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1. PREFACE:

The sentinel lymph node mapping represents one of the research lines of the candidate during her
PhD activity at the Department of Gynecology and Obstetrics, at the University of Bern, under the

supervision of Prof. MD Mueller.

During this period, the candidate authored/coauthored 16 articles in the field of sentinel lymph
node mapping in uterine cancers; part of them were multicentric trials, edited in cooperation with

several other European Academic Institutions.

In this thesis, the candidate focused the main results achieved in this period, in the setting of the

clinical application of lymph node mapping in endometrial cancer.



2. INTRODUCTION:

In the management of endometrial cancer patients, the staging lymphadenectomy has been
controversial since 30 years. In 1988, following the results of a seminal Gynecologic Oncology Group
(GOG) study, the GOG#33 trial, FIGO transitioned from a clinical to a surgical staging [1, 2]. This
surgical-pathologic study conducted on 621 patients with Stage | carcinoma of the endometrium
showed that an appreciable number of patients with clinical early stage cancer present with disease

outside of the uterus.

Despite this change in FIGO staging, a low adherence to the staging procedure among physicians
was recorded. In particular, only 54% of the centers of reference for gynecologic cancers in North
America and 25% of those in Western Europe routinely performed a pelvic and para-aortic
lymphadenectomy in endometrial cancer patients [3, 4]. The relatively indolent biological behavior
of endometrial cancer, the surgical complexity of a pelvic and para-aortic lymphadenectomy and
the typical clinical characteristics (obese, affected by multiple comorbidities including diabetes and
hypertension) of these patients can probably explain the low adherence to a full surgical staging
with pelvic and para-aortic lymphadenectomy. In the attempt to reduce the risk of lymphoceles and
lymphatic complications occurring after a systematic lymphadenectomy, the prophylactic use of

fibrin sealant patches have been investigated with promising results [5]

Different methods have been proposed to identify the patient that benefit the most from a
full surgical staging. The most widespread method to triage patients to a full lymphadenectomy is
based on intrauterine risk factors identification at frozen section analysis. However, this
methodology does not seem to be accurate and reproducible since different series have led to

different results [6-10]. This approach is limited in that a large number of patients with negative
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lymph nodes has to undergo a full ymphadenectomy in order to keep the false negative rate of the
triage low. Furthermore, in patients not undergoing a full lymphadenectomy no pathologic

information on lymph node status is provided.

In 2008 and 2009, two large randomized prospective clinical trials were published: the
CONSORT and the ASTEC trial [11, 12]. Despite the fact that these two large prospective trials failed
to show any survival benefit from the surgical staging, these data did not translate in clinical
practice: the lymphadenctomy has not been abandoned, still represents the cornerstone of FIGO
staging and is a recommended procedure by the major guidelines [13-15]. Although a systematic
lymphadenectomy does not have a direct effect on survival it provides important pathologic
information that define prognosis and can help determine the most appropriate adjuvant
treatment. Although at times adjuvant therapy is already indicated based on uterine risk factors,
the postoperative management of high intermediate and high risk endometrial cancer patients
changes, according to the ESMO-ESGO-ESTRO consensus conference, based on the availability of a
pathologically proven negative lymph nodal status [14-16]. It has been proven that patients with
pathologically negative lymph nodes are subjected less often to adjuvant radiotherapy as compared
to patients in whom the lymph nodal status is unknown [17, 18]. Interestingly, in a large multicenter
retrospective study on patients with high intermediate and high-risk endometrial cancer patients
the worst survival was recorded for those patients in whom the lymph nodal status was unknown.
Both patients with negative and positive lymph nodal status had better overall survival than those

in whom the lymph nodal status was unknown [19].

In this setting, if proven reliable and safe, the sentinel lymph node mapping may represent
a balanced alternative to an “all or nothing at all” approach. The overall aim of this research was to
assess the clinical applicability of the sentinel lymph node mapping of endometrial cancer in

different settings.



To this purpose, several analyses with the following aims were performed:

1. Validation analysis of the sentinel lymph node mapping in endometrial cancer

2. Comparison of sentinel lymph node detection rate based on adopted tracers

3. Assessment of the optimal number of retrieved sentinel lymph nodes

4. Influence of indocyanine green (ICG) dose on the sentinel lymph node mapping

5. Efficacy of sentinel lymph node mapping in low risk endometrial cancer

6. Efficacy of sentinel lymph mapping in high risk endometrial cancer

7. Oncologic outcome of sentinel node lymph node mapping as compared to full

lymphadenectomy
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3. MATERIAL AND METHODS:

3.1 Patients’ cohort

The analysis was conducted on prospectively collected data on patients with complex atypical
hyperplasia and endometrial cancer. Various cohorts of patients were enrolled based on the aim of
the study. Patients with a preoperative diagnosis of complex atypical hyperplasia were included in
the cohort because of their inherent risk of harboring an endometrial cancer at final pathological
analysis of the uterus [20]. Women were included if they underwent surgery including sentinel

lymph node mapping for the aforementioned diagnosis at the following Institutions:

* Department of Obstetrics and Gynecology, University of Berne, Bern, Switzerland.

* Gynecologic Oncology Unit, Department of Obstetrics and Gynecology, San Gerardo
Hospital, University of Milano-Bicocca, Monza, Italy.

* Gynaecologic Oncology Unit, La Paz University Hospital - IdiPAZ, Madrid, Spain.

* Department of Oncological Surgery, Gynecologic Oncologic Unit, "Regina Elena" National
Cancer Institute, Rome, Italy.

* Department of Obstetrics and Gynecology, Gynecologic Oncology and Minimally-Invasive
Pelvic Surgery International School of Surgical Anatomy Sacred Heart Hospital, Negrar,
Verona, Italy.

* Department of Obstetrics and Gynecology, “Regina Montis Regalis” Hospital, Mondovi, Italy.

* Department of Gynecology and Obstetrics, Santa Chiara Regional Hospital, Trento, Italy.
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It should be noted that for one specific analysis (the assessment of the optimal number of retrieved
sentinel lymph nodes, see in Results 4.3.a, 4.3.b, 4.3.c), 39 cervical cancer/84 patients were also
included. The decision to include these patients was taken because the technique of the sentinel
lymph node mapping is the same as for endometrial cancer. The assumption was that the
intracervical injection of the tracer is the relevant variable for the distribution of the sentinel lymph
nodes rather than the location of the tumor. In order to avoid bias, in the uni-multivariate analysis,
the site of tumor (cervical vs endometrial) was included and it was demonstrated to be not

significant for the outcome.

3.2 Surgical technique

The sentinel lymph node mapping is performed via intracervical injection of the tracer. The
cervix is injected submucosally and deep in the stroma. Depending on the tracer used the timing of

the injection is different.

3.2.1 Tracers:

Tc-99m is the most commonly used medical radioisotope in diagnostic procedures [21, 22].
It short half-life of 6 hours is ideal for diagnostic procedures such as the sentinel lymph node
mapping. After injection, the radioactive signal is identified with a gamma probe. Since Tc-99m is
colorless the sentinel lymph node detection relies only on the audiometric signal of the gamma
probe that identifies the emitted —rays. Prior to surgery a lymphoscintigraphy or a SPECT-CT are
performed to detect the number and location of sentinel lymph nodes. Tc-99m is usually injected
the day prior to surgery in a radio-protected setting. This allows enough time to acquire the

preoperative radiologic imaging. The relatively short decay time of this tracer can jeopardize the
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effectiveness of the planned sentinel lymph node mapping should the scheduled procedure be

delayed.

Various blue dyes including methylene blue, isosulfan blue and patent blue have been used
as tracers for sentinel lymph node mapping. Following interstitial administration, they travel fairly
through the lymphatic channels to the sentinel lymph nodes that become blue. This methodology
is therefore simple and user friendly. However, the visual signal only lasts approximately 20 minutes
and the amount of time available to detect the sentinel lymph nodes is limited. Furthermore, it

exacerbates allergic reactions in up to 2% of the cases [23].

In our series, Tc-99m and patent blue were always used in combination. Two-hundred —300 uCi
radiolabeled filtered technetium Tc-99m albumin nanocolloid were injected into the four quadrants
of the cervix on the day before surgery. A Lymphoscintigraphy was performed to preoperatively
locate the sentinel lymph node. A SPECT/CT study was performed if deemed necessary by the
treating physicians. In the operating room on the day of surgery, the patient was intracervically
injected with 5 ml of patent blue dye in the four cervical quadrants. Under gamma probe (Navigator;
Autosuture, Norwalk, CT, USA) guidance and patent blue-dye visual guidance, the sentinel lymph

nodes were laparoscopically located and excised.

Indocianine green (ICG) is a dye that shows diffuse fluorescence when excited by near-
infrared light (NIR) (700-900 nm). ICG is FDA approved for intravenous administration since over 50
years and has been widely employed in ophthalmology for retinal fluorangiographies. In the past
few years it has been adopted as tracer for sentinel lymph node mapping. Its ease of use has been
detrimental in accelerating the development and clinical acceptance of the sentinel lymph node
mapping in gynecological oncology. ICG is considered to be a safe tracer, it should however be

avoided in patients with iodine allergies as it contains iodine. Allergic reactions to ICG have been
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described even in absence of iodine allergy [24]. ICG has been injected both intracervically and

peritumorally under hysteroscopic guidance [23, 25].

The amount of ICG injected differed in concentration and volume based on institutional protocol.
Concentration of ICG varied between 1.25 mg/ml and 5 mg/ml. At the Department of Obstetrics and
Gynecology, University of Berne, Bern, Switzerland one vial of 25 mg ICG powder (Pulsion®) was
diluted with 10 ml sterile water. An amount of 8 ml of the resulting solution was then injected in
the four cardinal points of the cervix. In different centers, a concentration of ICG of 1.25 mg/ml and

a volume of 4 ml were used.

3.2.2. Sentinel lymph node mapping:

When ICG is used, the tracer is injected after the general anesthesia is obtained and the laparoscopy
is started. In case of combined use of Tc-99m and blue dye, Tc-99m is injected on the day prior to
surgery and followed by a lymphoscintigraphy or by a SPECT/CT, whereas the blue dye is injected in
the operating room on the day of surgery, after a general anesthesia has been obtained, at the

beginning of the laparoscopy.

For the laparoscopic surgery, two 5 mm trocars are placed in the right and left lower quadrants of
the abdomen, approximately 2 cm medial and cranial from the anterior superior iliac spine, laterally

of the inferior deep epigastric vessels. A 12 mm trocar is inserted suprapubically in the midline.

For the mapping performed via ICG, the camera mode is switched on the near infrared (NIR) mode
to detect a fluorescent signal coming from the lymphatic vessels or from a sentinel lymph node prior

to accessing the retroperitoneal space. Often, the green color of the ICG solution can already be
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seen through the peritoneum prior to switching the NIR mode on; after activation of the NIR mode,

the visual signal becomes stronger and fluorescent.

The retroperitoneum is accessed after opening of the pelvic side wall peritoneum and the
retroperitoneal areolar tissue is developed bluntly. The retroperitoneal structures are identified
(ureter, iliac vessels, superior vescical artery) and the retroperitoneal space is gently dissected. A
gentle tissue dissection is necessary to reduce the spill of ICG from disrupted lymphatics, as this may
result in a non-specific diffuse fluorescent signal in the anatomic region. Once a fluorescent
lymphatic vessel is identified, its course is followed until the sentinel lymph node is identified (Figure

1). The sentinel lymph node is then excised, removed and sent for pathological analysis.

A similar procedure, without the need to switch the camera to the NIR mode, is adopted when the
blue dye is used. On the contrary, Tc-99m gives an audiometric signal and the identification of the
sentinel lymph node relies on the identification of a radioactive signal that is detected with a gamma
probe. The laparoscopic gamma probe is inserted via the suprapubic 12 mm trocar. Hence, during
the detection of the radioactive signal, only the two 5-mm ancillary trocars can be adopted for the

use of other laparoscopic instruments such as graspers, bipolar cautery or scissors.

3.2.3 Pelvic and paraaortic Lymphadenectomy

Both the pelvic (Figure 2A and 2B) and paraaortic (Figure 2 C) lymphadenectomies are performed

laparoscopically.

For an adequate pelvic lymphadeenctomy, all the lympho-fatty tissue located between the following

boundaries is removed:

Cranially: the common iliac vessels

Caudally: the deep circumflex iliac vessels
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Laterally: the psoas muscle
Medially: the ureter and the superior vescical artery

Dorsally: the obturator nerve

For an adequate paraaortic lymphadeenctomy, all the lympho-fatty tissue located between the

following boundaries is removed:

Cranially: the ovarian vein on the right side and the renal vein on the left side
Caudally: the common iliac vessels (or the upper landmark of the pelvic lymphadenectomy)

Laterally: the psoas muscle and the ureters

3.3 Pathological analysis.

3.3.1 Sentinel lymph node pathological analysis with ultrastaging

The sentinel lymph nodes were processed according to an ultrastaging protocol. After an initial
examination by routine Hematoxylin and Eosin (H&E) staining, an ultrastaging is performed on
metastases free sentinel lymph nodes. This is performed by cutting 2 adjacent 5-um sections at each
of 2 levels, 200- um apart, from each paraffin block lacking metastatic carcinoma. At each level, one
slide is stained with H&E and with immunohistochemistry (IHC) using the anticytokeratin AE1:AE3
(Ventana Medical Systems, Inc, Tucson, AZ) for a total of 5 slides per block. According to the
definition of the American Joint Committee on Cancer, metastatic disease to the sentinel lymph
nodes is then classified as follows (26):

-macrometastases if the identified tumor deposits are larger than 2.0 mm;

-micrometastases if the identified tumor deposits are larger than 0.2 mm and up to 2 mm;

-isolated tumor cells if the identified tumor deposits do not exceed 2 mm in size.
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3.3.2 Frozen section analysis of the uterus:

At the Department of Obstetrics and Gynecology, University of Berne, Bern, Switzerland, patients
with complex atypical hyperplasia, grade 1 and 2 endometrial cancer on preoperative endometrial
biopsy undergo an intraoperative microscopic analysis of the uterus at frozen section after the
sentinel lymph nodes have been excised and the uterus removed. Uterine risk factors are assessed,
and based on these and on clinical judgment, a completion of the surgical staging is performed.
Usually, patients with grade 3 endometrial cancer or deep myometrial invasion undergo a pelvic
and paraaortic lymphadenectomy; patients with grade 1 endometrial cancer and superficial
myometrial invasion undergo a sentinel lymph node biopsy only. In the other cases, a pelvic

lymphadenectomy is usually performed.

3.4 Statistics

3.4.1 Definitions

The overall detection rate defines the number of patients undergoing a sentinel lymph node
mapping in whom at least one sentinel lymph node is detected; whereas, the bilateral detection
rate defines the number of patients having detectable sentinel lymph nodes in both hemipelvises.
A true positive sentinel lymph node was defined as a positive sentinel lymph node identified with
histopathological techniques, independent of regional lymph node status. The sensitivity was
defined as the proportion of actual positives that are correctly identified as such. A false negative
sentinel lymph node mapping was defined as a bilateral negative sentinel lymph nodes in

combination with a metastatic not-sentinel lymph node. The false negative rate (FN) of the sentinel
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lymph node mapping was calculated for patients who underwent at least a pelvic lymphadenectomy

after the sentinel lymph node biopsy. The false positive rate was defined as zero.

Overall survival was defined as the interval of time between the date of surgery and the date of
death, whereas Disease Free Survival (DFS) was defined as the time between date of surgery (or the

end adjuvant therapy if present) and recurrence.

3.4.2 Statistical methods

Clinicopathologic characteristics were evaluated using the basic descriptive statistics. Surgical data
were compared among the group of patients undergoing sentinel lymph node mapping only and
those undergoing a full lymphadenectomy after the sentinel lymph node biopsy, using the unpaired
t test. Overall and bilateral detection rates, sensitivity, and FN rate of the sentinel lymph node
mapping were calculated using Fisher’s exact test.

The K statistics was used to measure the agreement between indication to lymphadenectomy
based on frozen section analysis of the uterus and lymph nodal metastasis, and the agreement
between sentinel lymph node metastasis and lymph nodal metastasis. K results were interpreted
as follows: values <0 as indicating no agreement, 0.01-0.20 as none to slight (very mild
concordance), 0.21-0.40 as fair (mild concordance), 0.41-0.60 as moderate, 0.61-0.80 as
substantial and 0.81-1.00 as almost perfect agreement.

Univariate and multivariate analyses were performed in order to identify factors associated with
bilateral detection rate and number of removed sentinel lymph nodes. Univariable and
multivariable proportional hazard Cox regression models were also applied to estimate the odds

ratio and the p-values for association of the oncologic outcomes and risk factors. Multivariable
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models were carried out for variables with a p-value <0.5 at the univariate analysis but only p-values

<0.05 were considered statistically significant.

3.4.3 Software

Statistical analyses were performed using the R software version 3.1.0, Stata software 9.0 (Stata
Corporation, College Station, Texas, USA), GraphPad version 5 for Mac (GraphPad Software, San

Diego CA) and IBM-Microsoft SPSS version 22.0.
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4. RESULTS:

4.1 Validation analysis of the sentinel | mapping in endometrial cancer

4.1.a Clinicopathologic characteristics of the patients

Seventy-five patients fulfilled inclusion criteria and were included in this analysis; their

clinicopathologic characteristics are reported in Table 1.1

4.1.b Anatomic distribution of sentinel lymph nodes

The 55% of sentinel lymph nodes were detected in the Obturator fossa, 32% in the external iliac
artery, 8% in the common iliac artery, 4% in the aortic bifurcation, 1% in the para-aortic area. This

distribution of the sentinel lymph nodes is summarized in Fig. 3.

4.1.c Detection rates

Overall and bilateral sentinel lymph nodes detection rates were 96 % (72/75) and 88% (66/75),
respectively. In two of the three patients in whom the sentinel lymph nodes mapping failed, the
pelvis had been previously irradiated, secondary to bladder cancer and pelvic lymphoma,
respectively. By excluding these patients from the analysis, these rates rise to 98.6 % (72/73) and
90.4 % (66/73), respectively.
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4.1.d False negative (FN) rate

Of the 42 patients in whom a pelvic/paraortic lymphadenectomy was performed, one FN mapping
occurred: both the bilateral sentinel lymph nodes in the pelvis and all the pelvic lymph nodes were
negative, whereas two para-aortic non- sentinel lymph nodes had metastatic disease. In another
patient, four of five sentinel lymph nodes were true positive in the right hemipelvis, whereas one
sentinel lymph node in the left pelvis was FN as one Non- sentinel lymph node had metastatic
disease. The calculated sensitivity of the sentinel lymph nodes mapping was 91.7 %; the FN rate was

8.3 %.

4.1.e Lymph node data

The median number of sentinel lymph nodes removed was 3 (range 0-11), and in 5% (4/75) of cases,
additional sentinel lymph nodes were identified in the para-aortic region; no isolated para-aortic
sentinel lymph node was detected. Complete data on sentinel lymph nodes are summarized in Table

1.2.

4.2 Comparison of sentinel lymph node detection rate based on adopted tracers

4.2.a Clinicopathologic characteristics of the patients

342 patients fulfilled inclusion criteria and were included in this analysis (one hundred and forty-
seven in the Tc99m + BD group and 195 in the ICG group). Patients characteristics are reported in

Table 2.1.

4.2.b Detection rates based on adopted tracers for sentinel lymph node mapping

The overall detection rate of the sentinel lymph nodes mapping was 97.3 and 96.9% in Tc99m+BD

and ICG, respectively (p = 0.547). A statistically significant difference was recorded for the bilateral
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detection rate in favor of ICG group (73.5 vs 84.1%; p=0.007). The differences of sentinel lymph

nodes mapping between the two groups are shown in Figure 4.

4.2.c Sentinel lymph node mapping and lymph node pathological characteristics

according to the tracer used.

The anatomical distribution of the sentinel lymph nodes was similar in both groups, and the vast
majority of mapped nodes were located in the external iliac area and the obturator fossa. On final
pathology, 320 women (92%) were node negative. Overall, 22 patients presented nodal involvement
(8%). Metastases were discovered in 12/147 women (8.1%) in the Tc99m + BD group and in 10/195
women (5.1%) of the ICG group (p = 0.181). Among 993 sentinel lymph nodes removed, 71 lymph
nodes presented metastasis (7.1%). Low volume metastases were identified in 20/38 of the sentinel
lymph nodes in the Tc99m + BD group (16 MM and 4 ITC) and in 9 sentinel lymph nodes in the ICG
group (8 MM and 1 ITC). Patients with MM or ITC only in the lymph nodes were 18/43 (41.8%),
including 13/25 in the Tc99m + BD group and 5/18 in the ICG group. Surgical characteristics are
displayed in Table 2.2. The overall sensitivity (OS) and overall false negative rate were not
statistically significant between patients underwent sentinel lymph node mapping with
lymphadenectomy and patients who received sentinel lymph node mapping algorithm (p value =

0.311). The NPV was in favor of the sentinel lymph node algorithm group (p value = 0.030).

4.3 Assessment of the optimal humber of retrieved sentinel lymph nodes

4.3.a Clinicopathologic characteristics of the patients

131 patients fulfilled inclusion criteria and were included in this analysis. The patients characteristics

are reported in Table 3.1.
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4.3.b Impact of the number of sentinel lymph nodes removed on the false negative rates

The median number of sampled sentinel lymph nodes was 3.5 (range: 2-18). Based on this result,
two groups of patients were created. Group 1 consisted of 42 patients with a sentinel lymph nodes
count of up to 3 lymph nodes and Group 2 consisted of 42 patients with a sentinel lymph nodes
count of 4 or more. The sentinel lymph node false-negative rate was 4.8 and 0 % for Group 1 and

Group 2, respectively and did not differ significantly between the two groups (Table 3.2).

4.3.c Univariate and multivariate analysis on factors influencing sentinel lymph nodes count.

When patient characteristics (age, BMI), disease characteristics (type of tumor, presence of positive
sentinel lymph nodes), and characteristics of the surgeon (experience of up to or over 20 ICG
sentinel lymph node mappings and gynecologic oncology certification) were evaluated for influence
on the sentinel lymph nodes count in the univariate analysis, the BMI of the patient, type of uterine
cancer (cervical vs endometrial), positive sentinel lymph nodes, surgical experience (up to 20
procedures vs over 20 procedures), and gynecologic oncology certification were considered
significant and further analyzed at multivariate analysis. Only surgical expertise maintained
significance as an independent prognostic factor for number of sentinel lymph nodes removed.

Data on univariate and multivariate analysis are presented in Table 3.3.

4.4, Influence of ICG dose on the sentinel lymph node mapping

4.4.a0 Clinicopathologic characteristics of the patients

168 patients fulfilled inclusion criteria and were included in this analysis. The patients characteristics

are reported in Table 4.1
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4.4.b Influence of ICG dosage on detection rates at Uni and Multivariate analysis

In the univariate analysis, for bilateral detection rate ICG dose, BMI and tumor diameter were
considered significant and further analyzed at multivariate analysis. No independent factors were

associated with the bilateral detection rate (Table 4.2).

4.4.c Influence of ICG dosage on sentinel lymph nodes number at Uni and Multivariate

analysis

In the univariate analysis for number of removed sentinel lymph nodes, ICG dose, tumor diameter,
and LVSI were considered significant and further analyzed at multivariate analysis. At multivariate
analysis, ICG dose was the only factor associated with number of removed sentinel lymph nodes

(OR 4.8 (2.31, 9.97); p=0.0001) (Table 4.3).

4.5 Efficacy of sentinel lymph node mapping in low risk endometrial cancer

4.5.a Clinicopathologic characteristics of the patients

116 patients fulfilled inclusion criteria and were included for this analysis. The patients

characteristics are reported in Table 5.1

4.5.b Surgical data

Six (9.5%) patients presented with metastatic lymph nodes. In five cases, these were
macrometastasis and in one case micrometastasis. Metastatic lymph nodes were located in the
pelvis in every case, additionally; three (4.8%) patients also had metastatic paraaortal lymph nodes.

Complete surgical data are reported in Table 5.2.
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4.5.c Performance of frozen section of the uterus versus sentinel node lymph node mapping
in identifying low-risk endometrial cancer patients with lymph nodal metastases

After frozen section, 23 (36.5%) and 14 (22.2%) patients underwent a pelvic lymphadenectomy and
a paraortic lymphadenectomy, respectively. In 5 (80%) of the 6 patients with metastatic lymph
nodes, a pelvic lymphadenectomy or a paraortic lymphadenectomy was performed based on
intrauterine risk factors identified at frozen section analysis of the uterus. In one case, frozen section
of the uterus failed to identify a small clear cell carcinoma that had already metastasized to the
lymph nodes. After the identification of metastatic disease to one sentinel lymph node at
permanent section, the patient underwent a completion paraortic lymphadenectomy that revealed
23 additional metastatic paraaortic lymph nodes. The false negative rate of the frozen section in
identifying metastatic lymph nodes was 16.7% with a NPV and a PPV of 97.6 and 27.3%, respectively.
Based onintrauterine risk factors identified at frozen section, 6 patients have to be staged to identify
one with lymph node metastases. Additionally, if surgical staging had been performed based only
on intrauterine risk factors 16.7% of the patients with lymph node metastasis would have been
missed. Correlation between indication to lymph node dissection at frozen section and metastatic
disease to the lymph nodes was mild (K =0.244 ). For the sentinel lymph node mapping, overall and
bilateral detection rates were 100 and 93.7%, respectively. sentinel lymph nodes were positive in 6
patients. In this cohort of patients, the FN rate of the sentinel lymph node mapping was 0%, with a
NPV and a PPV of 100% in both cases. Correlation between metastatic sentinel lymph nodes and
metastatic disease to the lymph nodes was excellent (K= 1 ). The performance of the two surgical

methods is presented in Table 5.3 and figurally depicted in Figure 5.

4.6 Efficacy of sentinel lymph node mapping in High risk endometrial cancer

4.6.a Clinicopathologic characteristics of the patients

42 patients fulfilled inclusion criteria and were included in this analysis. Clinicopathologic

characteristics of the patients Table 6.1.
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4.6.b Lymph nodal characteristics

Overall and bilateral detection rates were 100 and 90.5%, respectively. Ten patients had lymph node
metastases for a disease prevalence of 23.8% (95% Cl 12-39%). Nine of the patients with lymph
node metastases could be correctly identified with the sentinel lymph node mapping. In eight cases
and one case were the sentinel lymph node metastases macro- and micrometastases, respectively.
The positive sentinel lymph nodes were located predominantly in the pelvis (8 out of 9) and in only
one case in the para-aortic region only. A single FN case was recorded in a patient who mapped
bilaterally in the pelvis and in whom three sentinel lymph nodes were retrieved. The positive not-
sentinel lymph node was located in the para-aortic region. This metastatic not- sentinel lymph node
was considered clinically suspicious and intraoperatively sent for frozen section analysis. This
revealed a macrometastasis of 9 mm. Data on sentinel lymph nodes and not- sentinel lymph nodes

are summarized in Table 6.2.

4.6.c Sensitivity, NPV, and FN rate of the sentinel lymph node mapping and of the MSKCC

sentinel lymph node mapping algorithm

Sensitivity and NPV for the sentinel lymph node mapping were 90% (95% Cl 76—96%) and
97.1%(95% Cl 85-99%), respectively. The FN rate was 10%. However, by applying the MSKCC
sentinel lymph node mapping algorithm in which every sentinel lymph node is excised along with
every suspicious node, a side-specific lymphadenectomy is performed in case of unilateral
detection rate and a paraaortic lymphadenectomy is performed based on surgeons choice, the
sensitivity, NPV, and FN rate are 100% (95% Cl 89—-100%), 100% (95% Cl 89—100%), and 0%,

respectively. Data are summarized in Table 6.3
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4.7 Oncologic outcome

4.7.a Clinicopathologic characteristics of the patients

171 patients fulfilled inclusion criteria and were included in this analysis. The patients characteristics

are reported in Table 7.1

4.7.b Surgical data and Lymph nodal characteristics

Overall outcomes including overall sensitivity, overall false-negative rate, overall negative
predictive value were 85.2%, 14.7%, 93%, respectively. Algorithm-specific outcomes including
overall sensitivity, algorithm false-negative rate, and algorithm negative predictive value were

91.2%, 8.8%, 96%, respectively. Complete data are summarized in Table 7.2.

4.7.c Survival data

The median follow-up time was 20 months (range 5-80) in sentinel lymph node mapping group and
16 months (range 6-88) in the lymphadenectomy group, respectively. Recurrence and death were
similar in both groups. The Kaplan-Meier curves of disease-free survival were not significantly

different between the two groups with a p value = 0.86 and are reported in Figure 6.

4.7.d Univariate and Multivariate analysis of disease free survival

In the univariate analysis, the stage, hystotype and adjuvant therapy were considered significant
and further analyzed at multivariate analysis. Only stage and histology maintained significance as
an independent prognostic factor for number negative disease-free survival in the multivariate

analysis (p=0.007 and p=0.03, respectively). Table 7.3 summarizes these results.
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5. DISCUSSION:

In medicine, the false negative rate is defined as the rate of occurrence of negative test
results in subjects known to have the disease for which an individual is being tested. When applied
to the sentinel lymph node mapping, the false negative rate represents the amount of patients with
non-affected sentinel lymph nodes who do actually harbor metastatic disease to other lymph nodes.
This is probably the most critical characteristic of a sentinel lymph node mapping. For the procedure
to be safe, the false negative rate has to be low in order to avoid under-staging patients. In the
clinical settings in which the sentinel lymph node mapping is considered standard of care, such as

breast or vulvar cancer and melanoma, the false negative rate is approximately 3% [27, 28].

In our series, we recorded a false negative rate of 8.3% [29]. This result correlates well with
those reported by other series [30]. In order to improve the false negative rate and to take into
account that the uterus is a midline structure that requires bilateral lymph nodal sampling a sentinel
lymph node mapping algorithm has been proposed (MSKCC algorithm) and should be adopted
whenever performing a sentinel lymph node mapping instead of a full ymphadenectomy [13, 30].
This algorithm recommends to remove, in addition to the sentinel lymph nodes, every lymph node
that appears clinically suspicious and to perform a side specific pelvic lymphadenectomy when the
detection of a sentinel lymph node fails on one side; a para-aortic lymphadenectomy should be
performed on physicians’ discretion. With the adoption of this algorithm, Barlin et al were able to
reduce the false negative rate of the sentinel lymph node mapping in their cohort of endometrial
cancer patients from 15% to 1.5%. Since their publication in 2011, their algorithm has been
incorporated in the majority of the centers [30]. In 2017, the largest prospective validation trial on

sentinel lymph node mapping in endometrial cancer, the FIRES trial, was published [31]. Three
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hundred and forty patients with endometrial cancer underwent a robotic ICG sentinel lymph node
mapping followed by a systematic pelvic lymphadenectomy in every case and by a para-aortic
lymphadenectomy in 58% of the cases. In this trial, the sentinel lymph node mapping algorithm as
described by Barlin et al was applied and a false negative rate of 3% was recorded confirming the

data derived by the previously published retrospective analysis [30, 31].

Another aspect that defines a successful sentinel lymph node mapping is a high detection
rate. As previously mentioned, in order to have a complete and successful mapping, sentinel lymph
nodes need to be detected on both sides. This will reduce the number of side specific

lymphadenectomies performed when the sentinel lymph node mapping algorithm is applied [30].

Probably, the single most important variable affecting bilateral detection rate is the type of
tracer used. The most commonly used traces for sentinel lymph node mapping in endometrial
cancer patients include Tc-99m, blue dyes and ICG, alone or in combination. In our first series, in
which all the patients underwent an ICG laparoscopic sentinel lymph node mapping, the overall and
bilateral detection rates were 96% and 88% respectively [29]. We had previously reported a
comparison of detection rates with different tracers in cervical cancer patients [30]. This model is
very similar to that adopted in endometrial cancer since, in both cases, the tracer is injected
intracervically. In our experience, the bilateral detection rate was higher after intracervical injection
of ICG as compared to a combination of Tc-99 and blue dye. These results were later confirmed by

several other series [23, 33-36].

Among these, our multicenter experience is the largest, so far, confirming the higher
bilateral detection rates seen when ICG is adopted as compared to a combination of blue dye and
Tc-99 (84.1% versus 73.5%; p=0.007) [37]. Similar data have been recorded in the robotic setting,

where mappings performed with ICG have consistently higher bilateral detection rates as compared
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to those performed with other tracers [36-41]. In the FIRES trial, overall and bilateral detection rates

were 86% and 52% respectively [31].

Overall, these results suggest that NIR-ICG sentinel lymph node mapping has higher bilateral
detection rates as compared to those recorded with the combination of Tc-99m and blue dye and
have higher overall and bilateral detection rates as compared to blue dye alone. Finally, three meta-

analyses (including ours) have confirmed these results [42-44].

Although the sentinel lymph node is defined as the first lymph node draining the tumor,
most of the times, multiple sentinel lymph nodes are identified. These can be sentinel lymph nodes
draining independent lymphatic pathways or echelon lymph nodes situated downstream of a real
sentinel lymph node. Differentiating between these two entities is not easy. Although echelon
lymph nodes are often removed during a sentinel lymph node mapping, the removal of additional
lymph nodes other than the sentinel ones may, at least in part, reduce the benefit of the sentinel
lymph node mapping. On the other hand, removing all the lymph nodes draining the tracer,
regardless if they are sentinel or echelon lymph nodes, may reduce the false-negative rate thus

increasing the safety of the mapping

Interestingly, in our series, in which the median number of removed sentinel lymph nodes
was 3,5, the false negative rate did not differ significantly based on sentinel lymph node count [45].
The two patients with false negative sentinel lymph nodes had isolated para-aortic lymph nodal
metastases, in one and two lymph nodes, respectively, with negative pelvic sentinel and non-
sentinel lymph nodes. These results are concordant with the risk of isolated para-aortic lymph nodal
metastasis reported by Mariani el al in fully staged high-risk endometrial cancer patients [46]. We
believe, that, in our series, given the peculiar distribution of the metastases, sampling a larger

number of lymph nodes would not have led to the identification of the isolated par-aortic lymph
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node metastases. Some authors suggest that a hysteroscopic peritumoral tracer injection increases
the identification of sentinel lymph nodes located in the para-aortic region [25, 47]. However, so
far, the cervix remains the preferred site of injection of the tracer because of its ease of use,

reproducibility and overall good results.

ICG is drained relatively quickly through the lymphatic vessels to the sentinel lymph nodes.
However, as compared to blue dyes, the signal of which disappears after 30 min, the fluorescent
signal of ICG persists in the lymph nodes for a long time. These characteristics allow for a "pressure-
free” interval of time during which the sentinel lymph nodes can be located and most likely is the
reason why detection rates are higher when this tracer is adopted. On the other hand, however, the
same characteristic may be responsible for the removal of a higher number of fluorescent lymph
nodes (sentinel and echelon lymph nodes) that have stained during the surgery, especially in those
cases in which a significant amount of time elapses between tracer injection and retroperitoneal

exploration.

As of now, ours is the only series addressing this issue in uterine cancer. In breast cancer
surgery, this topic has been investigated with heterogeneous results. Martin et al, suggest to
remove every sentinel lymph node that has a count per minute (CPM) of 10% of the hottest sentinel
lymph node removed, when Tc-99m is adopted as tracer [48]. Other authors suggested that, excising
more than four sentinel lymph nodes does not significantly improve the accuracy of the mapping,
when a combination of Tc-99m and blue dyes is used [49-54]. Excising a larger number of sentinel
lymph nodes does not come without a price since the incidence of complications increases with the
number of removed sentinel lymph nodes. In breast cancer surgery, for example, Wilke et al showed
that the removal of five or more sentinel lymph nodes is associated with higher rates of axillary

seroma and wound infection [55].
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The identification of multiple sentinel lymph nodes, as previously stated, is a common event.
In melanoma, for example, in a multicenter validation trial, the average number of removed sentinel
lymph nodes removed from axilla, groin and neck were 2.8, 2.3 and 2.6 respectively [56]. Our results
show that removing more than 3 sentinel lymph nodes does not significantly improve the false
negative rate of the sentinel lymph node mapping. Although we do not believe that a sentinel lymph
node mapping should necessarily be stopped once three sentinel lymph nodes are removed, we do
believe that the surgeon performing the sentinel lymph node mapping should be aware of these
data and of the peculiarities of the tracers used for the mapping in order to avoid an extensive and
non useful dissection. ICG has a long half-life and remains in the lymphatic system for a long time.
If this tracer is adopted, a long interval of time between the tracer injection and the sentinel lymph
node detection will allow the tracer to travel though the lymphatic system leading to a diffuse
fluorescent signal. In these cases, an sentinel lymph node mapping may translate easily into a

focused sampling or even into a complete lymphadenectomy.

In our series, we also tried to assess the influence of patient (age, BMI) and tumor
characteristics (type of tumor, presence of metastatic sentinel lymph nodes) and the surgeon’s
expertise (gynecologic oncology certification, number of procedures performed) on the number of
removed sentinel lymph nodes using univariate and multivariate analysis. We determined that the
only factor associated with the number of removed sentinel lymph nodes at multivariate analysis
was the expertise of the surgeon. Surgeons who had performed more than 20 laparoscopic ICG
sentinel lymph node mappings were those who retrieved a smaller number of sentinel lymph nodes
without increasing the false negative rate of the procedure. With greater specific experience in ICG
sentinel lymph node mapping, surgeons may be more confident in their ability to correctly detect

and differentiate between sentinel and echelon lymph nodes. These data are in agreement with
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those of McMasters et al, which identified 20 cases as the cases needed to be performed in breast

cancer surgery to be proficient in sentinel lymph node mapping [57].

Other factors that may influence the number of sentinel lymph nodes identified are the
tracer adopted and the concentration and volume of tracer injected. In our institution, we inject a
volume of 6 ml of ICG solution at a concentration of 5 mg/ml for a total of 40 mg of ICG. This dose
is significantly higher than the dose adopted at different institutions, where a volume of 2 ml at a

concentration of 1.25 mg/ml is typically adopted [33, 42].

ICG is FDA approved for intravenous but not for interstitial injection, hence the dose adopted
at different institutions is empirical. A meta-analysis on ICG sentinel lymph node mapping on
different solid tumors showed that larger volumes and small concentration of ICG were associated
with better results [58]. We tried to study the influence of the dose and concentration of ICG
injected by comparing series from two Institutions using different ICG protocols.

We found that ICG concentration does not affect bilateral detection rate at multivariate
analysis, however the amount of ICG injected was the only factor affecting the number of removed
sentinel lymph nodes. Ours is the first study investigating this topic in the endometrial cancer
setting. Injecting too much dye may lead to an overload of tracer in the lymphatics and in the lymph
nodes. This may result in a diffused signal, especially when ICG is adopted, that makes the
differentiation of sentinel and echelon lymph nodes difficult. Sampling too many lymph nodes, that
are not true sentinel lymph nodes, may lead to an increased surgical related morbidity and to an
unnecessary increased work load for the pathology department that has to process with ultrastaging
lymph nodes that are not true sentinel lymph nodes. Given these results, we recommend to use low
concentrations of ICG. It is well known that, the success of the sentinel lymph node mapping
decreases with BMI [59, 60]. Interestingly, in our series the dose of ICG used did not affect bilateral

detection rate, regardless the BMI. The thickness of the adipose tissue interferes with the visual
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and audiometric signals thus reducing the detection rate and this effect does not seem to be
attenuated by a larger volume and/or concentration of tracer.

So far, we have demonstrated that the sentinel lymph node mapping in endometrial cancer
is feasible and reliable given the excellent results in terms of false negative and detection rates.
Furthermore we have demonstrated how to optimize it by defining the best tracer to use, the ideal
number of sentinel lymph node to strive for and the optimized volume and concentration of ICG to
inject. However, the most important question that remains unanswered is if the sentinel lymph
node mapping is of clinical benefit for the patients and in which scenario.

It could be argued that a pathological lymph nodal assessment is unnecessary in low risk
endometrial cancer patients. However, the definition of low risk endometrial cancer occurs
postoperatively after permanent pathological examination of the uterine specimen and patient
considered to be at low risk preoperatively or intraoperatively at frozen section analysis of the
uterus may end up having a high risk endometrial carcinoma with a risk of lymph nodal metastases
that can reach 40% [19]. Lack of pathological information of lymph nodal status in these patients
will result in a more generous indication to an adjuvant radiotherapy that may otherwise have been

safely omitted and potentially to a survival disadvantage [14, 17-19].

In our series of patients with a preoperative diagnosis of complex atypical hyperplasia or
grade 1 or 2 endometrial cancer, we show that a strategy based on sentinel lymph node mapping is
more accurate in detecting patients with lymph nodal metastases as compared to a strategy based
on triage to a systematic lymphadenectomy based on intraoperative frozen section analysis of the
uterus [61]. All the patients with lymph nodal metastases were correctly identified with the strategy
based on sentinel lymph node mapping, whereas one out of six patients with nodal metastases were

III

missed with the “traditional” strategy that relies on a full lymphadenectomy when uterine risk

factors are identified at frozen section. The latter strategy has a false negative rate of 16.7% at the
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cost of performing a systematic lymphadenectomy in approximately one third of patients
considered to be at low risk preoperatively. The sentinel lymph node mapping had an excellent
correlation with final FIGO stage IlIC whereas the system adopting the frozen section as a triage to

a systemic lymphadenectomy had only a mild correlation with final FIGO stage IlIC.

Accordingly, Sinno et al recommend to perform a sentinel lymph node mapping in patients
who are preoperatively considered to be at low risk [62]. A frozen section of the uterus is performed
only in those cases in which the sentinel lymph node mapping fails bilaterally and a side specific
pelvic lymphadenectomy (according to the algorithm proposed by Barlin et al) is performed only in
case the frozen section analysis of the uterus defines the endometrial cancer as a high risk one [30,

62].

In patients with these pathological characteristics, a large multicenter retrospective
comparison among the patients treated at Mayo Clinic and at the Memorial Sloan Kettering Cancer
Center was performed [63]. Patients were subjected to a systematic lymphadenectomy at the first
institution and to a sentinel lymph node mapping at the second and an excellent and comparable
3-year survival was reported for both groups, suggesting that the sentinel lymph node mapping does

not jeopardize survival in this setting.

Recently, several series have assessed the validity of the sentinel lymph node mapping in
high risk endometrial cancer patients such as grade 3 endometrioid endometrial carcinomas,
uterine papillary serous carcinomas, clear cell carcinomas and carcinosarcomas. As opposed to
patients with low risk endometrial cancer, patients presenting with these characteristics (high grade
and high risk histology) have a high incidence of lymph nodal metastases. Consequently, there is

concern that the result recorded in the low risk setting may not be easily translated in this setting,
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as the reported high negative predictive value reported may be the result of high proportion of true

negatives in a population with a low prevalence of metastatic disease to the lymph nodes.

In our series of high risk endometrial cancer patients, we recorded a prevalence of lymph
node metastases of 23.8% [64]. Additionally, in the majority of the cases the lymph node metastases
were not isolated but several lymph nodes were affected and in the majority of the cases the
metastases were macrometastases. In our series, we recorded a single patient with a false negative
mapping, accounting for a negative predictive value of 97.1% and a false negative rate of 10% [64].
This specific case had an isolated paraortic lymph node metastasis. Interestingly, during the surgery,
the affected para-aortic lymph node appeared clinically suspicious and was sent for frozen section
pathology that confirmed the presence of disease. It could be argued, that given its intraoperative
detection, the false negative rate would drop to 0% for the sentinel lymph node mapping algorithm
[30]. Given these results, we strongly believe that a thorough exploration of the pelvic and para-
aortic area is mandatory in this subset of patients when a sentinel lymph node mapping is adopted
as opposed to a systematic lymphadenectomy. This is crucial as, often, the para-aortic area is

explored with less accuracy than the pelvic region.

With the exception of one retrospective multicenter French series that reports a false
negative rate of 20% in this setting, all the other series and validation studies report reasonably low
false negative rates that improve with the application of the sentinel lymph node mapping algorithm
and are roughly comparable to those reported in the low risk setting [65-70]. In the FIRES trial, in
which 100 patients presented with high-risk histologies and in which the sentinel lymph node

mapping algorithm was adopted, the reported false negative rate is 5% [30, 31].

Finally, considering the oncologic outcome in these patients, we did not record any

differences in patients with high-intermediate risk endometrial cancer undergoing sentinel lymph
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node mapping algorithm or a sentinel lymph node mapping followed by a systematic
lymphadenectomy (RFS: SLN-A vs S-LND: 79.2 vs 81.6; p=0.831) [71]. Of note, that stage and
histotype were predictors of recurrence-free survival at multivariate analysis, whereas adjuvant
therapy was not. These data suggest that the completion lymphadenectomy may be omitted even
in this subset of patients without jeopardizing oncological outcome given that a sentinel lymph node

mapping is adopted.

In high risk endometrial cancer patients the risk of para-aortic lymph nodal metastases in
absence of pelvic lymph nodal involvement exceeds the reported rate of 2% and can be as high as
27% [17, 46]. Possible strategies may include a systematic paraarotic lymphadenectomy in patients
with poorly differentiated and deeply invasive tumors, the integration of a corporal or peritumoral
hysteroscopic tracer injection in conjunction to the cervical one or the inclusion of a preoperative
PET/CT scan in the preoperative work-up. It is our believe that, a thorough inspection of the para-
aortic region is the first, easy step, that may help detect patients with isolated para-aortic lymph

nodal metastases.
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6. CONCLUSIONS:

In conclusion, we have demonstrated that:

1. the sentinel lymph node mapping in endometrial cancer is an effective procedure
characterized by an acceptable false negative rate,

2. the adoption of indocyanine green as a tracer and of the NIR-technology improves
the detection rate as compared to the use of a combination of Tc-99m and patent
blue as tracer,

3. the excision of every fluorescent lymph node does not improve the false negative
rate and that therefore caution should be used in the differentiation between
sentinel and echelon lymph nodes,

4. a smaller volume and concentration of ICG may be helpful in achieving the goal of
reducing the number of sentinel lymph nodes removed,

5. the use of the sentinel lymph node mapping in patients preoperatively considered to
be at low risk is a better strategy is compares to on in which patients are triaged to a
systematic lymphadenectomy based on intraoperative identification of risk factors at
frozen section analysis of the uterus,

6. even in the setting of high-risk endometrial cancer patients, in which the rate of
lymph node metastasis is significantly higher, the sentinel lymph node mapping
maintains a reasonable false negative rate,

7. a strategy that adopts a sentinel lymph node mapping algorithm as opposed to a
systematic lymphadenectomy in intermediate-high risk endometrial cancer patients

does not jeopardize the oncologic outcome.
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In 2014 the National Comprehensive Cancer Network (NCCN) guidelines first recognized the
sentinel lymph node mapping as an acceptable alternative to a systematic lymphadenectomy in
selected case of endometrial cancer [72]. Since then the NCCN guidelines have extended the
indication to a sentinel lymph node mapping algorithm even in high-risk endometrial cancer patients
[13]. On the contrary the ESMO-ESGO-ESTRO guidelines, recommend the adoption of the sentinel
lymph node mapping in endometrial cancer patients only within controlled trials [14]. These
consensus guidelines have been last update in 2015 and we are confident that, given the additional
scientific evidence produce since then, a new revision of these guidelines may lead to a different
recommendation, more in line with those produced by the NCCN. As oppose to a dual “everything

III

or nothing at all” system in which a lymphadenectomy is either omitted or performed in a radical
manner, we believe that the sentinel lymph node mapping represents a solomonic solution that

allows to obtain relevant pathologic information on the status of the lymph nodes without

subjecting the patients to an extensive surgical procedure and its related morbidity [74].
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7. LEGEND TO FIGURES:

Figure 1
Figure 2A
Figure 2B
Figure 2C
Figure 3

Figure 4

Figure 5

Figure 6

Sentinel lymph node mapping with ICG

Laparoscopic pelvic lymphadenectomy (part 1)

Laparoscopic pelvic lymphadenectomy (part 2)

Laparoscopic paraaortic lymphadenectomy

Anatomical distribution of sentinel node lymph nodes detected by ICG

Detection rates based on adopted tracers for sentinel lymph node mapping (ICG vs
Tc99+ blu)

Figural depicted performance of frozen section of the uterus versus sentinel node
lymph node mapping in identifying low-risk endometrial cancer patients with lymph
nodal metastases

Kaplan-Meyer curves for recurrence-free survival (RFS)
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Table 4.3 Influence of ICG dosage on sentinel lymph nodes number at Uni and Multivariate
analysis
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Table 6. Efficacy of sentinel lymph node mapping in high risk endometrial cancer
Table 6.1 Clinicopathologic characteristics of the patients
Table 6.2 Lymph nodal characteristics

Table 6.3 Sensitivity, NPV, and FN rate of the sentinel lymph node mapping and of the
MSKCC sentinel lymph node mapping algorithm
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9. FIGURES:

Figure 1: Sentinel lymph node mapping with ICG

Laparoscopic view of the right hemipelvis after intracervical ICG injection.

The green color of the tracer can already been seen transperitoneally prior to activation of the NIR
mode. After activation of the NIR, with the fluorescent signal, an afferent and efferent lymphatic
vessel draining to and from the sentinel lymph node can easily be visualized. The sentinel lymph
node, located in the typical anatomic region of the obturator fossa, can be easily identified.
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Figure 2 A: Laparoscopic pelvic lymphadenectomy (part 1)

Anatomic view of the right hemipelvis after completion of a laparoscopic systematic
lymphadenectomy
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Figure 2 B: Laparoscopic pelvic lymphadenectomy (part 2)

Anatomic view of the right hemipelvis after completion of a laparoscopic systematic
lymphadenectomy. The external iliac vessels are retracted medially to fully expose the obturator
fossa.
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Figure 2 C: Laparoscopic paraaortic lymphadenectomy

Anatomic view of the paraaortic region after completion of a laparoscopic systematic
lymphadenectomy

Figure 3. Anatomical distribution of sentinel node lymph nodes detected by ICG

45



Mapping by side

i TCSG- Bl

hene wisignersl w fiaiey

Figure 4. Detection rates based on adopted tracers for sentinel lymph node mapping (ICG vs Tc99+

blu)
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Figure 5: Figural depicted performance of frozen section of the uterus versus sentinel node lymph
node mapping in identifying low-risk endometrial cancer patients with lymph nodal metastases
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Figure 6. Kaplan-Meyer curves for Disease-free survival (N=171). The DFS observed was 79.2% (Cl
95%: 56-91) for patients in SLN-A group, and 81.6% (Cl 95%: 67 -90) in S-LND group (p value =0.831).

Group 1: LSN-A group; group 2: S-LND group.
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10. TABLES:

Patients Number (%) Total
75 patients

Median age (range) 65 (38-89)
Median BMI (range) 27.2 (17.4-47)
Stage
FIGO 0 2 (2.7%)
(intraepithelial neoplasia, complexe hyperplasia)
FIGO | 53 (70.7%)
FIGO Il 5 (6.6%)
FIGO Il 14 (18.7%)
FIGO IV 1(1.3%)
Histology
Complex atypical hyplerplasia/intraepithelial neoplasia 2 (2.7%)
Endometroid 66 (88.0%)
Serous 2 (2.7%)
Clear cell 1(1.3%)
Carcinosarcoma 4 (5.3%)
Grade

1 24 (32.9%)

22 30 (41.1%)

-3 19 (26.0%)
Lympho vascular space invasion

-present 17 (22.7%)

-absent 58 (77.3%)
Myometrial invasion

-absent 2 (2.7%)

-< 50% 46 (61.3%)

->50% 27 (36.0%)
Patients with lymph node metastases 11 (14.7%)
Surgical lymph node assessment

SLN biopsy only 33 (44.0%)

SLN biopsy +PLND 13 (17.3%)

SLN biopsy +PLND +PALND 29 (38.7%)
Median number PLN (range) 27 (10-48)
Median number PALND (range) 19 (9-56)
Operations performed
Hysterectomy + BSO 33 (44.0%)
Hysterectomy + BSO + PLND 13 (17.4%)
Hysterectomy + BSO + PLND + PALND 26 (34.7%)
Radical hysterectomy + radical colpectomy + BSO + PLND + PALND 1(1.3%)
Radical hysterectomy + hemicolectomy + BSO + PLND + PALND 1(1.3%)
Radical hysterectomy + BSO + PLND + PALND 1(1.3%)
+laparotomy 1(1.3%)

| +omentectomy | 2 (2.6%) |

Table 1.1 Clinicopathologic characteristics of the patients (included in the validation analysis of the
sentinel lymph node mapping in endometrial cancer). PLND: pelvic lymphadenectomy, PALND:
paraortic lymphadenectomy, BSO: bilateral salpingo-oophorectomy, SLN: sentinel lymph node
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Median number sentinel lymph nodes / Patient (range)

Patients with lymph node metastasis

Macrometastasis
Micrometastasis

ITC (Isolated tumor cells)

Table 1.2: Lymph node data

3 (0-11)

11/75 (14.7%)

7/11 (63.6%)
4/11(36.4%)

0

TC99 + blu (n=147) ICG (n=195) P value
Age, Median (range) 66 (39-87) 65 (29-89) >0.05
BMI, Median (range) 27.5(17-50) 28.1 (15-56) >0.05
FIGO IA 80 (54.4%) 123 (63.1%) >0.05
FIGO IB 29 (19.7%) 27 (13.9%)
FIGO II 8 (5.4%) 10 (5.1%)
FIGO IlIA 1(0.7%) 5 (2.6%)
FIGO I1IB 1(0.7%) 1 (0.5%)
FIGO IlIC1 20 (13.6%) 11 (5.6%)
FIGO I1IC2 5 (3.4%) 8 (4.1%)
FIGO IV 3 (2%) 2 (1%)
ENDOMETRIOID HISTOLOGY 116 (78.9%) 165 (84.6%) >0.05
Gl 56 (38.1%) 68 (35.2%) >0.05
G2 47 (32%) 70 (35.7%)
G3 23 (15.6%) 49 (25%)
LVSI + 53 (36.1%) 34 (17.4%) <0.0001
LVSI - 94 (63.9%) 149 (76.5%)
LVSI NA - 12 (6.1%)

Table 2.1. Clinicopathologic characteristics of the patients (included in the comparison analysis of
sentinel lymph node mapping detection rate based on adopted tracers)
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TC99 + blu (n=147) ICG (n=195) P value
Standard laparoscopy 127 (86.4%) 186 (95.4%) 0.003
Open surgery 20 (13.6%9 9 (4.6%)
Median SLN per patient | 3 (0-9) 3 (0-18) 0.596
No mapping 4 (2.7%) 6 (3.1%) 0.547
Overall detection rate 143 (97.3%) 189 (96.9%)
Unilateral detection 35(23.8%) 25 (12.8%) 0.007
rate
Bilateral detection rate | 108 (73.5%) 164 (84.1%) <0.005
Pts with +lymphnodes 12 (8.2%) 10 (5.1%) 0.181
Pts with +SLN 38/400 (9.5%) 25/593(5.6%) 0.013
Macrometastasis 18/38 (47.4%) 24/33 (72.7%) 0.105

Micrometastasis

Isolated tumor cells

16/38(42.1%)
4/38 (10.5%)

8/33 (24.2%)
1/33 (3.1%)

Table 2.2 Sentinel lymph node mapping and lymphnode pathological characteristics according to
the tracer used
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Characteristics Group 1 (n=42) Group 2 (n=42) p
Age (years) 54.5 (34-89) 55 (28-83) 0.6
BMI (kg/m2) 25.6 (17.4-43.6) 44.9 (19-40.2) 0.8
Histologic Diangosis 0.01
Endometrial cancer 25 (1CS) 20
Cervical cancer 17 22
Median number of SLNs 3(2-3) 5(4-18) <0.001
Patients with metastatic SLNs 9(21.4%) 12 (28.6%) 0.3
Median number of pelvic LN 27 36 0.2
Median number of paraaortic LN 12 (21 pts) 20.5 (28 pts) 0.21
Pts with metastatic pelvic NSLN 8 (19%) 12 (28.6%) 0.17
Metastatic paraarotic NSLN 6 (14.3%) 4(9.5%) 0.24

Table 3.1 Clinicopathologic characteristics of the patients (included in the analysis of the assessment

of the optimal number of retrieved sentinel lymph nodes)

SLNs . . Patients with ) )
removed (n) Patlents with SLNs true positive Fatients with fatse False negative rate (%)
identified (n) negative SLNs (n)
SLNs (n)
=3 42 9 2 4.8
>3 42 12 0 0

Table 3.2 Impact of the number of sentinel lymph node removed on the false negative rates

51



P at UNIVARIATE

P at MULTIVARIATE

ANALYSIS ANALYSIS

Age 0.261 -

BMI 0.130 0.421
Type of cancer 0,091 0.486
Surgical expertise 0,005 0.041
Positive SLN 0.793 -

Age of the surgeon 0.141 0.480
Gyn Onc Certification 0.042 0.823

Table 3.3 Univariate and multivariate analysis on factors influencing sentinel lymph nodes count
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N = 168 (%)

Median Age (range) 64 years (29-89)
BMI (range) 26 kg/m2 (15.4-50.8)
Grade n.a. 3(1.8)
Grade 1 58 (34.5)
Grade 2 64 (38.1)
Grade 3 43 (25.6)
LVSI

No 137 (81.5)
Yes 31 (18.5)
Histology

CAH 3(1.8)
Endometrioid 145 (86.3)
UPSC 9 (5.4)

ccc 5(3)
Carcinosarcoma 5(3)
Neuroendocrine 1(0.5)

Tumor Diameter

<2cm 77 (45.8)
>2cm 91 (54.2)
FIGO stage

n.a. 3(1.8)
IA 109 (64.9)
IB 21 (12.5)
I 9 (5.4)
A 7(4.2)
1B 1(0.6)
lnci 10 (6)
1nc2 7 (4.1)
vV 1(0.5)

Table 4.1 Clinicopathologic characteristics of the patients (included in the analysis on the Influence
of ICG dose on the sentinel lymph node mapping)
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Bilateral Detection (yes / no)

UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS
OR (95% Cl) P OR(95% Cl)

Age (<64 vs 264) 1.37 (0.54, 3.45) 0.49

BMI (235 vs <35) 0.44 (0.15, 1.29) 0.13 0.34 (0.11, 1.07)

Tumor volume (22vs<2cm) 134 (0.54,3.33) 0.52

LVSI (positive vs negative) 0.73 (0.15, 3.45) 0.69

ICG dose (5 vs 1.25mg/ml) 2.2(0.88, 5.52) 0.09 2.64 (0.81, 6.92)

Table 4.2 Influence of ICG dosage on detection rates at Uni and Multivariate analysis

Number of Lymph Nodes (=3 vs < 3)

UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS
OR (95% Cl) P OR(95% Cl)

Age (<64 vs 264) 1.46 (0.76, 2.81) 0.25 1.65 (0.81, 3.39)

BMI (2 35 vs <35) 0.78 (0.32, 1.87) 0.58

Tumor volume (22vs<2cm) 126 (0.65,2.42) 0.48 1.39 (0.66, 2.95)

LVSI (positive vs negative) 1.88 (0.67, 5.26) 0.22 2.4(0.74,7.72)

ICGdose (S5vs1.25mg/ml) 4 75 (2.32,9.72) 0.0001 4.8 (2.31,9.97)

0.06

0.08

0.16

0.37

0.14

0.0001

Table 4.3 Influence of ICG dosage on sentinel lymph nodes number at Uni- and Multivariate analysis
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N=63 (%)

Median age (range) 62 (38-83)
Median BMI (range) 28 (18.8-47)
Preoperative Diagnosis
-complex atypical hyperplasia 2 (3.2%)
-endometrial cancer 61 (96.8%)
Grading
-n.a. 2 (3.2%)
-G1 23 (36.5%)
-G2 38 (60.3%)

Frozen section analysis

-no tumor 10 (15.9%)

-complex atypical hyperplasia 1(1.6%)

-endometrial cancer 52 (82.5%)
Grading

-n.a. 0(3.2%)

-G1 21 (33.3%)

-G2 28 (44.4%)

-G3 2 (3.2%)
FIGO stage at frozen section

-IA 38 (60.3%)

-IB 12 (19%)

Il 2 (3.2%)
Permanent section analysis

-complex atypical hyperplasia 1(1.6%)

-endometrial cancer 62 (98.4%)
Grading

-n.a. 1(1.6%)

-G1 28 (44.4%)

-G2 32 (50.8%)

-G3 2 (3.2%)
FIGO stage IA 43 (68.3%)
FIGO stage IB 11 (17.5%)
FIGO stage Il 2 (3.2%)
FIGO stage I1IC1 3 (4.8%)
FIGO stage I1IC2 3 (4.8%)

Table 5.1 Clinicopathologic characteristics of the patients (included in the analysis of efficacy of
sentinel lymph node mapping in low risk endometrial cancer)
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N (%)

Pelvic lymph node dissection 22((34.9%)
Median number pelvic lymph nodes 21 (2-60)
Paraaortic lymph node dissection 14 (22.2%)
Median number paraaortic lymph nodes 13 (1-56)
Median number sentinel lymph nodes 3(1-11)
Overall detection rate 63 (100%)
Bilateral detection rate 59 (93.7%)
Patients with positive pelvic lymph nodes 6

Patients with positive paraaortic lymph nodes 3(4.8%)

Type of metastasis to the sentinel lymph nodes
Micrometastasis 1

Macrometastasis 5

Table 5.2: surgical data on the two proposed strategies

FN-rate PPV NPV Correlati
onk
Triage to lymphadenectomy based on frozen 17.7% (1/6) 27.3% 97.6% | 0.244
section of the uterus
sentinel lymph node mapping 0% 100% 100% 1

Table 5.3 Performance of the two surgical strategies in identifying low-risk endometrial cancer
patients with lymph nodal metastases
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Median age in years (range)
Median BMI (range)

N=42 (100%)
65 (43-83)
26.8 (19-46.3)

Histology

-Endometrioid 24 (57.1%)
-UPSC 9 (21.4%)
-Clear cell carcinoma 3(7.1%)
-Carcinosarcoma 5(11.9%)
-Neuroendocrine 1(2.4%)
Myometrial infiltration

< 50% 25 (59.5%)
->50% 17 (40.5%)
Tumor size

-<2cm 10 (23.8%)
->2cm 30 (71.4%)
-n.a. 2 (4.8%)
LVSI

-Negative 32 (76.2%)
-Positive 10 (23.8%)
FIGO stage

-IA 17 (40.5%)
-1B 11 (26.2%)
] 1(2.4%)
-NIA 3(7.1%)
-lict 2 (4.8%)
-lc2 8 (19%)

Table 6.1 Clinicopathologic characteristics of the patients (included in the analysis on the efficacy of
sentinel lymph node mapping in High risk endometrial cancer)
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Pelvic LND

-No

-Yes

Paraaortic LND

-No

-Yes

Median number of LN (range)

sentinel lymph node mapping

-no mapping

-Monolateral mapping

-Bilateral mapping

Median number of sentinel lymph nodes
(range)

Patients with positive sentinel lymph node
Median number of positive sentinel lymph
nodes

Location of positive sentinel lymph nodes
-pelvis

-paraaortal

Type of positive sentinel lymph nodes
-micrometastases

-macrometastases

Patients with positive not-sentinel lymph nodes
Median number of positive not-sentinel lymph
nodes (range)

Location of positive not- sentinel lymph nodes
-pelvic

-paraaortic

-pelvic and paraaortic

Table 6.2 Lymph nodal characteristics

N= 42 (100%)

0
42 (100%)

0
42 (100%)
54 (21-83)

0
4 (9.5%)
38 (90.5%)
3(1-18)

9 (21.4%)
2 (1-7)

8 (19%)
1(2.4%)

1(2.4%)
8 (19%)
8 (19%)
4 (1-66)

3(7.1%)
4 (9.5%)
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sentinel lymph node mapping sentinel lymph node mapping

algorithm
Sensitivity 90% (95%Cl: 76%-96%) 100% (95%Cl: 89% - 100%)
NPV 97.1% (95%Cl: 85%-99%) 100% (95%Cl: 89% - 100%)
FN rate 10% 0%
Prevalence of lymph node | 23.8% (95%Cl: 12%-39%) 23.8% (95%Cl: 0.12%-0.39%)

metastases

Table 6.3 Sensitivity, NPV, and FN rate of the sentinel lymph node mapping and of the MSKCC
sentinel lymph node mapping algorithm
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SLN-A S-LND P value

(N=66) (N=105)
Age
65.5 (29 -86) 67.0 (43-86) 0.564
median (range)
BMI
26.4 (15.4- 50) 26.0 (18.0—46.2) 0.350
median (range)
Stage
42 (63.6%) 64 (61.0%) 0.551
/ 6 (9.1%) 6 (5.7%)
18 (27.3%) 34 (33.3%)
Il
1
Grade
17 (25.8%) 4 (3.8%) <0.0001
1 25 (37.9%) 37 (35.2%)
24 (36.4%) 64 (60.0%)
2
3
Histotype
54 (83.1%) 79 (74.3%) 0.156
Endometrioid 11 (16.9%) 26 (15.7%)
Others
Myometrial
invasion 0 2(2.1%)
24 (48.0%) 40 (42.6%) 0.698
No 26 (52.0%) 52 (55.3%)
<50%
>50%
LVSI
37 (59.7%) 56 (53.9%) 0.285
No 25 (40.3%) 48 (46.1%)
Yes

Table 7.1 Clinicopathologic characteristics of the patients (included in the Survival analysis)

SLN-A: sentinel lymph node group; S-LND: lymphadenectomy group



Pelvic LND, N (%)
No
Yes bilateral
Yes unilateral
Aortic LND, N (%)
No
Yes
Pts with positive
nodes, N (%)
Pts with positive
aortic nodes, N (%)

SLN positivity
location, N (%)

External iliac
Obturator
Common iliac
Aortic
Type of SLN
metastasis, N (%)
MAC
MM
ITC
Follow-up time
median (range)
N° of death
N° of recurrence
Site of recurrence
vaginal
nodal
nodal+peritoneal
peritoneal+distant
peritoneal
distant
Adjuvant therapy,
N (%)
None
RT + CHT
RT
CHT
BRT

SLN-A
(N=66)

56 (84.9)
5(7.6)
5(7.6)

66 (100)
0

18 (27.3)

17 (68)
7 (28)
1(4)

11 (44)
11 (44)
3(12)

20 (5-80)
3
6

ONPEFPEFLRON

34 (51.5)
11 (16.7)
5(7.6)
9 (13.6)
7 (10.6)

S-LND
(N=105)

0
105 (100)
0

51 (48.6)
54 (51.4)

34 (32.4)

13/54 (24)

25 (48.1)
23 (44.2)
3(5.8)
1(1.9)

40 (76.9)
10 (19.2)
2(3.9)

16 (6-88)
10
9

= W NONBR

25 (23.8)
37(35.2)
11 (10.5)
10 (9.5)
22 (21)

Table 7.2. Surgical data and Lymph nodal characteristics

P value

0.297

0.421

0.013

0.327

0.001
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UNIVARIATE ANALYSIS
OR (95% ClI)

Age 0.98 (0.93-1.03)
Stage 2.02 (1.13-3.59)
Grade 2.17 (0.84-5.61)
Histotype 2.85 (0.94-8.64)
LVSI 1.48 (0.51-4.28)
Group 0.93 (0.32-2.75)
Type of 1.94 (0.99-3.81)
metastasis

Adjuvant 0.94 (0.71-1.26)
therapy

P value

0.406
0.016
0.111
0.064
0.473
0.898

0.055

0.684

MULTIVARIATE ANALYSIS

OR (95% CI) P value
2.32 (1.25 - 4.30) 0.007
3.69 (1.13-12.0) 0.030
0.85(0.60—1.22) 0.385

Table 7.3 Univariate and Multivariate analysis of disease free survival
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