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Purpose: Axillary surgery in breast cancer has progressively evolved over the past decades toward less invasive approaches.
Patients and Methods: This population-based study analyzed 10,955 women diagnosed with invasive breast cancer between 2000
and 2022 in Reggio Emilia, Italy, to assess long-term trends in axillary management.

Results: A marked decline in axillary lymph node dissection (ALND) was observed—from 47.9% in 2000-2004 to 18.1% in
2017-2022—with a parallel increase in sentinel lymph node biopsy (SLNB) from 43.8% to 74.7%. The shift was particularly
pronounced in stage I tumors, where ALND dropped from 44.7% to 2.9%. Overall survival at 15 years was significantly higher in
the SLNB group (78%) compared to the ALND group (72%). These results align with major clinical trials (e.g. ACOSOG Z0011,
SINODAR-ONE), confirming their applicability in unselected populations. Although ALND remained more frequent in patients with
larger tumors or undergoing mastectomy, its role has substantially diminished.

Conclusion: Our findings reinforce the safety and effectiveness of conservative axillary approaches and reflect their successful
implementation in real-world practice. Further research should address the impact of these trends on quality of life and incorporate
additional data on radiotherapy and tumor biology to guide future surgical decision-making.
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Introduction

Breast cancer is the leading cause of cancer-related death among women worldwide.! While incidence continues to rise
in certain regions, survival rates have steadily improved due to the early detection of small tumours through screening
programs and the advent of effective systemic therapies, even for biologically aggressive disease types.”

The increasing detection of smaller breast tumours underscores the need for an appropriate surgical approach, particularly
with regard to accurate axillary staging.® Historically, axillary lymph node dissection (ALND) was a cornerstone of breast
cancer surgery. However, over the past decades, the management of the axilla has shifted toward a more conservative
approach.*>

Although ALND provides precise staging of axillary lymph node involvement, it is also associated with significant morbidity,
including lymphedema, sensory neuropathy, restricted shoulder mobility, and chronic pain—all of which can negatively affect
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quality of life.*” As a result, sentinel lymph node biopsy (SLNB) has largely replaced ALND for staging purposes in early breast
cancer.®”

Complete axillary dissection remains the standard surgical option only for selected patients, such as those with
biopsy-proven axillary metastases or in specific cases with SLN involvement. However, even the need for axillary
staging itself is now being questioned in some low-risk settings, as no definitive survival benefit has been demonstrated.

Widespread use of mammographic screening has led to the diagnosis of small, early-stage tumours in the majority of
patients.'®'" Among those with positive SLNs, only a minority harbor additional metastases in non-sentinel lymph
nodes.'?"'* Furthermore, the majority of SLN-positive patients who forgo ALND still receive adjuvant systemic therapy
and/or endocrine treatment and have a low risk of locoregional recurrence.'>'®

The American College of Surgeons Oncology Group (ACOSOG) Z0011 randomised clinical trial challenged the
traditional role of ALND. It demonstrated that, among women with one or two metastatic sentinel lymph nodes
undergoing breast-conserving surgery with whole-breast radiotherapy, omitting ALND did not adversely affect axillary
recurrence, disease-free survival, or overall survival.'”'® These findings support the notion that sentinel node status now
functions more as a prognostic marker than a strict surgical indication."’

As aresult, ALND has been progressively abandoned in patients with clinically node-negative disease. Both the NSABP
B-32 trial’ and the study by Veronesi et al® confirmed that SLNB does not increase the risk of recurrence nor compromise
survival. On the contrary, sparing the axilla can lead to improved patient outcomes by reducing treatment-related morbidity.

Consequently, in cases of sentinel lymph node micrometastases, ALND should be avoided,?>*" as it has no impact on
survival and SLNB alone offers adequate locoregional control.”* Even in patients with macrometastases, the benefit of
ALND remains unproven, and its use should be carefully weighed against potential harm.'®2*"23

This study aims to evaluate, in a population-based setting, how the use of ALND has evolved over 23 years and to
assess its impact on breast cancer survival in comparison to SLNB.

Materials and Methods

Data Sources

The data for this study were obtained from the Reggio Emilia Cancer Registry (RE-CR), which covers a population of
approximately 532,000 residents. The RE-CR is recognized as a high-quality registry, with a microscopic confirmation
rate of 98.8% for breast cancers and a death certificate-only (DCO) rate of less than 0.1%.%° This study includes all
malignant breast tumours registered in the RE-CR from 2000 to 2022. The procedures for conducting epidemiological
analyses using RE-CR data were approved by the Reggio Emilia Ethics Committee (Protocol No. 2014/0019740 of 04/
08/2014).

In this study we use the hospital’s internal database, established in 1996 and recently confirmed (Resolution no. 0413
of 15/09/2025): the first author of this work is the Director of the Cancer Registry and is also responsible for data access.

The RE-CR integrates data from multiple sources, including histology reports, hospital discharge records, mortality
data, primary care physician reports, and laboratory information.

Information regarding stage at diagnosis, type of surgery (quadrantectomy or mastectomy), SLN biopsy, presence of
lymph node micrometastases, and ALND dissection was extracted from the medical records. Regarding the details of the
surgical techniques used, in our Department of Surgical Oncology, sentinel lymph node biopsy (SLNB) was performed
throughout the study period using Technetium-99m, following a standardized protocol. Axillary lymph node dissection
(ALND), when performed, included Berg levels I and II, with extension to level III in case of disease involvement
detected during preoperative evaluation or macroscopic disease identified intraoperatively. In 97% of cases, staging was
based on pathological assessment; in the remaining 3%, clinical stage was used. Staging was performed according to the
8th edition of the TNM classification system.?’ Cases were stratified by age into three groups: <50 years, 50—69 years
(which corresponds to the target age group for mammographic screening in Italy), and >70 years.

The analyses were conducted across five periods. The first period, the longest, encompasses three intervals (2000-
—2004, 2005-2009, 2010-2013), corresponding to the era when the ALND was routinely performed. The second period
(2014-2016) reflects the implementation of international guidelines recommending the omission of ALND in patients
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with micrometastatic disease.”® The third period (2017-2022) coincides with the initiation of the SINODAR-ONE trial,*®
during which ALND was also avoided in patients with macrometastatic sentinel lymph nodes (pN+).

Statistical Methods

Descriptive analyses were performed to examine patient characteristics, including age at diagnosis, type of surgery,
disease stage, SLN and ALN removal, and presence of micrometastases. These variables were stratified by the five
predefined periods.

The distribution of ALND and SLND was also reported separately for patients with stage I disease across the five
periods. Logistic regression was used to estimate odds ratios (ORs) with corresponding 95% confidence intervals (ClIs) to
evaluate the association between ALND on potential predictors such as age at diagnosis, disease stage, and period of
diagnosis. A separate logistic regression analysis was conducted specifically for patients with stage I to assess the
association of ALND with age at diagnosis, type of surgery, period of diagnosis, and tumor size (T). Overall survival was
analyzed using the Kaplan-Meier method, with stratification by type of axillary surgery (ALND versus SLNB). Trends
over time were evaluated by calculating the annual per cent change (APC) in age-standardised rates using Joinpoint
Regression analysis. A two-sided P-value <0.05 was considered statistically significant. All statistical analyses were
performed using STATA version 16.1.

Results

Between 2000 and 2022, a total of 10,955 patients with infiltrating breast cancer were identified as residents of the
province of Reggio Emilia at the time of diagnosis (Table 1). The majority of tumours (43%) were diagnosed in women
aged 5069 years, followed by 36.5% in those aged >70 years, and 20.6% in women under 50 years of age. Most patients
(63%) underwent quadrantectomy, 24.7% underwent mastectomy, and 12.1% did not undergo surgery. Across the entire
period, 49% of cases were diagnosed at stage I, 30.6% at stage 11, 10.6% at stage III, and 4.7% at stage IV.

When stratified by period (Table 2), a progressive increase in the proportion of stage I tumours was observed, from
42.4% in 2000-2004 to 53.2% in 2017-2022. Concurrently, a decrease in metastatic (stage IV) cases was noted (from
5.8% to 3.8%). Surgical procedures remained largely stable over time: quadrantectomy accounted for 64.2% of
procedures in 2000-2004 and 64.4% in 2017-2022, while mastectomy rates were 23.7% and 25.3%, respectively. The
number of recorded micrometastases increased from zero to 105 cases over time. In parallel with the rise in early-stage

Table | Reggio Emilia Cancer Registry

n %
Overall 10,955
Age at diagnosis
<50 2,257 20.6
50-69 4,705 43.0
70+ 3,993 36.5
Type of surgery
Quadrantectomia 6,903 63.0
Mastectomia 2,701 24.7
Not specified 20 0.2
No surgery 1,331 12.1
Stage
| 5,369 49.0
I 3,348 30.6
n 1,164 10.6
v 512 47
Unknown 562 5.1

Notes: Years 2000-2022. Distribution of Breast
Cancer Cases by Age, Type of Surgery and Stag.
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Table 2 Reggio Emilia Cancer Registry

2000-2004 | 2005-2009 | 2010-2013 | 2014-2016 | 2017-2022

n % n % n % n % n %

Overall 2,083 2,204 1,965 1,461 3,242

Stage

| 883 | 424 | 1,006 | 45.6 | 1,028 | 52.3 728 | 49.8 | 1,724 | 53.2
] 649 | 31.2 | 585 | 26.5 578 | 294 | 501 343 | 1,035 | 31.9
1l 247 11.9 | 238 10.8 199 10.1 147 10.1 333 10.3
v 120 58 118 54 89 4.5 63 43 122 3.8
Unknown 184 8.8 257 1.7 71 3.6 22 1.5 28 0.9

Type of surgery
Quadrantectomia 1338 | 642 | 1403 | 63.7 | 1192 | 60.7 881 60.3 | 2089 | 64.4

Mastectomia 493 | 237 | 469 | 213 | 528 | 269 | 392 | 268 | 8I9 | 253
Not specified 0 0.0 6 0.3 5 0.3 4 0.3 5 0.2
No surgery 252 12.1 326 148 | 240 12.2 184 12.6 | 329 10.1
PN (NI mic)

Yes 0 0.0 I 0.5 42 2.1 50 34 105 32
LN

NO 1,170 | 562 | 1,142 | 51.8 | 1,164 | 59.2 | 932 | 63.8 | 2,155 | 66.5
NI 417 | 20.0 | 415 188 | 393 | 20.0 | 264 I18.1 | 440 | 13.6
N2 120 5.8 106 4.8 99 5.0 68 4.7 114 35
N3 14 0.7 21 1.0 17 0.9 12 0.8 22 0.7

Notes: Years 2000-2022. Distribution of Breast Cancer Cases by Stage, Type of Surgery, SLNB, ALND and Lymph
Node Involvement in the Five Considered Periods.
Abbreviations: SLNB, Sentinel lymph node biopsy; ALND, Axillary lymph node dissection; LN, Lymph Node.

diagnoses, there was an increase in node negative (NO) tumours (from 56.6% to 66.5%) and a decrease in pN1 (20% to
13.6%) and N2 (5.8% to 3.5%) tumours, while the proportion of N3 cases remained stable (0.7%).

SLNB increased markedly from 43.8% in 2000-2004 to 74.7% in 2017-2022, whereas ALND declined from 47.9%
to 18.1% during the same period (Table 3). Focusing on stage I, ALND was dramatically reduced from 29.3% in
2000-2004 to 1% in 2017-2022. Conversely, the proportion of the SLNB increased from 64.8% to 91.7% over the same
timeframe.

Multivariate analysis (Table 4A) showed that the likelihood of undergoing ALND significantly decreased with
increasing age: women aged 50-69 years had an OR of 0.83 (95% CI 0.73-0.95) and those aged >70 years had an
OR of 0.38 (95% CI 0.33-0.44). Conversely, the likelihood of ALND increased substantially with stage: stage II (OR
12.36; 95% CI 10.93; 13.98) and stage III (OR 54.12; 95% CI 44.85; 65.32). Across periods, the odds of undergoing
ALND declined markedly, particularly in 2014-2016 (OR 0.21; 95% CI 0.18; 0.26) and even more so in 2017-2022 (OR

Table 3 Reggio Emilia Cancer Registry

2000-2004 | 2005-2009 | 2010-2013 2014-2016 | 2017-2022
n % n % n % n % n %
All cases
SLNB 912 | 438 | 1,312 | 59.5 | 1,345 | 684 | 1,052 | 72.0 | 2,421 | 74.7
ALND 997 | 479 788 | 358 | 620 | 31.6 | 378 | 259 | 588 18.1
Only stage |
SLNB 572 | 648 843 838 | 898 | 874 | 682 | 93.7 | 1581 | 91.7
ALND 259 | 29.3 163 16.2 120 1.7 21 2.9 17 1.0

Notes: Years 2000-2022. Distribution of ALND and SLNB by Period, Only Stage .
Abbreviations: ALND, Axillary lymph node dissection; SLNB, Sentinel lymph node biopsy.
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Table 4 Reggio Emilia Cancer Registry

A- All Cases OR Ratio | P-value | [95% Conf. | Interval]

Age at a diagnosis

<50 1.00 Ref.

50-69 0.83 <0.01 0.73 0.95
70+ 0.38 <0.01 0.33 0.44
Stage

| 1.00 Ref.

1l 12.36 <0.01 10.93 13.98
1] 54.12 <0.01 44.85 65.32
\% 0.9 0.52 0.66 1.23

Period of diagnosis

2000 - 2004 1.00 Ref.

2005 - 2009 0.53 <0.01 0.45 0.63
2010 - 2013 0.37 <0.01 0.31 0.43
2014 - 2016 0.21 <0.01 0.18 0.26
2017 - 2022 0.12 <0.01 0.1 0.14
B- Stage | OR P-value | [95% Conf. | Interval]

Age at a diagnosis

<50 1.00 Ref.
50-69 0.95 0.69 0.73 1.22
70+ .11 0.49 0.83 1.47

Type of surgery

Quadrantectomia 1.00 Ref.

Mastectomia 3.59 <0.0l 2.8l 4.57
Period of diagnosis

2000-2004 1.00 Ref.

2005-2009 0.46 <0.01 0.36 0.58
2010-2013 0.29 <0.01 0.22 0.37
2014-2016 0.05 <0.01 0.03 0.09
2017-2022 0.02 <0.01 0.01 0.03
T

<0.05 cm 1.00 Ref.

0.05-1 cm 1.25 0.264 0.84 1.86
I -2cm 1.65 <0.01 1.14 24

Notes: Years 2000-2022. Multivariable Analysis of ALND by Age, Stage and Period of
Diagnosis, All Cases (A); Multivariable Analysis of ALND by Age, Type of Surgery, Period of
Diagnosis and T Only for Stage | (B).

0.12; 95% CI 0.10; 0.14). In stage I subgroup (Table 4B), the probability of receiving ALND was significantly higher
among women undergoing mastectomy (OR 3.59; 95% CI 2.81; 4.57), and among those with tumours measuring
11-20 mm (OR 1.65; 95% CI 1.14; 2.40). Conversely, the probability of ALND significantly decreased over time
with a 98% reduction in 2017-2022 (OR 0.02; 95% CI 0.01; 0.03).

Overall survival among women with stage I breast cancer was higher for those who underwent SLNB compared to ALND
(Figure 1). This survival benefit became statistically significant at 15 years of follow-up (78% for SLNB versus 72% for
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Kaplan-Meier survival estimates

0.50 0.75
1 1

0.25
|

0.00
1

analysis time

ALND — SLNB

Figure | Reggio Emilia Cancer Registry. Years 2000-2022. Kaplan-Meier survival estimates by ALND and SLNB.
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Figure 2 Reggio Emilia Cancer Registry. Years 2000-2022. Incidence and mortality trend and APC (Annual Percentage Change).

ALND). Finally, the epidemiological trends in breast cancer over the study period (Figure 2) showed a slight increase in
incidence (APC 0.2; 95% CI 0.0; 0.3), and a significant decrease in mortality (APC —1.7; 95% CI —2.2; —1.1).

Discussion

Axilla management in breast cancer has changed significantly over the past two decades, reflecting a broader shift in
surgical oncology toward more conservative, evidence-based approaches. This population-based study illustrates that
evolution in detail, documenting how clinical trial results and international guidelines have influenced everyday practice
in a cohort of nearly 11,000 women diagnosed between 2000 and 2022.
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The most striking change was the significant reduction in ALND, particularly in patients with stage I disease. This
reflects a widespread adoption of recommendations from pivotal studies such as Galimberti et al** and SINODAR-
ONE,”® which promoted the safety of omitting ALND in patients with limited nodal involvement. In parallel, SLNB
increased, solidifying its role as the standard axillary staging procedure.

Breast cancer is increasingly common in Western countries, with rising incidence observed particularly among
younger women.””® Breast cancer early detection, adherence to screening programs and treatment, have improved
patient outcomes.’' >

Survival has improved substantially due to widespread screening programs enabling earlier diagnosis and the
availability of more effective therapies.’'

Improvements in survival rates are most evident in areas with good adherence to mammography screening, as evidenced in
our previous studies with an increase in stage I cancers (42.4% to 53.2% between 2000 and 2022) and a decrease in metastatic
cancers (from 5.5% to 3.8%).""** Similarly, node-negative tumors (pNO) increased from 56.2% to 66.5%, while pN1 and pN2
disease decreased from 20% to 13.6% and from 5.8% to 3.5%, respectively. Interestingly, pN3 rates remained stable at 0.7%,
suggesting that while early detection has improved, a small subset of aggressive tumors still present with advanced nodal
involvement.

Notably, surgical treatment of the primary tumor remained relatively constant throughout the study period, with
quadrantectomy consistently accounting for about 64% of procedures and mastectomy around 25%. In stage I patients,
multivariate analysis showed that mastectomy was associated with a significantly higher probability of undergoing
ALND (OR 3.59; 95% CI: 2.81-4.57), as was tumor size between 11-20 mm (OR 1.65; 95% CI: 1.14-2.40). However,
the decision to perform a mastectomy is influenced by multiple clinical and pathological factors, such as the discrepancy
between tumor size and breast volume, anatomical location, the presence of multifocal or multicentric disease, previous
ipsilateral quadrantectomy, and cases in which radiotherapy is contraindicated or refused by the patient.

From an expert perspective, the strength of this study lies in its ability to track these changes over time in a non-
selective cohort. Unlike clinical trials, which often include selected patient populations, this registry captures the full
spectrum of clinical practice and patient variability. The fact that ALND was nearly eliminated in stage I disease—falling
to just 17 cases among 581 patients (1%) in the final study period—is a powerful indicator of how thoroughly evidence
has shaped surgical practice in the real world.

Importantly, this de-escalation did not negatively impact outcomes. On the contrary, overall survival among stage
I patients was slightly better in those treated with SLNB than ALND, with a statistically significant advantage emerging
at 15 years (78% versus 72%).

What We Know from the Literature

The gradual reduction of axillary surgery for small breast cancers began in the mid-1980s,’> with SLNB progressively
introduced in the 1990s. SLNB has since become the gold standard for axillary staging in women with early-stage breast
cancer and clinically negative lymph nodes, significantly improving quality of life by reducing surgical morbidity.*® The
improvement could be the result of a combination of multiple factors: on the one hand, SLNB causes less post-surgical
trauma and is advantageous for post-operative recovery, but it is also necessary to take into account the progress of
adjuvant therapy in the treatment of breast cancer.Seminal trials such as the Krag study’ demonstrated that SLNB does
not compromise survival: 8-year overall survival was 90.3% in the SLNB group compared to 91.8% in the ALND group,
with no significant increase in recurrence (8 versus 14 cases, respectively). Similarly, the Veronesi study® showed no
increase in the risk of local recurrence or distant metastases in patients with the SLNB approach.

Although our study does not assess the risk of distant recurrence, 5- and 10-year overall survival was consistently
higher in the SLNB group, and the difference becomes statistically significant at 15 years. In the presence of micro-
metastases, prior studies reported no significant difference in disease-free survival at 5 years (84.4% ALND versus 87.8%
SLNB) and 10 years (76.8% ALND versus 74.9% SLNB).?! In our registry, micrometastases were only recorded in the
most recent years, and the sample size was too limited for meaningful analysis.

Two randomized clinical trials have shown that SLNB is not inferior to ALND in terms of overall survival.?>*’ Still, it is
also true that these were clinical trials with selected patients.>® In contrast, our registry-based study includes all diagnosed
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cases, offering a real-world perspective. Interestingly, while ALND rates in N1 patients increased up to 2016, a decline has
been observed since 2017, likely reflecting guideline updates and the influence of the SINODAR-ONE trial **

A recent population-based study reported that the rate of ALND decreased from 47.1% in 2012 to 17.6% in 2021,%
closely mirroring our findings (47.9% in 2000-2004 versus 18.1% in 2017-2022). When analyzing stage I specifically,
ALND fell from 29.3% to 1%, reinforcing that ALND should be nearly abandoned in small tumours. Nonetheless, 17
women with stage I disease still underwent ALND in our recent period, most with T1lc tumours.

In that same study,*® the odds of receiving ALND increase in T2 (OR 1.10; 95% CI 1.03; 1.17) and even more in T3
(OR 2.290; 95% CI 1.15; 4.99) compared to T1.

Weiss et al*® analyzing over 12,000 mastectomy patients with positive sentinel lymph node between 2006 and 2014,
reported a modest increase in SLND (34% to 37%) and a major decrease in ALND (47% to 23%): SLND was more commonly
used in older women with comorbidities, small, well-differentiated tumours, and hormone receptor-positive disease.

In patients with 1-2 positive sentinel lymph nodes undergoing mastectomy between 2005 and 2015, axillary radio-
therapy (RT) has emerged as a valid alternative to ALND without compromising the outcome.*' A more recent trial**
showed that 49% of patients were treated with RT plus axillary RT and only 13% received ALND, with no differences in
regional recurrences or disease-free survival between the two groups.

Data from the Netherlands Cancer Registry*’ examined 1,090 T1-T2 NO patients and showed a wide variation in
axillary management: observation alone (20%), ALND (40%), regional RT (30%), or ALND + RT (10%). The
corresponding 5-year overall survival rates were 79%, 87.9%, 87.2%, and 87.9%, respectively, suggesting that observa-
tion alone may be insufficient in some cases.

In our study, we did not collect data on RT, but among N1 patients in the most recent period, 58.4% underwent ALND
while 41.6% underwent SLNB.

Finally, between 2012 and 2017, the proportion of ALND in mastectomy patients declined from 81.3% to 68%.** The
likelihood of receiving ALND remained higher in young women and in those with larger high-grade tumors. However, at
an international level, the debate is still open: while more recent evidence, such as the results from the SINODAR-ONE
and SENOMAC trials, has begun to challenge the necessity of axillary lymph node dissection (ALND) in certain
mastectomy cohorts, international guidelines still reflect a lack of total consensus. In many clinical settings, ALND
remains the standard of care for these patients to ensure local control. Our finding that ALND rates remain high
underscores the cautious “real-world” transition in surgical practice. We believe this highlights the importance of our
epidemiological review in documenting how clinicians navigate these guideline disputes in daily practice.

Strengths and Limitations

A key strength of this study is its population-based design with a long observation period and complete case capture. The
analysis included all women diagnosed with breast cancer in the Reggio Emilia province over 23 years, without any
selection criteria. This real-world setting reinforces the external validity of the findings and provides a rare opportunity to
evaluate the true impact of clinical guidelines and trial results on daily clinical practice. The results echo those of
landmark clinical trials, but in an unselected, non-trial population, highlighting the widespread penetration of evidence
into routine care.

However, some limitations should be acknowledged. First, this is a single-center study, which may limit general-
izability beyond northern Italy, despite standardized protocols. Second, data on adjuvant therapies such as radiotherapy,
chemotherapy, endocrine therapy, and targeted therapy as well as biological variables were not available, which may
influence both treatment decisions and outcomes. Finally, survival analyses were not fully adjusted for potential
confounders, so the observed benefit of SLNB over ALND should be interpreted with caution.

Conclusion

This large, population-based study of nearly 11,000 women with breast cancer confirms a substantial and progressive
reduction in axillary node dissection over 23 years of observation, particularly in stage I disease, where SLNB is now the
standard of care. Crucially, this shift in practice did not result in worse outcomes: women with stage [ tumours who
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underwent SLNB alone had consistently better survival compared to those treated with ALND, with the difference
becoming statistically significant after 15 years of follow-up.

These results validate the safety and efficacy of de-escalated axillary approaches in early-stage breast cancer and
confirm that evidence from clinical trials has meaningfully shaped real-world practice. While axillary dissection persists
in selected cases, ongoing refinement of indications is warranted. Future studies should aim to incorporate data on
radiotherapy, tumor biology, and—most importantly—quality of life and long-term functional outcomes, which are
central to modern, patient-centered oncologic care.
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