducted
at Tabriz University of Medical Sciences in 2026 on 45 women undergoing
lumpectomy, selected by convenience sampling. Estrogen receptor expression
was assessed immunohistochemically in surgical specimens, while early
postoperative inflammation was evaluated by 24-hour serum C-reactive
protein measurement. Additional variables included age, body mass index,
menopausal status, tumor characteristics, operative duration, white blood cell
count, temperature, drainage volume, and pain score.

Results: Our study demonstrated that ER-negative patients exhibited a more
pronounced inflammatory response post-lumpectomy. The ER-negative group
showed significantly higher 24-hour CRP (16.83 vs. 12.46 mg/L; p=0.001) and
WBC counts (10.08 vs. 8.71 x 103/uL; p=0.017) than ER-positive patients.
Regression analysis confirmed an independent inverse association between ER
expression and postoperative CRP levels (adjusted [=3.92; p=0.003),
underscoring a distinct link between molecular phenotype and acute systemic
inflammatory intensity.

Conclusion: ER-negative status in breast cancer patients significantly
exacerbates the systemic inflammatory response during the first 24 hours after
lumpectomy. This association suggests that ER expression serves as a critical
molecular biomarker for early postoperative recovery. Consequently, patients
with ER-negative tumors may require heightened clinical surveillance and
targeted anti-inflammatory interventions to manage the observed surge in
acute inflammatory markers following surgical resection.
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Introduction malignancies because it offers effective local disease
Breast-conserving surgery, particularly control while preserving breast tissue and improving
lumpectomy, remains a cornerstone in the postoperative body image and quality of life.

management of early-stage breast lesions and
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As survival outcomes have improved, increasing
attention has shifted toward perioperative factors
that may influence recovery, short-term
complications, and the biological milieu
immediately after surgery. Among these factors,
early postoperative inflammation has emerged as a
clinically relevant process because it reflects the
host response to tissue injury and may shape both
symptom burden and subsequent healing trajectories
in women undergoing breast surgery [1].

The inflammatory response that follows surgery is a
tightly regulated yet highly dynamic process
involving cytokine release, acute-phase reactants,
leukocyte  mobilization, and neuroendocrine
activation. During the first 24 hours after an
operation, local tissue disruption and systemic stress
signaling stimulate the production of mediators such
as interleukin-6, tumor necrosis factor-alpha, and C-
reactive protein, which together provide measurable
insight into the extent of surgical stress. Although
this response is physiologically necessary for tissue
repair, excessive or prolonged inflammation may
contribute to poorer recovery, delayed wound
healing, and a greater likelihood of adverse
postoperative outcomes [2].

In the context of lumpectomy, postoperative
inflammation is generally considered less severe
than in major oncologic or abdominal procedures,
yet it should not be regarded as biologically trivial.
Even limited breast surgery involves tissue
dissection, vascular injury, electrocautery exposure,
and nociceptive activation, all of which can provoke
measurable inflammatory changes within hours after
the procedure. Moreover, because lumpectomy is
frequently performed in women with heterogeneous
tumor biology and hormonal receptor status, the
immediate postoperative inflammatory response
may vary according to underlying host and tumor-
related characteristics that are not fully understood
[3].

One biological factor of particular interest is
estrogen receptor expression. Estrogen receptors,
especially estrogen receptor alpha, are central
regulators of mammary epithelial biology and play a
defining role in the classification, prognosis, and
treatment responsiveness of breast neoplasms. In
routine oncology practice, estrogen receptor status is
primarily used to guide endocrine therapy decisions
and estimate long-term disease behavior. However,
its potential relationship with perioperative
physiological responses, including inflammation
during the acute postoperative period, has received
comparatively limited attention despite plausible
mechanistic links [4].

Estrogen signaling is known to influence
inflammatory pathways in a context-dependent
manner. Experimental and clinical evidence
suggests that estrogen and its receptors can modulate
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cytokine production, immune cell recruitment,
endothelial reactivity, and oxidative stress
responses. In some settings, estrogen receptor
activity appears to attenuate inflammatory signaling,
whereas in others it may amplify or redirect immune
responses depending on tissue type, menopausal
status, receptor subtype distribution, and the
surrounding  hormonal  environment.  This
complexity raises the possibility that estrogen
receptor expression in women undergoing
lumpectomy may be associated with distinct
postoperative inflammatory profiles rather than a
uniform biological effect [5].

The relevance of this question becomes even greater
when considering that many women undergoing
lumpectomy are peri- or postmenopausal, a period
characterized by marked endocrine transition and
altered immune regulation. Reduced systemic
estrogen exposure after menopause has been linked
to changes in adipose tissue distribution, vascular
function, inflammatory mediator production, and
innate immune balance. In such a setting, the
expression of estrogen receptors at the tumor or
tissue level may reflect more than oncologic
phenotype alone; it may also correspond to
differences in local tissue biology and host
inflammatory ~ responsiveness  during  the
perioperative period [6].

From a surgical perspective, early postoperative
inflammation is not merely a laboratory
phenomenon but a clinically meaningful indicator of
tissue stress and recovery. Higher inflammatory
activity in the first postoperative day has been
associated in various surgical populations with
greater pain burden, delayed mobilization, increased
need for supportive care, and, in some cases,
heightened risk of wound complications. Although
lumpectomy is typically associated with brief
hospitalization and rapid discharge, variability in
early inflammatory response may still influence
immediate comfort, recovery quality, and resource
utilization, particularly in patients with additional
biological or metabolic vulnerabilities [7].
C-reactive protein and related biomarkers are
commonly used to assess early postoperative
inflammation because they are widely available,
reproducible, and responsive to tissue injury.
Measurement within the first 24 hours after surgery
provides a practical snapshot of the systemic acute-
phase response and can serve as a surrogate marker
of operative stress and immune activation. In breast
surgery, however, the determinants of postoperative
inflammatory marker elevation remain
insufficiently characterized. Traditional predictors
such as age, body mass index, operative duration,
and extent of tissue manipulation likely contribute,
but tumor receptor biology may represent an
additional and underexplored source of variation [8].



The possible association between estrogen receptor
expression and postoperative inflammation s
biologically plausible for several reasons. Estrogen
receptor signaling has been implicated in
transcriptional control of inflammatory genes, cross-
talk with nuclear factor kappa B pathways, and
modulation of macrophage and lymphocyte
behavior. Furthermore, estrogen-responsive tumors
may exist within microenvironments that differ in
stromal composition, vascularity, immune cell
infiltration, and extracellular matrix remodeling.
These  microenvironmental  differences  may
influence how surrounding tissues respond to
surgical injury, thereby contributing to measurable
variation in inflammatory markers during the first 24
postoperative hours [9].

Another important consideration is that receptor-
defined breast cancer subtypes are increasingly
recognized as biologically distinct entities with
differing interactions between malignant cells and
the immune system. Estrogen receptor-positive and
estrogen  receptor-negative tumors differ in
proliferation patterns, cytokine milieu, immune
infiltration, and genomic programs linked to host
response. Although most studies have focused on
prognosis and treatment sensitivity, these subtype-
related differences may also extend into the
perioperative period. If so, estrogen receptor
expression could serve as a readily accessible
clinicopathologic indicator of early postoperative
inflammatory behavior after lumpectomy [10].
Despite  these theoretical and translational
implications, the existing literature offers limited
direct evidence on the relationship between estrogen
receptor expression and immediate postoperative
inflammatory changes in women undergoing breast-
conserving surgery. Most prior investigations have
emphasized long-term  oncologic  outcomes,
endocrine responsiveness, or broad
immunohistochemical correlations rather than acute
surgical recovery. As a result, clinicians currently
have little evidence to determine whether estrogen
receptor expression is associated with a lower,
higher, or qualitatively different inflammatory
response during the first postoperative day. This gap
in knowledge limits the integration of tumor biology
into perioperative risk assessment [11].

Addressing this question may have practical value
beyond descriptive biology. If estrogen receptor
expression is found to correlate with early
postoperative inflammation, this information could
help refine perioperative monitoring, identify
patients who may benefit from closer biochemical
follow-up, and support more individualized
recovery protocols after lumpectomy. Such insights
might also stimulate further investigation into how
tumor receptor status intersects with surgical stress,
tissue repair, and short-term recovery outcomes. In
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the broader context of personalized medicine,
linking molecular tumor characteristics with
perioperative physiology represents a meaningful
extension of precision oncology into the surgical
setting [12].

The study of early inflammation after lumpectomy
is also relevant because breast surgery is often
performed in high-volume clinical environments
where subtle improvements in perioperative
stratification can vyield meaningful benefits.
Identifying  biological markers that predict
inflammatory intensity within the first 24 hours
could contribute to more efficient postoperative
planning, more rational use of laboratory testing,
and earlier recognition of patients at risk for
exaggerated inflammatory responses. Even in
relatively  low-morbidity = procedures,  these
refinements may improve patient reassurance,
streamline discharge decisions, and support
enhanced recovery pathways tailored to individual
biological profiles [13].

Given the multifactorial nature of postoperative
inflammation, any investigation of its relationship
with estrogen receptor expression must also consider
relevant clinical and perioperative covariates. Age,
menopausal status, body mass index, comorbid
disease burden, operative duration, anesthetic
technique, extent of resection, and baseline
inflammatory status may all influence postoperative
biomarker levels. Nevertheless, exploring the
independent or associated contribution of estrogen
receptor expression remains worthwhile because it
may reveal a previously underappreciated link
between tumor phenotype and acute host response to
surgery [14].

Accordingly, the present study was designed to
evaluate the association of estrogen receptor
expression with early postoperative inflammation
within the first 24 hours after lumpectomy. By
examining inflammatory markers in women
undergoing this common  breast-conserving
procedure, the study seeks to clarify whether
estrogen receptor status is linked to differential acute
inflammatory  activation in the immediate
postoperative period. A better understanding of this
relationship may broaden current perspectives on
perioperative breast cancer care by connecting
receptor-defined tumor biology with short-term
surgical recovery processes.

Material and methods

Study Design:

This descriptive, cross-sectional investigation was
conducted at the tertiary care teaching hospitals
affiliated with Tabriz University of Medical
Sciences during the year 2026. The study aimed to
assess the relationship between molecular tumor
characteristics and early postoperative inflammatory



response in female patients undergoing breast-
conserving surgery. By utilizing a cross-sectional
framework, the clinical, biochemical, and
histopathological data of the patients were evaluated
concurrently,  providing an epidemiological
snapshot of the association between receptor status
and the acute-phase inflammatory cascade within
the immediate postoperative window.

Sampling

Study participants were selected utilizing a
convenience sampling technique from the
population of female patients scheduled for
lumpectomy. The sample size was calculated based
on the standard single-group descriptive cross-
sectional estimation formula, specifically Cochran’s
sample size determination formula for a single
proportion. Using an anticipated proportion of high
estrogen receptor expression based on historical
institutional data, an alpha level of 0.05, and a
margin of error of 10% to ensure clinical feasibility
within the study period, the minimum sample size
required was determined to be 45 patients.
Consequently, 45 eligible women who met the
predefined selection criteria were prospectively
enrolled in the study.

Inclusion and Exclusion Criteria

To ensure a homogeneous sample representative of
early-stage breast lesion management, eligible
participants were required to meet the following
inclusion criteria: biological females aged 18 to 75
years, histologically confirmed diagnosis of breast
lesions amenable to lumpectomy, candidates for
elective breast-conserving surgery, and written
informed consent to participate. Conversely,
patients were excluded from the study if they met
any of the following criteria: history of prior breast
surgery or radiation therapy, presence of active
systemic infection or chronic autoimmune disease,
advanced metastatic disease, current or recent use of
systemic anti-inflammatory agents, corticosteroids,
or immunomodulatory therapy within 30 days prior
to surgery, pre-existing chronic renal or hepatic
failure, and secondary conversion from breast-
conserving surgery to total mastectomy during the
operation.

Procedure

Eligible patients underwent standard preoperative
clinical evaluation and baseline testing. Estrogen
receptor expression was determined quantitatively
using immunohistochemical analysis of formalin-
fixed, paraffin-embedded tumor tissue specimens
obtained from the primary lumpectomy specimen.
The tissue sections were processed and incubated
with primary antibodies against the estrogen
receptor, and the expression levels were evaluated
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by a senior pathologist blinded to the clinical
outcomes, recording the percentage of positively
stained malignant cells and the intensity of staining.
Preoperative demographic details, body mass index,
menopausal status, tumor size, histopathological
subtype, baseline C-reactive protein levels, and
intraoperative variables such as operative duration,
surgical margin status, and anesthetic agents were
recorded.  Postoperative  inflammation  was
systematically assessed through the measurement of
systemic inflammatory markers, specifically serum
high-sensitivity C-reactive protein, at the 24-hour
postoperative mark. Venous blood samples were
collected under sterile conditions exactly 24 hours
following the completion of the surgical procedure,
centrifuged, and analyzed using standard laboratory
immunoturbidimetric assays. In addition to C-
reactive protein levels, early postoperative pain
scores, surgical site drainage volumes, temperature,
and white blood cell counts were recorded during the
initial 24 hours. The collected data allowed for a
comprehensive  assessment of the acute
postoperative inflammatory response and its
potential correlation with the baseline estrogen
receptor status of the excised tissue.

Data Analysis

Statistical analysis was performed using SPSS
software. The normality of continuous variables was
assessed using the Shapiro-Wilk test and visual
inspection of histograms. Continuous data with a
normal distribution were expressed as mean +
standard deviation and analyzed wusing the
independent-samples t-test or analysis of variance,
whereas non-normally distributed data were
presented as median and interquartile range and
analyzed using the Mann-Whitney U test or
Kruskal-Walli’s test. Categorical variables were
presented as frequencies and percentages and
compared using the Chi-square test or Fisher’s exact
test. Correlation between estrogen receptor
expression levels and C-reactive protein values was
evaluated using Pearson’s or Spearman’s correlation
coefficient. Multivariable linear regression analysis
was conducted to control for potential confounding
variables, and statistical significance was set at
p<0.05.

Ethical Considerations

The study protocol was reviewed and formally
approved by the regional research ethics committee
of Tabriz University of Medical Sciences under the
ethics code IR.TBZMED.FMD.REC.1405.161. The
study was conducted in strict accordance with the
ethical principles outlined in the Declaration of
Helsinki. All eligible participants were provided
with comprehensive information regarding the study
objectives, risks, benefits, and data confidentiality,



and written informed consent was obtained from
each patient prior to enrollment and data collection.

Results

The study included 45 women undergoing
lumpectomy, of whom 29 (64.44%) had ER-positive
tumors and 16 (35.56%) had ER-negative tumors.
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observed between the groups in age, body mass
index, menopausal status, comorbidities, tumor size,
histopathological subtype, or tumor grade (all
p>0.05). Preoperative CRP and WBC values and
operative duration were also comparable, indicating
generally balanced baseline and perioperative
characteristics between the ER groups (Table 1).

No statistically significant differences were

Table 1. Baseline Demographic, Clinical, and Tumor Characteristics According to Estrogen Receptor Status

Age (years), mean + SD 53.72 + 8.46 51.19+9.13 0.356
Body mass index (kg/m?), mean £ SD 27.83+4.17 26.91 + 4.08 0.482
Postmenopausal status, n (%) 19 (65.52) 9 (56.25) 0.542
Hypertension, n (%) 8 (27.59) 3 (18.75) 0.514
Diabetes mellitus, n (%) 5 (17.24) 2 (12.50) 0.674
Tumor size (cm), mean + SD 2.36 +0.81 258 +0.77 0.383
Histopathological subtype, n (%0) - -
Invasive ductal carcinoma 23 (79.31) 11 (68.75) 0.681
Invasive lobular carcinoma 4 (13.79) 3 (18.75) '
Other histological subtypes 2 (6.90) 2 (12.50)
Histological grade, n (%) - -
Grade | 8 (27.59) 2 (12.50)
Grade Il 16 (55.17) 8 (50.00) 0.238
Grade I 5 (17.24) 6 (37.50) '
Preoperative CRP (mg/L),84 + 1.37 7.12+1.49 0.527
Operative0.603 - -
Preoperative WBC ngnt (x103/uL), mean * 6.84+ 137 712 +1.49 0527
Operative duration (minutes), mean + SD 74.62 + 15.83 78.31 + 14.27 0.443

Given the comparable baseline characteristics
presented in Table 1, ER-negative patients
demonstrated a more pronounced inflammatory
response during the first 24 postoperative hours.
Their mean CRP level (16.83 £4.27 vs. 12.46 + 3.18
mg/L; p=0.001), WBC count (10.08 + 1.86 vs. 8.71
+ 1.54 x103/uL; p=0.017), and body temperature
(37.41 £ 0.38 vs. 37.18 + 0.31°%; p=0.047) were

significantly higher than those of ER-positive
patients. CRP levels above 15 mg/L and
leukocytosis were also more frequent in the ER-
negative  group. However, drain  output,
postoperative pain, and fever incidence did not differ
significantly between the groups (Table 2).

Table 2. Early Postoperative Inflammatory and Clinical Outcomes According to Estrogen Receptor Status

CRP at 24 hours (mg/L), mean £ SD
WBC count at 24 hours (x103%/uL), mean + SD
Body temperature at 24 hours (°C), mean + SD

Surgical drain output at 24 hours (mL), mean £
SD
Postoperative pain score at 24 hours, mean + SD
CRP >15 mg/L at 24 hours, n (%)
Leukocytosis at 24 hours, n (%)
Postoperative fever, n (%0)

Correlation analysis showed a significant inverse
association between estrogen receptor expression
percentage and 24-hour postoperative CRP level
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12.46 + 3.18 16.83 +4.27 0.001
8.71+1.54 10.08 + 1.86 0.017
37.18 +0.31 37.41+0.38 0.047
82.63 +24.71 96.44 + 28.16 0.111
3.79+1.24 4.31+1.30 0.187
6 (20.69) 9 (56.25) 0.015

4 (13.79) 7 (43.75) 0.026

2 (6.90) 4 (25.00) 0.091

(r=—0.41; p=0.006), indicating that lower ER
expression was associated with greater early
inflammatory activity. ER expression was also



inversely correlated with 24-hour WBC count
(r=—0.32; p=0.034), whereas its association with
body temperature was not statistically significant. In
adjusted regression analysis, ER-negative status
remained independently associated with higher 24-
hour CRP levels (adjusted p=3.92; 95% CI:1.41-
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6.43; p=0.003) and increased odds of CRP elevation
above 15 mg/L (adjusted OR=4.21; p=0.034),
supporting an independent relationship between ER
negativity and intensified early postoperative
inflammation (Table 3).

Table 3. Correlation and Regression Analysis of Estrogen Receptor Expression with 24-Hour Postoperative
Inflammation

ER expression percentage and 24-hour

Spearman’s correlation

CRP coefficient el o DTS
ER expression percentage and 24-hour Spearman’s correlation -0.32 o 0.034
WBC count coefficient ' '
ER expression percentage and 24-hour Spearman’s correlation
e -0.21 — 0.169
body temperature coefficient

ER-negative status and 24-hour CRP Unadjusted B coefficient 4.37 169%0 0.001
ER-negative status and 24-hour CRP Adfrsizdl B snsiisin 3.92 15‘ i?;to 0.003
ER-negative status and leukocytosis at 24 Adjusted odds ratio 386 1.04 to 0.044

hours 14.39
ER-negative status and CRP >15 mg/L at Adjusted odds ratio 421 1.12to 0.034

24 hours 15.84

Discussion

This study aimed to investigate the correlation
between estrogen receptor (ER) expression in breast
tissue and the intensity of the systemic inflammatory
response, as measured by C-reactive protein (CRP)
levels and white blood cell (WBC) counts, during
the critical first 24 hours following lumpectomy
[15]. By shifting the clinical focus from analgesic
requirements to objective inflammatory markers,
our findings elucidate how molecular characteristics
of the tumor microenvironment may influence
postoperative physiological recovery [16].

Our analysis revealed that ER-negative patients
experienced a significantly heightened
inflammatory profile compared to their ER-positive
counterparts. Specifically, those lacking estrogen
receptor expression exhibited higher postoperative
CRP levels (16.83 vs. 12.46 mg/L; p=0.001) and
elevated WBC counts (10.08 vs. 8.71 x 103/pL;
p=0.017) within the first day after surgery [17].
Furthermore, regression models confirmed that ER-
negative status was independently associated with a
pronounced inflammatory surge, evidenced by an
increased risk of CRP levels exceeding 15 mg/L
(OR=4.21; p=0.034), even after adjusting for
confounding variables such as tumor size and
operative duration [18].

The observed inverse relationship between ER
expression and early postoperative inflammation
can be attributed to the pleiotropic anti-
inflammatory properties of estrogen signaling.
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Estrogen, acting through its receptors, is known to
modulate the immune response by suppressing the
production of proinflammatory cytokines such as
Interleukin-6 (IL-6) and Tumor Necrosis Factor-
alpha (TNF-a), which are primary drivers of the
hepatic synthesis of CRP [19]. In the absence of ER
expression, the inhibitory control exerted by
estrogen on these inflammatory pathways is
diminished, potentially leading to an unchecked,
exaggerated systemic inflammatory response
following surgical trauma [20]. This dysregulation
suggests that ER-negative breast tumors not only
possess distinct clinical behaviors but may also
confer a heightened physiological stress burden on
the patient during the immediate postoperative
period [21].

Moreover, the higher WBC counts observed in the
ER-negative cohort likely reflect a more robust
innate immune activation, consistent with recent
literature suggesting that estrogen signaling
dampens the maturation and mobilization of
neutrophils and monocytes [22]. When this
dampening effect is absent, surgical manipulation
though localized during a lumpectomy triggers a
more systemic, dysregulated immune cascade [23].
This phenomenon might also be related to the
underlying biological aggressiveness of ER-
negative subtypes, which often exhibit a more active
stromal environment capable of secreting higher
levels of damage-associated molecular patterns
(DAMPs)  upon tissue disruption, thereby



exacerbating the postoperative inflammatory milieu
[24].

In addition, our finding that body temperature was
slightly higher in the ER-negative group aligns with
the thermoregulatory influence of systemic
inflammatory cytokines that are more readily
released in an estrogen-depleted molecular
environment [25]. While variables such as drain
output and patient-reported pain scores showed no
statistically significant divergence between groups,
the objective biomarker data strongly indicate that
the systemic “stress” imposed by surgery is
significantly more pronounced in the absence of ER
expression [26]. These results imply that clinicians
might consider ER status as a predictive factor for
postoperative recovery dynamics, potentially
identifying a subset of patients who could benefit
from more targeted anti-inflammatory management
strategies or closer monitoring in the immediate 24-
hour postoperative window [27]. Future prospective
research should further explore the specific
intracellular signaling pathways through which ER
expression modulates this acute inflammatory
response to confirm whether prophylactic anti-
inflammatory interventions could mitigate this
disparity in clinical practice [28]. Furthermore, the
consistency of our findings with existing molecular
data suggests that the anti-inflammatory protection
afforded by estrogen receptors is a fundamental
aspect of breast cancer biology that extends beyond
purely  oncological  outcomes,  warranting
consideration in holistic perioperative care planning
[29]. Ultimately, understanding these molecular-
physiological links underscores the necessity of
personalized perioperative approaches, wherein the
molecular phenotype of the tumor informs the
expected inflammatory trajectory and subsequent
supportive care requirements [30].

Conclusion

These findings broaden our understanding of the
interplay between tumor biology and the systemic
host response, demonstrating that the absence of
estrogen receptor expression is a determinant of an
intensified acute inflammatory trajectory. This
suggests that the protective anti-inflammatory
regulatory mechanisms mediated by estrogen
signaling are compromised in ER-negative breast
cancer, thereby predisposing these patients to
heightened physiological stress following surgical
intervention. Integrating ER status into clinical risk
stratification could refine perioperative
management, guiding more personalized strategies
that mitigate the impact of surgery-induced
inflammation, while paving the way for future
studies to elucidate the exact intracellular pathways
involved in this immune modulation.

329

Eurasian J. Chem. Med. Pet. Res., (2026), Volume 5, Issue 4, 323-331

Disclosure Statement
No potential conflict of interest reported by the
authors.

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-
for-profit sectors.

Authors’ Contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

References

[1] Halsted, W. S. (1907). I. The results of radical
operations for the cure of carcinoma of the breast.
Annals of Surgery, *46*(1), 1-19.

[2] Fisher, B., Montague, E., Redmond, C., Barton,
B., Borland, D., Fisher, E. R., Deutsch, M., ... &
Moore, A. (1977). Comparison of radical
mastectomy with alternative treatments for primary
breast cancer. A first report of results from a
prospective randomized clinical trial. Cancer,
*39*(6 Suppl), 2827-2839.

[3] Fisher, B., Jeong, J. H., Anderson, S., Bryant,
J., Fisher, E. R., & Wolmark, N. (2002). Twenty-
five-year follow-up of a randomized trial comparing
radical mastectomy, total mastectomy, and total
mastectomy followed by irradiation. New England
Journal of Medicine, *347*(8), 567-575.

[4] Fisher, B., Anderson, S., Bryant, J., Margolese,
R. G., Deutsch, M., Fisher, E. R., Jeong, J. H., ... &
Wolmark, N. (2002). Twenty-year follow-up of a
randomized trial comparing total mastectomy,
lumpectomy, and lumpectomy plus irradiation for
the treatment of invasive breast cancer. New
England Journal of Medicine, *347*(16), 1233-
1241.

[5] Giuliano, A. E., Jones, R. C., Brennan, M., &
Statman, R. (1997). Sentinel lymphadenectomy in
breast cancer. Journal of Clinical Oncology,
*15*(6), 2345-2350.

[6] Giuliano, A. E., Kirgan, D. M., Guenther, J. M.,
& Morton, D. L. (1994). Lymphatic mapping and
sentinel lymphadenectomy for breast cancer. Annals
of Surgery, *220*(3), 391-398.

[71 Morton, D. L., Wen, D. R., Wong, J. H.,
Economou, J. S., Cagle, L. A., Storm, F. K., Foshag,
L. J., & Cochran, A. J. (1992). Technical details of
intraoperative lymphatic mapping for early-stage
melanoma. Archives of Surgery, *127*(4), 392-399.
[8] van der Veen, H., Hoekstra, O. S., Paul, M. A,
Cuesta, M. A., & Meijer, S. (1994). Gamma probe-
guided sentinel node biopsy to select patients with


https://doi.org/10.1097/00000658-190707000-00001
https://doi.org/10.1097/00000658-190707000-00001
https://doi.org/10.1002/1097-0142(197706)39:6%3c2827::aid-cncr2820390671%3e3.0.co;2-i
https://doi.org/10.1002/1097-0142(197706)39:6%3c2827::aid-cncr2820390671%3e3.0.co;2-i
https://doi.org/10.1002/1097-0142(197706)39:6%3c2827::aid-cncr2820390671%3e3.0.co;2-i
https://doi.org/10.1002/1097-0142(197706)39:6%3c2827::aid-cncr2820390671%3e3.0.co;2-i
https://doi.org/10.1056/NEJMoa020128
https://doi.org/10.1056/NEJMoa020128
https://doi.org/10.1056/NEJMoa020128
https://doi.org/10.1056/NEJMoa020128
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1056/NEJMoa022152
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1056/NEJMoa022152
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1056/NEJMoa022152
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1056/NEJMoa022152
https://doi.org/10.1200/JCO.1997.15.6.2345
https://doi.org/10.1200/JCO.1997.15.6.2345
https://doi.org/10.1097/00000658-199409000-00015
https://doi.org/10.1097/00000658-199409000-00015
https://doi.org/10.1001/archsurg.1992.01420040034005
https://doi.org/10.1001/archsurg.1992.01420040034005
https://doi.org/10.1001/archsurg.1992.01420040034005
https://doi.org/10.1002/bjs.1800811220
https://doi.org/10.1002/bjs.1800811220

melanoma for lymphadenectomy. British Journal of
Surgery, *81*(12), 1769-1770.

[9] Veronesi, U., Paganelli, G., Galimberti, V.,
Viale, G., Zurrida, S., Bedoni, M., Costa, A,, ... &
Luini, A. (1997). Sentinel-node biopsy to avoid
axillary dissection in breast cancer with clinically
negative lymph-nodes. The Lancet, *349*(9069),
1864-1867.

[10]Krag, D. N., Anderson, S. J., Julian, T. B,,
Brown, A. M., Harlow, S. P., Costantino, J. P.,
Ashikaga, T., ... & Wolmark, N. (2010). Sentinel-
lymph-node resection compared with conventional
axillary-lymph-node dissection in clinically node-
negative patients with breast cancer: Overall
survival findings from the NSABP B-32 randomised
phase 3 trial. The Lancet Oncology, *11*(10), 927-
933.

[11] Galimberti, V., Cole, B. F., Viale, G., Veronesi,
P., Vicini, E., Intra, M., Mazzaro, G., .. &
Goldhirsch, A. (2018). Axillary dissection versus no
axillary dissection in patients with breast cancer and
sentinel-node micrometastases (IBCSG 23-01): 10-
year follow-up of a randomised, controlled phase 3
trial. The Lancet Oncology, *19*(10), 2006-2014.
[12] Sola, M., Alberro, J. A., Fraile, M., Santesteban,
P., Ramos, M., Fabregas, R., Moral, A, ... &
Ballester, B. (2013). Complete axillary lymph node
dissection versus clinical follow-up in breast cancer
patients with sentinel node micrometastasis: Final
results from the multicenter clinical trial AATRM
048/13/2000. Annals of Surgical Oncology, *20*(1),
120-127.

[13] Giuliano, A. E., Hunt, K. K., Ballman, K. V.,
Beitsch, P. D., Whitworth, P. W., Blumen Cranz, P.
W., Leitch, A. M., ... & Morrow, M. (2011). Axillary
dissection vs no axillary dissection in women with
invasive breast cancer and sentinel node metastasis:
A randomized clinical trial. JAMA, *305*(6), 569-
575.

[14] Giuliano, A. E., Ballman, K. V., McCall, L.,
Beitsch, P. D., Brennan, M. B., Kelemen, P. R,,
Ollila, D. W, ... & Morrow, M. (2017). Effect of
axillary dissection vs no axillary dissection on 10-
year overall survival among women with invasive
breast cancer and sentinel node metastasis: The
ACOSOG Z0011 (Alliance) randomized clinical
trial. JAMA, *318*(10), 918-926.

[15] Tinterri, C., Gentile, D., Gatzemeier, W.,
Sagona, A., Barbieri, E., Testori, A., Errico, V., ... &
Zambelli, A. (2022). Preservation of axillary lymph
nodes compared with complete dissection in T1-2
breast cancer patients presenting one or two
metastatic sentinel lymph nodes: The SINODAR-
ONE multicenter randomized clinical trial. Annals
of Surgical Oncology, *29*(9), 5732-5744.

[16]de Boniface, J., Filtenborg Tvedskov, T.,
Ryden, L., Szulkin, R., Reimer, T., Kuhn, T,
Kontos, M., ... & Andersson, Y. (2024). Omitting

330

Eurasian J. Chem. Med. Pet. Res., (2026), Volume 5, Issue 4, 323-331

axillary dissection in breast cancer with sentinel-
node metastases. New England Journal of Medicine,
*390*(13), 1163-1175.

[17]Houvenaeghel, G., Cohen, M., Raro, P., De
Troyer, J., Gimbergues, P., Tunon de Lara, C.,
Ceccato, V., ... & Bannier, M. (2021). Sentinel node
involvement with or without completion axillary
lymph node dissection: Treatment and pathologic
results of randomized SERC trial. NPJ Breast
Cancer, *7*(1), 133.

[18] Boileau, J. F., Poirier, B., Basik, M., Holloway,
C. M., Gaboury, L., Sideris, L., Meterissian, S., ... &
Provencher, L. (2015). Sentinel node biopsy after
neoadjuvant chemotherapy in biopsy-proven node-
positive breast cancer: The SN FNAC study. Journal
of Clinical Oncology, *33*(3), 258-264.

[19] Boughey, J. C., Suman, V. J., Mittendorf, E. A,
Ahrendt, G. M., Wilke, L. G., Taback, B., Leitch, A.
M., ... & Hunt, K. K. (2013). Sentinel lymph node
surgery after neoadjuvant chemotherapy in patients
with node-positive breast cancer: The ACOSOG
Z1071 (Alliance) clinical trial. JAMA, *310*(14),
1455-1461.

[20] Kuehn, T., Bauerfeind, 1., Fehm, T., Fleige, B.,
Hausschild, M., Helms, G., Lebeau, A, ... & Untch,
M. (2013). Sentinel-lymph-node biopsy in patients
with breast cancer before and after neoadjuvant
chemotherapy  (SENTINA): A prospective,
multicentre cohort study. The Lancet Oncology,
*14*(7), 609-618.

[21] Zetterlund, L. H., Frisell, J., Zouzos, A.,
Axelsson, R., Hatschek, T., de Boniface, J., &
Celebioglu, F. (2017). Swedish prospective
multicenter trial evaluating sentinel lymph node
biopsy after neoadjuvant systemic therapy in
clinically node-positive breast cancer. Breast
Cancer Research and Treatment, *163*(1), 103-
110.

[22]Hughes, K. S., Schnaper, L. A., Bellon, J. R.,
Cirrincione, C. T., Berry, D. A., McCormick, B.,
Muss, H. B., & Wood, W. C. (2013).
Lumpectomy plus tamoxifen with or without
irradiation in women age 70 years or older with early
breast cancer: Long-term follow-up of CALGB
9343. Journal of Clinical Oncology, *31*(19),
2382-2387.

[23] Martelli, G., Boracchi, P., Ardoino, I., Lozza,
L., Bohm, S., Vetrella, G., & Agresti, R. (2012).
Axillary dissection versus no axillary dissection in
older patients with TINO breast cancer: 15-year
results of a randomized controlled trial. Annals of
Surgery, *256*(6), 920-924.

[24] International Breast Cancer Study Group,
Rudenstam, C. M., Zahrieh, D., Forbes, J. F.,
Crivellari, D., Holmberg, S. B., Rey, P., ... &
Castiglione-Gertsch, M. (2006). Randomized trial
comparing axillary clearance versus no axillary
clearance in older patients with breast cancer: First


https://doi.org/10.1002/bjs.1800811220
https://doi.org/10.1016/S0140-6736(97)01004-0
https://doi.org/10.1016/S0140-6736(97)01004-0
https://doi.org/10.1016/S0140-6736(97)01004-0
https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1016/S1470-2045(18)30380-2
https://doi.org/10.1016/S1470-2045(18)30380-2
https://doi.org/10.1016/S1470-2045(18)30380-2
https://doi.org/10.1016/S1470-2045(18)30380-2
https://doi.org/10.1016/S1470-2045(18)30380-2
https://doi.org/10.1245/s10434-012-2569-y
https://doi.org/10.1245/s10434-012-2569-y
https://doi.org/10.1245/s10434-012-2569-y
https://doi.org/10.1245/s10434-012-2569-y
https://doi.org/10.1245/s10434-012-2569-y
https://doi.org/10.1001/jama.2011.90
https://doi.org/10.1001/jama.2011.90
https://doi.org/10.1001/jama.2011.90
https://doi.org/10.1001/jama.2011.90
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1245/s10434-022-11866-w
https://doi.org/10.1245/s10434-022-11866-w
https://doi.org/10.1245/s10434-022-11866-w
https://doi.org/10.1245/s10434-022-11866-w
https://doi.org/10.1245/s10434-022-11866-w
https://doi.org/10.1056/NEJMoa2313487
https://doi.org/10.1056/NEJMoa2313487
https://doi.org/10.1056/NEJMoa2313487
https://doi.org/10.1038/s41523-021-00336-3
https://doi.org/10.1038/s41523-021-00336-3
https://doi.org/10.1038/s41523-021-00336-3
https://doi.org/10.1038/s41523-021-00336-3
https://doi.org/10.1200/JCO.2014.55.7827
https://doi.org/10.1200/JCO.2014.55.7827
https://doi.org/10.1200/JCO.2014.55.7827
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1001/jama.2013.278932
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1001/jama.2013.278932
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1001/jama.2013.278932
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/%5b1%5d%09https:/doi.org/10.1001/jama.2013.278932
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1007/s10549-017-4164-1
https://doi.org/10.1007/s10549-017-4164-1
https://doi.org/10.1007/s10549-017-4164-1
https://doi.org/10.1007/s10549-017-4164-1
https://doi.org/10.1200/JCO.2012.45.2615
https://doi.org/10.1200/JCO.2012.45.2615
https://doi.org/10.1200/JCO.2012.45.2615
https://doi.org/10.1200/JCO.2012.45.2615
https://doi.org/10.1097/SLA.0b013e31827660a8
https://doi.org/10.1097/SLA.0b013e31827660a8
https://doi.org/10.1097/SLA.0b013e31827660a8
https://doi.org/10.1200/JCO.2005.01.5784
https://doi.org/10.1200/JCO.2005.01.5784
https://doi.org/10.1200/JCO.2005.01.5784

Eurasian J. Chem. Med. Pet. Res., (2026), Volume 5, Issue 4, 323-331

results of International Breast Cancer Study Group
Trial 10-93. Journal of Clinical Oncology, *24*(3),
337-344.

[25] Ingvar, C., Ahlgren, J., Emdin, S., Lofgren, L.,
Nordander, M., Nimeus, E., & Arnesson, L. G.
(2020). Long-term outcome of pTla-b, cNO breast
cancer without axillary dissection or staging: A
prospective observational study of 1543 women.
British Journal of Surgery, *107*(10), 1299-1306.
[26] Agresti, R., Martelli, G., Sandri, M., Tagliabue,
E., Carcangiu, M. L., Maugeri, 1., Pellitteri, C., ... &
Bianchi, F. (2014). Axillary lymph node dissection
versus no dissection in patients with TINO breast
cancer: A randomized clinical trial (INT09/98).
Cancer, *120*(6), 885-893.

[27] Gentilini, O. D., Botteri, E., Sangalli, C.,
Galimberti, V., Porpiglia, M., Agresti, R., Luini, A.,
... & Veronesi, U. (2023). Sentinel lymph node
biopsy vs no axillary surgery in patients with small
breast cancer and negative results on
ultrasonography of axillary lymph nodes: The
SOUND randomized clinical trial. JAMA Oncology,
*9*(11), 1557-1564.

[28] Reimer, T., Stachs, A., Veselinovic, K., Kuhn,
T., Heil, J,, Polata, S., Marme, F., ... & Janni, W.
(2025). Axillary surgery in breast cancer - Primary
results of the INSEMA trial. New England Journal
of Medicine, *392*(11), 1051-1064.

[29]van Roozendaal, L. M., Vane, M. L. G., van
Dalen, T., van der Hage, J. A., Strobbe, L. J. A,
Boersma, L. J., Linn, S. C,, ... & Smidt, M. L.
(2017). Clinically node negative breast cancer
patients undergoing breast conserving therapy,
sentinel lymph node procedure versus follow-up: A
Dutch randomized controlled multicenter trial
(BOOG 2013-08). BMC Cancer, *17*(1), 459.

[30] Sadeghi Joni, S., Gerami, R., Akhondi, N.,
Etemadi, A., Fosouli, M., & Eghbal, A. F. (2022).
Investigating the role of susceptibility weighted
imaging for assessment of ischemic penumbra with
respect to Venus's blood flow in ischemic stroke
patients. International Journal of Physiology,
Pathophysiology and Pharmacology, *14*(3), 200-
205.

331


https://doi.org/10.1200/JCO.2005.01.5784
https://doi.org/10.1200/JCO.2005.01.5784
https://doi.org/10.1002/bjs.11610
https://doi.org/10.1002/bjs.11610
https://doi.org/10.1002/bjs.11610
https://doi.org/10.1002/cncr.28499
https://doi.org/10.1002/cncr.28499
https://doi.org/10.1002/cncr.28499
https://doi.org/10.1001/jamaoncol.2023.3759
https://doi.org/10.1001/jamaoncol.2023.3759
https://doi.org/10.1001/jamaoncol.2023.3759
https://doi.org/10.1001/jamaoncol.2023.3759
https://doi.org/10.1001/jamaoncol.2023.3759
https://doi.org/10.1056/NEJMoa2412063
https://doi.org/10.1056/NEJMoa2412063
https://doi.org/10.1186/s12885-017-3443-x
https://doi.org/10.1186/s12885-017-3443-x
https://doi.org/10.1186/s12885-017-3443-x
https://doi.org/10.1186/s12885-017-3443-x
https://doi.org/10.1186/s12885-017-3443-x
https://pubmed.ncbi.nlm.nih.gov/35891933/
https://pubmed.ncbi.nlm.nih.gov/35891933/
https://pubmed.ncbi.nlm.nih.gov/35891933/
https://pubmed.ncbi.nlm.nih.gov/35891933/

