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Where are we going with
sentinel nodes mapping in
ovarian cancer?

Nirmala Chandralega Kampan*, Chew Kah Teik
and Mohammed Nasir Shafiee

Gynae-oncology Unit, Department of Obstetrics & Gynaecology, Faculty of Medicine, Universiti
Kebangsaan Malaysia, Kuala Lumpur, Malaysia
Lymph node involvement is a major predictive indicator in early-stage epithelial

ovarian cancer (EOC). There is presently no effective way to determine lymph

node involvement other than surgical staging. As a result, traditional ovarian

cancer surgery still includes pelvic and paraaortic lymphadenectomy. However,

it might be linked to higher blood loss, lengthier operations, and longer hospital

stays. The creation of a technique for accurately predicting nodal status

without significant lymphadenectomy is thus the subject of ongoing

research. Sentinel lymph nodes (SLN) mapping is a routine procedure in

oncological surgery and has been proven to be effective and safe in cervical,

vulvar, and uterine cancer. On the other hand, SLN mapping is not yet widely

accepted and recognized in EOC. A thorough search of the literature was

conducted between January 1995 to March 2022, using PubMed and Embase.

This review included studies on lymphatic outflow of the ovaries and the

sentinel lymph node method. A total of 13 studies involving 212 patients who

underwent sentinel lymph node mapping for ovaries were included. Both open

and laparoscopic approach are used. The most popular injection site is the

ovarian ligaments, and a variety of agents are utilized, although the main

markers were, technetium-99m radiocolloid (Tc-99m) or indocyanine green,

either alone or in combination. Overall detection rate for SLN in ovaries is 84.5%

(interquartile range: 27-100%). We suggest a standardized method for sentinel

lymph node mapping in ovarian cancer. The detection rates, characterization

and true positive rates of the approach in investigations support further study.

The use of ultra-staging is essential for lower-volume metastasis and

reproducibility. To ascertain the clinical utility of sentinel node in early

ovarian cancer, larger collaborative prospective clinical trials are necessary.

KEYWORDS

sentinel lymph node, ovarian cancer, lymphadenectomy, low-volume metastases,
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Introduction

Epithelial ovarian cancer (EOC) is the most common ovarian

malignancy and is the leading cause of death from gynecological

cancers worldwide as up to two-thirds are detected late in

advanced stages (1). The European Organization for Research

and Treatment of Cancer – Adjuvant ChemoTherapy in Ovarian

Neoplasm (EORTC-ACTION) – trial demonstrated that optimal

surgical staging surgery was significantly associated with a

superior recurrence-free and overall survival in early stages EOC

in a ten-year follow-up. In addition, adjuvant chemotherapy

appeared only advantageous in those with unidentified residual

disease due to absent or incomplete staging surgery.

The standard of treatment consists of comprehensive

surgical debulking and platinum-based chemotherapy. About a

third of epithelial ovarian cancer presents in an early stage (Stage

I-II) (2), enabling optimal surgical staging procedure, which

includes total abdominal hysterectomy with bilateral salpingo-

oophorectomy, omentectomy, peritoneal biopsies, and a pelvic

and para-aortic lymph node dissection, enabling valid prognosis

prediction, determines adjuvant treatment.

A midline laparotomy is the recommended standard approach

to surgical staging. However, in the last two decades, advances in

minimally invasive surgery (MIS) have made laparoscopy and

robotic surgery a feasible approach in early-stage EOC. Various

studies have shown that MIS approach has shorter hospital stays,

fewer peri-operative complications and improved cosmesis

compared to an open surgery (3–7). A large study involving 1112

patients who underwent planned laparoscopic surgery for Stage I

EOC were reported to have similar oncological outcomes with no

differences in overall survival compared to open staging (8).

Similarly, in a recent retrospective study (n=455) comparing the

surgical and oncological outcomes of three different modalities:

open, laparoscopic and robotic, found that MIS are safe, with lower

rate of post-operative morbidity and no significant difference in

overall survival and progression free survival (9). This is also in

agreement with another retrospective study involving a total of 254

women, who had surgical staging via minimal invasive approaches

(laparoscopic and robotic surgery), were reported to have a good 5-

year progression free survival and overall survival rates at 84.0% and

93.8% respectively (10). One of the largest study to-date comparing

between robotic and laparoscopy surgery for presumed Stage 1

ovarian cancer found no significant oncologic or surgical outcome

differences between these modalities (11).

EOC canmetastasize through three different ways: direct spread

via intraperitoneal, lymphogenous and hematogenous (12).

Lymphatic metastases of EOC mostly develop in the para-aortic

and paracaval lymph nodes followed by pelvic nodes (13).

Complete pelvic and para-aortic lymph node dissection hence

form an essential procedure, as recommended by The

International Federation of Gynecology and Obstetrics, for

clinical staging purposes, although the extent of lymph node

dissection may vary according to surgical institution (14).
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According to the International Federation of Gynecology and

Obstetrics (15), lymph node metastases in EOC is classified as

FIGO stage IIIC disease (14). Following a comprehensive staging

procedure, patients with a FIGO stage III ovarian cancer, unlike

those with FIGO stage I ovarian cancer, are required to receive

adjuvant chemotherapy (16). Omission of adequate

lymphadenectomy may result in underdiagnosis of a more

advanced stage in up to 20% of early stages patients (16). It is

therefore critical to determine nodal status for guiding

adjuvant treatment.

However, routine systematic pelvic and para-aortic lymph

node dissection, as demonstrated by The Lymphadenectomy in

Ovarian Neoplasms (LION) trial did not show any survival

benefit even in advanced ovarian cancers (12). In addition, in

early stage (stage 1-II) disease, only a minority of women would

benefit from routine lymphadenectomy as the mean incidence of

lymph node involvement is low at 14.2% (range 6.1-29.6%) (17),

while enduring intra- and post-operative morbidities such as

nerve and vessel injury, prolonged hospital stays, longer

operative time, higher blood loss, need for blood transfusion

and development of lymphocyst and lymphedema (16).

Complete omission of lymph nodes in clinical early-stage EOC

is also a concern as lymph node metastasis was found to be in

greater rate in poorly differentiated (grade III) tumors (20%) and

serous subtypes (23%) than in grade I (4%) and mucinous

tumors (3%) (18–20).

In EOC, detection of lymph nodes metastases using

radiological techniques (computed tomography (CT) scan,

magnetic resonance imaging (MRI), and positron emission

tomography (PET)) alone are inadequate; the sensitivity and

specificity for detection of lymph node metastases with PET scan

are 73.2 percent and 96.7 percent, respectively, with CT scan

42.6 percent and 95.0 percent, and MRI 54.7 percent and 88.3

percent (21).

The sentinel lymph node (SLN) is the first node or group of

nodes in the lymphatic basin receiving primary lymphatic flow

from tumor site, hence most likely receiving metastasis first. The

SLNmethod involves injecting a dye or tracer into (or close to) the

organ, mapping the organ’s lymphatic distribution to identify

the SLN, removing it, and then examining for metastatic disease.

The concept of sentinel lymph node mapping in ovarian cancer

may not be useful in late disease but would be ideal in early stages

ovarian cancer (Stage I-II).

The notion of sentinel lymph node mapping was first tested

in patients with normal ovaries or those who had ovarian cyst

surgery (22). Sentinel lymph nodes, which are typically found

in the para-aortic or pelvic and para-aortic sites, are detected

by lymphoscintigraphy at a mean interval of 4-6 hours

following injection of radiotracer into meso-ovarian tissues

(22). With the widespread use of sentinel node biopsy, enough

evidence has been gathered to show that successive lymphatic

propagation and tumor cell trapping in first draining lymph

nodes occurs.
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The concept of the sentinel node is based on the Halsted

theory, which emphasizes the need of locoregional cancer

treatment due to the step-wise spread of cancer (23). The

foundations of sentinel node biopsy are the occurrence of an

orderly and predictable pattern of lymphatic outflow to a

regional lymph node basin and the performance of a first

lymph node as an efficient filter for tumor cells (23, 24). A

marker should facilitate the SLN to be identified with acceptable

sensitivity and specificity when injected into a place that imitates

the tumor’s lymphatic drainage. The lymphatic system is

mapped to identify the SLN, which is then excised and

examined for metastasis. The absence of an SLN does not

imply the absence of lymph nodes. Failure to detect an SLN

should be regarded as a mapping failure and should be treated

with systematic lymphadenectomy.

The SLN mapping procedure has proven to be effective in

breast, vulvar, cervical, and endometrial cancer, however for

ovary, SLN studies are lacking. The aim of this work is to

highlight the value of SLN mapping in the treatment of EOC

and to summarize the latest data on its application.
Methods

This systematic review was conducted using Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) criteria (Figure 1). Using PubMed and Embase, a

thorough systematic search of the English-language literature

from January 1995 to March 2022 was conducted. All three

researchers independently searched the databases and chose
Frontiers in Oncology 03
abstracts. The search term used included ‘sentinel lymph

node’, ‘ovary’, ‘ovarian cancer’, ‘ovarian tumors’ and ‘ovarian

tumors’, while search strings utilized were ‘sentinel lymph node

OR sentinel node AND ovarian cancer OR ovary, ‘sentinel

lymph node OR sentinel node OR ovary OR cancer’.

We incorporated primary research studies describing the

SLN technique and lymphatic drainage in ovary, patients with

benign or malignant ovarian mass, and patients in whom

sentinel lymph node mapping of ovary irrespective of

diagnosis of ovarian cancer. In addition, we also looked for

other pertinent research in the reference lists of the publications

identified in the initial search. Three independent reviewers

separately determined whether to include titles and abstracts.

To find cases of overlap, all studies from the same study group

were examined. In vitro or cadaveric research, case reports, video

articles, technical notes, review papers that did not present

original data, and duplicate publications were all excluded.

The number of patients and surgical method were noted and

examined as the primary indicators (open or laparoscopy). The

type and dosage of tracer, site of tracer injection, the amount of

time between the injection and sentinel lymph node

identification, detection rate, and its location were also

reported along with other surgical procedure specifics (s).
Results

A total of 214 were initially identified, and following

additional exclusion criteria (Figure 1), 13 studies (Table 1)

involving a total of 212 patients who underwent sentinel lymph
FIGURE 1

Flowchart of study selection.
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TABLE 1 Study characteristics of ovarian sentinel node mapping (N=13).

Author,
Year

No of
patients

Type of
surgery

Histology
type

Site of injection Tracer Tracer
Dosage

Minimum
waiting

time after
injection
(min)

Sentinel
lymph
nodes
location

Detection
rate

False
negative

Vanneuville
et al, 1991
(22)

14 Lap Benign
ovarian cyst/
tubal ligation

Mesovarium (normal
ovaries)

Tc-99m +
rhenium
sulfide
colloid

37 MBq
+ 0.5-
0.7ml

– Para-aortic
region
alone- 33%
Para-aortic
and pelvic
67%

85.7% NA

Negishi et al,
2004
(25)

11 Open Endometrial
cancer
(n=10),
Fallopian
tube cancer
(n=1)

Unilateral cortex of the
ovary

CH40
(charcoal
solution)

0.05-
0.2ml

10 Para-aortic
region
alone- 63%
Para-aortic
and pelvic
36%

100% NA

Nyberg et al,
2011
(26)

16 Open High-risk
endometrial
cancer

Hilum of ovary
left (n=8), right (n=8)

Tc-99m
+Blue dye

0.8 ml/2
ml

10 Above
IMA- 67%
Below
IMA- 33%

95% NA

Kleppe et al,
2014
(16)

21 Open Ovarian mass
(suspicious of
malignant)

Ovarian ligament and the
suspensory ligament,
(dorsal and ventral side)

Tc-99m
+Blue dye

0.5 ml/
2ml

15 Para-aortic
region
alone- 67%
Pelvic
alone- 9%
Para-aortic
and pelvic-
24%

100% 0%

Hassanzadeh
et al, 2016
(27)

35 Open Ovarian mass
(suspicious of
malignant)

Normal ovarian cortex
(n=10)
Ovarian ligament and the
suspensory ligament
(n=25)

Tc-99m
+Blue dye
(Blue dye
in only 4
patients)

0.4 ml/
0.4ml

10 Para-aortic
region
alone- 84%
Pelvic
alone- 8%
Para-aortic
and pelvic-
8%

40%
84%

0%
0%

Buda et al,
2017
(28)

10 Lap Ovarian mass
(suspicious of
malignant)
+ cervical
cancer

Ovarian ligament and the
suspensory ligament,
(dorsal and ventral side)

ICG 0.5- 1ml
(1.25 mg/
ml)

Real time Above
IMA- 27%
Below
IMA- 53%
Pelvic-
30%

90% NA

Angelucci et
al, 2016
(29)

5 Lap Early stage
ovarian
cancer

Hilum of the ovary (3
right ovarian pedicle; 1
right broad ligament; 1
left ovarian parenchyma

ICG 0.5- 1ml
(1.25 mg/
ml)

1-3 Para-aortic
region-
66%
Pelvic-
34%

100% 0%

Speth et al,
2017
(30)

3 Open Ovarian
cancer (n=5,
similar
patient to
Kleppe et al)
Endometrial
cancer Grade
3

Ovarian ligament and the
suspensory ligament,
(dorsal and ventral side)

Tc-99m +
Blue dye

80 MBq
+ 0.2-
0.5ml

15 Para-aortic
region-
67%
Pelvic-
33%

100% 0%

Nyberg et al,
2017
(31)

20 Open Ovarian
cancer

Mesovarium Tc-99m +
Blue dye

20 MBq
+ 2ml

10 Para-aortic
region-
60%
Pelvic-
10%

100% 0%

(Continued)
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node mapping for ovaries were included in this review. Seven

studies performed open surgery alone (16, 25–27, 30, 31, 35),

while 3 studies used laparoscopic approach (22, 28, 29), and 3

studies had combined modality (32–34) including robotic surgical

technique (33). A total of 131 patients (61.2%) underwent

laparotomies, compared to 71(38.8%) had minimally invasive

surgeries (laparoscopy n=66, converted to open=1, robotic n=4).

The reasons for surgery were mainly for confirmed ovarian

malignancy (Stage I-II) (29, 30, 32–34) followed by suspicion of

ovarian malignancy (16, 27, 28, 34). The patients who underwent

the surgery had final histology confirmation of ovarian cancer in

115 patients, followed by benign ovarian cyst (n=44), endometrial

cancer (n=29), borderline ovarian mass (n=10), cervical cancer
Frontiers in Oncology 05
(n=3), fallopian cancer (n=1). A systematic lymphadenectomy

was subsequently performed for patients with histological

confirmation of ovarian cancer.
Injection site

The injection sites have varied, with the most preferred

reported so far is into the dorsal and ventral side of ovarian

ligament and suspensory ligament (n=131, 61.2%), followed by

mesovarium (n=34, 15.9%), ovarium hilum (n=21, 9.81%), and

ovarian cortex (n=21, 9.81%) in descending order. In four recent

trials (32–35), the injection was carried out in the remaining
TABLE 1 Continued

Author,
Year

No of
patients

Type of
surgery

Histology
type

Site of injection Tracer Tracer
Dosage

Minimum
waiting

time after
injection
(min)

Sentinel
lymph
nodes
location

Detection
rate

False
negative

Para-aortic
and pelvic-
30%

Lago et al,
2019
(32)

10 Open (n=7)
Lap (n=3)

Early stage
(I-II) ovarian
cancer

Ovarian ligament and the
suspensory ligament
stumps (deep into
parametrium)

Tc-99m +
ICG

37 MBq
+ 0.5ml

15
Detection
time after
injection- 54
± 31 min (25-
120)

Para-aortic
region-
70%
Pelvic-
87.5%
Para-aortic
and pelvic-
100%

100%
90% (ICG
alone)

NA

Uccela et al.,
2019
(SELLY)
(33)

31 Lap (n=26),
converted to
open (n=1)
Robotic
(n=4)
Immediate
staging
(n=18)
Delayed
staging
(n=13)

Early stage
(I-II) ovarian
cancer

Ovarian ligament and the
suspensory ligament
stumps

ICG 2 ml
(1.25 mg/
ml)

5-20 Para-aortic
region-
3.8%
Pelvic- 0%
Para-aortic
and pelvic-
96.8%

88.9%
41.7%
(second
surgical
staging)
Overall
detection

rate- 21/31 =
67.7%

0%

Lago et al,
2020
SENTOV
Phase II
(34)

20 Open (n=11)
Laparoscopy
(n=9)

Ovarian mass
(suspicious of
malignant),
n=11
Early stage
(I-II) ovarian
cancer, n=9

Suspensory ligament
stumps and *ovarian
ligament (deep into
parametrium), unilateral
n=19, bilateral, n=1)
*- absence in one case

Tc-99m +
ICG

37 MBq
+ 0.5ml

15
Detection
time after
injection- 53
± 15 min (30-
80)

Para-aortic
region-
100%
Pelvic-
93%
Para-aortic
and pelvic-
95%

100% (Tc
alone)

95% (ICG
alone)

NA

Laven et al,
2021
(35)
(study
terminated
prematurely)

11 Open –

primary
surgery
(n=8)
Second
surgical
staging (5-8
weeks later),
(n=3)

Early stage
(I-IIC)
ovarian
cancer

Ovarian ligament (dorsal
and ventral) and the
suspensory ligament
stumps (lateral side)
Remnant of ovarian
ligament

Tc-99m +
Blue dye

20 MBq
+ 0.2 ml
(15 min)

15 Para-
aortic- 67%
Para-aortic
and pelvic-
33%

27% (primary
surgery)

0% (second
surgery)

NA
fron
BD, blue dye; ICG, indocyanine green; Tc-99m, technetium-99m radiocolloid.
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portions of both utero-ovarian and suspensory ligament stumps

and/or only into the suspensory ligament stumps according to

previous hysterectomy status, either during the first surgery or a

second (delayed) surgical intervention.
Tracer agents, dose and timing

In ovarian sentinel node mapping, a variety of agents were

used alone or in combination, such as technetium-99m

radiocolloid (Tc-99m), patent blue, or indocyanine green

(ICG). In regard to tracer Tc-99m, one study used it alone in

14 patients, while six studies (N=106) used Tc-99m in

combination with blue dye (16, 26, 27, 30, 31, 35) and 2

studies (same research group) (32, 34) used it in combination

with ICG (N=30). Indocyanine green was injected alone in three

studies involving 46 patients (28, 29, 33).

Negishi et al. (25) is the only investigator who used 10 mg of

carbon particles (diameter of 20 nm and 4 mg of polyvinyl

pyrolidone with a concentration of 0.05–0.2 ml), combined in a

solution of charcoal (1 ml) to trace sentinel nodes. For

radiocolloid, the dosage of tracer varies between studies with

highest dose at 80 MBq (30, 32, 34, 35), while for ICG, each

researcher administered between 0.5–2 mL of a solution

containing 1.25 mg/mL of indocyanine green, and for blue

dye, the volume ranges between 0.2-2.0 ml.

The interval between tracers being injected and sentinel

lymph nodes being found when Tc-99m and blue dye used

together was 10 minutes in 71 patients (26, 27, 31) and 15

minutes in 35 patients (16, 30, 35). In two studies by the same

research group, the minimum waiting time for radiocolloid in

combination with ICG was 15 minutes before examination of

area of migration, followed by commencement of sentinel node

removal procedure after 30 minutes duration (32, 34). When

ICG is administered alone, the waiting time is the shortest for

sentinel lymph node mapping, with Buda et al, performing

mapping right away after injecting the tracer laparoscopically

for 10 patients (28), while in another study, the median waiting

interval for 5 patients was 2 minutes (29).
Sentinel Lymph nodes detection rate
and location

Sentinel lymph nodes were discovered in 175 of 207

individuals, for a detection rate overall of 84.5% (interquartile

range: 27-100%). The detection rate for radiocolloid (16, 22, 26,

27, 30, 35) (with or without blue dye; N=120) was 82.5%, while

the detection rate for radiocolloid and ICG combined was 100%

(32, 34) and when ICG used alone, the detection rate was 82.8%

(N=76) (28, 29, 32–34). There is reported lack of tissue

penetration with the use of blue dye in several studies (16, 26,

27). Blue dye was observed transperitoneally in only less than
Frontiers in Oncology 06
half of patients in Nyberg et al. (26), while in Kleppe et al. (16)

the blue staining was not detected in transperitoneal mapping

but seen in one-third of patients during retroperitoneal

exploration. Therefore, the presence of sentinel nodes is not

necessarily ruled out in the absence of blue staining.

The majority of patients (89.6 percent, N=186) had at least

one lymph node detected following injection just beneath the

peritoneum (ovarian ligaments, mesovarium, ovarian hilum). In

two studies, an injection into the ovarian cortex appeared to be

less receptive (71.4 percent, N=21). In the studies that

distinguished between the para-aortic and pelvic regions, the

sentinel lymph nodes were found in the para-aortic region only

in 99 out of 181 patients (54.6%), the pelvic region only in 26

patients (14.4%), and both the para-aortic and pelvic regions in

80 patients (44.2%). Two studies (N=26) found the sentinel

lymph node to be either above or below the level of the inferior

mesenteric artery (28, 31). According to three studies, the

majority of the SNs associated to the right ovary were

discovered below the level of the inferior mesenteric artery,

whereas the majority of the SNs related to the left ovary were

found above the level of the inferior mesenteric artery (16,

26, 28).

While the detection rate of at least one SLN following the

injection of a tracer prior to tumor resection and analysis of

frozen sections were high between 87.5-100%, the detection rate

of SLNs in post tumor (adnexal) resection operations varied.

Four investigations evaluated the identification of SLNs

following the injection of tracer into the remaining ovarian

ligaments following the resection of the adnexa, either in the

same surgical setting or in a subsequent surgery (32–35). While

the detection rate in two studies by Lago et al. (N=30) (32, 34)

was 100% using radiocolloid and ICG, and 90-95% using ICG

alone, Laven et al. had the lowest detection rate at 27% (35) using

radiocolloid and blue dye tracer. In studies by Lago et al. (32, 34)

the researchers injected the tracer deeply into the parametrium

as opposed to superficially under the peritoneum as done in

Laven et al (35), resulting in 88% (32) and 93% (34) of patients

with a detectable pelvic (non-para aortal) sentinel node.

Conversely, three sentinel nodes in Laven et al. (35), were

found all at the para-aortal/para-caval level. This may be

explained by possible changes in lymphatic drainage following

ovary resection, which render accurate identification of the para-

aortal sentinel node following previous resection less reliable.

In patients with Stages I-II ovarian cancer who had sentinel

lymph node mapping and systematic lymphadenectomy, the

characteristics of sentinel lymph nodes are as listed in Table 2.

Only eight studies provided information on the characteristics of

sentinel lymph nodes. A total of 18 cases of SLN positive were

observed (8.7%) out of 208 SLN removed. There is a total of 4

macrometastases (1.9%), 3 micrometastases (1.4%) and one case

of isolated tumor cells (0.5%) following ultrastaging (36). The

sentinel lymph node in the para-aortic field which was falsely

negative in one patient in the trial by Lago et al. (34) because of
frontiersin.org
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absence of migration of tracer from ovarian stump sites following

resection of the adnexa, was identified as macrometastasis after

performing ultrastaging procedure (36).

Only two studies (same research group) performed ultrastaging

of SLN. In Lago et al. (36), a total of 30 patients underwent SLN

mapping and pathological ultrastaging with a slice thickness of 200

microns to examine the function of SLN ultrastaging in early-stage

ovarian cancer. The detection rates for radiocolloid and ICG were

high, reaching 30/30 (100%) and 28/30 (93.3%), respectively.

Following ultrastaging, six patients were upgraded: two patients

identified macrometastases that had previously gone undetected,

and four patients discovered implantation in other sites (omentum,

fallopian tube, Douglas cavity, etc).
Discussion

With an overall detection rate of 84.5% percent

(interquartile range: 27-100%), our review demonstrates that

sentinel node detection from the ovary appears to be promising.

This is in agreement with a systematic review by Dell’Orto et al.

which included 10 studies on ovarian sentinel nodes (37).

However, the availability of limited number of studies and the

total sample size of patients included are insufficient to allow for

firm conclusions on the choices of tracer(s) type, timing and

precise location.
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technetium-99m radiocolloid as the tracer of choice,

indocyanine green use has been increasingly popular.

Although the use of technetium-99m radiocolloid has yielded

high rates of detection of sentinel nodes in various studies but it

has several disadvantages. The use of radiocolloid for sentinel

nodes detection are an expensive procedure, requires pre-

operative preparation and professional help from nuclear

medicine department, time consuming and carry risk of

radioactivity. The detection rate of blue dye seems to be poor

with reported lack or absence of tissue penetration in several

studies (16, 26, 27). It has been reported that the success rate

sentinel node mapping in uterine cancers is significantly

decreased with increasing BMI irrespective of dye used,

however the use of blue dye compared to ICG yield superior

SLN detection rates (38). ICG, compared to blue dye, has been

found to have improved tissue penetration, which enhance

visibility (39, 40). A successful demonstration of the use of

ICG to detect sentinel nodes was demonstrated in a recent video

article (41) on a patient enrolled in SELLY trial undergoing

laparotomy for a large ovarian mass with suspected malignancy.

The author, Turco et al. (41) demonstrated injection of ICG of

5mg/ml with a 20-gauge spinal needle into the perivascular

connective tissue surrounding infundibulopelvic ligament and

utero-ovarian ligament of the affected ovary. Removal of the

affected adnexal mass was performed following a waiting time of
TABLE 2 Lymph node characteristics in epithelial ovarian cancer patients after SLN mapping and systemic lymphadenectomy (N=8).

Author, Year No of patients SLN
positive n(%)

Non-SLN
positive n(%)

Type of SLN
involvement

Sensitivity Specificity Negative
Predictive Value

Hassanzadeh et al, 2016
(27)

17 4/20 (20%) NA NA 100% NA NA

Angelucci et al, 2016
(29)

5 0/7 (0%) 0.107 (0%) NA NA 100% 100%

Nyberg et al, 2017
(31)

4 1/8 (13%) 4/121 (3.3%) NA 100% NA NA

Kleppe et al, 2014
(16)

6 3/23 (13%) 1/65 (1.5%) 3-Micro M 100% NA NA

Buda et al, 2017
(28)

7 0/11 (0%) 0/165 (0%) NA NA 100% NA

Uccela et al., 2019
(SELLY)
(33)

31 4/31
(12.9%)

0/31 (0%) 1-ITC
3-Macro M

100% 100% 100%

Lago et al, 2021 (36)
Results from 2 studies-
Lago et al, 2019
(32)
Lago et al, 2020
SENTOV Phase II
(34)

30
(10 from (32) and
20 from (34)

6/114*
(5.3%)
*ultra-staging

1 non SLN
detected

1-Macro M
1-ITC (Ultrastaging)

NA NA NA

Laven et al, 2021
(35)
(study terminated
prematurely)

3 0/4 NA No metastases NA NA NA
ITC, isolated tumor cell; M, metastases; SLN, sentinel lymph nodes; SLN, sentinel lymph node; NA,-not available.
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15 minutes. Once ovarian malignancy is confirmed, the

retroperitoneum area bilaterally was subsequently exposed

along the Tort fascia till up to left renal vein and the sentinel

nodes were detected using near-infrared fluorescent system

camera (41).

The exact timing for detection of SLN is not reported in most

studies. In Lago et al. pilot and Phase II studies, using a

combination of radiocolloid and ICG tracer, the mean

detection time for SLN was 53.3 ± 20.3 min (32, 34). In these

studies, a minimum waiting time of 15 minutes were adhered to

before exploration of sentinel nodes were performed (32, 34).

Similarly, in majority of studies using a combination of

radiocolloid and ICG, a minimum of 10 to 15 minutes of

waiting time is allowed before proceeding with SLN mapping

to ensure adequate travel of the tracer to the lymph nodes. When

ICG is used alone, the waiting time is shorter between 5 to 20

minutes as demonstrated in SELLY trial (33). The use of ICG

have also been done in real time by Buda et al. (28) and with only

1 to 3 min waiting time in some studies (29).

Currently, injections made to ovarian cortex is avoided as it

has the worst detectability and is associated with risk of tumor

dissemination (27, 40). Majority of studies found that the

ovarian suspensory ligament and/or ovarian ligaments are a

safe and repeatable option when it comes to injection sites, hence

this is recommended. Studies employing this route had high

detection rate of SLN ranging between 84 to 100% when

performed prior to tumor removal. In Lago et al, both

radiocolloid and ICG tracers were used simultaneously

following removal of adnexal mass in 15 of their patients (34).

Injections points were at infundibulopelvic and utero-ovarian

ligament stumps either unilaterally or bilaterally. A 27G needle

was used to inject saline solution (0.2ml) containing 37 mBq

radiocolloid and 0.5ml ICG (1.25mg/ml) simultaneously. This

technique yielded a high detection of sentinel node at 95% in the

pelvic and para-aortic regions. The advantage of this technique

according to the author is that it can be performed in both open

and laparoscopic surgery (32, 34). This sentinel node mapping

technique is also applicable and can be done after the removal of

the primary tumor, therefore limiting the use of 99mTc and ICG

to only those cases where malignancy has been proven. The

drawback of this procedure is in its amplified length of surgery to

an extra one hour (32, 34), which may increase operational cost

and higher anesthesia risk. Various studies discourage from

multiple sites of tracer injection as this can lead to tracer

spillage in the retroperitoneal region, leading to poor visibility

and lower detection rates of sentinel nodes (31, 33). Adequate

training of surgeon is also required to acquire a good technique

for tracer injection with avoidance of dye extravasation.

Although studies by Lago et al. (32, 42) have shown that it is

feasible to perform SLN detection following injection of tracer

into the remnants of both ovarian ligaments after excision of

ovarian tumor with high detection rate (95-100%), two other

studies only demonstrated a low percentage of SLN detection
Frontiers in Oncology 08
rate at 41.7% and 27% (33, 35). A difference in the technique of

tracer injection may have resulted in a dissimilar outcome

between these three studies, for example in Lago et al. (32, 34),

the ICG was injected deeply into the parametrium as opposed to

superficial injection under the peritoneum in Laven et al. (35). It

was postulated that deep parametrium injection by Lago et al.

may have resulted in detection of uterine rather than ovarian

pelvic lymphatic drainage. However, the detection rate of

sentinel nodes remained of comparable yield to previous

studies. A potential explanation maybe that the lymphatic

drainage continues in bi-directional pathway from the

infundibulopelvic and utero-ovarian stumps to the para-aortic

and pelvic fields, respectively, meaning that the ovary excision

has no initial effect on the tracer’s drainage. Following ovarian

tumor removal, continuous lymphatic perfusion from the

original organ begin to cease, resulting in gradual obstruction

and deterioration of the lymphatic drainage pathway. This may

explain a higher positive rate of sentinel nodes (88.9% vs. 41.7%)

found within patients with immediate surgical staging than with

delayed surgical staging (33). In addition, the SLN mapping was

not well localized when the SLN procedure was delayed 5–8

weeks after tumor resection (35).

A thorough understanding of the lymphatic pathways, hence

is necessary to optimize the sentinel node procedure in ovarian

cancer. Studies detailing the lymphatic drainage routes for

ovarian tumors are sparse. Lymphatic metastases of EOC

mainly occurs in the para-aortic and paracaval regions

followed by pelvic lymph nodes (16, 24, 25, 40). According to

Kleppe et al. (24), the sentinel lymph node in ovarian cancer is

found in the para-aortic and paracaval regions, obturator fossa

and surrounding internal iliac arteries, and inguinal regions.

Kleppe et al. (24), used immunohistochemical analysis from a

microscopic perspective to identify that the ovaries have two

major and one minor lymphatic drainage channel (24). The first

channel is abdominal pathway travelling from the ovaries to the

para-aortic and paracaval lymph nodes via the suspensory

ligament (infundibulopelvic ligament) (16, 24), while another

channel is the pelvic pathway, running along ovarian ligament to

obturator fossa and the internal iliac artery (16, 24, 40) and a

third minor channel to the inguinal lymph nodes via the

round ligament.

In a recent study, the lymphatic outflow following

administration of ICG was demonstrated in a video (43). The

lymphatic drainage of the ovary and the uterine corpus are

found to be identical, using the same lymphatic pathways down

the ovarian vessels to the right and left infrarenal, paraaortic

regions, and the pelvic pathway along the uterine artery to the

inter-iliac region. In addition, the two main routes along the

Müllerian (uterine) and mesonephric (ovarian) pathways can be

demonstrated reproducibly in terms of intraoperative dynamics

of ICG drainage (43). Various studies support the notion that the

para-aortic region serves as the primary lymphatic drainage

pathway from the ovary, with the left ovary’s sentinel nodes
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often being positioned higher than those of the right ovary. In

addition, it appears that the pelvic sentinel nodes associated with

the left ovary are situated higher in the pelvis than those

associated with the right ovary (25, 31–33). Hence, the ovary

is far more difficult to approach than the vulvar, cervix, or

endometrial cancer, where the injection site is easily accessible

prior to surgical preparation. Along with the difficulties of

knowing where, when, and what to inject, there is the

unfavorable procedural step of having to remove the clinically

suspect ovary before determining whether it is malignant,

necessitating the performance of sentinel node mapping. A

larger multicenter investigation should assess the validity of

the SN concept in ovarian cancer and its clinical applications.

We propose the use of radiocolloid in combination with ICG

(where the fluorometric imaging technology is available) with a

median 15-minute interval as it has an acceptable SLN detection

rate. Uccella et al., currently the largest prospective study, SELLY

published on SLN in ovarian cancer (N=31), use ICG alone as

their tracer laparoscopically. The use of indocyanine green (ICG)

unlike radiocolloid technetium, does not necessitate pre-

operative planning and availability of nuclear medicine facility

and can be administered intra-operatively (33). SELLY trial

(NCT03452982) is still actively recruiting a larger participant

and the result of this trial is much awaited to further encourage

the use of ICG alone for SLN detection. A large single-center

prospective trial (NCT02997553) involving 744 participants

comparing between ICG alone and in combination with

radiocolloid may also help strengthen the role of ICG in SLN

detection. In sentinel node mapping for ovarian tumors, we also

propose ovarian suspensory ligament and/or ovarian ligaments

as a safe and repeatable site for tracer injection with avoidance of

multiple injection spots to reduce dye leakage.

Many surgeons will find it an inconvenient procedural step

of having to remove a clinically suspect ovary before it is

confirmed to be malignant, necessitating sentinel node

mapping, however there is currently insufficient evidence to

recommend SLN detection post ovarian tumor resection. It is

also postulated that changes to lymphatic drainage post tumor

resection might lead to artificially increased detection rates.

Future research is needed to study anatomical information on

the potential paths used by the ovarian lymphatic drainage

following ovarian tumor resection which may help to explain

differences in SLN detection.

There is currently no recommendation from NCCN Clinical

Practice Guidelines in Oncology (2022 edition) for application of

SLN technique in ovarian cancer. The surgical norm for early-

stage ovarian cancer is a (mid-line) laparotomy, in accordance

with ovarian cancer surgery recommendations from European

Society of Gynaecological Oncology (ESGO). Laparotomy

should therefore be the first option, especially when there are

significant ovarian tumors present, for sentinel lymph node

mapping. These same recommendations state that
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only be considered when a second procedure is required to

confirm the disease’s stage or when there are small, suspicious

ovarian nodules present. In both open and laparoscopic

approach, Lago et al. (32, 34) and Uccella et al. (33), found no

intraoperative complications, or 30-day side effects associated

with the use of 99mTc or ICG, with overall complication rate low

at 9.6% in SELLY’s trial (33).

The use of laparoscopic as a modality may also be technically

challenging and require a longer learning curve. This includes

significant chance of protocol breaches, procedure abandonment

and inadvertent injection of ICG tracer into non-targeted areas as

seen in SELLY’s trial (33). In order to prevent accidental ICG

spillage in the trocar and subsequent tracer spillage throughout

the entire operating field, a few suggestions have been made by

Uccella et al. (33), including using transcutaneous needle insertion

rather than using laparoscopic needles through trocars, using

laparoscopic forceps to guide the needle to the ovarian pedicle,

aspirating while retracting the needle from the ovarian pedicle to

prevent tracer spillage, and finally getting the laparoscopic camera

close to the lymphatic tissue to enable better definition of

lymphatic drainage and easier identification of SLN. In Lago et

al, dye spillage is prevented by placement of clamps at the site of

tracer injection after completion of administration (32).

The use of ultrastaging is essential for lower-volume

metastasis detection and to provide reproducible information

between upcoming studies, as evidence about SLN in ovarian

cancer is growing. There is a chance of getting false-negative

results for isolated tumor cells and micrometastases if

ultrastaging SLN processing is not performed as demonstrated

by Lago et al. (36). In this study, the sentinel nodes were

additionally incised perpendicular to the maximum diameter

of the node into a thin section of approximately 2 mm (bread-

loaf slicing technique). The nodes were subjected to standard

H&E staining and serial examination of levels up to 6 levels, with

depths increasing in 200 µm increments until reaching the

bottom of the sample (36) . Immunosta ining with

immunohistochemical staining for CK AE1/3 was included in

the presence of macrometastasis (36). Following ultrastaging, the

diameter of one pelvic SLN’s metastatic implant shifted to

macrometastasis (36). A uniform protocol for ultrastaging is

therefore essential for lower-volume metastasis detection and to

provide reproducible information between upcoming studies, as

evidence about SLN in ovarian cancer is growing.
Conclusions

The reported experience of SLN in ovarian cancer is

restricted to a few studies with a small patient sample.

However, there is growing support for its feasibility, and its

acceptable negative predictive value. However, further evidence
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from phase III clinical studies is required to clarify the true

negative predictive value, critically regarding patient safety.

There is lack of studies on the characterization and accuracy

of sentinel nodes in detecting metastases in early ovarian cancer.

To ascertain the sentinel node technique’s negative predictive

value and better characterize its clinical utility in early ovarian

cancer, a larger collaborative clinical investigation will

be necessary.
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