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HIGHLIGHTS
•	 99mTc and indocyanine green were used to detect the sentinel lymph nodes (SLN) in patients with early ovarian cancer.
•	 SLN were detected in 14/15 (93%) pelvic and all 20 (100%) para- aortic regions.
•	 There were no intraoperative or postoperative adverse events within 30 days of follow- up.

AbSTrACT
Objective Early- stage ovarian cancer might represent an 
ideal disease scenario for sentinel lymph node application. 
Nevertheless, the published experience seems to be 
limited. Our objective was to assess the feasibility and 
safety concerns of sentinel lymph node biopsy in patients 
with clinical stage I–II ovarian cancer.
Methods We conducted a prospective cohort study of 20 
patients with histologically confirmed ovarian cancer. 99mTc 
and indocyanine green were injected into both the utero- 
ovarian and infundibulopelvic ligament stump, if they were 
present, during surgical staging. An intraoperative gamma 
probe and near- infrared fluorescence imaging were used 
to detect the sentinel lymph nodes. Inclusion criteria 
included: >18 years of age, suspicious adnexal mass 
(unilateral or bilateral) at ultrasound and CT imaging or 
confirmed ovarian tumor after previous surgery (unilateral 
or bilateral salpingo- oophorectomy with or without 
hysterectomy). Adverse events were recorded through 
postoperative day 30. The primary trial end point was to 
report adverse events related to the technique, including 
the use of 99mTc and ICG intraperitoneally, as well as the 
feasibility of the technique.
results A total of 20 patients were included in the 
analysis. Sentinel lymph nodes were detected in 14/15 
(93%) pelvic and all 20 (100%) para- aortic regions. Five 
patients did not have utero- ovarian injection because 
of prior hysterectomy. The mean time from injection to 
sentinel lymph node resection was 53±15 min (range; 
30–80). The mean number of harvested sentinel lymph 
nodes was 2.2±1.5 (range; 0–5) lymph nodes in the pelvis 
and 3.3±1.8 (range; 1–7) lymph nodes in the para- aortic 
region. There were no adverse intraoperative events, 
nor any within the 30 days of follow- up related with the 
technique.
Conclusion Sentinel lymph node mapping in early- stage 
ovarian cancer is feasible without major intraoperative or < 
30 days safety concerns. (NCT03452982).
Trial registration number  ClinicalTrials. gov, 
NCT03452982.

INTrOduCTION

Ovarian cancer is diagnosed as an early disease that is 
limited to the pelvis in up to 20% of cases.1 2 Once histo-
logically confirmed, comprehensive surgical staging is 
recommended to accurately determine the extent of 
disease and guide postoperative treatment planning.3 
Lymphadenectomy is a time consuming and complex 
procedure that requires advanced surgical skills to 
achieve an appropriate extended dissection and a safe 
result.4 Moreover, it is associated with both intraopera-
tive and post- operative morbidity, even when performed 
by an expert gynecologic oncologist.5 6 Knowledge of 
the lymph node status determines the prognosis and 
helps to tailor adjuvant systemic treatment.7 8 Neverthe-
less, in cases of low- grade ovarian cancer, the incidence 
of metastasis was recently reported to be rather low.9 10 
Omission of, or inadequately performed lymphadenec-
tomy, may lead to understaged disease or even the 
exclusion of adjuvant chemotherapy. Notwithstanding, 
there is no demonstrated benefit from lymphadenec-
tomy in terms of survival in patients with apparent early 
stage ovarian cancer11

Sentinel lymph node mapping is intended to detect 
the first at- risk node that drains from a tumor. When 
performed correctly, the absence of a metastasis 
within the sentinel lymph node predicts that the 
remaining lymph nodes in a certain anatomical region 
are not involved. Consequently, the more extensive 
lymphadenectomy, and thus the associated morbidity, 
can be avoided. Sentinel lymph node mapping has 
become the standard of care in breast and vulvar 
cancer,12 13 and in patients with cervical and endo-
metrial cancers is gaining significant popularity.14 15

Early- stage ovarian cancer may represent an ideal 
disease scenario for sentinel lymph node application. 
Lymphadenectomy is a demanding procedure asso-
ciated with morbidity that is unnecessary in a high 
percentage of patients due to the low incidence of 
lymph node involvement. Nevertheless, the technical 
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Figure 1 Sentinel lymph node technique in ovarian cancer. 1 and 2: In cases of previously unconfirmed malignant histology, 
the suspicious ovarian tumor was removed. 3: The surgical specimen was submitted for frozen sectioning. In case of 
malignancy, the SLN technique was performed. 4: The injection points were at the infundibulopelvic and ovarian stumps. 5: A 
saline solution containing 99mTC nanocoloid and ICG were injected subperitoneally at each point. 6: Guided by the acoustic 
signal of a gamma probe and NIR/ICG system, a minimum dissection looking for the hottest SLN dyed with indocyanine green 
SLN/s in the pelvic/paraaortic region was performed.

complexity and risk of tumor dissemination associated with the 
injection of tracers into the cortex16 17 have limited the published 
experience to few studies with a small sample of patients, most not 
involving malignant ovarian tumors.16–23 The objective of this study 
was to prospectively delineate any major safety concerns related to 
our proposed sentinel lymph node technique and assess its feasi-
bility in patients with clinical stage I–II ovarian cancer.

METHOdS

We performed a prospective, single- center trial from March 2018 
until July 2019. The study protocol was approved by the institutional 
review board and local ethics committee before enrollment and was 
registered on http:// clinicaltrials. gov (NCT03452982). Patients with 
suspicious or confirmed adnexal masses were assessed for eligi-
bility. Those with apparent early- stage ovarian cancer (International 
Federation of Gynecology and Obstetrics (FIGO) stage I–II) who met the 
following inclusion criteria were included: >18 years of age, suspicious 
adnexal mass (unilateral or bilateral) at ultrasound and CT imaging or 
confirmed ovarian tumor after previous surgery (unilateral or bilateral 
salpingo- oophorectomy with or without hysterectomy) and provided 
written informed consent before study enrollment.

Pelvic ultrasound and total body CT scan were performed to eval-
uate the extent of disease, including preoperative assessment of nodal 
involvement. Patients were excluded if they withdrew consent before 
surgery, had apparent stage III or IV disease on imaging, previous 
vascular surgery (vena cava, aorta, iliac vessels), previous lymph-
adenectomy (pelvic or para- aortic), history of lymphoma, radiotherapy 
(pelvic or para- aortic fields), a benign result after frozen section 

histology in the case of suspicious adnexal mass, and/or a previous 
allergic reaction to colloids or indocyanine green (ICG).

Two simultaneous methods were used for sentinel lymph node 
detection (Figure 1): 99mTc and ICG. After the abdominal cavity was 
accessed and peritoneal washings obtained, the suspicious ovarian 
tumor (in cases of previous unconfirmed malignant histology) 
was removed. We performed a unilateral or bilateral salpingo- 
oophorectomy (hysterectomy was performed only if it was necessary 
to avoid rupture of the tumor capsule) and submitted the surgical 
specimen for frozen sectioning.24 Sentinel lymph node mapping was 
performed after malignancy was confirmed. Injection points were at 
the ipsilateral infundibulopelvic and utero- ovarian ligament stumps 
for unilateral tumors having no previous hysterectomy, bilateral infun-
dibulopelvic and utero- ovarian stumps for bilateral tumors having 
no previous hysterectomy, and only the infundibulopelvic stump if a 
hysterectomy had been previously performed. Saline solution (0.2 mL) 
that contained 37 mBq 99mTc nanocolloid (Albu- res, Pharmaceutical 
Nycomed Amersham, Braunschweig, Germany) was injected subperi-
toneally. At the same time, 0.5 mL ICG (1.25 mg/mL) was injected. A 
27G needle was used at each injection point (Figure 2).25 26

After a minimum of 15 min, the injection point and the area of 
migration were checked with an intraoperative mobile gamma 
camera (Sentinella, Oncovision) for descriptive purposes. Thirty 
minutes after injection, the sentinel lymph node procedure 
commenced: it was guided by the acoustic signal of a gamma 
probe (Wprobe wireless gamma probe STD and LAP, Oncovision) 
by performing minimum dissection while searching for the hottest 
sentinel lymph node(s) in the pelvic and para- aortic region. We 
simultaneously used the Imagen1 HUB- OPAL1 (NIR/ICG system; 
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Figure 2 Sentinel lymph node technique scheme.

Figure 3 Flow chart of patients included in the study.

Karl Storz Endoscopy, GmbH, Mittelstrasse, Tuttlingen, Germany) 
or the SPY- PHI fluorescence imaging platform (Novadaq/Stryker 
Corp., Kalamazoo, MI, USA) to detect the sentinel lymph node(s): 
any lymph node dyed with ICG and with a markedly higher count 
10- times higher than the background was considered a sentinel 

lymph node and it was harvested separately. All retrieved sentinel 
lymph nodes were classified according to the anatomical region 
where they were located.

Next, surgical staging was performed, including hysterectomy, 
contralateral adnexectomy (if needed), pelvic and para- aortic 
lymphadenectomy, omentectomy, peritoneal biopsies, and appen-
dectomy in the case of mucinous tumors. Both sentinel lymph 
nodes and non- sentinel lymph nodes were processed according to 
a standard protocol for lymph node examination: they were cut into 
single sections or, when the diameter was >1 cm, into 2–3 sections 
and stained with haematoxylin and eosin before microscopy. No 
ultrastaging was performed in this study due to a limitation in 
funding.

A customized case report form (CRF) was created for data 
collection and management. A CRF was completed for each 
patient who provided informed consent. Study data were collected 
prospectively and monitored by an external technician from the 
Medical Research Institute La Fe (IISLAFE). The primary trial end 
point was to report any adverse event related to the technique, 
including the use of 99mTc and ICG intraperitoneally, as well as 
the feasibility of the technique. The second exploratory objectives 
were to report sensitivity, specificity, and the positive and negative 
predictive values of the technique, the detection rate and location 
of sentinel lymph nodes
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Table 1 Patients' baseline and surgical characteristics

Patient’s baseline and surgical characteristics

Diagnosis; n (%)

Confirmed 9 (45)

  Suspicious 11(55)

Age [Mean±SD (Range)]; year 50±9 (35-68)

BMI [Mean±SD (Range)]; kg/m2 24.5±4.8

Previous surgery; n (%)

  None 11(55)

  Unilateral Anexectomy 4 (20)

  Bilateral Anexectomy 1 (5)

  Bilateral Anexectomy+Hysterectomy 4 (20)

Ca 125 [Mean±SD (Range)]; IU/mL 155.6±241 
(6.9–818)

Ca 19.9 [Mean±SD (Range)]; IU/mL 114.7±204 (2-
875)

ASA score; n (%)

  I- II 17.0 (85)

  III 3.0 (15)

Approach; n (%)

  Laparoscopy 9 (45)

  Laparotomy 11 (55)

Type of surgery; n (%)

  Frozen section+Surgical staging 11 (55)

  Differed surgical staging 9 (45)

Main Tumor Size [Mean±SD (Range)]; 
mm

108.7±72.7 
(2–250)

Ascites [Mean±SD (Range)]; ml 77.5±103 
(0–400)

Tumor location; n (%)

  Left 10 (50)

  Right 9 (45)

  Bilateral 1 (5)

Estimated blood loss [Mean±SD 
(Range)]; ml

257.5±114 (100-
500)

Red blood transfusion; n (%) 0 (0)

Surgical time [Mean±SD (Range)]; min 275±29 (210-
320)

Intraoperative complications; n (%)

  No 18 (90)

  Vascular injury 2 (5)

ASA; BMI, body mass index; FIGO, The International Federation of 
Gynecology and Obstetrics.

Table 2 Sentinel lymph node procedure

Point of injection; n (%) 95% CI

Utero- ovarian ligament 
stump

  Not applicable (HT 
performed)

5 (25) –

  Unilateral 14 (70) –

  Bilateral 1 (5) –

Utero- ovarian ligament 
migration (n15)

  No 1 (6.7) –

  Unilateral 13 (86.7) –

  Bilateral 1 (6.7) –

Infundibulopelvic ligament 
stump

  Unilateral 19 (95) –

  Bilateral 1 (5) –

Infundibulopelvic ligament 
migration (n20)

  No 0 (0) –

  Unilateral 16 (80) –

  Bilateral 4 (20) –

SLN detection rate; n (%)

  Pelvic (n15) 14 (93.3) 66% to 100%

  Paraortic (n20) 20 (100) 80% to 100%

  Pelvic and para- aortic 19 (95) 73% to 100%

  Pelvic and/or para- aortic 20 (100) 80% to 100%

SLN detection method; 
n (%)

  Intra- operative 
lymphography

1 (5) 0% to 27%

  Tc 99m 20 (100) 80% to 100%

  ICG 19 (95) 73% to 100%

  Both (Tc 99m+ ICG) 20 (100) 80% to 100%

Time after injection 
[Mean±SD (Range)]; min

53±15 
(30–80)

46.5 to 60.8 min

HT, hysterectomy; ICG, Indocyanine green; SLN, sentinel lymph 
node.

Descriptive results are reported as absolute frequency 
(percentage) for nominal variables and as mean/SD and range for 
each continuous variable. Inference values were calculated for the 
main variables of the study. The primary objective was to demon-
strate the safety of the sentinel lymph node technique as measured 

by the evaluation of major surgical adverse events (eg, embolism 
due to injection, vascular injuries) through 1- month post- surgery. 
Using a success rate of 90%, a non- inferiority margin of 25%, >85% 
power, and one- sided alpha=0.05, a sample size of n=20 patients 
was needed to demonstrate that sentinel lymph node technique is 
as safe as current standard- of- care through 1- month post- surgery.

rESuLTS

The sentinel lymph node technique was performed in 20 of 30 patients 
considered for inclusion (Figure 3). The mean age at diagnosis was 
50±24.4 years. Mean body mass index was 24.5±4.8 kg/m2. Nine 
patients (45%) who had undergone previous surgery (that confirmed 
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Figure 4 Sentinel lymph node distribution.

malignancy) were staged laparoscopically: the other 11 (55%) patients 
were newly presenting with a suspicious adnexal mass that under-
went laparotomy (Table 1). Mean tumor size was 10.9±7.3 cm. The 
primary tumor occurred on the right in nine patients (45%), on the 
left in 10 patients (50%), and was bilateral in one patient (5%). The 
mean operating time was 275±29 min (from skin incision to closure). 
Two patients (10%) experienced intraoperative complications. Both 
consisted of venous vascular injuries during lymphadenectomy and 
were not related to the sentinel lymph node procedure. Those injuries 
were repaired intraoperatively without any need for blood transfusion 
or subsequent surgery.

Details about the sentinel lymph node technique are described 
on Table 2. Fifteen patients had 99mTc + ICG injected intraopera-
tively in the utero- ovarian ligament stump, but in five patients, the 
injection was not possible because a hysterectomy was previously 
performed (or during the intraoperative examination to avoid tumor 
rupture). 99mTc + ICG was injected into the right ovarian ligament 
stump in six patients, into the left in eight patients and bilaterally 
in one patient. The injection was performed in the infundibulopelvic 
ligament stump in all 20 patients (right=9, left=10 and bilater-
ally=1). Fiveteen and thirty minutes after injection, the injection 
point and sentinel lymph node migration was checked with an 
intraoperative mobile gamma camera, a gamma probe and the NIR/
ICG system (Figure 2). There were no adverse or clinically detect-
able pharmacologic effects in any of the 20 patients during surgery.

A sentinel lymph node was detected in the pelvic region using 
the gamma probe and ICG camera in 14 of 15 patients (93%; 95% 
CI=66% to 100%) and in all 20 para- aortic cases (100%; 95% 
CI=80% to 100%). In 19 of 20 patients (95%; 95% CI=73% to 
100%) there was evidence of migration from both the pelvic and 
para- aortic region: from these 20 patients, 19 presented migration 
to the pelvic and para- aortic region and one patient presented only 

migration to the para- aortic region: in five patients, hysterectomy 
was previously performed and the utero- ovarian ligament stump 
was absent. Consequently, there were only 15 patients in which 
the utero- ovarian injection was possible (Figure  3). The sentinel 
lymph node migration and tracer distribution rates were 100% (95% 
CI=80% to 100%) for 99mTc alone and 95% (95%CI=73% to 100%) 
for ICG alone. The mean time from injection to sentinel lymph node 
resection was 53.6±14 min (range; 30–80; 95% CI=46.5 to 60.8). 
Mapping of the detected sentinel lymph node distribution is shown 
in Figure 4. Two of 20 (10%) patients had a contralateral sentinel 
lymph node in the para- aortic field, but none within the pelvic field 
after injection.

Inpatient and histologic data are described in Table  3. The 
mean duration of hospitalization was 3.7±1.1 days (range; 2–6). 
No patient required intensive care unit admission. One patient 
developed intestinal pseudo- obstruction 15 days after the staging 
surgery that resolved within 48 hours after conservative manage-
ment. One patient experienced vaginal dehiscence 2 weeks after 
discharge and required surgical repair. Neither complication was 
thought to be directly related to the sentinel node procedure. There 
were no other reported adverse events within 30 days of follow- up.

The mean number of harvested sentinel lymph nodes was 
2.2±1.5 (range; 0–5; 95% CI=1.5 to 3) in the pelvis and 3.3±1.8 
(range; 1–7; 95% CI=2.6 to 4.2) lymph nodes in the para- aortic 
region. The mean overall number of retrieved lymph nodes was 
20.1±7.6 and 19.8±10.4 in the pelvic and para- aortic regions, 
respectively. No lymph node metastasis was found in any patient 
based on single sections and hematoxylin and eosin examination 
and therefore sensitivity, specificity, and the positive and negative 
predictive values of the technique could not be determined. One 
patient was upstaged to stage IIIB because microscopic disease 
was found in the omentum and peritoneal biopsies.
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Table 3 Inpatient and final histologic results

Hospitalization time [Mean±SD 
(Range)]; day

3.7±1.1 (2–6)

Complications (Clavien–Dindo); 
n(%)

 

  Grade I 0 (0)

  Grade II 1 (5)

  Grade III 1 (5)

  Grade IV 0 (0)

  Grade V 0 (0)

Adverse events related with 
99mTC or ICG use (<30 days); n 
(%)

0 (0)

Histotype; n (%)  

  Serous 4 (20)

  Endometrioid 8 (40)

  Mucinous 2 (10)

  Clear cells 5 (25)

  Other 1 (5)

Grade; n (%)  

  G1 8 (40)

  G2 0 (0)

  G3 11 (55)

  Not applicable (disgerminoma) 1 (5)

ILV; n (%) 0 (0)

FIGO stage; n (%)  

  IA 7 (35)

  IC 11 (55)

  IIA 1 (5)

  IIIB 1 (5)

Pelvic LND [Mean±SD (Range)]; 
nodes

20.1±7.6 (9–74)

Para- aortic LND [Mean±SD 
(Range)]; nodes

19.8±10.4 (6–40)

Pelvic SLN removed [Mean±SD 
(Range)]; nodes

2.2±1.5 (0–5)

Para- aortic SLN removed 
[Mean±SD (Range)]; nodes

3.3±1.8 (1–7)

FIGO, The International Federation of Gynecology and Obstetrics; 
ICG, Indocyanine green; LND, lymphadenectomy; LVI, lymph 
vascular invasion; SLN, sentinel lymph node.

dISCuSSION

We found that there were no intraoperative complications or 30- day 
adverse events related to the use of 99mTc or ICG. We report a novel 
sentinel node mapping technique with 95% detection in the pelvic 
and para- aortic regions. Furthermore, the approach was not a limi-
tation and the procedure could be performed by either laparotomy 
or laparoscopy. The presence of severe adhesive disease was not 
an impediment, although this has been previously reported in our 
pilot experience.22 One of the advantages of the proposed scheme 
is that it can be performed after removal of the primary tumor and 

restricts the use of 99mTc and ICG only to those cases where malig-
nancy has been proven. A disadvantage is that the surgical time is 
extended by approximately 1 hour.

To date, pelvic and para- aortic lymphadenectomy are the stan-
dard procedures in early ovarian cancer.3 Nevertheless, due to 
the lack of benefit in terms of survival11 and the low incidence of 
microscopic lymph node metastasis8–10 associated with morbidity 
related to the lymphadenectomy,4 6 this issue remains controver-
sial. Few studies have described a feasible approach to sentinel 
node mapping in patients with ovarian cancer.16–21 Unlike vulvar, 
cervix, and endometrial cancer, where the injection site is readily 
accessible before surgical prepping, the ovary is much more diffi-
cult to access. Among the challenges of where, when, and what 
to inject, is the equally inconvenient procedural step of needing 
to remove the clinically suspicious ovary before confirming that it 
has a malignancy, prompting the need to perform sentinel node 
mapping. Our standardized protocol is based on our previous pilot 
experience,22 addresses many of these concerns, and could be 
adopted for further study in a more robust clinical trial.

We elected to inject both tracers in the infundibulopelvic ligament 
and (unless a hysterectomy had been performed) the utero- ovarian 
ligament stumps. Alternatively, the injection can be performed near 
the meso of the ovary with a reported detection rate between 67% 
and 100%.16–21 23 However, injection at this point is not feasible in 
the case of previous adnexectomy. Injection into the ovary cortex 
has the worst detection rate (40%–100%)16 17 and is not oncologi-
cally safe due to theoretical risk of tumor rupture.27

The physiological lymphatic drainage of the ovary is bidirectional, 
arising from the ovary to the para- aortic and pelvic fields through 
the infundibulopelvic and utero- ovarian ligaments respectively. 
Performing the injection after adnexal mass removal23 has been 
criticised.28 Authors argued that our detection rate might be artifi-
cially high due to an alteration of the lymphatic drainage. Neverthe-
less, the ovary resection has no influence on the tracer’s drainage: 
the lymphatic drainage persists from the infundibulopelvic and 
utero- ovarian stumps to the para- aortic and pelvic fields respec-
tively. Therefore, the only difference is that the drainage is in a 
single direction. Moreover, the detection rate reported in both our 
pilot22 and the present study is not higher but in line with the rate of 
previous publications.16–21

Sentinel lymph node detection can use an assortment of tracers, 
such as CH40 (activated carbon particles), 99mTc albumin colloid, 
blue dye, or ICG, alone or in combination.16–23 99mTc has traditionally 
been most commonly used. Recently, the preliminary results of the 
SELLY clinical trial were reported,23 but this study only applies to 
minimally invasive surgery and the lower detection rate (67.7%) 
found, may be related to the use of a single agent ICG for detection. 
The sentinel lymph node procedure we describe does require pre- 
operative preparation, including the availability of a nuclear medi-
cine department and an ICG viewing system. Furthermore, there 
is a learning curve to avoid tracer injection leading to inadvertent 
extravasation. We agree with Uccella et al23 that sentinel lymph 
node mapping of apparent early ovarian cancer is a more chal-
lenging procedure than for other, more directly accessible gyneco-
logic malignancies.

We found no metastases in any sentinel or non- sentinel nodes 
after standard sections and hematoxylin and eosin staining and 
therefore could not estimate the accuracy of this technique. The 
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histologic type of the included tumors and the absence of an ultrast-
aging protocol may explain the lack of detection of lymph node 
metastasis. The sample size may also represent a limitation for the 
present study. Nevertheless, our study design was not intended to 
demonstrate clinical utility. We have demonstrated the feasibility 
of our protocol and that it can be performed without major safety 
concerns. A subsequent collaborative clinical trial will be required 
to determine the negative predictive value and better define the 
clinical utility of sentinel node technique in early ovarian cancer.
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