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1. Introduction and scientific issue

The sentinel lymph node (SLN) is defined to be the first lymph node which is draining
the lymphatic fluid from the malignant tumor and should be the first site of nodal
metastasis. Theoretically, absence of metastatic cells in the sentinel lymph node biopsy
should reflect the nodal status of the following areas and can avoid further complete
lymphadenectomy. This method is preferably performed in patients with apparent early

stage cancer and clinically negative lymph node status.

Sentinel lymph nodes are in general detected through injection of 99m-technecium
radiolabeled colloids or/and blue dye followed by intraoperative identification of the
sentinel lymph nodes utilizing handheld gamma probes or visual identification of blue-

stained nodes.

Additional preoperative lymphoscintigraphy in conjunction with SPECT/CT enable a
non-invasive SLN-detection by measuring the radioactivity within the SLN and can

help to plan complicated surgical procedures especially in the abdomen and pelvis.

Sentinel lymph node detection takes an important place in the therapy management of
different tumor entities like melanoma and breast cancer. Actually, this method is under
investigation as a diagnostic tool in other human malignancies, including also prostatic

and penile cancer as well as carcinoma of the cervix.

SLN mapping was also proposed in endometrial cancer to prevent unnecessary
lymphadenectomy and to obtain adequate information regarding the extent of lymph
node involvement, thus allowing optimal planning of operative and adjuvant therapy.
SLN biopsy could be an alternative technique to prevent long-term side effects from
extensive lymphadenectomy, especially in elderly women. The most frequent post-
operative adverse events are symptomatic lower-extremity lymphedema and
lymphocele'. Scintigraphic mapping of SLN is increasing in gynecological centers for a
better stage-based treatment in endometrial cancer’. However, due to the lack of
scientific evidence, the routine clinical use of SLN mapping in endometrial cancer is not

yet confirmed”.



In addition, different methods of radiotracer injection have been employed for the SLN
mapping in endometrial cancer so far: the direct pericervical injection, the hysteroscopic

peritumoral injection and the fundal peritumoral injection.

The aim of the presented studies was to determine the best injection technique and
therefore to analyze the preoperative scintigraphic SLN detection rate using SPECT/CT
between the direct pericervical injection technique and the hysteroscopic-peritumoral
injection technique in women diagnosed with endometrial carcinoma (Publication 1.
Sahbai et al. Pericervical injection of Tc99m-Nanocolloid is superior to peritumoral
injection for sentinel lymph node detection of endometrial cancer in SPECT/CT. Clin
Nucl Med. 2016 Dec;41(12):927-932. Impact Factor 4.563).

Furthermore, we aimed to determine parameters and factors contributing to
scintigraphic SLN detection failure of endometrial cancer in a larger patients’ cohort
using pericervical injection technique (Publication 2. Sahbai et al. Sentinel lymph
node mapping using SPECT/CT and gamma probe in endometrial cancer: an
analysis of parameters affecting detection rate. Eur J Nucl Med Mol Imaging. 2017
Aug;44(9):1511-1519. Impact Factor 7.277).



1.1  Epidemiology of endometrial cancer

Endometrial cancer is the fourth most frequent women cancer in Europe, the third in
USA™® and the sixth worldwide. It is the 14th most common cancer overall with around
319000 new cases diagnosed in 2012° and the tenth most common cancer overall with

around 99000 new cases diagnosed in 2012°.

Germany counted approximately 10930 new cases in 2012 and about 5% of all cancer in
women, endometrial cancer represents the most frequent women cancer of genital
organ. The proportion of cancer related deaths decreased significantly to 2.5% due to

the good prognosis. At diagnosis, the median age is 69 years'.

1.2 Type of endometrial cancer

In general there are two different types of endometrial cancer®. In about 85% of cases,
the type I occurs in younger and peri-menopausal women with a history of endogenous
or exogenous estrogen exposure. In these women tumors begin as hyperplastic
endometrium and will progress to carcinoma. These estrogen-dependent tumors are
tending to be better differentiated and have a more favorable prognosis than tumors that
are not associated with hyper-estrogenism. In the other cases, the type II endometrial
carcinoma occurs more in women with no estrogen stimulation. These spontaneously
occurring cancers are not associated with pathological endometrial hyperplasia, but may
arise in a background of atrophic endometrium. They are less differentiated and

associated with a poorer prognosis than estrogen-dependent tumors’.



1.3 Risk factors and physiopathology of endometrial cancer

Risk factors of endometrial cancer have been identified'* "

. Mostly related to
prolonged, estrogen and unopposed stimulation of the endometrium’. These risk factors
are nulliparity, late menopause, obesity, menopausal estrogen therapy without
progesterone'?, antiestrogen tamoxifen therapy of breast cancer'>'®, diabetes mellitus’
and non-polyposis colorectal cancer syndrome'’. Moreover, other conditions such as

hypertension and hypothyroidism have been related with increased risk of endometrial

cancer.

1.4  Diagnostic of endometrial cancer

Uterine ultrasound can be used to identify endometrial hypertrophy. Endometrial
aspiration biopsy can evaluate abnormal uterine bleeding or suspected endometrial
pathology '®. A Papanicolaou test is not reliable when only 30% to 50% of patients with
endometrial cancer have pathologic test results '°. The diagnosis will then be proven

with the histological pathological examination of biopsy.

1.5  Histological classification of endometrial cancer

In the FIGO grading system, tumors are grouped into three grades®’. The grade 1 has a
solid growth pattern up to 5% in the tumor. For grade 2, there is 6% to 50% of solid
growth pattern in the tumor. In grade 3, at least 50% of the tumor has a solid growth
pattern. The histologic classification of endometrial carcinoma is shown in Table 1.
The most frequent histological type of endometrial carcinoma is adenocarcinoma which
has the best prognosis®. Adenocarcinoma with squamous differentiation is generally
graded according to the FIGO grading system which is applicable to all endometrioid
carcinomas, including its variants, and to mucinous carcinomas. Serous and clear cell
carcinomas should always be considered as high-grade lesions making grading

unnecessary>>. The FIGO staging system will be later shown in Table 2.
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Endometrioid adenocarcinoma

Clear cell carcinoma

Squamous carcinoma

Mucinous carcinoma

Papillary serous carcinoma

Other entities (carcinosarcoma)

Table 1. Histologic classification of endometrial carcinomas *'

1.5.1 Adenocarcinoma
The endometrioid type of adenocarcinoma (Figure 1) is the most frequent histological
type with about 80 to 90% of endometrial carcinomas. It has a good prognostic value

with about 90% of 5-year survival®.

Figure 1. 200x Courtesy of Annette Staebler (Institute of Pathology University Hospital Tuebingen)
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1.5.2 Mucinous carcinoma

Predominant mucinous pattern represents 5% of endometrial carcinomas. Cells with

intracytoplasmic mucin are present in more than 50% of the tumor (Figure 2) 22

Figure 2. 200x Courtesy of Annette Staebler (Institute of Pathology University Hospital Tuebingen)

1.5.3 Papillary serous carcinoma

4% of endometrial carcinomas present serous cells. These tumors are more aggressive

and similar with the ovary and fallopian tube serous carcinomas (Figure 3)**%.

Figure 3. 200x Courtesy of Annette Staebler (Institute of Pathology University Hospital Tuebingen)
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1.5.4 Clear cell carcinoma

29-31 .
931 clear cells tumors appear in women

In 5% of all endometrial carcinomas (Figure 4)
with more advanced age. This aggressive type of endometrial cancer showed overall
survival rates from 33% to 64%" . Myometrial invasion and lymphatic vessels invasion

are important prognostic indicators.

Figure 4. 400x Courtesy of Annette Staebler (Institute of Pathology University Hospital Tuebingen)

13



1.5.5 Squamous carcinoma

These tumors are rare (Figure 5) and have a poor prognosis of about 36% survival

Figure 5. 400x Courtesy of Annette Staebler (Institute of Pathology University Hospital Tuebingen)

1.5.6 Other histological entities
Other histological entities have a poor prognosis. These rare histological types comprise

. 22
sarcomas and carcinosarcomas .

1.6  Tumor staging of endometrial cancer

History of patient should specify in particular the antecedents, personal and family
medical condition (non-polyposis colorectal cancer syndrome), patient risk factors and
comorbidities as well as symptoms suggesting endometrial cancer.

The clinical examination includes an abdominal, pelvic and lymph node examination.
Chest radiography might be required in order to determine the cardiorespiratory
condition of the patient and to detect pulmonary metastases™. Ultrasonography and
pelvic associated with a MRI exploration of lumbar-aortic lymph node areas is the pre-
operative imaging of reference. Other imaging studies may be required by the
specialized team™.

There is no specific tumor marker for endometrial cancer.
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However, to evaluate the treatment response, the initial dosage of CA125 can be
discussed if there is suspected regional extension, ovarian involvement or in case of

histological type 2°°.

1.7  Surgical tumor staging

Surgical staging is the reference considering the poor correlation between preoperative

staging and histological findings. Most of endometrial cancer patients should perform

23,36,37

the FIGO system based surgical staging (Table 2). Tumor histology and

myometrial invasion depth appear to be the two most important factors influencing the

risk for lymph node metastasis**>’.
FIGO Stage
I Tumor inside the corpus uteri
IA® No myometrial tumor invasion or < 50%
IB* Tumor invasion > 50% of the myometrium
I Tumor extended to the cervical stroma, but not beyond the uterus”
r Local and/or regional tumor spread
IIA* Tumor invades the serosa of the corpus uteri and/or adnexae®
mB* Vaginal involvement and/ or parametrial involvement®
mc? Metastatic lymph nodes in the pelvic and/or para-aortic regions
mci1* Metastatic pelvic lymph nodes
Ic2? Metastatic para-aortic with or without positive pelvic lymph nodes
v Bladder and/or bowel mucosa tumor invasion, and/or distant metastases
IVA* Tumor invasion of bladder and/or bowel mucosa
IVB* Distant metastasis, including intra-abdominal metastases and/or inguinal
lymph nodes

* Either G1, G2, or G3
® Endocervical glandular involvement only should be considered as Stage I
¢ Positive cytology has to be reported separately without changing the stage

Table 2. FIGO classification system in the cancer of the corpus uteri
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1.8  Prognostic variables

The most significant variable reducing survival is the disease stage. Other independent
prognostic factors of disease recurrence or survival are patient age, tumor grade,
histological type, myometrial invasion and extra-uterine disease spread detected after
surgical histology. Lymphatic invasion seems to be an important prognostic factor in
endometrial cancer for disease recurrence and death, particularly in clinical early
stage®®™*!. In patients with clinical stage I endometrial cancer, there will be pelvic lymph
node metastases in about 10% of cases and para-aortic lymph node metastases in 6% of
cases. The 5-year disease-free survival rate is about 50% compared to 90% for patients
without lymph node metastases *>. The Gynecologic Oncology Group showed that the
presence lymph node metastases in the para-aortic region was an important prognostic

4
factor™®.

1.9  Lymph node metastasis

Surgical staging can correctly identify extra-uterine disease and can modify
significantly treatment decisions. An important retrospective study showed an overall
incidence lymph node involvement of about 3% with tumor histological grade I, of 9%
with grade II and of 18% with grade III in endometrial cancer in clinical stage I. In case
of no myometrial invasion or less than 50%, lymph node involvement was present less
than 5% of patients. In contrary, when myometrial invasion was more than 50%, lymph
node involvement was found in approximately 20% of patients. For tumor histologic
grade I and II, lymph node metastases in the pelvic area were present in less than 5%
with myometrial invasion less than 50% and in about 15% with myometrial invasion
more than 50%. With cervical tumor invasion, there is an incidence of approximately
15% lymph node involvement in the pelvic and para-aortic area’’. Moreover, incidence
of lymph node involvement increase significantly with tumor size bigger than 2 cm
(about 15%)44. Extra-uterine spread of tumor increases the risk of nodal involvement in
the pelvic and para-aortic area. Adnexal involvement and positive peritoneal cytology

increase also significantly the incidence of pelvic and para-aortic regions” .

16



1.10 Treatment of endometrial cancer

Surgery is the gold standard therapeutic procedure in endometrial cancer as long as the
stage and condition of the patient allow it. It includes usually a total hysterectomy with
bilateral salpingo-oophorectomy®. Additional gestures depend on clinical stage,
histological type and grade: lymphadenectomy and omentectomy’. The benefit / risk

balance (age, comorbidities, morbid obesity) can limit these additional procedures.

The laparoscopic management should be preferred for early clinical stage I of
endometrial cancer*®"’.

Laparoscopic hysterectomy and bilateral salpingo-oophrectomy associated with
laparoscopic retroperitoneal lymph node sampling is feasible. One randomized study
showed less surgical morbidity with the laparoscopic approach than laparotomy in
patients with endometrial cancer®™. In this study, the rates of postoperative
complications, the overall survival and the disease-free survival were not significantly
different in both groups.

However, laparotomy remains essential in case of suspected large volume tumor or

particular anatomical conditions, i.e. massive adhesion or obesity.

Radiation therapy following primary surgery can be achieved by external beam
radiotherapy or brachytherapy. Patients with comorbidities unsuitable for surgery may
have benefits from primary radiotherapy, which showed to be an effective therapy of
endometrial cancer®. This was shown in many previous studies™* .

External radiotherapy is generally targeted and guided by CT-imaging. The volume of
irradiation depends on the tumor extension. Radiotherapy should be performed in the
pelvis, and possibly in the lumbar-aortic area in case of para-aortic lymph node
involvement.

Postoperative vaginal brachytherapy (vaginal cuff irradiation) can also be performed
preferentially with high dose rate. This technique avoids long hospitalization and
decubitus complications.

If chemotherapy is indicated, it should be given before or after radiotherapy

sequentially. When the patient does not seem able to support this sequential treatment,
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radiotherapy alone is preferred. Most of the conventional chemotherapy procedures

include carboplatin and placitaxel association or cisplatin combined with doxorubicin.

Adjuvant hormone therapy may be indicated in a metastatic situation when
chemotherapy is not applicable or in case of slowly progressive disease or in tumors
with hormones positive receptors. The treatment is based mainly on oral daily

progesterone medication. In case of contraindication, anti-estrogens should be used.

1.11  Therapeutic strategies

Therapeutic strategies depend on tumor staging and should be defined by surgical
prognostic factors determined in histology. There are three classified patient categories
based on disease recurrence risk: low, intermediate and high risk. In tumor histological
grade I and II with no myometrial invasion (T1a) there is a very good prognosis. These

patients should not have additional therapies after surgical treatment™ >,

The Table 3 represents the therapeutic strategies after to surgical treatment and tumor

staging.

FIGO/TNM Staging Surgery Postoperative treatment
Low risk

Type I histology:

IA/T1a, Grade I or II Yes No

Intermediate risk
Type I histology:
[A/T1a, Grade II1 Yes Brachytherapy
IB/T1b, Grade I or II

High risk

Type I histology:
IB/T1b, Grade III Yes Radiotherapy

Optional brachytherapy
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Type II histology:

Stage I/T1 Yes Radiotherapy
Optional brachytherapy and
chemotherapy

All histologic types

Stage 11/T2 Yes Radiotherapy and
brachytherapy
Optional chemotherapy

All histologic types

Stage I1I/T3 and/or N1 Yes Radiotherapy and
brachytherapy
Optional chemotherapy

All histologic types

Stage IVA/T4 Optional Radiotherapy, brachytherapy
and chemotherapy

Stage IVB/M1 Optional Radiotherapy, chemotherapy
and hormonal therapy

Table 3. Therapeutic strategies based on histologic and surgical pathologic findings

1.12  Indication of lymphadenectomy in the pelvic and para-aortic regions

In general, primary hysterectomy and bilateral salpingo-oophorectomy is the gold
standard surgical treatment of patients with endometrial cancer. However, collected data
about the impact of pelvic and para-aortic lymphadenectomy on survival remain
controversial. Moreover, in early clinical stage of endometrial cancer, there is no
consensus for performing systematic lymphadenectomy. Commonly, selective lymph
node dissection in the pelvic and para-aortic regions might be effected in more
advanced stage of endometrial cancer in case of one or several risk factors presented in

the Table 4°%8.
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Extra-uterine disease

Myometrial tumor invasion more than 50%

Tumor size more than 2 cm

Cervix extension

High risk tumor histology

Table 4. Risk factors recommending pelvic and para-aortic lymph node dissection

Recently, several factors have been identified in apparent early clinical stage (T1a and
T1b) for high risk of recurrence®. These factors can then subdivide all patients with
FIGO stage I in low risk; intermediate risk and high risk (see Table 5). Recent published
guidelines of the ESMO recommend bilateral lymphadenectomy in the pelvic and para-
aortic regions based on risk of recurrence™ (Table 6). The role of selective
lymphadenectomy in apparent early clinical stage could be an important method for
tumor staging during surgery and can make potential therapeutic decision changes. In
addition, bilateral lymphadenectomy of pelvic and para-aortic areas is preferred in

patients with intermediate and high-risk>’.

Low risk: Stage 1A, grade I and II of endometrioid type

Intermediate risk: | Stage A, grade III of endometrioid type
Stage 1B, grade I and II of endometrioid type

High risk: Stage 1B, grade III of endometrioid type

All stages of non-endometrioid type

Table 5. Categories of recurrence risk according to FIGO stage
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FIGO TNM/Grade Surgical Indication
Stage | IA, grade I and II |Hysterectomy with bilateral salpingo-oophorectomy
IA, grade 111 Hysterectomy with bilateral salpingo-oophorectomy
optional bilateral pelvic-para-aortic lymphadenectomy
IB, grade [ to IIl  |Hysterectomy with bilateral salpingo-oophorectomy
optional bilateral pelvic-para-aortic lymphadenectomy
Stage 11 II Radical hysterectomy with bilateral salpingo-
oophorectomy and bilateral pelvic to para-aortic
lymphadenectomy
Stage IIT | III Maximal surgical cytoreduction
Stage IV |IV A Anterior and posterior pelvic exenteration
IVB Palliative surgery and systemic therapy

Table 6. Clinical ESMO guidelines of surgical therapy for early and advanced FIGO stage
endometrial cancer

1.13  Sentinel lymph node in cervical cancer

SLN detection techniques in cervical cancer were investigated previously in several

published studies. Sentinel lymph nodes can be detected in 80% up to 98% of cervical

cancer patients and have been detected by both laparotomy and laparoscopic techniques

with equivalent detection rates®. Combined blue dye and radiotracer application
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techniques appeared to have a better SLN detection rate over either technique used
alone®'. Test sensitivity of 88% can be expected with a detection rate of 97% in a recent
meta-analysis of 49 studies®. In a french prospective multicentric study, the negative
predictive value of SLN biopsy in cervical cancer reached 93%%. The number of
detected SLN was influenced by patient body max index, age and time gap between
injection and surgery in previous studies®***. Sentinel node detection in cervical cancer
plays an important role and is well established at this time, therefore the technique is
recommended since 2014 in the guidelines published by the European Association of
Nuclear Medicine and the European Society of Gynaecological Oncology®, because
sentinel lymph node mapping could provide important prognostic information, detect
lymph node micro-metastases and avoid over-treatment with its comorbidities.
However, in local tumor advanced cervical cancer stage complete lymphadenectomy

should be the standard of care®®.

1.14  Sentinel lymph node in endometrial cancer

Previous studies have shown the feasibility of SLN technique of endometrial cancer. In
general, the detection rate of SLN seems to be inferior (detection rate of 74.6% until
82%)°"%* compared to higher previous cited SLN detection rates in cervical cancer.
Nevertheless, high diagnostic accuracy and reliability of SLN biopsy in endometrial

. . . 69,70
cancer was shown in previous studies’

. Two large meta-analyses including several
SLN detection techniques and procedures (blue dying and lymphoscintigraphy) showed
that the intraoperative detection rate could reach 78%’' and 81%>. One recent study
demonstrated the impact of SLN procedure on surgical management as well as on
therapeutic indications”. Another previous study showed that the preoperative
lymphoscintigraphy with prolonged 2 days protocol was associated with higher number
of detected SLN and with higher detection of atypical drainage especially in the para-
aortal area ®'.

Added to planar lymphoscintigraphy, SPECT/CT has shown to increase SLN detection

rate and provided accurate anatomic information (detection rate from 77% to 93.5%)

"7 Two previous studies have already compared the intraoperative SLN detection
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rates between pericervical and hysteroscopic peritumoral injection in favor to
pericervical injection. However, in these studies no preoperative imaging was used’®”’.

Nevertheless, this technique is still under investigation. The best method of injection
technique, the use of blue dye labeling and the time after injection (use of a short or a

long protocol) in order to have a better detection rate are not yet fully determined.

So far, several methods of radiotracer injection have been employed: the direct
pericervical injection, the hysteroscopic peritumoral injection and the fundal
peritumoral injection. Recently, alternative methods of injection were described. A
study performing myometrial radiotracer injection guided by transvaginal ultrasound
showed a scintigraphic detection rate of 70.4%'® and another small study with
transcervical injection into the isthmocervical region of myometrium showed a

detection rate up to 93.5 % with SPECT/CT".

2. Publications

2.1 Pericervical injection of Tc99m-Nanocolloid is superior to peritumoral injection

for sentinel lymph node detection of endometrial cancer in SPECT/CT
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ORIGINAL ARTICLE

Pericervical Injection of *”™Tc-Nanocolloid Is Superior to
Peritumoral Injection for Sentinel Lymph Node Detection of
Endometrial Cancer in SPECT/CT

Samine Sahbai, MD,* Florin-Andrei Taran, MD, | Francesco Fiz, MD,* Annette Staebler, MD,
Sven Becker, MD, 1§ Erich Solomayer, MD, /| Diethelm Wallwiener, MD, 1 Christian la Fougere, MD,*
Sara Brucker, MD,7 and Helmut Dittmann, MD*

Purpose: Scintigraphic mapping of sentinel lymph node (SLN) is increas-
ingly performed in patients with endometrial carcinoma although its routine
clinical use is still under investigation. The purpose of this study was to com-
pare preoperative SLN detection by means of SPECT/CT using pericervical
(PC) versus hysteroscopic peritumoral (PT) injection.

Patients and Methods: One hundred forty consecutive patients with endo-
metrial carcinoma who underwent surgery and preoperative SLN SPECT/
CTwith *™Tc-nanocolloid were included. Seventy women received hystero-
scopic injection at 3 PT sites, and 70 women received PC injection at 3-, 6-, 9-,
and 12-o'clock positions. Each patient underwent SPECT/CT followed by
modified radical hysterectomy with lymphadenectomy on the day after. His-
topathological results were collected for validation.

Results: Three hundred thirty-four SLNs were detected by SPECT/CT in
106 patients (mean, 3.15; range, 1-9). The detection rate after PC nanocolloid
injection was 83% versus 69% after PT injection (Pearson x> test, P = 0.049).
However, PT application resulted in a higher rate of para-aortic SLNs (PC:
60% vs PT: 38% of positive scans, P = 0.02). SPECT/CTyielded an overall
sensitivity of 70% for the SLN detection in women with lymph node metas-
tases with 3 false-negative cases. Failure to detect SLN was mostly associ-
ated with uptake in the reticuloendothelial system (liver, spleen, and bone
marrow) or peritoneal diffusion in both cohorts. Negative scans after
PT application often showed a minor to even failing injection depot.
Conclusions: Pericervical injection leads to a significantly better detection
rate of SLN on SPECT/CT while reducing invasiveness of the injection
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procedure. Failure to detect SLN seems to be associated with major
venous drainage.
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(Clin Nucl Med 2016;41: 927-932)

E ndometrial cancer (EC) is the fourth most common cancer in
women in the European Umon and the eighth most common
cancer for both sex worldwide." With approximately 99,000 new
cases diagnosed in 2012 in the European area, its incidence is con-
tinuously increasing.” Endometrial cancer is frequently diagnosed
at an early stage, with a reasonably good prognosis and cure rate
for this reason, patient- and stage-tailored protocols are pivotal. >
The treatment of choice for EC consists of modified radical
abdominal hysterectomy and bilateral salplngo-oophorectomy How-
ever, the role of lymphadenectomy remains controversial.*> In some
countries, guidelines have been modified, and systematic bilateral
pelvic and para-aortic lymphadenectomy is no 10nger recommended
for patients with low- and intermediate-risk EC.%” On the other hand,
lymph node (LN) status is one of the most important prognostic fac-
tors for overall survival in this entity. Accordingly, the 5-year
disease-free survival rate for stage I EC patients drops from 90%
to 54% if LN metastases are present at the time of diagnosis.
Sentinel lymph node (SLN) mapping has been proposed as a
way to strike a balance between the need for adequate staging and
the avoidance of lymphadenectomy-associated morbidity, as well
as a way to achieve an improved surgical staging of EC. Previous stud-
ies demonstrated the feasibility and high detection rate of SLN proce-
dures in patients with EC using preoperative lymphoscintigraphy and
intraoperative detection by y-probe.>1? Likewise, different prospective
studies of SLN biopsy with cervical injection demonstrated high di-
agnostic accuracy and reliability with a sen31t1v1ty of 84% to 89%
and a negative predictive value of 97% to 99%.'"'? In a meta-
analysis of 26 studies with SLN biopsy in EC, 1nclud1ng 1101 pro-
cedures, the intraoperative detection rate was 78% ? Recently, the
impact of SLN biopsy on surglcal stagmg and indications for adju-
vant therapies has been reported.'* However, the role of SLN map-
ping as well as its procedural method is still under investigation,
including the site of injection, the use of blue dye labeling, and the time
gap between injection and surgery (1 day vs 2 days protocol). In addi-
tion, several approaches of SLN labeling have been described yet,
comprising perlcemcal (PC) hysteroscopic peritumoral (PT), as well
as fundal PT injection.'® Recently, new injection techniques for SLN
detection have been described, such as a transvaginal ultrasound-
guided myometrial radiotracer injection'® or transcervical subeplthehal
injection into the isthmocervical region of the myometrium."’
Added to planar lymphoscintigraphy, SPECT/CT increased
the preoperative SLN detection rate and provided additional valu-
able anatomic information (eg, detection rate up to 93.5% with
SPECT/CT).'”'® However, discrepancies between SPECT/CT

www.nuclearmed.com | 927

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Sahbai et al

Clinical Nuclear Medicine e Volume 41, Number 12, December 2016

results and intraoperative detection rate were shown in 1 study.'®

Several factors, such as protracted uptake time and insufficient
tracer dose, could explain this phenomenon. Finally, further stud-
ies compared the intraoperative detection rate after PC or hyster-
oscopic PT injection(;) however, these studies did not include any
imaging procedure.?*!

Our study thus aimed to compare effectiveness of SLN de-
tection with SPECT/CT using the 2 major injection techniques:
PC injection or hysteroscopic PT injection in a large endometrial
carcinoma population.

PATIENTS AND METHODS

In our retrospective study, 147 consecutive adult EC patients
who underwent preoperative SLN procedure and surgery at the Uni-
versity Hospital of Tiibingen between May 2006 and January 2013
were included. Four patients with histologically proven carcinosar-
coma were excluded from the analysis (2 in each group); 1 patient
who underwent SPECT without CT and 2 patients who did not ob-
tain an imaging procedure before surgery were also excluded. Of
the 140 remaining patients, 70 received hysteroscopic PT injection
in 3 sites and 70 underwent 4 PC injections at the 3-, 6-, 9-, and
12-0'clock positions. Each patient was injected with **™Tc-labeled
albumin nanocolloid (GE Healthcare, Braunschweig, Germany)
the day before surgery (mean activity, 303 + 55 MBq) in
0.8 cm” followed by an injection of 0.5 cm?® saline to drain the remaining

TABLE 1. Histopathological Characteristics of Patients

Injection PC, n (%) PT, n (%) P
Histological type 0.053
Endometrioid 59 (84) 66 (94)
Clear cell/serous 7 (10) 3(4)
Mixed 4(6) 0(0)
Adenosquamous 0(0) 1(1)
Myometrial invasion 0.007
<50% 40 (57) 55(79)
>50% 30 (43) 15 (21)
Grade 0.53
Gl 34 (49) 20 (29)
G2 17 (24) 43 (61)
G3 19 (27) 7 (10)
TNM stage 0.02
Tla 39 (56) 52 (74)
T1b 20 (29) 12(17)
T2 6(9) 2(3)
T3a 4(6) 4(6)
T3b 1(1) 0 (0)
FIGO 0.014
1A 38 (54) 52 (74)
IB 18 (26) 10 (14)
I 3(4) 2(3)
A 2(3) 4(6)
1B 1(1) 0(0)
IC1 3(4) 0(0)
Ic2* 5() 2(3)
Risk 0.004
Intermediate and high 39 (56) 22 (31
Low 31 (44) 48 (69)

*One patient with isolated para-aortic micrometastasis in each cohort.

TABLE 2. Patient Baseline Characteristics

Injection PC PT P
No. patients 70 70

Age, median (range), y 65.5 (46-85) 62.0 (33-83) 0.18
Body mass index, 27.4 (19-46) 26.3 (17-46) 0.25

median (range)
Mean activity, MBq 280 326 <0.001
Time p.i., median (range), h 5:12 (2:30-18:00) 5:30 (2:00-21:00) 0.73

activity from the needle. Each patient underwent preoperative
SPECT/CT image acquisition at earliest 3 h p.i. or the morning
thereafter. To maximize the acquisition time while limiting patient
discomfort, no planar lymphoscintigraphy or dynamic imaging
was performed. Reconstructed MIPs from emission data served the
purpose of providing an overall tracer distribution map. SPECT/
CTs were conducted with a standard dual detector y-camera (Mil-
lennium VG Hawkeye; GE Healthcare, Chalfont St Giles, United
Kingdom). SPECT acquisition parameters were as follows: 128 x
128 matrix, 60 steps, and 15 seconds acquisition time per step.
Low-dose CT scan (25 mA, 140 kV, slice thickness 10 mm) was
performed for attenuation correction and anatomical mapping. Im-
ages were reconstructed with an OSEM iterative reconstruction pro-
tocol (2 iterations, 10 subsets), which has shown to afford a good
contrast, even in smaller activity sources%; reconstructed data were
then coregistered with CT images on a dedicated workstation
(Xeleris 3 software; GE Healthcare).

All patients provided written informed consent. This study
was approved by the local ethics committee of the University
of Tiibingen.

Modified radical hysterectomy and bilateral salpingo-
oophorectomy was performed the day after. Each SLN was local-
ized and identified with a handheld y-probe (Neoprobe, Model
1017 and 1100 Dublin) during surgery and sent to extemporaneous
examination. Further LN dissection was based on the initial tumor
staging and SLN involvement. Histopathological results of SLNS,
non-SLNs, and tumor staging were reviewed and analyzed.

SPECT/CT results were reviewed by 2 nuclear medicine spe-
cialists. Any focal activity in the pelvis or abdomen outside the in-
jection area was identified as a potential SLN. Presence of at least
1 SLN was defined as positive scan. Localization, number, and side
of hot spots were described. The anatomical regions were allocated

TABLE 3. Results of SPECT/CT Imaging in Dependence of
Injection Technique

Injection PC PT P
Patients, n 70 70

Scan with detected SLN, n 58 48

Detection rate, % 83 69 0.049
SLNs detected, n 184 150

Mean SLN per patient 3.17 3.13
Intraoperative detection rate, %* 74 52 0.01
Scans with para-aortic SLN, n (%) 22 (31) 29 (41) 0.24
% of positive scanst 38 60 0.02
Scans with bilateral SLN, n (%) 27 (39) 18 (26) 0.09
% of positive scanst 47 38 0.35

*Percentage of total patients with available report of intraoperative detection.
T% of SLN detection in a localization of total patients with positive scan.
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TABLE 4. No. SLN Localized by Injections Group

Injection PC PT
SLNs, n 184 150
Parametrium, n (%) 50) 3(2)
Iliac, n (%) 115 (63) 74 (49)
Iliac common, n (%) 36 (20) 20 (13)
Para-aortic, n (%) 26 (14) 53 (35)
Inguinal, n (%) 2(1) 0(0)

to the parametric, iliac, iliac common, and para-aortic regions. To
simplify the analysis, the iliac site includes both iliac external and
internal sites. Bilateral scans were defined as positive scans, with
at least a visible SLN on each side of the anatomical midline. The
detection rate was defined as the number of patient with at least
1 SLN at the SPECT/CT images of total patients. Detection rates
were compared using the Pearson %> test with P < 0.05 considered
as statistically significant. Mann-Whitney U test or Student ¢ test for
unpaired data (as appropriate) were used to compare patient base-
line characteristics. SPSS Statistics 21 (IBM Inc, Armonk, NY)
was used for statistical analysis.

RESULTS

Patient Characteristics

Patients were stratified according to histological findings
(Table 1, tumor grade, TNM, International Federation of Gynecol-
ogy and Obstetrics [FIGO], and histological subtype).”> General
characteristics in both cohorts were comparable, except for injected ac-
tivity, which was significantly higher in the PT group (326 + 49 vs
280 £ 51; P < 0.001; Table 2). A significant difference between the
2 cohorts was found for baseline myometrial depth invasion, TNM,
and FIGO classification according to final histology results; no differ-
ence was found for histology type and tumor grade (Table 1).

In general, advanced stage was more frequent in the PC
group (P <0.01). In particular, a myometrial tumor invasion greater
than 50% was observed in 30 (43%) of 70 patients in the PC group
but only in 15 (21%) of 70 patients and in the PT group. Moreover,
LN metastases were more frequent in the PC group (PC: 11% vs
PT: 3%; P <0.05).

Furthermore, the postoperative recurrence risk was classified
into low-, intermediate-, and high-risk groups®* (Table 1). Accord-
ingly, low-risk patients were more prevalent in the PT group (PT:
69% vs PC: 44%, P < 0.01).

Regarding surgery procedures, 8 of 70 patients underwent a
laparotomy in the PC cohort versus only 1 of 70 in the PT cohort

(P < 0.05). Blue dye labeling was used in 7 of 70 patients in the
PC group and only in 1 of 70 patient in the PT cohort.

Imaging Findings

In 106 of 140 patients, at least 1 SLN was identified by
means of SPECT/CT imaging, resulting in an overall detection rate
of 76%. A total of 334 SLNs was detected (on average, 3 per pa-
tient; range, 1-9). The overall detection rate was significantly higher
with PC tracer injection (83%) as compared with hysteroscopic PT
application (69%; P < 0.05). On the other hand, after PT injection,
para-aortic SLNs were detected more frequently (PT: 60% vs PC:
38%, P = 0.02), which however generally exhibited a lower tracer
uptake when compared with pelvic SLNs. Bilateral pelvic SLNs de-
tection was significantly higher in the PC group (27/70) than in the
PT group (18/70; P < 0.05). Results are summarized in Table 3.

In the PC cohort, most patients showed SLNs at the iliac/
common iliac sites (Table 4); however, some women presented
para-aortic SLNs and only in rare cases parametrial SLNs. Aberrant
drainage was revealed by the detection of inguinal SLNs in 1 case.

In the PT cohort, most SLNs were located in the iliac and
para-aortic sites (Table 4). In some cases, SLNs were found in the
iliac common site and more rarely in the parametrium site. A typical
example of SLN detection is shown in Figure 1. Isolated para-aortic
SLNs were found in 8 cases (see Fig. 2), only one of which belonged
to the PC injection group. However, this patient presented diffuse
radioactivity in the abdomen, which might have obscured proximal
SLNs in this particular case.

Correlation With Surgical and Pathological Findings

Complete surgical reports on the intraoperative SLN detec-
tion were available in 54 patients for PT and in 65 patients for PC
injection. The calculated intraoperative detection rate was signifi-
cantly higher in favor of PC injection (PC: 74% vs PT: 52%;
P =0.01). Histology revealed at least 1 LN metastasis in 10 (7%)
of 140 patients, 8 of which belonged to the PC cohort (Table 5).
Seven of 10 women with LN involvement were detected by means
of SLN visualization with SPECT/CT. Two of three false-negative
patients belonged to the PT cohort and one to the PC cohort. These
2 individuals had pT1b tumor stage and presented isolated para-
aortic metastasis. The patient with PC injection had pT2 status at his-
tology and presented 1 iliac as well as 1 para-aortic nodal metastasis.

As depicted in Table 5, 2 patients had SLN detection in the
SPECT/CT examination on the side contralateral to the metastatic
LN. One patient had bilateral LN metastases but evidence of SLN
on 1 side only according to the SPECT/CT. In a case with extensive
iliac and para-aortic LNs metastases, SPECT/CT imaging showed
SLNSs only in the iliac region. The latter case was not considered
as a proper false-negative result, because SPECT/CT imaging man-
aged to detect an involved SLN along at least one of the lymph pro-
gression pathways (Table 5).

FIGURE 1. SPECT/CT scan with hot spots bilateral iliac (A), left para-aortic and left common iliac identified as SLNs (B).

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

www.nuclearmed.com | 929

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Sahbai et al

Clinical Nuclear Medicine o Volume 41, Number 12, December 2016

FIGURE 2. SPECT/CT (A) and MIP image (B) showing 1 hot spot identified as an isolated para-aortic SLN after PT injection.

Nanocolloid Tissue Distribution in
False-Negative Cases

The 34 negative SPECT/CT scans were reviewed for specific
findings (Table 6). A minor to failing injection depot was observed
in one third of patients after hysteroscopic PT application but only in
1 case with PC injection. There was a strong uptake in the reticulo-
endothelial system of liver and spleen in 53% of patients irrespective
of injection protocol. Moreover, high bone marrow uptake was ob-
served in negative scans in nearly one third of PT versus one quarter
of PC applications. There were 8 patients with peritoneal/abdominal
activity, more frequently in the PC group. Representative examples
of detection failure are shown in Figure 3.

DISCUSSION
This retrospective study demonstrated a significantly better
SLN detection rate by means of SPECT/CT after PC as compared
with hysteroscopic-PT radiotracer application. In particular, PC in-
jection was superior for the visualization of pelvic SLNs (external/
internal and common iliac sites). To our knowledge, this is the first

TABLE 5. Patients With LN Metastases on Histology and SLN
Detection by SPECT/CT

LN Metastases SPECT/CT and SLN
Injection Localization n Localization
PT
Patient 1 Para-aortic* 1 -
Patient 2 Para-aortic 1 -
PC
Patient 1 Para-aortic 1 + Para-aortic
Patient 2 Left iliac 1 -
Para-aortic* 1 -
Patient 3 Para-aortic 1 + Para-aortic
Patient 4 Left iliac 1 +/— Left iliac
Right iliac 3 +/—
Patient 5 Right iliac 2 +/— Left iliac
Patient 6 Right iliac 1 + Right iliac
Patient 7 Right iliac 1 +/— Left iliac
Patient 8 Left iliac 1 + Left iliac
Para-aortic 4 -

+ indicates SLN detection in SPECT/CT; —, no SLN detection in SPECT/CT; +/—,
SLN detection in SPECT/CT only in the pelvic area contralateral to the LN metastasis.

*Isolated para-aortic micrometastasis.

study comparing SPECT/CT findings resulting from these 2
injection techniques.

Our results are in line with Varlous studies analyzing intraop-
erative SLN detection both after **™Tc-nanocolloide and/or patent
blue dye injection, favoring the use of PC application, as it yields
a better detection rate as compared with PT injection,!0:13.20.21,25

Moreover, our current preoperative detection rate with
SPECT/CT using PC injection is in accordance with previous studies
reporting imaging-based rates ranging from 77% to 91%.'3:19-26:27
Particularly, a detection rate of 38% for para-aortic SLNs as well as
of 47% for bilateral pelvic SLNs was found in patients with positive
SPECT/CT, which is compliant with published studies (25% to
44% and 35% to 57%, respectively).!718

As uterine body is a midline structure with a bilateral lym-
phatic drainage, it can be argued that to improve SLN biopsy as a
primary staging method, bilateral LN detection on SPECT/CT im-
ages could be an essential requisite. Accordingly, in a prospective
multicenter study of early cervical cancer, SLN blopsy was fully
reliable only when SLNs were detected brlaterally2 On the other
hand, in case of absence of demonstrable SLN uptake, a systematic
lymphadenectomy could be in order, so as to decrease the false-
negative rate and increase the detection of micrometastases; this
concept is already being carried out for SLN procedures in
cervix cancer.

Numerous pathological studies have demonstrated that the
uterine fundus could drain via the gonadic Vessels 32 whereas
the cervix has different primary drainage ways.>* It has thus been
confirmed that EC could spread along 2 main lymphatic connec-
tions, depending on its location: one extending to the external iliac
area and the other ranging to the para-aortic area.>® Therefore,
hysteroscopic-PT injection should better mimic this pathophysro-
logical aspect of tumor spread. In previous studies comparing both

TABLE 6. SPECT/CT Findings in Patients With SLN Detection
Failure (n = 34)

Injection PC PT
Patients with negative scans, n 12 22
Minor to failing injection depot, n (%)* 1(8) 7 (32)
Liver and spleen high uptake, n (%)* 6 (50) 12 (55)
Bone marrow high uptake, n (%)* 3(25) 8 (36)
Peritoneal/abdominal radioactivity, n (%)* 4(33) 4 (18)
Patients in high-risk group, n (%)* 217 5(23)
Patients with LN involvement, n (%)* 1(8) 2(9)

*Percentage of the 34 patients with detection failure.
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FIGURE 3. A, Case of SLN detection failure with low activity in SPECT/CT at the injection area after PT injection. B, The same case
with CT alone. C, SPECT showing high activity in the liver and bone marrow. No SLN was detected.

injection methods, para-aortic SLNs were detected in lympho-
scintigraphy with PT injection only (up to 56% of patients).?!?>
However, the use of SPECT/CT imaging was shown to be capable
to detect para-aortic SLNs after PC injection.'®!® In our study,
para-aortic SLNs were detected with PC injection technique,
whereas PT injection visualized para-aortic SLNs more frequently.
Because para-aortic SLNs usually presented rather low nanocolloid
uptake, one might speculate that the detection should be eased
with attenuation corrected tomographic images as opposed to
planar scintigraphy.>”

According to our results, failure to detect SLNs was fre-
quently associated with high uptake in the liver, spleen, and bone
marrow regardless of application mode. Because of the well-known
accumulation of nanocolloids in these organs after intravenous in-
jection, this finding is to be interpreted as a major venous drain-
age.3*35 Another factor influencing SLN detectability could be
insufficient tracer deposition at the injection site or tracer extravasa-
tion, marked by peritoneal radioactivity. In fact, minor to even fail-
ing tracer depot was often demonstrated in case of missed detection.
This result could be explained by a mechanical loss of radiotracer,
most probably occurring during or early after injection. Of note, this
finding was often seen in PT injection, whereas it was uncommon
with PC application.

It has been previously been reported that metastatic involve-
ment might affect scintigraphic SLN detection due to lymphatic
drainage obstruction by neoplastic cells in breast cancer.%37 In a
study of EC using the patent blue dye method only, LN involvement
was present in more than 50% of patients with detection failure.*®
Conversely, in our study, only 3 of 34 patients (8%) with negative
SPECT/CT scan presented LN metastases, whereas most metastatic
cases showed SLNs on SPECT/CT. Another SPECT/CT study with
transcervical myometrial injection of the radiotracer revealed LN in-
volvement in 30% (3/9) of negative scans. Of note, the overall preva-
lence of lymphatic metastasis was somewhat higher in that study
(20%)."® In a retrospective multicenter study of early stage patients
only 1 of 20 detection failures occurred in a case with LN metastasis.’ S

There are many parameters and factors that might influence
SLN detection such as the time interval between injection and imag-
ing, tumor biology, and patient characteristics. However, there is
only limited knowledge of their contribution to SLN detection in
EC. Frati et al’ compared a 1-day and 2-day protocol before surgery
and showed a higher detection of aberrant drainage especially in the
para-aortic area with the 2-day protocol. In our study, time after in-
jection did not seem to influence SLN detection rate. Finally, mas-
tering of the application technique is associated with a learning
curve; hence, detection rates of SLNs may be linked to the surgeons'
experience. Khoury-Collado et al*® showed that an SLN detection
rate of more than 90% with a false-negative rate of 0% could be
attained in EC after 30 procedures. Moreover, a further evaluation
indicated that even the experience of the injecting physician might

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

contribute to detection sensitivity.*' However, the groups of patients
included in our study were subjected to the same level of practical
experience with both techniques; each technique was performed
by a specific and separate surgical team utilizing the SLN procedure
at a comparable experience level.

In comparison to EC, there is far more scientific knowledge
gained with SLN detection in breast cancer. A recent study includ-
ing 1050 women confirmed that SLN identification failure was in-
fluenced by biological tumor factors,** whereas another study with
164 breast cancer patients showed that patient age and nodal status
significantly affected SLN localization.*> However, study of tumor
characteristics exceeded the scopes of the current study.

There are several limitations in our study. The analysis was
based on SPECT/CT imaging results only. Intraoperative SLN de-
tection reports were available in a fewer number of patients in each
group. However, in accordance to our imaging results, an increased
detection of SLN was found after PC injection. Because of the low
number of SLN detection failures and of the 2 groups' comparison,
factors contributing to detection failure could not be affirmatively
explored. In particular, the low incidence of LN metastases in the
PT cohort limits the comparison of accuracy. On the other hand,
PT uterine injection is more difficult and invasive than direct cervi-
cal injection, as it requires hysteroscopic access and anesthesia.

Studies with higher numbers of patients are needed to deter-
mine the predictive parameters for detection failure to optimize
protocols for SLN scintigraphy in EC.

CONCLUSIONS

Preoperative SLN detection by means of SPECT/CT imaging
after PC injection of nanocolloids leads to a higher detection rate
than hysteroscopic PT tracer injection. Our data support the use of
the most simplified and the less invasive injection procedure that
was shown to improve the accuracy of SLN mapping in patients
with EC.
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Abstract

Purpose SPECT/CT after pericervical injection of techne-
tium-99 m-nanocolloid was shown to be suitable for sentinel
lymph node (SLN) mapping in endometrial cancer (EC). The
aim of this study was to analyze factors affecting successful
SLN detection by means of SPECT/CT such as imaging find-
ings, patient characteristics and tumor biology in a large co-
hort of patients.

Methods One hundred and forty-five consecutive patients suf-
fering from EC who received pre-surgical SLN mapping at
our institution between 2011 and 2016 were included in this
analysis. SPECT/CT data of abdomen and pelvis (mean
4:20 + 1:20 h p.i.) were acquired after pericervical injection
of technetium-99 m-nanocolloid (mean 230 + 45 MBq) in all
patients. Surgical staging was performed on the day after.
Acquisition parameters, patient characteristics, SPECT/CT
findings as well as histopathological results were collected.
Results A total of 282 SLNs were identified by means of
SPECT/CT. Overall, preoperative and intraoperative SLN de-
tection rates were 86%, 76% and 74% respectively. The most
important factor associated with failure to detect SLNs was the
presence of high bone marrow on SPECT/CT (p = 0.005).
Peritoneal/abdominal radioactivity was also associated with
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missed SLN detection in SPECT/CT (p = 0.02). However,
the presence of liver/spleen uptake on its own was not predic-
tive for detection failure. Low numbers of detected SLNs in
SPECT/CT were slightly related with older age and lower
injected activity. No significant influence was found for the
parameters of tumor histology and stage, lymph node involve-
ment and the time gap between injection and imaging.
Conclusions Venous drainage as indicated by bone marrow
uptake is the most important factor associated with scinti-
graphic SLN detection failure. Moreover, high peritoneal
and abdominal activity was also associated with detection
failure. Thus, meticulous application of the radiotracer is cru-
cial in EC.

Keywords Endometrial cancer - Sentinel lymph node -
Detection failure - SPECT/CT - Lymphoscintigraphy -
Nanocolloid

Introduction

Endometrial cancer (EC) is the fourth most common cancer in
women in European countries and the third most common in
the USA [, 2]. The role of lymph node dissection in EC is still
under discussion and controversial. Several studies showed no
benefit for overall and recurrence-free survival in early stage
EC, but an increased risk of surgical morbidity and adverse
events after lymphadenectomy [3, 4]. On the other hand, two
different studies revealed a significant longer overall survival
after lymphadenectomy in case of intermediate or high risk of
recurrence [5]. However, the debate regarding the design of
the studies is ongoing. Nevertheless, sentinel lymph node
(SLN) mapping in patients with apparent early-stage EC was
shown to improve detection of metastases, which in turn was
associated with increased use of adjuvant therapy [6]. The use
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of SLN biopsy in patients with EC might, thus, have the po-
tential to decrease intraoperative and postoperative morbidity
associated with systematic lymphadenectomy and, neverthe-
less, allow adequate surgical staging [7].

Scintigraphic mapping and biopsy of SLNs is increasingly
performed in many gynecological centers aiming at an im-
proved surgical staging in patients with EC [8]. It has been
shown that use of the SLN approach is as effective as the
classical systematic lymphadenectomy for lymph node (LN)
metastases detection in early stage EC patients while no dif-
ference for disease free survival was seen [9]. In other tumor
entities like early stage breast cancer (T1 - T2) and malignant
melanoma the use of SLN techniques is well established in
clinical routine [10, 11]. Yet, in EC the SLN procedure is not
used in clinical routine, and the detection rate is somewhat
lower when compared to breast cancer or cervical cancer.

A meta-analysis of 26 studies on SLN biopsy in EC includ-
ing a total of 1101 procedures with radioisotope and/or blue
dye method showed an intraoperative detection rate of 78%
[12]. In contrast, two recent meta-analyses showed higher
scintigraphic SLN detection rates up to 98.6% and 100% in
cervical cancer and breast cancer, respectively [13, 14].

In EC patients, imaging-based preoperative detection rates
with SPECT/CT were reported from 77% up to 91% using
pericervical radiotracer injection [ 15—17] and thus to be higher
compared to planar scintigraphy (68%) [18]. However, previ-
ous studies also revealed that SLN detection rates in EC were
influenced by the radiotracer application method employed.
Higher detection rates were found after pericervical injection
as compared to peritumoral application in both pre-surgical
imaging with planar scintigraphy [19] and SPECT/CT [20]
as well as for intra-surgical SLN detection by means of gam-
ma hand probe [12]. Besides the injection technique, other
parameters are supposed to influence the SLN detection rate
such as the time gap between injection and imaging, tumor
biology and patient characteristics as well as the experience of
the injecting physician [21-25]. Therefore, we aimed to ana-
lyze factors which could influence successful SLN detection
after pericervical injection such as imaging findings in
SPECT/CT, technical and clinical variables as well as tumor
characteristics in a large cohort of patients suffering from EC.

Materials and methods

In our prospective study, 145 consecutive patients with histo-
logically proven EC underwent preoperative SLN procedure
and surgical staging at the University Hospital of Tuebingen
between 2011 and 2016. All patients underwent a pericervical
injection at 3, 6, 9 and 12 o’clock positions. Each patient was
injected with technetium-99 m-nanocolloid (Nanocoll®, GE
Healthcare, Braunschweig, Germany) 1 day before surgery
(mean 230 + 45 MBq) in 0.8 cm® added by an injection of
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0.5 cm’ saline to drain the remaining radioactivity from the
needle. The injecting physician verified that the needle tip did
avoid blood vessels by aspiring just before injection.

SPECT/CT protocol

Preoperative imaging with SPECT/CT was performed at 3—
5 hp.. (mean 4:20 + 1:20). Patients were scanned from pelvis
to caudal liver on a hybrid SPECT/CT device (Millennium
VG Hawkeye®; GE Healthcare, Chalfont St Giles, UK and
since October 2014 on a Discovery 670 Pro®, GE Healthcare,
Chicago, USA). SPECT acquisition parameters were for both
devices as follows: 128 x 128 matrix, 15 s acquisition time per
step and 30 steps for Discovery 670 Pro®, but 60 steps for
Millennium VG Hawkeye®. Low dose CT scan was per-
formed for attenuation correction and anatomical mapping
(2.5mA, 140 kV, slice thickness 10 mm, 40 slices interpolated
to 90 slices for Millennium VG Hawkeye® and smart dose
10-80 mA, 120 kV, slice thickness 2.5 mm and 161 slices for
Discovery 670 Pro®). Image reconstruction and fusion were
performed using a Xeleris® 3 software package (GE
Healthcare, Chicago, USA). SPECT image reconstruction
was similar for both devices using an ordered subset expecta-
tion maximization (OSEM) protocol with two iterations and

ten subsets. The voxel size was 4.42 mm’>.

SLN biopsy

Surgical staging was performed by laparoscopy the day after.
Blue dye was intracervically injected at 3 and 9 o’clock posi-
tions (0.2 cm’ per injection) in all patients, right before sur-
gery. Each SLN was localized and identified using a handheld
gamma probe (Neoprobe®, Models 1017 and 1100, Dublin,
USA) during surgery and afterwards sent to instantaneous
sectioning. The indication for systematic lymphadenectomy
was based on tumor staging by instantaneous section of the
uterus and SLN involvement. Histopathological results of
SLNs, non SLNs and staging of tumors were collected and
analyzed.

SLN detection

Imaging results (SPECT/CT) were analyzed by two experi-
enced nuclear medicine specialists and reported in consensus.
Any focal activity in an adequate anatomical lymphatic region
with or without delineated lymph node in the CT images was
identified as SLN. Presence of at least one SLN was defined as
successful SLN detection in SPECT/CT. Further imaging
findings, such as presence of radiotracer uptake in the liver/
spleen, in bone marrow and in the peritoneal/abdominal area
were visually analyzed for each patient. Patients’ characteris-
tics (age and BMI) and the time gap between injection and
imaging were collected. In addition, tumor type, TNM stage
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and grading as well as LN involvement, histological type and
tumor grade after surgery were included in the analysis.
Surgical reports and intraoperative detection of SLN were
reviewed.

Preoperative or intraoperative SLN detection was defined
as the number of patients with at least one detected SLN.

Statistical analysis

A Mann-Whitney U test was performed as adequate for qual-
itative variables and ANOVA linear regression was used for
the univariate analysis of quantitative parameters as adequate.
In addition, the Pearson correlation coefficient was employed
to compare preoperative and intraoperative SLN detection
methods. SPSS Statistics 21 software (IBM Inc., Armonk,
NY, USA) was used for statistical analysis; p < 0.05 was
considered as statistically significant.

The study was approved by the local ethics committee. All
patients provided written informed consent.

Results
Patient characteristics and imaging results

The mean age of the patients was 63 £ 11 years and the mean
BMI was 30 + 6; detailed patients characteristic are shown in
Table 1. A total of 282 SLNs were identified by means of
SPECT/CT, and the overall scintigraphic SLN detection rate
was 76% with 110 of 145 patients showing at least one SLN
on the SPECT/CT scan. Detected SLNs were most frequently
located in the internal or external iliac region near to the uterus
(57%), sometimes in the iliac common (26%), less frequently
in the para-aortic region (13%) and only rarely seen at
parametrial, obturatoric and presacral sites (from 0.7% to
2.8%). The detailed distribution of detected SLNs in the main
anatomical regions is depicted in Table 2. Distant drainage
was seen in 28% and 52% of patients with SLN detection in
the para-aortic and common iliac region, respectively.
Exclusive atypical SLN distribution was seen in only three
cases: one patient showed SLNs solely in the common iliac
region, one presented inguinal SLNs and a third patient
showed para-aortic SLN exclusively. Remarkably, no signifi-
cant difference was found between the two used SPECT/CT
devices for SLN detection rate (79% vs. 72%; p = 0.4) as well
as for the obtained imaging results (see Table 3).

Failure to detect SLN was associated with the presence of
substantial bone marrow uptake on SPECT/CTs (43% vs.
19%; p = 0.005). Likewise, the presence of high peritoneal/
abdominal radioactivity was also associated with detection
failure (20% vs. 7%; p = 0.02). Liver and spleen uptake was
seen on the majority of SPECT/CT scans. On its own, this
imaging feature was not predictive of detection failure, but

Table 1  Patient baseline characteristics

Number of patients 145

Mean age in years (range) 63.0 (32-88)
Mean BMI (range) 29.7 (17-52)
Mean activity in MBq (range) 230 (149-346)
Mean time p.i. (hours, SD) 4:20 (£ 1:20)

Number of patients

Histological Type
Endometrioid 140
Serous 4
Adenosquamous 1

Myometrial invasion

< 50% 101
> 50% 44
Grade
Gl 82
G2 34
G3 29
TNM Stage
Tla 103
Tlb 28
T2
T3a 5
T3b 3
FIGO
1A 101
1B 27
1I 3
1A 3
1B 2
HIC1 2
c2* 6
v 1

*one patient with isolated para-aortic micrometastasis

almost equally present in case of successful detection (79%
vs. 83%). For detailed results refer to Table 4. Of note, all
patients with bone marrow uptake also had intensive liver
and spleen uptake. Age, BMI and both injected activity as
well as the time interval between injection and imaging were
not significantly different for SLN detection versus no detec-
tion respectively (63 vs. 63; p =0.5;30 vs. 29; p = 0.3; 230 vs.
228 MBq; p = 0.7 and 4:23 vs. 4:13; p = 0.9; see Table 5).
Para-aortic SLN detection was associated with a somewhat
higher injected activity (mean 250 vs. 224 MBq; p = 0.003).
No significant parameters influencing the detection of bilateral
SLN were found. Fig. 1 demonstrates typical examples of
imaging results in a patient with successful SLN mapping
and Fig. 2 represents another patient where SPECT/CT failed
to detect any SLN.
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Table 2 SLNs distribution in SPECT/CT
Right Hemipelvis  Left Total
(n=159) Hemipelvis (n=282)
SLN (n) (n=123) n (%)*
SLN (n)
Para-aortic 11 25 36 (13)
Common iliac 50 23 73 (26)
Iliac 95 66 161 (57)
Obturator/Parametrium 2 6 8(2.8)
Presacral 1 1 2(0.7)
Inguinal 0 2 2(0.7)

*percentage of total detected SLNs in SPECT/CT
Number of SLNs detected in SPECT/CT

The number of total detected SLNs for each patient in SPECT/
CT was also collected. Univariate analysis using ANOVA
linear regression showed only a poor correlation for older
age and for lower injected activity with the decrease of total
detected SLNs (p = 0.04 for both; — 0.03; see Fig. 3).

Intraoperative SLN detection

Using a gamma hand probe during surgery, at least one SLN
was detected in 107 of 145 patients. Thus, the calculated in-
traoperative detection rate was 74%. Similar to preoperative
results, intraoperative detection failure was significantly asso-
ciated with the presence of bone marrow uptake on SPECT/
CT imaging (40% vs. 20%; p = 0.015; see Table 4).

SLN detection and tumor stage

According to our analysis, both SPECT/CT and intraoperative
SLN detection rate was not influenced by tumor grade, histol-
ogy or stage. Importantly, LN involvement did not seem to
affect detection since SLNs were detected on SPECT/CT in 7/
9 cases with histologically verified LN metastasis. Moreover,
no correlation was found between tumor stage and the pres-
ence of bone marrow uptake.

Comparison of preoperative and intraoperative SLN
detection

Comparing the preoperative and intraoperative scintigraphic
detection for each patient, there was a discrepancy in a total of
35 patients. Remarkably, 16 patients with detection failure on
SPECT/CT had recognizable SLNs at surgery. Predominantly,
SLNs were identified by a gamma hand probe, but 3/16 pa-
tients showed SLNs only by blue dye staining. In contrast,
intraoperative examination failed to identify SLNs in 19 pa-
tients who had previously shown SLNs at SPECT/CT. The
Pearson correlation between intraoperative and preoperative
scintigraphic overall detection of SLN was poor but signifi-
cant (» = 0.39; p = 0.01). The calculated rate of discrepancy
was 24% (35/145). However, by combining the preoperative
and intraoperative SLN detection method, the overall SLN
detection rate attained 86%.

Discussion

The rationale for using SLN detection and biopsy in patients
with EC results from the known high morbidity after standard
lymphadenectomy but only low prevalence of lymph node
metastases. Yet, lymphatic drainage from the uterus is rami-
fied and complex, so that an accurate pre-surgical detection of
the SLN is highly desirable. The use of technetium-99 m la-
beled colloids for SLN mapping enables a pre-surgical and
intra-surgical detection of SLN, but can also be associated
with detection failure, thus necessitating the additional use
of blue dye or a complete lymphadenectomy. Due to the lack
of large studies in EC patients, only limited knowledge about
factors affecting the SLN detection rate is available. As we
have previously shown, SLN detection failure in EC was seen
more frequently with the presence of high uptake in liver,
spleen and bone marrow irrespective of the application mode
used [20]. This finding indicated a significant amount of ra-
dioactivity being drained via blood vessels rather than via
lymphatic flow [26]. In addition, in patients suffering from
breast cancer other factors affecting the scintigraphic SLN
detection were suggested such as metastatic involvement of

Table 3 Comparison of imaging

results between both used SPECT/CT Millennium Discovery p value
SPECT/CT devices VG Hawkeye® 670 Pro®
Patients (n) 73 72
SLN detection rate (%) 79% 72% 0.4
Bone marrow uptake (%)* 19% 28% 0.2
Peritoneal/abdominal activity (%)* 13% 6% 0.2
Liver/spleen uptake (%)* 81% 81% ns.

*percentage of total scanned patients in each group
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Table 4  Comparison of imaging results in SPECT/CT and during sur-
gery with a gamma hand probe between SLN detection and no detection

SPECT/CT No SLN SLN p value
Patients (n) 35 110

Bone marrow uptake (%)* 43% 19% 0.005
Peritoneal/abdominal activity (%)* 20% 7% 0.02
Liver/spleen uptake (%)* 79% 83% 0.6
Detection rate (%)* 76%

Gamma hand probe

Patients (n) 38 107

Bone marrow uptake (%)* 40% 20% 0.015
Peritoneal/abdominal activity (%)* 16% 8% 0.1
Liver/spleen uptake (%)* 87% 78% 0.3
Detection rate (%)* 74%

*percentage of total scanned patients in each group

LNs due to lymphatic drainage obstruction by neoplastic cells
or the age of the patients [27, 28].

Our analysis of SLN detection in patients with EC showed
that bone marrow uptake was associated with a significantly
lower detection rate and, consequently, was the most impor-
tant factor associated with SLN detection failure by both pre-
operative SPECT/CT imaging as well as by intraoperative
gamma probe measurement. In addition, our findings also
showed that the presence of abdominal/peritoneal uptake
was associated with SLN detection failure in SPECT/CT. To
our knowledge, this is the first systematical report on factors
potentially influencing the SLN detection rate in EC. A recent
study in cervical cancer demonstrated that older age was as-
sociated with unilateral detection and that both older age and
BMI were associated with a reduced number of detected SLNs
[29]. In view of these results, it might be expected that detec-
tion failure could be correlated with BMI in EC patients as
well; however we did not ascertain a significant association in
our study. Moreover, our analysis did not reveal any factors
related to unilateral SLN detection. A previous study showed
a better preoperative detection rate and a higher number of
intraoperative detected SLNs when the injection of radiotracer
was performed the day before surgery in favor of a long pro-
tocol in comparison to a 1-day protocol (preoperative

Table 5 Analyzed patients characteristics and SLN detection in
SPECT/CT

SPECT/CT No SLN SLN p value
Patients (n) 35 110

Mean age (years) 63 63 0.5
Mean BMI 29 30 0.3
Mean activity (MBq) 228 230 0.7
Mean time p.i. (hours) 4:13 4:23 0.9

detection rate of 80% vs. 62%, respectively) [21]. However,
in our study all patients underwent injection exclusively 1 day
before surgery (long protocol) and no significant correlation
with time gap between injection and imaging for both SLN
detection rate and number of detected SLNs was found.
Nevertheless, there was only a loose correlation between num-
ber of detected SLNs in SPECT/CT and injected activity as
well as lower patient age. A previous study on prostate cancer
suggested an injection of 200 MBq technetium-99 m-
nanocolloid instead of 60 MBq in order to avoid detection
failure on SLN procedure in planar lymphoscintigraphy [30].
In contrast, our study comprised only a higher range of
injected activities and lymphoscintigraphy with SPECT/CT.
Within the dose range used, our analysis did not show any
significant influence of injected activity on detection rate on
a per-patient basis. Based on the earlier work, it could be
hypothesized that higher injected activity is required for deep
pelvic SLN detection in contrast to the more superficial SLNs
as, e.g., in breast cancer. However, our study is not designed to
define the minimum activity level needed for successful SLN
detection. Surprisingly, liver and spleen uptake was seen in
about 80% of our patients, but this pattern was not significant-
ly associated with SLN detection failure. In our work, the
same nanocolloid particles were used throughout and stan-
dardized injection procedures were performed by the same
well-trained medical team in all patients. In particular, before
each injection the needle position was controlled by aspiration
to avoid intravenous application, thus current findings should
not have been biased by such technical factors.

Remarkably, the presence of bone marrow uptake was sys-
tematically associated with the presence of liver/spleen up-
take. Previously, it has been shown that technetium-99 m-
nanocolloid could be transported via direct blood drainage in
patients receiving injections into the prostate gland [31]. In
case of lymphedema or lymphatic dysfunction, several studies
demonstrated that direct lymphovenous communication might
exist [32, 33]. A quantitative SPECT study after i.v. injection
of different technetium-99 m labeled nanocolloids, which are
also suitable for bone marrow scintigraphy, has shown much
higher liver and spleen uptake compared to bone marrow up-
take [34]. Therefore, we conclude that the presence of bone
marrow uptake indicates particularly high venous drainage of
the radiotracer provoked by serious tissue injuries at the injec-
tion points. It could be hypothesized that some venous drain-
age is present in the majority of patients as indicated by liver/
spleen uptake, while bone marrow uptake is seen only in pa-
tients with particularly a large amount of venous activity,
which in turn might lead to insufficient tracer deposition at
injection sites. Remarkably, the presence of high peritoneal
and abdominal activity was seen in 20% of cases without
SLN detection in SPECT/CT. This finding could be
interpreted as missed injection leading to high background
activity which may mask potential lymph node uptake.
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Fig. 1 Transverse fused SPECT/
CT (a) with corresponding
SPECT (b) showing bilateral iliac
SLNs detection. Coronal fused
SPECT/CT (c) with correspond-
ing SPECT (d) showing the in-
jection site, bilateral iliac SLNs
and one left iliac common SLN.
Note low liver uptake and no sig-
nificant bone marrow uptake

However, some patients failed SLN detection without signs of
major venous drainage or potentially disturbing activity. In
these patients, no other variables were found to be associated
with detection failure taking into consideration that the imag-
ing results were evaluated only visually. It might, therefore, be
concluded that insufficient lymphatic drainage is the cause of
detection failure in a subgroup of patients with EC.

In addition to the issues discussed above, other patient-
related factors like BMI or age [35] as well as the presence
of metastatic involvement of LNs causing lymphatic drainage
obstruction have been proposed to influence SLN detection in
breast cancer [27, 28]. Moreover, a survey confirmed that a
high number of LN metastases was correlated with detection
failure in breast cancer [36]. In contrast, SLN detection rate
was not influenced by any clinical or technical variables [37],
SLN involvement or LN metastases in other studies of breast

Fig. 2 Transverse fused SPECT/
CT (a) with corresponding
SPECT (b) and coronal fused
SPECT/CT (c) with correspond-
ing SPECT (d) showing the in-
jection site, high liver/spleen up-
take, bone marrow uptake and no
SLN detection

@ Springer

cancer patients [35, 37]. In our study of EC patients, similar to
the latter studies, scintigraphic SLN detection rate was not
associated with tumor type, grade or LN involvement.
Currently, the overall SLN detection rate might have been
influenced by the low number of patients with advanced LN
metastases. Obviously, an extended metastatic LN involve-
ment will be expected to affect SLN detection rate also in
EC. Regarding local tumor staging, it could be assumed that
an extension to the cervix will increase the number of blood
vessels which might in turn favor venous drainage from the
injection points. However, we did not find a correlation be-
tween the presence of bone marrow uptake and locally ad-
vanced tumor stage in our cohort.

Similar to previous studies, there was a poor correlation
between preoperative and intraoperative detection of SLNs
[16, 38]. This could be due to the long time gap between
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Fig. 3 Correlation of patient age
(a) and injected activity (b) with
number of total detected SLNs in
SPECT/CT (r* = 0.03; p = 0.04)
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the liver/spleen and in the injection area, which might disturb
the detection of SLNS in specific anatomical regions with the
gamma probe.

Considering common iliac and paraaortic areas as uncom-
mon SLN drainage pathways, our study showed a slightly
higher detection rate in these areas in comparison to a previ-
ously published study (26% vs. 24% and 13% vs. 6% for com-
mon iliac and paraaortic, respectively) [21]. Remarkably, ex-
clusive atypical SLN location was rarely seen in our cohort.

There are a few limitations in our study. The analysis was
focused on visual preoperative imaging results. Thus, an indi-
vidual lesion by lesion comparison of imaging and intraoper-
ative SLN findings was not feasible. As a consequence, im-
aging and surgical detection could only be compared on a per
patient basis. In view of the discrepancies seen between intra-
operative and preoperative SLN detection it would be desir-
able to analyze regional detectability, e.g., near to the liver
(high background for the gamma probe) or near to the injec-
tion area. Otherwise, the overall low frequency of LN involve-
ment and of locally advanced tumors in our cohort could limit
the statistical significance regarding its influence on the SLN
detection rate. A potential limitation of this study is the use of
two SPECT/CT devices with different CT slice thickness.
However, we observed no significant difference of SLN de-
tection rate as well as for analyzed imaging variables between
both SPECT/CT systems. Since the evaluation of SLN detec-
tion was based primarily on SPECT images and regarding the
typically high ratio of lesion to background, a critical method-
ic bias is not to be expected from the use of two different
devices.

Conclusions

Some venous drainage of technetium-99 m-nanocolloid is
present in the majority of EC patients investigated by
SPECT/CT for SLN mapping. Bone marrow uptake indicates
particularly high blood drainage, which is significantly asso-
ciated with failure to detect SLN both pre-operatively in
lymphoscintigraphy and during surgery with a gamma probe.
Additionally, the presence of high abdominal and peritoneal
activity was also associated with SLN detection failure.
Therefore, meticulous application of the radiotracer is crucial
in EC. The presence of LN metastases as well as tumor grade
and stage did not affect preoperative SLN detection rate in our
cohort of predominantly low to intermediate stages of EC.
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3. Discussion

In our first study, we observed a significantly better SLN detection rate after a
pericervical injection versus hysteroscopic-peritumoral injection in patients with
endometrial carcinoma who underwent SPECT/CT”. This finding is in line with
previous studies which found a better detection rate in favor to pericervical injection
compared to peritumoral injection’®””*. However, these studies used only the intra-
operative or the planar lymphoscintigraphy. In our study, the pericervical injection
method detected SLNs in the iliac and common iliac anatomical areas more frequently
than the peritumoral injection method. Additionally, pericervical injection seemed to be
superior in our data for the detection of bilateral pelvin SLNs. Finally, we could affirm
that the solely potential benefit of the peritumoral injection method was the better
detection rate of SLNs in the para-aortic area. This could be explained by a direct
physiologic lymphatic drainage of the radiotracer from the uterus body to the para-aortic

nodal areas. This concept was previously shown in published studies’ %8,

Failing tracer depot has been frequently seen in case of detection failure using
hysteroscopic peritumoral injection while it remained very uncommon with pericervical
injection. This imaging feature seemed to be correlated with the waste of activity
outside of the patient by the use of hysteroscopic technique. Generally, detection failure
of SLNs seemed to be related to venous drainage represented by visually higher uptake
in the spleen, liver and bone marrow in both injection methods. However, our first study
was not designed to determine significant factors affecting successful SLN detection.
Actually, missed SLN detection in EC could limit the acceptance of this procedure in
the daily clinical routine. Further improvements were thus necessary to identify and
possibly eliminate sources of error so to make this technique as reliable and
reproducible as possible.

That is why we performed a prospective study in our institution which was designed to
compare technical, clinical and tumor factors between detection and no detection of
SLNs intra-operatively as well as in SPECT/CT in a larger cohort of patient. This study
was focused on the pericervical injection only which was shown to have a better

detection rate.
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The results of our second study showed that the most important significant factor
affecting SLN detection rate was the presence of augmented radiotracer venous
drainage shown by visual high bone marrow uptake in the SPECT/CT images™.
Moreover, missed SLN detection in SPECT/CT was also associated with the presence
of high abdominal and peritoneal activity, but this was not significantly associated with
intra-operative SLN detection failure®. It could be supposed that the presence of
masking abdominal activity hid potential hot-spots in the SPECT/CT images while it
did not affect the SLN detection by the use of gamma hand probe during surgery.
Amazingly, SLN detection failure was seen in some patients without high venous
drainage or high peritoneal activity. Thus, insufficient lymphatic drainage should be
considered as another possible cause of detection failure. However, this second study
evaluated the results only with visual analysis on SPECT/CT images, so that no
significant difference for liver/spleen uptake between the two groups was reached. It
might be considered that detection failure could be also associated with higher uptake
into the liver and the spleen.

In both studies, SLN detection rate - on a patient-base - was not correlated with
parameters, such as tumor stage, lymph node involvement, histology type, uptake time
and injected radiotracer activity. It should be considered that in general our patient
cohort had a low rate of advanced tumor stage and LN metastases. However, some
trends were found for the detected SLNs number of each patient in the scintigraphic
images. In fact, lower patient age and higher injected activity seemed to be related with
superior detected SLNs numbers in SPECT/CT. Moreover, detection rate of additional
para-aortic SLNs seemed to be better when higher activity or peritumoral injection of

radiotracer was performed.

In conclusion, the long experience of SLN technique acquired in our institution allowed
us to answer to clinical relevant issues of SLN biopsy procedure in endometrial cancer.
In fact, we were able to confirm that the best injection method to detect SLNs in
SPECT/CT imaging is the direct pericervical injection which is at the same time the less
invasive and technically the more reproducible. Moreover, we were the first working
group who analyzed technical and clinical parameters affecting potentially pre-operative

and intra-operative SLN detection of endometrial cancer.
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Further longitudinal studies should be performed in order to confirm the clinical
benefits of SLN biopsy and to improve the pre-operative staging in endometrial cancer.
It is not yet clear whether groups of patients with selective SLN biopsy or complete
lymphadenectomy will have a better overall survival or progression free disease. In
addition, the accuracy of SLN biopsy to prevent metastatic disease in endometrial

cancer has not yet been determined.
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4. Summary

Endometrial cancer is the fourth most common cancer in women of Europe and the third
in USA. Worldwide its incidence is steadily increasing. Surgery is the reference
treatment, usually with a total hysterectomy and bilateral salpingo-ovariectomy.
Additional surgical treatments (lymphadenectomy, omentectomy) depend on the clinical
stage, histological type and grade. Lymph node status is described as one of the most
important prognostic factor affecting overall survival in EC. The clinical benefits of
systematic lymphadenectomy in the pelvic and para-aortic regions for overall survival
are still controversial. Sentinel lymph node mapping could potentially improve surgical
staging while reducing surgical comorbidities of complete lymphadenectomy. The
benefits of the routine clinical use of SLN mapping are not yet confirmed in EC.
Moreover, the more efficient protocol and SLN mapping procedure in endometrial
cancer were not completely determined. Our aim in the first study was to compare the
preoperative scintigraphic SLN detection rate using SPECT/CT between two injection
techniques of 99mTc-nanocolloid (direct pericervical injection versus hysteroscopic-
peritumoral injection). Our second study was designed to determine significant
parameters affecting scintigraphic SLN detection rate with pericervical injection
technique in a large cohort of patients. Our results showed that the detection rate after
pericervical injection was significantly better than the hysteroscopic-peritumoral
injection (83% versus 69%; p = 0.049). However, additional para-aortic SLNs were
detected more frequently with peritumoral application. Injection area with poor or
missing activity on SPECT/CT seemed to be an important factor of detection failure by
using hysteroscopic-peritumoral application. In our second study, the determining
factors of SLN detection failure were the presence of high bone marrow (p=0.005) and
peritoneal/abdominal radioactivity (p=0.02) on SPECT/CT. Patient age and injected
radioactivity seemed to be potential influencing factors for the number of total detected
SLNSs. Para-aortic SLN detection rate was slightly better when higher activity injection
of radiotracer was used. However, no correlation was significantly found for tumor
stage and histology type, lymph node metastases and the time of imaging after
radiotracer application. Beside the question of the best SLN detection method and the

best pre-operative imaging for tumor staging, more studies are needed to evaluate the
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benefits of selective SLN biopsy compared to systematic lymphadenectomy in women

with endometrial cancer.
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5. Zusammenfassung

Das Endometriumkarzinom ist der vierthdufigste Tumorerkrankung bei Frauen in
Europa und der dritte in den USA. Weltweit steigt die Inzidenz stetig an. Die
wichtigsten Risikofaktoren fiir die Entwicklung eines Endometriumkarzinoms sind
Adipositas, Diabetes und eine stattgehabte Tamoxifen-Therapie wie auch eine lingere
Ostrogen-Stimulation des Uterus. Die Chirurgie ist die Therapie der ersten Wahl, meist
mit einer totalen Hysterektomie und bilateraler Salpingo-Ovariektomie. Zusétzliche
chirurgische Prozeduren (Lymphadenektomie, Omentektomie) hidngen vom
Tumorstadium, dem histologischen Typ und der Tumorgradierung ab. Der
Lymphknotenstatus wird als einer der entscheidendsten prognostischen Faktoren
beschrieben, die das Gesamtiiberleben beeinflussen kann. Die klinischen Vorteile einer
systematischen pelvinen- und para-aortalen Lymphadenektomie im Hinblick auf das
Gesamtiiberleben sind jedoch noch umstritten. Sentinel-Lymphknoten-Lokalisierung
konnte die chirurgische Tumoreinstufung verbessern und gleichzeitig die operativen
Komorbidititen einer totalen Lymphadenektomie reduzieren. Der Nutzen -einer
routineméfBigen  klinischen = Verwendung  der  SLN-Untersuchung  beim
Endometriumkarzinom ist bis jetzt jedoch noch nicht bestétigt. Dariiber hinaus ist die
beste Vorgehensweise fiir die SLN-Untersuchung beim Endometriumkarzinom noch
nicht endgiiltig bestimmt. Das Ziel unserer ersten Studie war es, die prdoperative
szintigraphische SLN-Detektionsrate mit SPECT/CT in Abhéngigkeit von den
verwendeten Injektionstechniken von 99mTc-Nanocolloid (direkte perizervikale
Injektion versus hysteroskopisch peritumorale Injektion) zu vergleichen. Unsere zweite
Studie wurde durchgefiihrt, um signifikante Parameter zu bestimmen, die die
szintigraphische SLN-Detektionsrate bei perizervikaler Injektionstechnik in einer
grofleren Gruppe von Patienten beeinflussen konnten. Unsere Ergebnisse zeigten, dass
die Detektionsrate nach perizervikaler Injektion signifikant besser als die
hysteroskopisch peritumorale Injektion war (83% gegeniiber 69%; p = 0,049).
Allerdings wurden zusidtzliche para-aortale SLNs hdufiger mit peritumoraler
Applikation nachgewiesen. Ein Injektionsareal mit geringer oder fehlender
Radioaktivitdt in SPECT/CT schien bei der hysteroskopisch peritumoralen Applikation

ein wichtiger Faktor fiir ein Detektionsversagens zu sein. In unserer zweiten Studie,

45



waren hohe Knochenmarkspeicherung (p = 0,005) und peritoneale / abdominale
Radioaktivitdt (p = 0,02) in SPECT/CT die wichtigsten Faktoren, die mit dem SLN-
Detektionsversagen verbunden waren. Das Patientenalter und die injizierte
Radioaktivitit schienen potenzielle Einflussfaktoren fiir die Anzahl der insgesamt
detektierten SLNs zu sein. Die para-aortale SLN-Detektionsrate war etwas besser, wenn
eine hohere Aktivititsmenge des Radiotracers verwendet wurde. Es wurde keine
signifikante Korrelation fiir Tumorhistologie, Tumorstadium und
Lymphknotenmetastasierung sowie der Zeitspanne zwischen Injektion und Bildgebung
gefunden. Weitere Studien sind jedoch noch erforderlich, um die klinischen Vorteile der
selektiven SLN-Biopsie im Vergleich zur systematischen Lymphadenektomie bei

Frauen mit Endometriumkarzinom zu bestimmen.
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