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ABSTRACTABSTRACT

INTRODUCTION:INTRODUCTION: This was a surgical pilot study to systematically introduce the technique of sentinel lymph node (SLN)
mapping in women with early-stage stage cervical cancer (CC) and endometrial cancer (EC) in Denmark. The study aimed to
facilitate structured surgical training to ensure surgeon proficiency in SLN mapping. The study precedes two national
prospective studies on the oncological safety and correct patient selection for SLN mapping in CC and EC.

METHODS:METHODS: The study was conducted at four gynaecological cancer centres at Odense and Aarhus University Hospital,
Rigshospitalet and Herlev Hospital, between September 2016 and August 2019. All centres went through a protocolled
introduction to the surgical technique, pelvic lymphatic drainage, pathological ultra-staging and data entry. A criterion of a
total (uni- and bilateral) SLN detection of > 80%, based on 30 SLN mappings was set.

RESULTS:RESULTS: The four centres performed 140 (range: 30-46) procedures. The total SLN detection rate was 91.3% with bilateral
SLN detection in 68.8% and unilateral SLN detection in 22.5% of cases. The cumulated total SLN detection rate at three centres
was above the pre-set 80% criterion from the beginning of inclusion, whereas one centre reached the criterion after 20
procedures.

CONCLUSIONS:CONCLUSIONS: In this study, all centres demonstrated international-level SLN detection rates within 30 procedures. Hence, all
centres met the study criterion regarding surgeon proficiency and were eligible for the national studies.

Funding:Funding: Eva & Henry Frænkels Fond, Frimodt-Heineke Fonden, Kong Christian X Fond.

TRIAL REGISTRATION: TRIAL REGISTRATION: The study was approved by the Danish Data Protection Agency (R. no.15/52037). The SENTIREC studies
including this pilot study are registered with clinicaltrials.gov (NCT02825355 and NCT02820506).

.

This was a pilot study evaluating surgical training in the sentinel lymph node (SLN) mapping technique in
women with early-stage stage cervical cancer (CC) and endometrial cancer (EC). The aim of the pilot study was to
facilitate structured surgical training at the Danish gynaecological cancer centres to ensure surgeon proficiency
in accurate SLN mapping before investigating the oncological safety of the technique in two large national
studies.

SLN mapping in CC and EC is expected to have several advantages compared with radical pelvic
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lymphadenectomy (PL). Since only a few lymph nodes are removed, the surgical procedure is shorter, and the
rate of intra- and post-operative complications is expected to be lower. Another important advantage is the
detection of small-volume lymph node metastases (LNM) [1] owing to the use of ultra-staging. Furthermore, the
SLNs may be identified in areas, e.g. the para-aortic and pre-sacral area, which are not routinely examined with
standard PL [2, 3].

SLN mapping is a surgical procedure with targeted identification of selected lymph nodes. In SLN mapping, the
first lymph node to which the cancer drains is denoted the SLN. If the SLN is without metastatic disease, the
following nodes are theoretically without malignancy. SLN mapping includes ultra-staging, a delicate
pathological examination with serial sectioning and simultaneous immunohistochemical and
haematoxylin/eosin (HE) staining of the SLNs. This allows for detection of micro-metastases and isolated tumour
cells.

SLN mapping has proven safe in selected groups of patients with, e.g., vulva and breast cancer [4]. Here, the
women benefit from reduced morbidity and increased sensitivity to detect LNM, owing to ultra-staging [5, 6].

Surgery is the standard treatment of early-stage CC and EC. Lymph node staging allocates women to adjuvant
treatment in the case of LNM. Per se, radical PL has not demonstrated any survival benefit in either of the two
cancers [7, 8]. However, adjuvant treatment improves survival in women with metastatic disease. From the
histopathological profile of CC and EC, it is possible to predict subgroups with a high or low risk of metastatic
disease, recurrence and death. For both cancers, emerging evidence and a strong rationale for the
implementation of SLN mapping in groups with a low risk of metastases and recurrence exist, whereas the
evidence in the groups with a higher risk remains limited.

This study preceded the initiation of two large national studies; the SENTIREC studies “Sentinel Lymph Node
Mapping with Robotic Assisted Near Infra-Red Fluorescent Imaging in Women with Endometrial and Cervical
Cancer”. To enrol in the national studies, each centre should successfully meet predefined criteria for SLN
detection success and surgical set-up at centre level. Here, we present the outline and results of the pilot study.

METHODSMETHODS

Study set-upStudy set-up

This study was conducted at four of five gynaecological cancer centres in Denmark: Odense University Hospital,
Aarhus University Hospital, Rigshospitalet and Herlev Hospital, between September 2016 and August 2019. For
administrative reasons, each centre had a different initiation date. All Danish gynaecological cancer centres
were offered participation. Only centres who agreed to participate in the SENTIREC studies were enrolled in the
pilot study.

Gynaecological cancer centres that undertake robotic assisted laparoscopic surgical treatment for CC and/or EC
were eligible. All centres were thoroughly introduced to the SLN mapping technique at investigator meetings,
and local co-investigators were appointed. Written and video material with clarification of the SLN procedure
with indocyanine green (ICG) tracer injection, pelvic lymphatic drainage, locations of SLNs and a surgical
algorithm were shared. Site visits were made before the study was initiated. Regular investigator meetings
ensured the exchange of experiences, procedure adherence and continued proficiency training. Only named,
experienced surgeons who performed robotic surgery and who were allocated to the gynaecological oncological
team at each centre were included in the study. Based on the existing literature, a criterion of a total (uni- and
bilateral) SLN detection of > 80% in a minimum of 30 SLN mapping procedures was set [9, 10].

PatientsPatients
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Procedures with women who underwent robotic laparoscopic surgical treatment for early-stage CC and EC were
included. In this study, we refer to high-risk (HR) CC as cancers with a tumour size > 2 cm and to low-risk (LR)

CC as cancer with a tumour size ≤ 2 cm [11]. For EC, we refer to HR EC in case of endometrioid adenocarcinoma
grade 3 and non-endometrioid histology. The EC of low-intermediate risk (LIR) consists of endometrioid
adenocarcinoma grade 1 and 2.

Sentinel lymph node mapping procedureSentinel lymph node mapping procedure

With the patient anaesthetised, the ICG solution was injected into the cervix (Figure 1Figure 1). During surgery, pelvic
side wall spaces were exposed and all locations of pelvic lymph nodes were examined using the robotic near-
infrared fluorescence imaging system. The first fluorescent hotspot in the lymph drainage pathways was
denominated an SLN, and the anatomical location was noted (Figure 2Figure 2). The surgeon was responsible for clear
denomination of the locations of removed SLNs. After removal of SLNs, the standard surgery followed the
Danish Gynaecological Cancer Group (DGCG) guidelines for CC and EC [12, 13]. Further lymph node removal was
done at the surgeonʼs discretion.
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Cervical cancer and EC are midline cancers with bilateral lymphatic drainage. Sufficient mapping, therefore,
implies detection of SLNs in each hemipelvis. False-negative procedures represent the major challenge in SLN
mapping. However, adherence to an SLN algorithm significantly decreases the false-negative rate [10]. The SLN
algorithm includes removal of any suspicious lymph nodes other than SLN, and side-specific PL in case of failed
SLN mapping in a hemipelvis [10].

Ultra-stagingUltra-staging

The SLNs were fixed in formalin, serially gross-sectioned at 2-mm intervals in a bread-loaf fashion or bivalved if
less than 4 mm in any dimension. Three consecutive paraffin-embedded micro-sections, each 3-5 μm thick, were
cut at four levels at 350 μm intervals. At all levels, the first micro-section was stained with routine HE staining,
the second section was used for immunohistochemical staining for cytokeratin AE1/AE3, and the third section
was available for additional analysis. All centres were introduced to the protocol by the same pathologist (DS).

Data managingData managing

The project is associated with the Open Patient Data Explorative Network, which allows encrypted online data
entry through a shared Research Electronic Data Capture [14] database. Data were handled, processed and
archived according to the guidelines of the Danish Data Protection Agency. The cumulated detection rates were
conducted using STATA version 16.0. All participants signed an informed consent form.

Trial registration:  The study was approved by the Danish Data Protection Agency (R. no. 15/52037). The
SENTIREC studies including this pilot study are registered with clinicaltrials.gov (NCT02825355 and
NCT02820506).

RESULTSRESULTS

Four centres and 14 surgeons were included. They performed a total of 140 procedures. The median number of
procedures performed was 32 (range: 30-46). The total SLN detection rate was 91.3% with unilateral SLN

.
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detection in 22.5% and bilateral SLN detection in 68.8% of the women (Table 1Table 1). The median number of
identified SLNs was two (range: 0-7). The majority of SLNs were identified at the external iliac (33.3%) and the
obturator fossa (31.9%) regions, whereas 8.6% of the SLNs were identified outside the standard PL area (Figure
2).

The cumulated detection rates per centre are shown in Figure 3Figure 3. At the three largest centres, the cumulated total
detection rates were high and above 80% throughout the enrolment period. At the smaller centre, the total
detection rate rose with an increasing number of procedures until 20 procedures after which the total detection
rate stabilised above 80%. It should be noted that Figure 3 shows an estimate of the true cumulated SLN

.
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detection rate. Some of the changes may reflect sampling variation, as – for simplicity - we did not include
confidence intervals in the figure.

In two women, the SLN mapping procedure was not performed due to technical problems with the fluorescence
camera. In six women, no SLNs were identified; and in another six women, the presumed removed SLN were so-
called “empty packets” that did not contain lymphatic tissue on final pathology (Table 1).

In 19/140 women (13.6%), LNM were detected. One woman with LR CC had a micro-metastasis in a SLN. Six
women with LIR EC had metastatic disease, all identified in a SLN, with 4/6 identified by ultra-staging only.

In the group of women with HR CC, six of seven women with metastases were identified in SLNs and one
metastasis was identified in the parametrium from the radical hysterectomy specimen. In women with HR EC,
the SLN procedure identified two out of five cases with metastatic disease, whereas two women had a unilateral
right-side failed SLN mapping, with metastases found in the right-side PL. One woman had successful bilateral
SLN mapping and false-negative SLNs, since the metastasis was detected in a non-SLN lymph node.

DISCUSSIONDISCUSSION

The use of SLN mapping for CC and EC is gaining ground internationally. The technique has not been
implemented systematically for CC and EC in Denmark due to lack of evidence of its oncological safety. In this
study, the Danish gynaecological cancer centres were introduced to and systematically trained in the SLN
mapping technique. An overall SLN detection rate of 91.3% is above the pre-set minimum goal of 80%. The SLN
detection rate in our study is similar to detection rates reported from comparable studies [15, 16].

The cumulated SLN detection rates at each site were generally high throughout the study, and in three centres it

.
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was above the pre-set criterion from the beginning of the inclusion period. This may be explained by the
centralisation of gynaecological cancer surgery as from 2012 to few high-volume centres with surgeons who have
passed advanced national and international surgical training programmes. Furthermore, for this pilot study and
the future SENTIREC studies, a selected group of these surgeons was included and they were all familiar with the
retroperitoneal spaces.

A recent study on SLN mapping in EC describes an increase in the odds of successful SLN mapping, which rises
until 40 performed cases [17]. If this holds true, we can expect an even higher future detection rate at the Danish
centres. In line with this, the cumulated SLN detection rates from two large centres (Odense and Aarhus) show a
trend towards an increased total and bilateral detection rate with an increasing number of procedures (Figure 3).
The curve from the smaller site (Herlev Hospital) clearly demonstrates an improvement in total detection rate
until approx. 20 procedures, where it stabilises above 80%. At one centre (Rigshospitalet), the total detection rate
was high throughout the inclusion period, though with a tendency towards a slight drop at the end of the
enrolment period. However, this may be explained by the findings of two procedures with so-called “empty
packets”, i.e. with no lymphatic tissue. This is a known troubling phenomenon during the surgical training of
SLN mapping. In this pilot study, empty packets were found in six women. This has produced an increased
awareness in the study group. All surgeons are now trained in a procedure with tactile control of all removed
SLNs, as a lymph node is denser than lymphoid vessels or fatty tissue. The rate of empty packets is reported to
decrease until it stabilises after 30 cases [18].

All detected LNM in women with LIR CC and EC were found in SLNs. The international literature has
demonstrated that SLN mapping is safe for the identification of LNM in LR CC and LIR EC, with a higher
detection of LNM reported than with conventional PL [19, 20]. This has led to a change in international
guidelines, now recommending routine SLN mapping for these groups. Our results with an SLN detection rate of
91.3% and the finding of mainly low-volume LNM are reassuring and support the implementation of SLN
mapping for LR CC and LIR EC in Denmark. In the revised DGCG guidelines, SLN mapping is recommended as a
safe alternative although with continuous monitoring [12, 13].

All women with HR CC and EC had PL performed after SLN mapping according to the current national
guidelines. In the HR CC group, there was no failed mapping. For HR EC, we observed one woman with false
negative SLN and two cases with unilateral right-sided failed SLN mapping and metastases in the right side PL.
Since the SLN algorithm was applied, the metastases in these two women were safely identified by the
procedure. In line with this, a previous study has shown a decrease in false-negative procedures from 14.9% to
1.9% by applying the SLN algorithm [10]. The results for the women with HR EC raise attention about the
importance of correct patient selection for SLN mapping. In the future SENTIREC studies, all women with HR CC
and EC will have completion PL after SLN mapping along with the assessment of changes in lymphedema and
quality of life. This is to investigate both the oncological safety of the SLN procedure and the impact of potential
complications and late effects on the patientʼs life.

CONCLUSIONSCONCLUSIONS

In this pilot study of SLN mapping in CC and EC, all centres demonstrated international-level detection rates.
Surgeons from all centres showed a high proficiency during the pilot study and are thus eligible for participation
in the future national multicentre SENTIREC studies to investigate the oncological safety besides benefits and
harms of the SLN mapping procedure in women with CC and EC.
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