ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

DOTTORATO DI RICERCA IN

SCIENZE CHIRURGICHE

Ciclo 36

Settore Concorsuale: 06/C1 — CHIRURGIA GENERALE

Settore Scientifico Disciplinare: MED/18 — CHIRURGIA GENERALE

TITOLO TESI

OMISSION OF AXILLARY CLEARANCE IN PATIENTS WITH EARLY
BREAST CANCER AND POSITIVE SENTINEL NODE BIOPSY TREATED
WITH CONSERVATIVE SURGERY: APPLICATION OF THE ACOSOG Z0011
TRIAL IN CLINICAL PRACTICE

Presentata da: Giovanni Cisternino

Coordinatore Dottorato Supervisore

Prof. Bianca Maria Piraccini Prof. Mario Taffurelli

Co-supervisiore

Prof. Gilberto Poggioli

Esame finale anno 2024



ABSTRACT

Background: Axillary lymph node dissection (ALND) in presence of sentinel lymph node metastases
has been the surgical standard in breast cancer (BC) patients for many years. Today, after the
publication of the American College of Surgeon Oncology Group (ACOSOG) Z0011 trial and
considering the increasing knowledge of BC biology, axillary clearance is a procedure restricted to a
dwindling group of patients with a clearly metastatic axilla.

Objective: To evaluate, as evidenced in literature by 20011 study, that the omission of ALND in
patients with cT1-2 ¢cNO BC undergoing breast conserving surgery (BCS) and histological finding of
metastases in 1 or 2 sentinel lymph nodes is not associated with a worse prognostic outcome.

End point: Primary endpoint of the study was overall survival (OS). Secondary endpoints were
disease free survival (DFS) and locoregional recurrence.

Patients and methods: This research project is a prospective observational trial involving two Italian
high-volume Breast Surgery Units: IRCCS Policlinico di Sant’Orsola and IRCCS San Raffaele Research
hospital. All patients undergoing up-front BCS for BC between the 1%t of November 2020 and 315 of
July 2023, were screened and those with cT1-2 cNO BC with preoperative negative axillary
ultrasound with 1 or 2 metastatic sentinel lymph nodes treated with sentinel node biopsy (SLNB)
alone entered the study. All procedure followed standard clinical practice. After surgery all patients’
final pathology were discussed in the multidisciplinary breast meeting.

Results: A population of 795 cT1-2 cNO BC patients underwent BCS and SLNB during the study
period. 705 women fulfilled exclusion criteria (672 negative sentinel node biopsy, 33 ALND) and
were excluded. Ninety patients were included. Median age was 60 (52-68) years. Seventy-five
patients (83%) had a clinical T1 tumor and 15 (17%) a clinical T2. Median tumor size at final
pathology was 16 mm (11-19). Tumor receptor status was: 94% luminal A or B tumors, 2% were
HER2 positive tumors and 4% were triple negative. The median number of nodes removed was 2 (1-
3). Eighty-one patients had 1 positive lymph node (90%), while 9 had 2 sentinel node metastasis
(10%). Micrometastases were identified in 39 patients (43%) and 51 patients (57%) had lymph node
macrometastasis. All patients underwent adjuvant radiotherapy. Thirty-tree Oncotype Dx testing
(37%) were performed: 29 resulted in a low recurrence score (<25), 4 high recurrence score (>26).
Seventeen patients (19%) performed adjuvant chemotherapy. Two patients received
immunotherapy with trastuzumab and pertuzumab. Endocrine therapy was given to 84 patients
(93%). In 2 patients CDK 4/6 inhibitor, abemaciclib, was added to endocrine therapy. At a median
follow-up of 19 months (IQR 13-23) OS and DFS were 100%. No loco-regional recurrence was seen.

Conclusion: The preliminary results of our study confirm that omitting ALND in patients meeting
Z011 criteria is oncologically safe and should be the standard of care in all breast units. However, in
the modern context of personalization of BC treatment, each decision should be based on a
multidisciplinary discussion.
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BACKGROUND

Axillary lymph node dissection (ALND) in presence of sentinel lymph node metastases has been the
surgical standard in breast cancer (BC) patients for many years. Today, considering the increasing
knowledge of BC biology, the current trend is to avoid axillary dissection even in presence of
metastatic sentinel lymph node involvement.

The American College of Surgeons (ACOSOG) randomized clinical trial Z0011, published in 2011,
demonstrated that among women undergoing breast conserving surgery (BCS) for tumors smaller
than 5 cm (cT1/2), no palpable lymph nodes (cNO) and having 1 or 2 metastatic sentinel lymph
nodes, 5- and 10-year overall survival (OS), disease-free survival (DFS) and loco-regional recurrences
for patients treated with sentinel lymph node biopsy (SLNB) alone are non-inferior to OS, DFS and
recurrences of patients who underwent ALND. As a result, the rate of comorbidities related to
axillary surgery was reduced. [1-2] To date, lymphedema, loss of sensitivity and functional limitation
of the upper limb remain relevant axillary surgery complications, which are no further acceptable if
not associated with any prognostic advantage.

Considering these, international guidelines started to [3-4] propose no ALND in case of BC with
metastatic sentinel lymph node detection in patients who meet the Z0011 study criteria. Several
multicenter, prospective, randomized international studies started to confirm these results. [5-6]
Among these, the SINODAR-ONE, a randomized national multicenter study closed the accrual in
April 2020 and results have been recently published. [7]

Furthermore, compared to the past, the presence of axillary lymph node metastases has no longer
the same prognostic value: in multidisciplinary teams, adjuvant therapy is now proposed based on
the bio-molecular parameters of each neoplasm, with respect to the different bioprofiles of the
breast tumor, regardless of lymph node involvement, obtaining the same outcome in terms of
survival. [8] Moreover, in ER+/HER2- early breast cancer, the21-gene recurrence score (RS) assay
(Oncotype Dx) has been prospectively validated as a tool providing both prognostic and predictive
information useful for tailoring adjuvant chemotherapy administration. [9-10]

With this in mind, we decided in November 2020 to start this research project to introduce the
Z0011 study criteria in clinical practice.



AXILLARY SURGERY HISTORY

In 1757, the French physician Henri F. Le Dran was one of the first surgeons to support the concept
of axillary dissection as an integral part of the surgical treatment of breast cancer. [11] In 1866, the
German pathologist Rudolph Virchow, supported by robust autopsy studies, postulated that the
axillary lymph nodes represented the point of spread via the lymphatics to distant sites. [12]
Following this hypothesis, William Halsted proposed the principle that the surgical approach to BC
should comprise extirpation of the breast and adjacent lymph nodes and promoted radical
mastectomy, whereby the breast, pectoralis muscles, and ipsilateral axillary nodes were removed
en-bloc [13-14]. In the early years of the 20th century, the anatomical extension of the Halsted
techniqgue was debunked to reduce the disfigurement patients who underwent surgery
experienced, gave way to modified radical mastectomy—the approach that became the gold
standard of “current best practice” in BC treatment until the mid- 1980s.

After, during the 1970s, Umberto Veronesi in Milan, described the technique of preserving breast
anatomy, which became known as ‘quadrantectomy’ and defined the ablation of the neoplastic
tissue with an ample portion of healthy surrounding parenchyma with a macroscopic margin varying
from 2 to 3 cm. The National Cancer Institute in Milan started recruiting patients in 1973. A median
follow-up of 20 years showed the overall and BC-specific survival rates to be alike in the two groups;
these outcomes without doubt confirmed that in a great number of patients affected by BC the
conservative approach is, in terms of oncological safety, non-inferior to radical mastectomy. [15]
Breast conservation is now the gold standard for the treatment of early BC.

Also in the 1970s, 2 large trials, the Kings/Cambridge and NSABP-04 trials, questioned the modified
radical mastectomy axiom. They randomized patients with a clinically node-negative axilla to either
early or delayed axillary treatment. And in the mid-1980s, we saw the beginning of a gradual de-
escalation in axillary surgery. [16]

Axillary nodal status is one of the most important prognostic factors in BC. It mainly has a staging
role helping define patients who are candidates to adjuvant treatments. Historically, axillary staging
was obtained through ALND, which in the past also included level Ill (and in some cases also
supraclavicular and internal mammary nodes) apart from level | and Il of axillary nodes that now
define axillary dissection instead. [17]

Even if ALND is now more conservative than before, it is an invasive surgical procedure that may
cause many complications, such as pain and numbness (39%), lymphedema (25%), reduced arm
mobility (16%) and infection (11%). [18] This vision imposes the necessity to minimize the indication
of complete axillary dissection as much as possible. [19]

The concept of SLNB was firstly proposed in 1993 by Krag et al. who undertook a pilot study of 22
patients with clinically node negative BC involving radio-localization of the sentinel lymph node. This
study concluded that SLNB was a predictor of the status of nonsentinel axillary nodes but
acknowledged the need for a larger clinical trial to verify the value of the technique [20]. After this,
notorious surgeons like Armando E. Giuliano started to ameliorate and routinarily use SLNB
technique. Giuliano in fact reported in 1995 an identification rate over 90%, and an accuracy in
predicting the axillary nodal status by examining the SLN of 100%, among 107 patients who received
both a SLNB with blue dye alone followed by completion ALND [21, 22].

Different practice-changing trials have been then carried out, starting from the Milan trial, that
between 1998 and 1999 demonstrated better quality of life and reduced morbidity in the SLNB
group compared to the standard ALND arm [23]. Another important trial was Axillary Lymphatic
Mapping Against Nodal Axillary Clearance (ALMANAC) that, consistently with the previous one,
showed reduced arm morbidity and better quality of life [24].
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Different trials showed the non-inferiority of sentinel node biopsy alone versus axillary dissection.
Giuliano et. al in 2000 concluded after a prospective observational study that among 133 selected
women, complication rates were negligible after SLNB alone and that the absence of axillary
recurrences supported SLNB as an accurate staging alternative for BC and that routine ALND could
be eliminated for patients with histopathological negative sentinel nodes [25].

Veronesi et al. in 2003 on NEJM reported the results of the first prospective randomized trial in
which patients who were histopathological sentinel node tumor-free were randomized to ALND or
no further axillary treatment. In over 500 patients, he showed no difference in axillary recurrence
and in overall survival (OS). The only measurable difference reported was decreased morbidity in
patients treated with a SLNB alone compared to those treated with ALND [26].

NSABP B-32 trial carried out between 1999 and 2004 was the largest of several phase Ill, randomized
controlled trials comparing SLNB to conventional axillary dissection, and showed no statistically
significant differences for the endpoints of OS, progression- free survival (PFS) and regional control
[27].

SLNB has been considered feasible and safe, with an axillary recurrence rate of less than 1%,
ensuring excellent regional nodal control, with a reported false-negative rate (FNR) of 6%-8% [28,
29]. The introduction of SLNB represented a revolution and one of the latest innovations on the
path of minimizing the surgical approach to breast cancer patients, strongly reducing postsurgical
morbidity and improving early and long-term quality of life.

Practice guidelines recommend no further axillary surgery in breast cancer with pathologically
negative (pNO) axilla. [30]

The role of SLNB as standard of care to stage clinically node negative, non- T4 invasive breast cancer
is currently undiscussed [31]. Much differently there is an abundance of controversy on how to
handle the axilla when the sentinel node turns out to be metastatic [32].

Prior to 2011 in fact, SLNB was the standard of care for staging the clinically negative axilla in breast
cancer patients, with ALND reserved for patients with clinical axillary metastases or metastases
found on SLNB [33]. However, results obtained from different trials, among which ACOSOG Z0010
[34] and NSABP-32 [27], and even the much older NSABP B-04 [35], started to make the rationale
of doing completion ALND even in patients with positive sentinel lymph nodes questionable and
opened the way to a new approach studied for the first time in ACOSOG Z0011 study.

ACOSOG Z0011 TRIAL

The American College of Surgeons Oncology Group (ACOSOG) Z0011 trial was designed to compare
the OS of patients who had hematoxylin and eosin (H&E) detected metastases in their sentinel
lymph node and were treated with completion ALND compared to patients managed without
completion ALND or third field axillary radiation. The primary endpoint of the study was OS.
However, locoregional control was assessed to determine the effect of ALND and SLNB on this
endpoint for women managed with BCS, adjuvant systemic therapy, and opposing tangential field
whole breast irradiation [1-2].

This study had the design of a randomized prospective trial.

Its inclusion criteria were:
e Women 218 years
e T1lorT2,NO, MO
e SLNB demonstrating with nodal metastatic breast cancer per frozen section, touch
preparation, or hematoxylin-eosin staining
e SLNB within 60 days of invasive breast cancer diagnosis
¢ Treatment with lumpectomy to negative margins
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e Eastern Cooperative Oncology Group/Zubrod status <2

Exclusion criteria on the other hand were:
e Metastasis identified by immunohistochemical staining
e Mastectomy
e Partial or no radiation treatment
e Palpable adenopathy or gross extra nodal disease: preoperative axillary evaluation was only
clinical and did not forecast ultrasound evaluation
e >3 positive nodes on SLNB
e Matted nodes
¢ Neoadjuvant hormonal/chemotherapy treatment
e Third field axillary nodal irradiation
e ALND defined as an anatomic Level | and Il dissection with at least 10 nodes removed
e Pregnant or lactating patients.

Although target enrolment was 1900 patients, this trial was closed early due to lower-than-expected
accrual and event rates. Patients were randomized either to completion ALND (n=445) or
observation (n=446). All patients were supposed to receive adjuvant radiation through tangential
fields. Almost all patients received systemic chemotherapy with or without hormone therapy.

At a median follow-up of 6.2 years axillary recurrence rate was 0.5% among patients treated with
ALND compared to 0.9% treated with SLNB only (P:0.45). DFS was 82.2% after SLNB and ALND
compared to 83.8% after SLNB alone (P:0.13), whereas OS was 91.9% versus 92.5%, respectively.
The update at a median follow-up of 9.25 years showed no statistically significant difference in OS
(P:0.02) and DFS (P:0.13) between the two study arms. The cumulative incidence of nodal
recurrences at 10 years was 0.5% in the ALND arm and 1.5% in the SLNB alone arm (P:0.28). Ten-
year cumulative locoregional recurrence was 6.2% with ALND and 5.3% with SLNB alone (P: 0.36).
These findings do not support routine use of axillary lymph node dissection in this patient
population based on 5- and 10-year outcomes [2].

Most criticism was initially due to the short follow-up of six years. Although it was a sufficient time
to see most axillary recurrences, many argued that longer follow-up was necessary. However, ten-
year results have been published which again showed no advantage to ALND for clinically node-
negative women whose SLNs were positive and who were managed with BCS, adjuvant system
therapy, and whole breast RT.

In addition, owing to low accrual and event rate, the study did not reach the prespecified sample
size of 1900 participants or 500 deaths and this was considered an important weakness of the study.
Like most large randomized trials in BC management, not all biological subtypes were represented
in large numbers (in the treatment received sample 66.8% were ER+/PgR+; 15.2% were ER+/PgR-;
0.8% ER-/PgR+; 17.2% ER-/PgR- in the ALND group, while 68.9% were ER+/PgR+; 13.6% were
ER+/PgR-; 1% ER-/PgR+; 16.5% ER- /PgR- in the SLNB only group). Differences in outcomes may be
seen for patients with different individual circumstances. However, the authors argued that not all
biological subtypes can be analyzed for small variations in locoregional treatment.

Another significant criticism was that the axillary radiation fields were not planned and some
patients had nodal irradiation. Subsequent evaluation of the radiation fields showed that 11% of
patients did not receive any radiation at all, some had nodal irradiation (18.9%), but most had whole
breast only albeit with high tangents (89.6% in the SLNB group and 88.9% in the ALND group). These
differences in radiation technique were considered to impact the observed outcomes [2].

7



ACOSOG Z0011 trial has been a bomb dropped in the surgical oncology community being not only
a practice-changing trial but also leading to a change in the way of thinking as well. After its results
the American Society of Clinical Oncology (ASCO) stated that clinicians should not recommend ALND
for women with early-stage breast cancer who have one or two SLN metastases and will receive BCS
with conventionally fractionated whole-breast RT [36, 37]. According to ASCO this concept is
evidence-based and the strength of this recommendation is strong as benefits outweigh harms.
Patients with larger tumors, more than two positive sentinel lymph nodes, inflammatory breast
cancer, undergoing mastectomy or planned to receive unconventional radiation treatments are
excluded from this recommendation. However, despite the ten-year results, many surgeons have
not yet fully accepted the omission of ALND for node-positive women. While surgeons at most major
cancer centers have abandoned ALND, many practicing surgeons have not. Acceptance of a less
radical procedure is always slow [38].

BEYOND ACOSOG 70011 TRIAL

sentinel node (no macrometastates)
(isolated tumor cells were included as
micrometastates)

467 experimental
arm (No ALND)
91% BCS, 9%
mastetctomy

Study Design Inclusion criteria Arm End point
IBCSG 23-01 trial multicentre, any age 931 (1:1) BC primary endpoint:
2001-2010 [41] randomised, non- BC<5cm 464 standard arm DFS

inferiority, phase 3 trial one or more micrometastases (€2 mm) in (ALND)

Secondary
endpoints: OS, site
of recurrence, and
surgical
complications of AD
(axillary dissection)

AMARQOS trial
2001-2010 [54]

Randomised,
multicentre, open-label,
phase 3 non-inferiority

Any age
T1-2 BC, unifocal, invasive breast cancer,
with no palpable lymphadenopathy

Randomization (1:1) to receive either
axillary lymph node dissection or axillary
radiotherapy in case of a positive sentinel
node

4806 BC (1:1)

2402 axillary lymph
node dissection
744 sentinel node
positive (ALND
group)

2404 axillary
radiotherapy

681 sentinel node
positive (axillary RT

primary endpoint: 5-
year axillary
recurrence

Secondary
endpoints: axillary
recurrence-free
survival, DFS, OS,
shoulder mobility,
lymphoedema, and

randomized trial

1 or 2 macromestases in sentinel lymph
nodes

419 experimental
arm (no ALND)
75.2% BCS,
24.8%mastectomy

group) Quality of life
82% BCS, 17%
mastectomy
SINODAR-ONE trial Prospective, Age 240 e <75 822 (1:1) BC Primary end point:
2015-2020 [7] multicenter, non BC<5cm 403 standard arm oS
inferiority, phase 3 cNO (ultrasound assessment) (ALND)

Secondary end
points: RFS

SOUND trial
2012-2017 [42]

Prospective,
multicenter, non
inferiority, phase 3
randomized trial

Women of any age

BC<2cm

cNO

negative pre-perative axillary US

BCS and RT

Axillary lymph node with micro and macro
metastases were defined positive

1405 (1:1) BC

708 standard arm
(SLNB group)

697 experimental
arm (no axillary
surgery)

Primary end point:
DDFS

Secondary end
points: cumulative
incidence of distant
recurrences, the
cumulative
incidence of axillary
recurrences, DFS,
0S, and the adjuvant
treat- ment
recommendations.




Study

Results

Conclusions

IBCSG 23-01 trial
2001-2010 [41]

Median follow-up 5.0 years

-5-year DFS was 84-4% AD group and 87-8% no AD group (log-rank
p=0-16)

-5-year 0S 97-6% AD group and 97-5% no AD group (log-rank p=0-7)
-5-year cumulative incidence of breast cancer events was 10-8%
AD group and 10-6% no AD group (p=0-90)

no difference between the AD and no AD arms for the
primary endpoint of DFS.
OS also did not differ between the two arms.

AMARQOS trial
2001-2010 [54]

Median follow-up: 6.1 years

-5-year axillary recurrence was 0:43% in ALND and 1:19% in axillary
RT (radiotherapy)

-5-year DFS was 86:9% in ALND and 82:7% in axillary RT p=0-18
-5-year OS was 93:3% in ALND group and 92:5% in axillary RT
p=0-34

No significant differences between the two groups in
5-year axillary recurrence, DFS, and OS Significant
difference in the incidence and severity of
lymphoedema in favor of the axillary radiotherapy
group

SINODAR-ONE trial
2015-2020 [7]

Median follow-up 34.0 months

-5-year OS rates were 98.9% and 98.8% in the ALND and SNLB-only
arm of treatment, respectively (p = 0.936).

-5-year RFS rates were 96.3% and 95.6%, in the ALND and SNLB-
only arm of treatment, respectively (p = 0.511).

-5-year cumulative incidence of recurrence of 6.9% and 3.3% in the
standard and experimental treatment arm, respectively (p = 0.444)
Only one axillary lymph node recurrence was observed in each
group of treatment

The 3-year survival, regional, and distant relapse
rates of patients with T1-2 BC and one or two
macrometastatic SLNs treated with BCS, SLNB only,
and adjuvant therapy were not inferior to those of
patients treated with ALND

SOUND trial
2012-2017 [42]

Median follow-up 5.7 years

-5-year DDFS was 97.7% in the SLNB group and 98.0% in the no
axillary surgery group (log- rank P = .67)

-5-year DFS was 94.7% in the SLNB group and 93.9% in the no
axillary surgery group (log-rank P =.30)

-5-year OS was 98.2% in the SLNB group and 98.4% in the no
axillary surgery group (log-rank P =.72)

-5-year cumulative incidence of distant metastases was 2.3% in the
SLNB group and 1.9% in the no axillary surgery group (Gray P =.69)
-5-year cumulative incidence of axillary recurrences was 0.4% in
both groups (Gray P =.91)

Omission of axillary surgery was non- inferior to
surgical staging performed by SLNB when evaluating
DDFS at 5 years in patients with BCup to 2cm and a
negative result on preoperative ultrasonography of
axillary lymph nodes




PATIENTS AND METHODS

This research project is a prospective observational trial evaluating the results of omitting ALND in
patients, that meeting the Z0011 criteria, who underwent BCS and SLNB in two high-volume centers.
The study involved two Italian Breast Surgery Units: IRCCS Policlinico di Sant’Orsola and IRCCS San
Raffaele Research hospital.

Purpose of the study is to evaluate, as evidenced in literature by Z0011 study [1,2], that the omission
of ALND in patients with cT1-2 cNO BC undergoing BCS and histological finding of metastasesin 1 or
2 sentinel lymph nodes is not associated with a worse prognostic outcome (overall survival, disease-
free survival, locoregional recurrence).

Primary endpoint of the study was overall survival (OS), defined by the time between the date of
surgery and the date of death for any cause.

Secondary endpoints were disease free survival (DFS), defined as the time since the date of surgery
and the first date of local and/or distant breast cancer recurrence, and locoregional recurrence,
defined as disease recurrence in the same operated breast or in the ipsilateral axillary lymph nodes,
internal mammary chain, subclavicular or supraclavicular.

Patients who underwent BC surgery between the 15t of November 2020 and 31° of July 2023 at
IRCCS Policlinico di Sant’Orsola and San Raffaele University Hospital were screened to be included
in this study.

Inclusion criteria were:

e age>=18
e biopsy proven BC
e (T1-2

e Clinically negative axillary (cNO)

e Negative preoperative ultrasound

e BCS followed by radiotherapy

e MO

¢ No neoadjuvant systemic therapy

e Presence of 1 or 2 micro (£2mm) or macrometastases (>2mm) in the sentinel lymph nodes
on definitive histological examination

Exclusion criteria were:
e pregnancy and breastfeeding status
e Inflammatory breast cancer
¢ Presence of 3 or more metastases on histological examination
e Negative SLNB
e ALND performed

Differently from Z0011 trial, we didn’t exclude patients with bilateral or multicentric disease,
patients with previous history of breast cancer or other tumors neither patient with positive margins
at lumpectomy.

Patients were evaluated by a surgical oncologist at diagnosis. They underwent mammography,
breast and axillary ultrasound, together with core needle biopsy of the lesion to confirm the
diagnosis and have histological and molecular characterization of the tumor. In case of suspicious
node at axillary ultrasound examination, patients were sent to axillary fine-needle aspiration and in
case of positivity underwent ALND or primary systemic therapy, in case of multiple suspicious nodes,
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and were excluded from the study. Other exams were required if necessary, based on clinical
evaluation.

As per observational study, BCS and SLNB were carried out following routine clinical practice.
However, the sentinel lymph node was analyzed by hematoxylin-eosin frozen section and
immunohistochemical analysis in San Raffaele Breast Unit, whilst in Sant’Orsola Breast Unit the
OSNA technique (One Step Nucleic acid Amplification) was applied. This is an automated molecular
diagnostic assay quantifying Cytokeratin 19 (CK19) mRNA expression, an epithelial cell marker that
is normally absent in lymph node tissue. The expression rate of CK19 mRNA correlates with the size
of the metastatic foci. [39]

All patients signed a regular informed consent.

After surgery all cases were discussed in the multidisciplinary breast meeting to decide the
appropriate adjuvant therapy.

Data were prospectively collected from a maintained database of electronic medical records and
recorded in Databreast and Microsoft Excel (Microsoft Cor., Redmond, Wash.) on an “ad hoc”
spreadsheet where data on patients, tumor characteristics, surgery, pathology, radiotherapy,
medical therapy regimen and follow-up have been reported.

Discrete variables were described as number and percentage or median and interquartile range
(IQR), which reports the range between the 25th and 75th percentile.
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RESULTS

During the study period, 1798 patients underwent surgery for BC, 1158 of these had BCS. Two
hundred and seventeen patients were candidate to neoadjuvant chemotherapy, whereas 941 were
candidates to up front surgery.

A population of 795 patients with cT1-2 cNO BC underwent BCS and SLNB. Among these women 716
fulfilled exclusion criteria (664 have a negative sentinel lymph node at final pathology, 41 underwent
ALND) and were excluded. Ninety women were included in the study. (Figure 1)

Patients’ clinical and pathological characteristics are showed in table 1.

Median age of the included patients was 60 (52-68) years. 75 patients (83%) had a clinical T1 tumor
and 15 (17%) a clinical T2.

Median tumor size at final pathology was 16 mm (11-19), most were pT1lc tumors (57%), invasive
ductal carcinoma (87%), G2 (51%) with no lymph vascular invasion (54%).

Eleven patients had a multiple tumor that was radically excised with breast conservation. One
patient presented positive margins for intraductal carcinoma but no radicalization was performed.
Two patients had a previous breast cancer and 9 had a history of previous cancer elsewhere. Six
patients had bilateral disease. For the outcome analysis only the side with the positive sentinel
lymph node at final pathology was considered. One patient had metastasis in both sentinel lymph
node and was considered twice.

Most tumors were luminal A-like (55%) and luminal B-like (39%). 3 cases were triple negative and 2
tumors had HER2 overexpression (1 Luminal-HER2 positive, 1 HER2 positive-ER/PR receptor
negative).

1798 BC patients

4

1158 BCS

$ W) Excluded 217 PST

941 upfront surgery

» Excluded 154 no SLNB

‘ - Excluded 28 ALND

795 cNO BC treated with BCS+SLNB

‘ - Exclude 672 negative sentinel nodes
m) Excluded 33 ALND

90 pN+, patients enrolled

Figure 1 Flow Diagram
PST: primary systemic therapy;
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Population, n 90

Age (years), median (IQR), n (%) 60 (52-68)
<50y 19 (21%)
>50y 71 (79%)
Clinical stage, n (%)

T1 75 (83%)
T2 15 (17%)
Histological type, n (%)

Ductal 78 (87%)
Lobular 5 (5%)
Other 7 (8%)
Grade, n (%)

G1 30 (33%)
G2 46 (51%)
G3 14 (16%)
Lymphovascular Invasion, n (%)

absent 49 (54%)
focal 25 (28%)
extended 16 (18%)
Pathological stage, n (%)

Tla 2 (2%)
Tib 18 (20%)
Tic 51 (57%)
T2 19 (21%)
Tumor size, median (IQR), mm 16 (11-19)
Receptor status, n (%)*

Luminal A 50 (55%)
Luminal B 35 (39%)
Luminal Her2 + 1(1%)
Her 2+ 1(1%)
TN 3 (4%)
Multiple tumor, n (%) 11 (12%)
Bilateral tumor, n (%) 6 (7%)
Previuos controlateral breast cancer, n (%) 2 (2%)
History of other cancer, n (%) 9 (10%)

*Luminal A: Ki 67<22% and/or PgR>20%

Table 1. Clinical and pathological characteristics

The number of lymph nodes removed and the extent of metastatic involvement are presented in
Table 2. The median total number of nodes removed was 2 (1-3). 81 patients had 1 positive lymph
node (90%), while 9 had 2 sentinel node metastasis (10%).

Micrometastases were identified in 39 patients (43%), while the remaining 51 (57%) had lymph node
macrometastasis.
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Number of histologically positive nodes, n (%)

1 81 (90%)
2 9 (10%)
Total number of lymph node s removed, Median (IQR) 2 (1-3)

Size of sentinel lymph node metastasis, n (%)

Micro (€2 mm) 39 (43%)
Macro (>2 mm) 51 (57%)

Table 2. Lymph node histopathological characteristics

Table 3 shows the details of adjuvant therapy administered.

All patients underwent post operative radiotherapy according to standard clinical practice.

The multidisciplinary team decided to perform 33 Oncotype Dx testing (37%), to better define the
chemotherapy benefit. Twenty-nine patients had low recurrence score (<25), while 4 patients had
a recurrence score high (>26). In total, 17 patients (19%) performed adjuvant chemotherapy
according to standard clinical practice. 2 patients received immunotherapy with Trastuzumab and
Pertuzumab. Endocrine therapy was given to 84 patients (93%). In 2 patients CDK 4/6 inhibitors
Abemaciclib was added to endocrine therapy. Four patients stopped endocrine therapy for
intolerance to side effects.

Radiotherapy, n (%)

No 0
Yes 90 (100%)
Adjuvant Chemotherapy, n (%)

No 73 (81%)
Yes 17 (19%)
Oncotype DX, n (%) 33 (37%)
RS Low (0-25), n 29
RS High (26-100), n 4
Type of Chemotherapy, n

AC (adriamycin/cyclophosphamide)+ Taxane 4

EC (Epirubicin/cyclophosphamide)+Taxane 10
Carboplatin/taxane 2
TC(cyclophosphamide+taxane) 1
Pertuzumab+Trastuzumab* 2
Endocrine Therapy

No 6 (7%)
Yes 84 (93%)
Type of Endocrine Therapy

Anastrozole 26
Letrozole 40
Exemestane 13
Tamoxifen 3
Exemestane+Abemaciclib 2
LHRH analogue* 18

*|n addition to standard therapy
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Table 3. Adjuvant therapy characteristics

Follow up data are shown on Table 4.

At the end of the third years of enrollment among patients who had a minimum follow-up time of
six months, median follow-up was 19 months. (IQR 13-23). All patients are alive and in good general
condition. One patient developed a bone metastasis from squamous cell carcinoma of the cervix. At
this time no loco-regional recurrence was seen.

No major intraoperative complications occurred in the study cohort.

Overall survival

No. of events/No. of patients (%) 0/90 (100%)
Median OS FUP time, in patients with a 26 months follow up (IQR), month 19 (13-23)
Disease Free survival

No. of events/No. of patients (%) 0/90 (100%)
Median OS FUP time, in patients with a 26 months follow up (IQR), months 19 (13-23)

Locoregional recurrence
No. of events/No. of patients 0/90

Table 4. Follow-up
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DISCUSSION

During the years the surgical management of the axilla has changed radically. SLNB was first
described in 1993 [20] and it progressively acquired the role of a new method of axillary staging
with less morbidity. SLNB alone is now the standard staging procedure among all clinically node-
negative (cNO) BC patients. The last ten years have increasingly seen SLNB as the sole axillary surgical
procedure among selected patients with low-volume axillary metastases based on the results of the
ACOSOG Z0011 trial [1].

The modern trend of de-escalating surgery to treat BC follows the evidence of better outcomes after
less invasive surgery [36]. In this context SLNB has evolved from being the main procedure to stage
the axilla, to become the only therapeutic procedure in early BC when sentinel node is positive, thus
reducing post-surgical morbidity and improving quality of life [40]. ALND is associated with
considerable morbidity, and the results of ACOSOG 20011 trial showed that its related complications
can be avoided without decreasing cancer control. The results of 10-year follow-up provided
additional support to the concept that axillary dissection is not necessary for long-term disease
control and survival for patients with early BC and positive sentinel lymph node undergoing breast
conservation [2].

Although the initial outcomes of the ACOSOG Z0011 study gave rise to controversy [46], the
management of women with positive sentinel lymph node changed radically. Many international
studies started to strengthen and extend the indications coming from the Z0011 trial. [5-6] One of
these, the SINODAR-ONE trial, an Italian randomized multicenter study closed the accrual in April
2020 and recently published the first follow up data. [7]

We thought and started this research project at the end of SINODAR-ONE trial enrollment, in which
the Sant'Orsola breast surgery unit participated. Our study aimed to translate into clinical practice
the results obtained from Z0011 trials, allowing patients to reduce the complication rate related to
ALND.

Our preliminary results showed that at a median follow up time of 19 months OS and DFS was 100%.
We reported only one distant relapse, not related to BC, but a bone metastasis from squamous cell
carcinoma of the cervix. Compared to Z0011 study, patients with a previous history of cancer (both
breast and other sites) patients with multicentric or bilateral tumors, patients with positive margins
at lumpectomy were included. Considering these characteristics, almost one third of the study
population (27 patients) would have been excluded from the Z0011 study. This could be considered
a strength of our study, as our population mirrors a real-life translation application the 2011 study
criteria into daily clinical practice.

Due to the short median follow-up, despite being excellent, our OS and DFS are not comparable
with literature data yet. In the Z0011 trial [1] at a median follow-up of 6.2 years the 5-year OS was
92.5% in the SLNB-alone group, while the 5-year DFS was 83.9%. In the IBCSG 23-01 [41], also
including tumors with micrometastases in the SLNB after BCS or mastectomy, the 5-year OS was
97.5% in the group without ALND whereas the 5-years DFS was 87:8%. In the SINODAR-ONE trial
[7], including patients undergoing either BCS or mastectomy for T1-2 breast cancer and presenting
one or two macrometastatic sentinel lymph nodes, at a median follow up of 34 months 5-year OS
rate was 98.8% in SLNB-only arm of treatment, while the 5-years recurrence free survival rate was
95.6%. In the SOUND trial [42], where patients with breast cancer <<2 cm and a negative
preoperative axillary ultrasound were randomized to SLNB (plus standard surgery) versus
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observation (no axillary surgery), at a median follow up of 5.7 years the 5-year OS rate was 98.4%
in the no axillary surgery group, while the 5-year DFS rate was 93.9%.

No locoregional recurrence were seen during the study period. In the Z0011 trial [1] the 5-years rate
of local recurrence was 1.6% in the SLNB group. In the IBCSG 23-01 [41] the rate of axillary
recurrence was very low at 5 years: 1% in the SLNB group. In the SINODAR-ONE trial [7] the 5-year
cumulative incidence of recurrence was 3.3% in the experimental treatment arm but only one
axillary lymph node recurrence was observed in each group of treatment. In the SOUND trial [42]
the 5-year cumulative incidence of axillary recurrence was 0.4% in both groups. Notably, although
in these trials a certain burden of nodal disease was left behind in the experimental group
(anticipated to be 27% in Z0011 trial, 44% in SINODAR trial and 14% in the SOUND trial on the basis
of nodal positivity rates in the standard treatment arms), there was no difference between groups
in terms of locoregional recurrence. In our population the short follow-up refrained us from finding
potential locoregional recurrence. However, axillary recurrences are known to occur relatively early
after surgical treatment. In fact, in the NSABP B-04 [35], the median time to axillary recurrence was
14.8 months, 19.1 months in the ACOSOG Z0010 [34] trial and 48 months reported a median time
to axillary recurrence of in the ACOSOG Z0011[1].

In our cohort, the rate of micrometastases (<2 mm) was 43% and the rate of macrometastases was
57%. Our percentage of micrometastases is similarly to 44.6% of the Z0011 trial [1] in the SLNB-only
arm. In the SINODAR-ONE trial [7] micrometastastatic lymph nodes were excluded and at final
pathology 0.7% patients showed micrometastases in the SLNB-only group. In the SOUND trial [42]
97 patients (13.7%) of the in the SLNB group had positive axillary nodes, 36 (37%) with
micrometastases and 61 (63%) with macrometastases. Patients with a sentinel lymph node
micrometastasis notoriously have a very low risk of recurrence as reported in well-known trials like
IBCSG 23-01 [41] and guidelines recommend no axillary clearance in these cases [30]. Nevertheless,
since our study referred to the application of the Z0011 study criteria in clinical practice, we also
included patients with micrometastatic sentinel nodes in our analysis.

When considering the tumor receptor status, our population exhibited 94% were luminal like A or
B tumors, 2% were HER2 positive tumors and 4% were triple negative. This distribution differs from
Z0011 trial [1] where ER-/PR- tumors were 16,3% in the SLNB-group while ER+/PR+, ER+/PR-, ER-,
PR+ tumors accounted for 83,7%. HER2 expression was not reported. In the SINODAR-ONE trial [7]
luminal like A or B tumors accounted for 82,6%, the HER2 positive for 11% and the triple negative
for 3%. In the SOUND trial [42] in the no-axillary surgery group the luminal HER2 negative tumors
were the 88,5%, the HER2 positive were 6,7% and the triple negative were 4,7%, whereas in the
axillary surgery group the luminal HER2 negative tumors were the 87,1%, the HER2 positive were
6,8% and the triple negative were 6,1%. Our study started in November 2020 and the distribution
of tumor receptor status reflects the actual trend of patients undergoing upfront surgery who
generally present luminal breast cancer whilst women with HER2 positive and triple negative BC
usually undergo neoadjuvant chemotherapy in relation to the possibility of tailoring the post-
operative treatment based on the presence of residual disease after treatment.

All patients received adjuvant whole-breast radiotherapy, 93% endocrine therapy and 19% adjuvant
chemotherapy. Two patients also received anti-HER2-agents. In the SLNB only arm of Z0011 [1]
46.6% of patients received endocrine therapy, 58% adjuvant chemotherapy and 89,6% received a
whole-breast radiation therapy. In the SINODAR-ONE trial [7] adjuvant endocrine therapy was
administered to most of the enrolled patients (90,2%), adjuvant chemotherapy was delivered to
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44.6% in the experimental treatment arm, adjuvant HER2 targeted immunotherapy was
administered to 82 patients (9,3%). Most enrolled patients (71%) underwent adjuvant whole breast
radiotherapy following BCS. In the SOUND trial [42] in the no axillary surgery group, 653 patients
(93,7%) had ER-positive BC; of those, 646 (98.9%) received endocrine therapy, 47 patients (6,7%)
had HER2-positive BC and almost all of these (46 patients) received trastuzumab. Overall, 142
women (20.1%) in the SLNB group and 122 women (17.5%) in the no axillary surgery group received
chemotherapy, while 694 women (98.0%) in the SLNB group and 680 women (97.6%) in the no
axillary surgery group received radiotherapy.

This thesis shows some strengths such as the prospective data, the detailed data collection and the
availability of data from two high-volume breast units among the greatest in Italy. Another strength
of our study is that we also reported the Oncotype Dx recurrence score data. This was indicated by
the multidisciplinary team for 33 patients (37%). Results showed 29 low recurrence scores (<25),
whereas 4 patients had a high recurrence score (>26) and underwent adjuvant chemotherapy.
Today, in luminal BC, the Oncotype DX is an additional asset which is useful for tailoring the adjuvant
treatment in patients at intermediate risk of relapse. Our adjuvant chemotherapy rate is lower than
Z0011 trail, and closer to the percentage shown in the SOUND population. This could be explained
by the fact that most of our patients were diagnosed with an early BC with a good prognosis: 83%
had a T1 stage, 94% were luminal tumors and the performance of pre-operative axillary ultrasound
allowed to exclude patients with a high axillary disease burden. Moreover, compared to the past,
BC is increasingly diagnosed through core-biopsy, which allows to obtain more information and a
pre-operative bio-molecular characterization of the lesion. These data identify patients at low risk
versus patients at higher risk of relapse (such as HER2 positive or triple negative breast cancers) for
whom a neoadjuvant chemotherapy approach is desirable.

In our clinical practice we support the value of ultrasound as an extremely important tool for
obtaining a reliable preoperative axillary staging, as shown in previous literature [43]. Sensitivity of
ultrasound scan in detection of axillary nodal metastasis is reported to be in literature around 74%
with a specificity of 89%, positive predictive value of 87%, negative predictive value of 84% and
overall accuracy of 83% [44-45]. Previous studies looking at pathologic nodal disease burden by
axillary ultrasound results have shown rates of pN2-3 disease ranging from 0%-3% for patients with
negative axillary ultrasound versus 8%-31% for patients with suspicious ultrasound findings. [46]
Z0011 patient selection was only based on clinical examination and preoperative ultrasound was
not mandatory. Today axillary ultrasound is usually part of the work-up exams of BC patient.
Although our pre-operative axillary ultrasound data are not reported, as they were not an objective
of the study, it is worth to note that our study population derives from a previous patient selection
based on preoperative axillary ultrasound results. However, axillary ultrasound itself does have a
few limitations: it is an operator-dependent exam with great inter-observer variability and its role
could be limited in obese patients due to the presence of adipose tissue in the axillary cavity. [47]
Similarly, after a negative preoperative axillary ultrasound the SLNB group of the SOUND trial [42]
revealed a limited number of micro- and macromestastatic sentinel nodes (13,7%) which was
absolutely lower than the rate reported in Z0011 trial, likely due to the screening effect of
preoperative ultrasound. In fact, SOUND trialists concluded that given the limited number of
patients with macrometastases, the very low number of patients with extensive nodal involvement
(0.6% with 4 or more positive nodes) in the axillary surgery group, and the extremely low cumulative
incidence of axillary lymph node recurrence in the no axillary surgery group (0.4% at 5 years), the
performance of ultrasonography should be routinely applied in the preoperative workup of all
patients with BC.
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Finally, this thesis has some important limitations. The first being the relatively small number of
patients included, as the inclusion criteria selected a limited number of patients. Secondly, the short
median follow-up makes it difficult to find potential recurrences. This limitation was discussed
during the initial presentation of the research project, which required to be developed over 3 years
with preliminary results at the end of the third year of enrollment. However, the follow up is
ongoing, and our goal is to achieve a minimum follow up of 5 years. In the meantime, the routine
application of the Z0011 study criteria continues in the daily clinical practice of both centers.
Furthermore, our study population include early BC with a good prognosis and at low risk of
recurrence, thus we cannot exclude the possibility that breast events might appear over a longer
follow-up period than 5 years follow-up.
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FUTURE PERSPECTIVES

Today, BC management is mainly driven by tumor biology which impact diagnosis and staging, as
well as surgical and medical treatment personalization. Moreover, thanks to the screening program
and the increased awareness, most of breast malignancies are diagnosed at an early stage. As a
result, the SLNB-positive rate is falling below 20%, as reported in specialized European breast
centers, an encouraging result when compared to the 29% reported in the NSABP B-32 trial [27].
Since the publication of the Z0011 study, the meaning of sentinel lymph node biopsy has changed.
This study showed that there is no outcome advantage in dissecting the axilla in the presence of
positive sentinel lymph node, meaning that the information achieved by removing lymph nodes
does not change the prognosis of the disease. This started the modern era of axillary surgery.
However, some questions still remain open in different fields: what will be the role of preoperative
axillary imaging? Is sentinel lymph node biopsy still necessary in early breast cancer? In which cases
ALND is still required to determine nodal burden and to tailor adjuvant treatments?

Firstly, axillary surgery de-escalation goes hand in hand with the improvement in imaging
techniques. This has paved the way to the hypothesis that prognostic information on nodal status
could be obtained with an accurate diagnostic exam rather than surgery. In this context, positron
emission tomography/magnetic resonance imaging (PET/MRI) is a relatively new and promising
imaging tool that could overcome some of the limitations of the axillary ultrasound. [48] A
prospective comparative trial between axillary surgery and PET/MRI is ongoing in IRCCS San Raffaele
research hospital. The SNB vs. PET/MRI 2 trial compares PET/MRI and SLNB in staging the axilla of
early BC patients who are candidates to up front surgery. This trial could add further information in
the way to a further de-escalation of surgical treatment of BC.

Secondly, prospective European studies are underway with the challenging assumption of verifying
the utility of the SLNB itself, especially in specific subgroups of women with early BC, that are less
likely to metastasize regionally. The SOUND trial was recently published. [42] The ongoing INSEMA
and BOOG 2013-08 are studying the safety of omitting SLNB in BCS in the presence of clinically
negative axillary nodes. [49-50] The results of these trials will help to evaluate whether the lack of
pathologic lymph-node status information could be adequate in the adjuvant treatment decision-
making process. Other studies involve BC patients either with a conservative or radical
(mastectomy) surgical plan, which could contribute to further scientific growth in axillary
management, better defining the role of axillary treatment. [51]

Thirdly, the modern trend of de-escalating axillary surgery must face with results of novel
oncological trials that highlights the possibility to tailor oncological therapy selecting patients on the
basis of nodal disease burden. In this context, the total number of positive lymph nodes could still
be useful to define high-risk patients and to tailor the adjuvant treatment.

In particular, the RxPONDER study [10] randomly assigned patients undergoing up-front surgery
with 1-3 positive nodes and a RS of <25 to chemotherapy plus endocrine therapy or endocrine
therapy alone. Based on the findings from RxPONDER, chemotherapy is not indicated in
postmenopausal women with 1-3 positive node HR+/HER2- breast cancer and a RS of <25. Whilst,
for premenopausal women, chemotherapy should be advised for patients with 1-3 positive nodes
regardless of the RS. Additionally, the OlympiA trial, [52] a phase lll, multicenter, randomized,
placebo-controlled trial of adjuvant olaparib after neo- or adjuvant chemotherapy in patients with
germline BRCA 1-2 mutations and high-risk HER2 negative breast cancer showed a 3-years invasive
DFS of 85.9% in the olaparib group vs 77.1% in the placebo group (P<0.001) and 3-years distant
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disease—free survival of 87.5% in the olaparib group vs 80.4% in the placebo group (P<0.001).
Patients with triple negative BC who were treated with adjuvant chemotherapy were required to
have axillary node—positive disease or an invasive primary tumor measuring at least 2 cm on
pathological analysis, whereas patients who were treated with adjuvant chemotherapy for
hormone-receptor—positive, HER2- negative breast cancer were required to have at least four
pathologically confirmed positive lymph nodes. The results showed that adjuvant Olaparib was
associated with longer survival free of invasive or distant disease than was placebo. Finally, in the
monarchE trial [53], an open-label, phase 3, multicenter, randomized study hormone receptor
positive HER2 negative node positive breast cancer at high risk of recurrence were randomly
assigned (1:1) to receive standard-of-care endocrine therapy with or without abemaciclib 150 mg
orally twice a day for 2 years (treatment period). High-risk disease was defined as either four or
more positive axillary lymph nodes, or between one and three positive axillary lymph nodes and at
least one of the following: grade 3 disease, tumor size 25 cm, or Ki-67 >20%. At 4 years, the absolute
difference in invasive disease-free survival between the groups was 6.4% (85.8% [95% Cl 84.2 -
87.3] in the abemaciclib plus endocrine therapy group vs 79.4% [77.5-81-1] in the endocrine therapy
alone group). The authors concluded that adjuvant abemaciclib reduces the risk of recurrence and
support the use of abemaciclib in patients with high-risk hormone receptor-positive, HER2-negative
early breast cancer.

Hence, these modern trials define high risk patients also on the basis of the number of metastatic
lymph nodes which is usually higher than those one or two sentinel nodes removed by standard
SLNB. As a result, this raises the doubt whether in some cases ALND is still necessary to quantify the
exact number of positive nodes to appropriately tailor systemic therapy recommendations. In fact,
in our study population, someone of the ALND performed after positive SLNB were planned after
the multidisciplinary discussion to have more information on the axillary status. This confirms the
importance of the case-by-case discussion within a multidisciplinary team.
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CONCLUSIONS

The common thread from the past that weaves its way through the present and stretches toward
the future is the progressive tendency to tailor the single patient treatment and whenever possible,
to reduce the extension of axillary lymph-node surgery, in BC management.

The advent of sentinel lymph node biopsy has led to a progressive de-escalation of surgical methods
for axillary staging in early BC. ALND is in fact now restricted to a group of patients with a clearly
metastatic axilla or to those patients for whom information coming from this surgery could impact
adjuvant treatment.

The preliminary results of our study confirm that omitting ALND in patients meeting Z011 criteria is
oncologically safe and should be the standard of care in all breast units. However, in the modern
context of personalization of breast cancer treatment, the one-size-fits-all approach is not advisable
and each surgical decision should be based on a multidisciplinary discussion.
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