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Abstract. Background/Aim: Sentinel lymph node biopsy
(SLNB) is a standard practice for staging the axilla in breast
cancer. Initially, intraoperative frozen section (FS) examination
was used but was time-consuming and often provided false-
negative results. Delayed permanent section (PS) analysis is
currently performed; FS-SLNB is maintained for selected high-
risk cases. The aim of this study was to evaluate the feasibility
of this approach. Patients and Methods: All patients with
breast cancer with clinically negative lymph nodes undergoing
SLNB at our institution from 2004 to 2020 were analyzed,
comparing operative time, re-operation rate and clinical
outcome in terms of regional lymphatic recurrence-free and
overall survival by type of SLNB (FS vs. PS). Results: FS-
SLNB comprised 100% of the procedures in 2004 and 18.2%
at the end of the study period. The use of PS-SLNB instead of
FS-SLNB was associated with a significantly reduced rate of
axillary dissection (AD): 4.4% vs. 27.2, respectively (p<0.001).
There was no significant difference in re-operation rate for AD:
3.9% vs. 6.9%, respectively (p=0.20). The use of PS-SLNB
significantly reduced the operative time (mean=51 minutes)
(p<0.001). After a mean follow-up of 70.9 months (range=16-
180 months) there were no differences in regional lymphatic
recurrence free or overall survival. Conclusion: The reduced
use of FS-SLNB resulted in a significantly lower rate of AD,
and significant operative time and costs savings, without any
increase in the reoperation rate and lymphatic recurrences.
Therefore, this approach is feasible, safe and beneficial, both
for patients and healthcare services.

Sentinel node biopsy (SLNB) was introduced into the
surgical management of invasive breast carcinoma
approximately 20 years ago (1). At present, SLNB is
considered the standard worldwide for staging the axilla (2).
Thanks to this procedure, the number of complete axillary
dissections (ADs) in the treatment of breast cancer has
dramatically fallen, with considerable advantages for patients
in terms of reduced incidence of surgical sequelae. In fact,
pain, impairment of arm motility and lymphedema are
significantly less frequent among patients undergoing SLNB
instead of AD (3-5). On the other hand, the introduction of
SLNB was associated with increased technical complexity
and prolonged operative time due to the need for frozen
section (FS) examination of the sentinel lymph node. In
addition, the FS evaluation of SLNB suffers from a relevant
false-negative rate, with sensitivity ranging from 41% to
91% (6-10). For these reasons, a progressive trend for the
reduction in the use of FS evaluation of SNBs has taken
place at many institutions, including ours. FS-SLNB was
further discouraged after the publication of the ACOSOG
Z0011 trial. In fact, the Z0011 trial showed that a second
operation to complete AD in patients with up to two sentinel
nodes with macro-metastasis did not result in any survival
advantage who then underwent subsequent radiotherapy and
systemic treatment (11). The use of preoperative axillary
ultrasound with core-biopsy of suspicious lymph nodes,
along with evaluation of other clinical and pathological
parameters (12-17) also contributed to the identification of
patients with axillary metastasis in the preoperative work-up,
further reducing the number of patients candidates for FS-
SLNB. The aims of the current study were to retrospectively
analyze the approach to SLNB in breast cancer at our
Institution over time and to compare the outcome of patients
submitted to FS-SLNB with those who underwent permanent
section (PS) examination of SLNB in terms of the
reintervention rate and locoregional recurrence-free survival,
as well as overall survival.
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Patients and Methods

Patients. All patients with histologically proven invasive breast
carcinoma without evidence of lymph node metastasis (cN0) who
underwent surgery with SLNB at our Institution between April 2004
and April 2020 and subsequent follow-up at our clinic were included
in the study. Patients with ductal carcinoma in situ and final diagnosis
of occult breast carcinoma were not included. Patients who underwent
prophylactic mastectomy with SLNB were also not considered, nor
those with overt axillary metastasis who underwent direct complete
AD. Patients signed a written-informed consent to use of their data
for study purposes at the time of surgery. This was a retrospective
study and no experimental treatment was given. 

Compliance with ethical standards. The study complied with the
Ethical Principles for Medical Research Involving Human Subjects
according to the World Medical Association Declaration of Helsinki
and was approved by the local Ethics Committee (Regione Toscana,
Area vasta Centro, #15.018_AOUC). 

Clinical and histological parameters recorded. Data for each patient
were retrieved from the clinical records, including age at diagnosis,
histological type, grade of differentiation, hormonal receptor status,
human epidermal growth factor receptor 2 (HER2) status, Ki-67
index, lymphovascular invasion and American Joint Committee on
Cancer stage (18). Type of surgery (breast-conserving or mastectomy)
as well as type of SLNB (FS or PS) were recorded. Concerning the
pathological results of the SLNB, cases with no evidence of tumor or
with the presence of isolated tumor cells in the lymph nodes were
considered negative, whereas cases with micrometastasis (0.2-2 mm)
or macrometastasis (>2 mm) were considered positive. In the case of
a positive SLNB, we then recorded the subsequent management
(intraoperative AD, delayed AD, follow-up). For each patient, the type
of adjuvant treatment was also recorded. All cases were followed-up
with clinical examination every 6 months and with mammography
and breast-axillary ultrasound every 12 months. All cases suspicious
for recurrence were submitted to ultrasound-guided breast or axillary
lymph-node core biopsy. For the purpose of this study, all regional
(lymphatic) recurrences were recorded and the regional recurrence-
free survival was calculated from the date of the primary surgery to
the date of detection of any regional recurrence or to the last follow-
up, according to the management of the SLNB. In addition, overall
survival was evaluated for all patients. 

Statistical analysis. Data analysis was performed using IBM SPSS
Statistics, version 27.0 (IBM, Armonk, NY, USA). The frequency
distribution was assessed by Fisher’s exact test or by chi-square test,
as appropriate. Differences in the mean operative time were
evaluated by Student t-test. Regional recurrence-free interval and
overall survival were calculated according to Kaplan–Meier method
and evaluated by log-rank test.

Results

Overall, 413 patients satisfied the inclusion criteria. Because
some of them had bilateral breast carcinoma or developed a
subsequent contralateral cancer during the study period, a
total of 422 breast cancers with SLNB were analyzed. The
type of surgery, the management of the SLNB (FS or PS), as

well as use of neoadjuvant or adjuvant treatments are
detailed in Table I. For the purpose of the study, the whole
series was divided into two groups according to the
management of SLNB: Group 1, FS, and group 2, PS.

In The FS group, 46 patients (21.2%) directly underwent
complete AD because of metastasis in the SN. The remaining
171 patients (78.8%) had a negative result of the FS. Among
these, absence of metastasis was confirmed in 139 cases
(81.3%) by the subsequent definitive pathological report
(true-negative), whereas in 32 patients (18.7%), the final
result showed presence of metastasis (false-negative). In this
latter group, 15 patients (10 with micrometastasis and five
with macrometastasis) underwent reintervention for complete
AD, whereas in 17 patients (14 with micrometastasis and
three with macrometastasis), it was decided to avoid
reintervention and to start follow-up (Figure 1). The 10 cases
with micrometastasis which underwent delayed AD were
observed in the years 2004-2010, before the futility of AD
in the case of SLN with micrometastasis was demonstrated.

In the PS group, 173 patients (84.4%) started follow-up
due to the absence of metastasis. The remaining 32 patients
(15.6%) had metastasis in the SLNB, but among these only
eight patients (25.0%) underwent reintervention for complete
AD because of macrometastasis; one patient underwent direct
complete AD because of macroscopic pathological
appearance of the SN; in 23 patients (71.9%) it was decided
to start follow-up despite the positive result (18 with
micrometastasis and five with macrometastasis) (Figure 2).
All patients with macrometastasis in the SLN who
immediately started follow-up received adjuvant radiotherapy
after breast-conserving surgery. 

The mean age of the study population was 58.5 years
(median=58 years, range=26-88 years). The proportion of
young women (≤40 years), as well as the distribution
according to clinicopathological parameters in the two
groups are shown in Table II. 

ANTICANCER RESEARCH 43: 2161-2170 (2023)

2162

Table I. Distribution of patients by type of surgery, type of sentinel lymph
node biopsy (SLNB) and use of neoadjuvant or adjuvant treatments.

                                                                                           Frequency (%)

Treatment                             Mastectomy                               84 (19.9)
                                             Conservative surgery              338 (80.1)
SLNB                                   Frozen section                         217 (51.4)
                                             Permanent section                  205 (48.6)
Neoadjuvant treatment        Yes                                             31 (7.3)
                                             No                                            391 (92.7)
Adjuvant treatment              Radiotherapy                           344 (81.5)
                                             Hormone therapy                    321 (76.1)
                                             Chemotherapy                         120 (28.4)
                                             Trastuzumab                              47 (11.1)
                                             Total                                        422 (100.0)



We then evaluated the variation in the proportion of
patients submitted to FS-SLNB and PS-SLNB during the
study period (2004-2020) (Figure 3). It is clear that there was
an inversion in the management of SLNB (FS vs. PS) taking
place around the year 2010.

Therefore, we also analyzed the outcome of the two
approaches to SLNB according to the period of time. For this
purpose, we divided our series into two groups by time:
years 2004-2010, 148 patients; and years 2011-2020, 274
patients. The distribution according to clinicopathological
parameters in the two groups is shown in Table III. The use
of FS-SLNB decreased significantly from 89.9% (133/148)
in the years 2004-2010 to 30.6% (84/274) in the years 2011-
2020; p<0.001.

Type of SLNB and rate of complete AD. The choice of PS-
SLNB was associated with a significantly reduced rate of AD
[59/217 (27.2%) in the FS-SLNB group vs. only 9/205
(4.4%), in the PS-SLNB group; p<0.001]. As a consequence,
the rate of complete AD significantly dropped from 25.0%
(37/148) in the years 2004-2010 to 11.3% (31/274) in the
years 2011-2020 (p<0.001). 

Reintervention rate for complete AD according to type of
SLNB. Overall, 23 out of 422 patients (5.4%) underwent
reintervention for AD. The reintervention rate was 6.9%
(15/217) in the FS-SLNB group vs. 3.9% (8/205) in the PS-
SLNB group. The 15 reinterventions in the FS-SLNB group
were due to false-negative results of the FS, whereas the
eight reinterventions in the PS-SLNB group were obviously
due to presence of metastasis in the SLN. 

Type of SLNB and operative time. We further evaluated the
mean operative time of all the surgical procedures according
to the type of SLNB performed. The patients submitted to
FS-SLNB had a significantly longer operative time in
comparison to those undergoing PS-SLNB: 110.9±42.1
minutes vs. 60.2±22.0 minutes, respectively (p<0.001). The
choice of PS-SLNB, on average, allowed an operative time
saving of approximately 51 minutes.

Type of SLNB and incidence of regional lymph node
recurrence. To assess whether the use of PS-SLNB instead of
FS-SLNB influenced the risk of regional lymph node
recurrence, we analyzed the lymph node recurrence-free

Susini et al: Reduced Use of Frozen Section for Sentinel Node Biopsy
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Figure 1. Management of patients in frozen section sentinel lymph node biopsy (FS-SLNB) according to FS results. AD: Axillary lymph node dissection.



survival in our series. Overall, we had nine lymph node
recurrences (2.1%). Regional lymph node recurrences
occurred after a mean of 46.8±36.4 months. Regional
recurrence occurred in 3.7% (8/217) in the FS-SLNB group
and in 0.5% (1/205) in the PS-SLNB group (p=0.03). Overall,
there was no difference in recurrence-free survival between
the patients treated in the years 2004-2010 and those treats in

2011-2020 (Figure 4). Similarly, there were no differences in
recurrence-free survival comparing the same time intervals
among patients who underwent FS-SLNB (Figure 5) with
patients who underwent PS-SLNB (Figure 6).

Type of SLNB and overall survival. Overall, during the study
period, we had 12 patients who died from their disease

ANTICANCER RESEARCH 43: 2161-2170 (2023)
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Figure 2. Management of patients in permanent section sentinel lymph node biopsy (PS-SLNB) according to PS results. AD: Axillary lymph node
dissection.

Figure 3. Sentinel lymph node biopsy type by year of surgery. FS: Frozen section; PS: permanent section.
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Table II. Distribution by clinicopathological parameters, overall and by type of sentinel lymph node biopsy (SLNB).

Parameter                      Subgroup                                  Overall                                    FS-SLNB                              PS-SLNB                            p-Value
                                                                                         n (%)                                         n (%)                                     n (%)

Age                                ≤40 Years                                 31 (7.3)                                    26 (12.0)                                 5 (2.4)                               <0.001
                                      >40 Years                               391 (92.7)                                 191 (88.0)                             200 (97.6)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)
Histology                      IDC                                        218 (51.9)                                 107 (49.8)                              111 (54.1)                               0.220
                                      ILC                                         125 (29.8)                                  73 (33.9)                               52 (25.4)
                                      Other type                               77 (18.3)                                   35 (16.3)                               42 (20.5)
                                      Total                                     420* (100.0)                             215* (100.0)                          205 (100.0)
Grading                         G1                                          108 (25.7)                                  44 (20.5)                               64 (31.2)                                0.030
                                      G2                                          189 (45.0)                                 100 (46.5)                              89 (43.4)
                                      G3                                          123 (29.3)                                    71 (33)                                 52 (25.4)                                  
                                      Total                                     420* (100.0)                             215* (100.0)                          205 (100.0)
LVSI                              Absent                                    310 (73.8)                                 135 (62.8)                             175 (85.4)                            <0.001
                                      Present                                    110 (26.2)                                  80 (37.2)                               30 (14.6)
                                      Total                                     420* (100.0)                             215* (100.0)                          205 (100.0)
ER                                 Negative                                  47 (11.1)                                   22 (10.1)                               25 (12.2)                                0.538
                                      Positive                                  375 (88.9)                                 195 (89.9)                             180 (87.8)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)
PgR                               Negative                                  81 (19.2)                                   39 (18.0)                               42 (20.5)                                0.538
                                      Positive                                  341 (80.8)                                 178 (82.0)                             163 (79.5)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)
HER2                            Negative                                 370 (87.7)                                 186 (85.7)                             184 (89.8)                               0.237
                                      Positive                                   52 (12.3)                                   31 (14.3)                               21 (10.2)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)
Ki-67                             ≤20%                                      221 (25.4)                                 110 (50.7)                              111 (54.1)                               0.496
                                      >20%                                      201 (47.6)                                 107 (49.3)                              94 (45.9)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)
Biological subtype       Luminal A                              208 (49.3)                                 103 (47.5)                             105 (51.2)                               0.393
                                      Luminal B                              129 (30.6)                                  69 (31.8)                               60 (29.3)
                                      HER2+                                    52 (12.3)                                   31 (14.3)                               21 (10.2)
                                      TNBC                                       33 (7.8)                                     14 (6.4)                                 19 (9.3)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)
pT stage                        ypT0                                          2 (0.5)                                       2 (0.9)                                    0 (0.0)                               <0.001
                                      ypT1                                         20 (4.7)                                     14 (6.5)                                  6 (2.9)
                                      pT1                                         315 (74.7)                                 139 (64.1)                             176 (85.9)
                                      ypT2                                          9 (2.1)                                       9 (4.1)                                    0 (0.0)
                                      pT2                                          73 (17.3)                                   51 (23.5)                               22 (10.7)
                                      pT3                                            3 (0.7)                                       2 (0.9)                                    1 (0.5)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)                                
pN stage                        pN0                                        289 (68.5)                                 124 (57.1)                             165 (80.5)                            <0.001
                                      ypN0                                        21 (4.9)                                     15 (6.9)                                  6 (2.9)
                                      pN1                                         87 (20.6)                                   54 (24.9)                               33 (16.1)
                                      ypN1                                         7 (1.7)                                       7 (3.2)                                    0 (0.0)
                                      pN2                                          10 (2.4)                                      9 (4.2)                                    1 (0.5)
                                      ypN2                                         2 (0.5)                                       2 (0.9)                                    0 (0.0)
                                      pN3                                            5 (1.2)                                       5 (2.3)                                    0 (0.0)
                                      ypN3                                         1 (0.2)                                       1 (0.5)                                    0 (0.0)
                                      Total                                      422 (100.0)                               217 (100.0)                           205 (100.0)                           <0.001
AJCC stage                   I                                              300 (71.4)                                 127 (59.1)                             173 (84.4)
                                      II                                             102 (24.3)                                  71 (33.0)                               31 (15.1)
                                      III                                             18 (4.3)                                     17 (7.9)                                  1 (0.5)
                                      Total                                     420* (100.0)                             215* (100.0)                          205 (100.0)                                

AJCC: American Joint Committee on Cancer; ER: estrogen receptor; FS: frozen section; HER2: human epidermal growth factor receptor 2; IDC:
invasive ductal carcinoma; ILC: invasive lobular carcinoma; LVSI: lymphovascular space invasion; PgR: progesterone receptor; PS: permanent
section; TNBC: triple-negative breast cancer. *Histology, grading and LSVI of two patients were not known because of complete pathological
response after neoadjuvant chemotherapy, their remaining parameters were obtained from the preoperative biopsy.



(2.9%), with a mean duration of survival of 60.8±42.6
months. Deaths occurred in 4.6% (10/217) in the FS-SLNB
group and in 1.0% (2/205) in the PS-SLNB group (p=0.03).
Overall survival was not significantly different, neither by
type of SLNB nor by treatment era (data not shown).

Discussion

We found that the use of FS-SLNB dramatically declined at
our Institution during the span of time under consideration,
in favor of PS-SLNB. Hence, we moved from 100% of
patients being submitted to FS-SLNB in 2004 to only 18.2%
in 2020. A similar trend was reported in previous studies (19-
21). This change in the management of SLNB for patients
with breast cancer not only did not result in an increase in the
reoperation rate for complete AD in patients undergoing PS-
SLNB, but was even associated with a significant reduction
of AD overall. This outcome may seem surprising, however,
if we analyze the factors that over time led to this result, we
can understand the reason. One of the main drawbacks of FS-
SLNB is its relative inaccuracy, with as much as 18.7% of
false-negative results in this series (Figure 1), in accordance
with the literature (22-24). Another major inconvenience of
FS-SLNB is the significantly longer operative time associated
with its use. Indeed, the time needed to transfer the SLN to
the pathology laboratory and to process it implied a
considerable prolongation of the surgical procedure. For these
reasons, especially after publication of the ACOSOG Z0011
and IBCSG 23-01 trials (11, 25), at our Institution there was
a tendency to reduce the use of FS-SLNB, maintaining it only
in cases with strong suspicion of lymph node metastasis
(young age, large tumor volume, high tumor grade, etc.). A
similar trend was reported by others (19, 26). The relatively
low rate (15.6%) of positive SLNBs in the PS group may
seem surprising; however, it results from an accurate
selection of women candidates for this approach. In fact, at
our Institution, ultrasound scan of the axillary nodes is always
used in the preoperative work-up, along with other
parameters, to identify patients at risk for lymph node
metastases, as described in detail elsewhere (16, 17, 27-30).
Therefore, patients with suspicious nodes are either submitted
to preoperative ultrasound-guided core biopsy of the node or
to FS-SLNB. Firstly, the changes in the policy for
management of micrometastasis (31-33) and then the
‘revolution’ introduced by the publication of the ACOSOG
Z0011 and IBCSG 23-01 trials (4, 11, 25) greatly contributed
to reducing the number of patients undergoing reoperation for
AD following the diagnosis of metastasis in the SLNB. This
occurred at our Institution as well as in many other clinical
settings around the world (34). 

The policy of the reduced use of FS-SLNB that took place
in recent years has allowed a considerable number of patients
to be spared complete AD and, at the same time, has led to a
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Table III. Distribution by clinicopathological parameters according to
the time period of biopsy.

Parameter                 Subgroup       2004-2010        2011-2020      p-Value
                                                            n (%)                n (%)

Age                           ≤40 Years         13 (8.8)            18 (6.6)          0.436
                                 >40 Years       135 (91.2)        256 (93.4)
                                 Total              148 (100.0)      274 (100.0)
Histology                 IDC                 69 (46.6)         149 (54.8)        0.164
                                 ILC                 50 (33.8)          75 (27.6)
                                 Other type       29 (19.6)          48 (17.6)
                                 Total              148 (100.0)      274 (100.0)
Grading                    G1                   40 (27.0)          68 (25.0)         0.742
                                 G2                   68 (46.0)         121 (44.5)
                                 G3                   40 (27.0)          83 (30.5)
                                 Total              148 (100.0)     272* (100.0)
LVSI                         Absent             91 (61.5)         219 (80.5)       <0.001
                                 Present            57 (38.5)          53 (19.5)
                                 Total              148 (100.0)     272* (100.0)
ER                            Negative          13 (8.8)           34 (12.4)         0.259
                                 Positive          135 (91.2)        240 (87.6)
                                 Total              148 (100.0)      274 (100.0)
PgR                          Negative         25 (16.9)          56 (20.4)         0.438
                                 Positive          123 (83.1)        218 (79.6)
                                 Total              148 (100.0)      274 (100.0)
HER2                       Negative        132 (89.2)        238 (86.9)        0.538
                                 Positive           16 (10.8)          36 (13.1)
                                 Total              148 (100.0)      274 (100.0)
Ki-67                        ≤20%              87 (58.8)         134 (48.9)        0.065
                                 >20%              61 (41.2)         140 (51.1)
                                 Total              148 (100.0)      274 (100.0)
Biological subtype   Luminal A      81 (54.7)         127 (46.4)        0.435
                                 Luminal B      41 (27.7)          88 (32.1)
                                 HER2+            16 (10.8)          36 (13.1)
                                 TNBC              10 (6.8)            23 (8.4)
                                 Total              148 (100.0)      274 (100.0)
pT stage                   ypT0                 0 (0.0)              2 (0.7)           0.433
                                 ypT1                 4 (2.7)             16 (5.8)
                                 pT1                 111 (75.0)        204 (74.5)
                                 ypT2                 4 (2.7)              5 (1.8)
                                 pT2                 27 (18.2)          46 (16.8)
                                 pT3                    2 (1.4)              1 (0.4)
                                 Total              148 (100.0)      274 (100.0)
pN stage                   pN0                100 (67.6)        189 (68.9)        0.608
                                 ypN0                 3 (2.0)             18 (6.6)
                                 pN1mi             16 (10.8)          28 (10.2)
                                 ypN1mi             1 (0.7)              2 (0.7)
                                 pN1                 17 (11.5)           26 (9.5)
                                 ypN1                 3 (2.0)              1 (0.4)
                                 pN2                   5 (3.4)              5 (1.8)
                                 ypN2                 1 (0.7)              1 (0.4)
                                 pN3                   2 (1.3)              3 (1.1)
                                 ypN3                 0 (0.0)              1 (0.4)
                                 Total              148 (100.0)      274 (100.0)       0.715
AJCC stage              I                      101 (68.2)        199 (73.1)
                                 II                     39 (26.4)          63 (23.2)
                                 III                      8 (5.4)             10 (3.7)
                                 Total              148 (100.0)    272** (100.0)

AJCC: American Joint Committee on Cancer; ER: estrogen receptor;
HER2: human epidermal growth factor receptor 2; IDC: invasive ductal
carcinoma; ILC: invasive lobular carcinoma; LVSI: lymphovascular
space invasion; PgR: progesterone receptor; TNBC: triple-negative
breast cancer. *Histology, grading and LSVI of two patients were not
known because of complete pathological response after neoadjuvant
chemotherapy, the remaining parameters were obtained from the
preoperative biopsy. **In cases of pathological complete response
(ypT0ypN0cM0), AJCC stage was not assigned.
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Figure 4. Regional recurrence-free survival by study period: All patients.

Figure 5. Regional recurrence-free survival by period of frozen section sentinel lymph node biopsy.



significant reduction of the operative time (35). This latter
aspect may seem of secondary importance. On the contrary,
we believe that the practical advantage of shortening the
operative time may offer relevant benefits for both patients
and the community. Hence, women undergoing a shorter
operation will recover more promptly. On the other hand, the
reduction of the operative time may allow one or two more
procedures to be scheduled every day in the surgical theatre,
with considerable economical savings and boosted clearance
of the waiting list. The reduction in health care costs
associated with this change in management of SLNBs has also
been highlighted by others (20, 36-40). However, others
reported opposite conclusions, claiming an increase in costs
with the use of PS-SLNB in consideration of a higher
reoperation rate (41). As already pointed out, this was not the
case in our series, in which patients undergoing PS-SLNB had
a significantly reduced rate of reintervention for AD.

Another interesting outcome of the current study was that
the reduced use of FS-SLNB and the corresponding lower
number of complete AD in the later years, did not result in an
increase of regional lymphatic recurrences. Of note, patients
who underwent FS-SLNB even had a significantly higher rate
of regional recurrences in comparison to patients submitted to
PS-SLNB. However, this finding must be interpreted with
caution because lymphatic regional recurrences occurred after
a mean of almost 4 years from surgery and the cohort of
patients undergoing PS-SLNB had a relatively shorter follow-
up. Nevertheless, regional lymphatic recurrence-free survival

did not significantly differ by study period overall (Figure 4),
nor in groups by SLNB type (Figure 5 and Figure 6). Similarly,
no difference in overall survival was found in these groups.
Therefore, our results seem to support the feasibility and the
safety of this policy in minimizing the use of FS-SLNB. 

A limitation of our study may be represented by the
relatively small number of patients included in a relatively
long timespan. For this reason, we do not pretend to be able
to draw any definitive conclusion. However, this study
retrospectively analyzed the experience of a single
institution, in a real-life setting, and this may also be
considered one of its strengths.

Conclusion

We found that the reduced use of FS-SLNB in recent years
did not result in an increased risk of reintervention for AD.
On the contrary, the preferential use of PS-SLNB resulted in
a significant reduction of AD and a shorter operative time,
without any significant difference in regional recurrence-free
or overall survival. Therefore, in our experience, this
approach to SLNB was feasible and safe and provided
benefits for both patients and the community.
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Figure 6. Regional recurrence-free survival by period of permanent section sentinel lymph node biopsy.
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access articles are distributed under the terms and conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0 international
license (https://creativecommons.org/licenses/by-nc-nd/4.0). 
NIH Open Access Policy. The journal acknowledges that authors of NIH-funded research retain the right to provide a copy of the
published manuscript to the NIH four months after publication in ANTICANCER RESEARCH, for public archiving in PubMed Central. 
UKRI Open Access Policy. UKRI-funded Authors retain the right to distribute the final published version of their accepted article, such
as via an institutional and/or subject repository (e.g. EuropePMC), under a Creative Commons Attribution 4.0 International (CC BY 4.0)
licence (https://creativecommons.org/licenses/by/4.0/).   
Copyright. Once a manuscript has been published in ANTICANCER RESEARCH, which is a copyrighted publication, the legal ownership
of all published parts of the paper has been transferred from the Author(s) to the journal. Material published in the journal may not be
reproduced or published elsewhere without the written consent of the Managing Editor or Publisher.
Format. Two types of papers may be submitted: (i) Full papers containing completed original work (without supplementary data), and
(ii) review articles concerning fields of recognisable progress. Papers should contain all essential data in order to make the presentation
clear. Reasonable economy should be exercised with respect to the number of tables and illustrations used. Papers should be written in
clear, concise English. Spelling should follow that given in the “Shorter Oxford English Dictionary”.
Manuscripts. Submitted manuscripts exceeding 4 printed pages will be subject to excess page charges. The 4 printed pages correspond
approximately to twelve (12) document pages (~250 words per double-spaced typed page in Arial 12), including abstract, text, tables, figures,
and references. Excess pages are charged US$ 230.00 each. All manuscripts should be divided into the following sections: (a) First page
including the title of the presented work [not exceeding fifteen (15) words], full names and full postal addresses of all Authors, name of the
Author to whom proofs are to be sent, key words, an abbreviated running title, an indication “review”, “clinical”, “epidemiological”, or
“experimental” study, and the date of submission. (Note: The order of the Authors is not necessarily indicative of their contribution to the
work. Authors may note their individual contribution(s) in the appropriate section(s) of the presented work or before the Acknowledgements);
(b) Abstract not exceeding 250 words, organized according to the following headings: Background/Aim – Materials and Methods/Patients
and Methods – Results – Conclusion; (c) Introduction; (d) Materials and Methods/Patients and Methods; (e) Results; (f) Discussion;  (g)
Conflicts of Interest; (h) Authors’ Contributions; (i) Acknowledgements; (j) References. All pages must be numbered consecutively. Footnotes
should be avoided. Review articles may follow a different style according to the subject matter and the Author’s opinion. Review articles
should not exceed 35 pages (approximately 250 words per double-spaced typed page) including all tables, figures, and references.
Figures (graphs and photographs). All figures should appear at the end of the submitted document file. Once a manuscript is accepted all
figures should be submitted separately in either jpg, tiff or pdf format and at a minimum resolution of 300 dpi. Graphs must be submitted as pictures
made from drawings and must not require any artwork, typesetting, or size modifications. Figures should be prepared at a width of 8 or 17cm with
eligible symbols, lettering and numbers. The number of each figure must be indicated. Pages that include color figures are subject to color charges
(US$350.00 per page).
Tables. All tables should appear at the end of the submitted document file. Each table may have 2-10 vertical columns. Once a manuscript
is accepted, each table should be submitted separately, typed double-spaced. Tables should be numbered with Roman numerals and should
include a short title.



References. Authors must assume responsibility for the accuracy of the references used. Citations for the reference sections of submitted works
should follow the form below and must be numbered consecutively. In the text, references should be cited by number in parenthesis. Examples: 1
Kenyon J, Liu W and Dalgleish A: Report of objective clinical responses of cancer patients to pharmaceutical-grade synthetic cannabidiol. Anticancer
Res 38(10): 5831-5835, 2018. PMID: 30275207. DOI: 10.21873/anticanres.12924 (PMIDs and DOIs only if applicable). 2 McGuire WL and
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[Last accessed on April 3, 2018]. (The web address should link directly to the cited information and not to a generic webpage).

Nomenclature and Abbreviations. Nomenclature should follow that given in “Chemical Abstracts”, “Index Medicus”, “Merck Index”,
“IUPAC -IUB”, “Bergey’s Manual of Determinative Bacteriology”, The CBE Manual for Authors, Editors and Publishers (6th edition,
1994), and MIAME Standard for Microarray Data. Human gene symbols may be obtained from the HUGO Gene Nomenclature Committee
(HGNC) (http://www.gene.ucl.ac.uk/). Approved mouse nomenclature may be obtained from http://www.informatics.jax.org/. Standard
abbreviations are preferable. If a new abbreviation is used, it must be defined on first usage.
Clinical Trials. Authors of manuscripts describing clinical trials should provide the appropriate clinical trial number in the correct format
in the text.

For International Standard Randomised Controlled Trials (ISRCTN) Registry (a not-for-profit organization whose registry is administered
by Current Controlled Trials Ltd.) the unique number must be provided in this format: ISRCTNXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by “ISRCTN”). Please note that there is no space between the prefix “ISRCTN” and the
number. Example: ISRCTN47956475.

For Clinicaltrials.gov registered trials, the unique number must be provided in this format: NCTXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by ‘NCT’). Please note that there is no space between the prefix ‘NCT’ and the number.
Example: NCT00001789.
Ethical Policies and Standards. ANTICANCER RESEARCH agrees with and follows the “Uniform Requirements for Manuscripts
Submitted to Biomedical Journals” established by the International Committee of Medical Journal Editors in 1978 and updated in October 2001
(www.icmje.org). Microarray data analysis should comply with the “Minimum Information About Microarray Experiments (MIAME) standard”.
Specific guidelines are provided at the “Microarray Gene Expression Data Society” (MGED) website. Presentation of genome sequences should
follow the guidelines of the NHGRI Policy on Release of Human Genomic Sequence Data. Research involving human beings must adhere to
the principles of the Declaration of Helsinki and Title 45, U.S. Code of Federal Regulations, Part 46, Protection of Human Subjects, effective
December 13, 2001. Research involving animals must adhere to the Guiding Principles in the Care and Use of Animals approved by the Council
of the American Physiological Society. The use of animals in biomedical research should be under the careful supervision of a person adequately
trained in this field and the animals must be treated humanely at all times. Research involving the use of human foetuses, foetal tissue, embryos
and embryonic cells should adhere to the U.S. Public Law 103-41, effective December 13, 2001.

Submission of Manuscripts. Please follow the Instructions for Authors regarding the format of your manuscript and references.
Manuscripts must be submitted only through our online submission system at: http://www.iiar-submissions.com/login.html. In case a
submission is incomplete, the corresponding Author will be notified accordingly. Questions regarding difficulties in using the online
submission system should be addressed to: email: journals@iiar-anticancer.org
Galley Proofs. Unless otherwise indicated, galley proofs will be sent to the corresponding Author of the submission. Corrections of
galley proofs should be limited to typographical errors. Reprints, PDF files, and/or Open Access may be ordered after the acceptance of
the paper. Authors of online open access articles are entitled to a complimentary online subscription to Anticancer Research for the current
year and all previous digital content since 2004 (upon request to the Subscriptions Office). Galley proofs should be returned corrected to
the Editorial Office by email (iiar@iiar-anticancer.org) within 24 hours.

Erratum. An erratum is published to correct any error(s) that might have been introduced to the article by the publisher during the
publication process. Authors who may notice an error in the final published article should contact directly the Editorial Office.

Corrigendum. A corrigendum is published to change a part or to correct any error(s) that might have been introduced by the author(s).
Authors should contact our Editorial Office, and our Editor will decide on the appropriate course of action.

Specific information and additional instructions for Authors
1. Anticancer Research (AR) closely follows the new developments in all fields of experimental and clinical cancer research by (a)

inviting reviews on topics of immediate importance and substantial progress in the last three years, and (b) providing the highest
priority for rapid publication to manuscripts presenting original results judged to be of exceptional value. Theoretical papers will only
be considered and accepted if they bear a significant impact or formulate existing knowledge for the benefit of research progress.



2. Anticancer Research will consider the publication of conference proceedings and/or abstracts provided that the material submitted
fulfils the quality requirements and instructions of the journal, following the regular review process by two suitable referees.

3. An acknowledgement of receipt, including the article number, title and date of receipt is sent to the corresponding author of each
manuscript upon receipt. If this receipt is not received within 5 days from submission, the author should contact the Editorial Office
to ensure that the manuscript (or the receipt) was not lost in the mail or during electronic submission.

4. Each manuscript submitted to AR is sent for peer-review (single-blind) in confidence to two-three suitable referees with the request to return
the manuscript with their comments to the Editorial Office within 12 days from receipt. If reviewers need a longer time or wish to send the
manuscript to another expert, the manuscript may be returned to the Editorial Office with a delay. All manuscripts submitted to AR, are
treated in confidence, without access to any person other than the Managing Editor, the journal’s secretary, the reviewers and the printers.

5. All accepted manuscripts are carefully corrected in style and language, if necessary, to make presentation clear. (There is no fee for this
service). Every effort is made (a) to maintain the personal style of the author’s writing and (b) to avoid change of meaning. Authors will
be requested to examine carefully manuscripts which have undergone language correction at the pre-proof or proof stage.

6. Authors should pay attention to the following points when writing an article for AR:
• The Instructions to Authors must be followed in every detail.
• The presentation of the experimental methods should be clear and complete in every detail facilitating reproducibility by other scientists.
• The presentation of results should be simple and straightforward in style. Results and Discussion should not be combined into one section.
• Results given in figures should not be repeated in tables.
• Photographs should be clear with high contrast, presenting the actual observation described in the legend and in the text. Each legend should

provide a complete description, being self-explanatory, including technique of preparation, information about the specimen and magnification.
• Statistical analysis should be elaborated wherever it is necessary. Simplification of presentation by giving only numerical or % values

should be avoided.
• Fidelity of the techniques and reproducibility of the results, should be points of particular importance in the discussion section. Authors

are advised to check the correctness of their methods and results carefully before writing an article. Probable or dubious explanations
should be avoided.

• Authors should not cite results submitted for publication in the reference section. Such results may be described briefly in the text with
a note in parenthesis (submitted for publication by… authors, year).

• References. Each article should address, list and discuss the entire spectrum of current publications relevant to its field.
• By following these instructions, Authors will facilitate a more rapid review and processing of their manuscripts and will provide the

readers with concise and useful papers.
7. Following review and acceptance, a manuscript is examined in language and style, and galley proofs are rapidly prepared. Second

proofs are not sent unless required.
8. Authors should correct their galley proofs very carefully and preferably twice. An additional correction by a colleague always proves

to be useful. Particular attention should be paid to chemical formulas, mathematical equations, symbols, medical nomenclature etc.
Any system of correction marks can be used in a clear manner, preferably in red. Additions or clarifications are allowed provided that
they improve the presentation but do not bring new results (no fee).

9. All Authors will be asked to supply author contribution and conflict of interest forms.
10. Articles submitted to AR may be rejected without review if:

• they do not fall within the journal's policy.
• they do not follow the instructions for authors.
• language is unclear.
• results are not sufficient to support a final conclusion.
• results are not objectively based on valid experiments.
• they repeat results already published by the same or other authors before the submission to AR.
• plagiarism is detected by plagiarism screening services.

(Rejection rate (2022): 71%).
11. Authors who wish to prepare a review should contact the Managing Editor of the journal in order to get confirmation of interest in the particular

topic of the review. The expression of interest by the Managing Editor does not necessarily imply acceptance of the review by the journal.
12. Authors may inquire information about the status of their manuscript(s) by calling the Editorial Office at +30-22950-53389, Monday

to Friday 9.00-16.00 (Athens time), or by sending an e-mail to journals@iiar-anticancer.org
13. Authors who wish to organize and edit a special issue on a particular topic should contact the Managing Editor.
14. Authors, Editors and Publishers of books are welcome to submit their books for immediate review in AR. There is no fee for this service.
(This text is a combination of advice and suggestions contributed by Editors, Authors, Readers and the Managing Editor of AR).
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