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Abstract

Cervical cancer is currently the second most common form of neoplasia worldwide and third in the female
population. Dissemination can occur directly (isthmus, parametrium, vagina, urinary bladder and/or rectum), through
the lymphatic system (parametrium, internal iliac, external iliac, common iliac, obturator lymph nodes and rarely in
the inferior gluteus, superior gluteus, superior rectum, sacrum, aortic lymph nodes) and through the circulatory
system (lung, mediastinum, bones, liver). The risk of pelvic lymph nodes invasion in stage IB (FIGO) is 9-17%. The
standard surgical treatment, for stages IA2-1lA, is radical hysterectomy with pelvic lymphadenectomy. The risk of
intraoperative (vessel or nerve damage) or postoperative complications (lymphedema) is not negligible. The sentinel
node concept refers to the first lymph node in which the cancerous lymphatic drainage takes place. This idea has
radically changed the therapeutic approach in the treatment of breast cancer and melanoma. In cervical cancers,
this technique is 92% accurate with only an 8% false negative rate. Currently, the sentinel node protocol is not
included in the standard treatment for cervical cancer because certain issues need to be addressed (the sensitivity

of the frozen section examination,
experience, the size of the tumor).

the pathologist’'s subjectivity, the uniformity of the protocol,

the surgical
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Introduction

Cervical cancer is currently the second most common form of
neoplasia worldwide and third in the female population. It is the first
or second most common cancer (after breast cancer) in less developed
countries. Cervical cancer accounted for approximately 275,000 deaths
worldwide in 2008 [1]. The incidence rates of invasive cervical cancer
per 100,000 women in different geographical areas largely vary,
reflecting differences in HPV infection and access to screening [2].

Radical hysterectomy with pelvic lymphadenectomy is the standard
treatment for early stage cervical cancer. The goal of a systematic
lymphadenectomy is to identify and remove tumor cells transported to
the lymphatic tissue draining the uterine cervix and the upper vagina.

The term "sentinel lymph node" was first used in 1960 [3], but the
initial results on the success of sentinel node hypothesis were largely
misinterpreted.

The concept of sentinel lymph node was introduced in 1977 by
Cabanas for penile neoplasm. In 1992, Morton took this idea and
demonstrated the veracity of sequential lymphatic invasion in
cutaneous malignant melanoma [4]. In 1993, Giuliano and Krag
initiated the first researches for assessing the sentinel node in breast
cancer and provided information on therapeutic management in the
early stages of disease [5]. When neoplastic dissemination by
lymphatic embolization occurs, invasion is initially in the first tumor-
draining lymph node. This lymph node was called sentinel node.
Identification, excisional biopsy, histopathology and
immunohistochemistry allow to assess regional nodal status and to
determine if regional lymphadenectomy is indicated or not [6].

Sentinel lymph node is the first lymph node in a nodal basin to
drain an anatomically well-defined region and its histologic
assessment is representative for all the other lymph nodes in that
region.

This concept can be used particularly in patients diagnosed with
cervical cancer stages IA to IIB, with a low incidence of lymph nodes
invasion. Morbidity associated with complete pelvic lymphadenectomy
(vessel or nerve damage, lymphedema) can be avoided [7-9].

Sentinel Node Technique

Sentinel node technique is by minimally invasive approach and its
goal is to detect the first lymph node to drain the primary tumor and if
the sentinel node is not invaded to avoid complete regional
lymphadenectomy. Sentinel node technique uses radioactive tracers or
vital dyes that are injected around the tumor and trace the route of
tumor cells detached from the primary tumor to the first draining
lymph node. Excisional biopsy and histopathological examination of
the sentinel node are useful for selecting the patients requiring
complete pelvic lymphadenectomy is required.

The technique using vital dye is easier and is performed
intraoperatively. Marking with dye can be done using several types of
dyes, of which the most used are: isosulfan blue, patent blue, methylene
blue, China ink, indigo carmine, indocyanine green. Shortly after dye
injection, the stained lymphatic channels which lead to sentinel node
are visualized. The time window for sentinel node detection is short
because the vital dye washes out rapidly.
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The radioactive method consists in the preoperative injection of a
radioactive tracer, preoperative scintigraphy, and the use of
intraoperative gamma probe. It implies a high cost, requires specific
technical equipment, and interdisciplinary collaboration. The most
commonly used radioactive agent is technetium-99mm metastable
colloidal sulfide (Tc - 99m), which has the advantage of rapidly
enhancing the regional nodes and washes out after several hours.

Scintigraphy is useful as it identifies the location of sentinel node
and indicates the incision site, the gamma radiation detection probe
intraoperatively identifying the radioactive lymph nodes.

Sentinel lymph node is noted as follows: pNx (sn): sentinel node
cannot be assessed; pNO (sn): no sentinel node metastasis; pN1 (sn):
sentinel node metastases [10].

Based on the encouraging results in patients with vulva, penile, and
breast cancer and in some cases of malignant melanoma, sentinel node
technique was introduced for patients with cervical cancer in 1999,
when several procedures were reported: in some studies sentinel node
biopsy was performed by laparotomy or laparoscopy [11].

Sentinel Lymph Node Concept in Gynecologic Disorders

Sentinel lymph node biopsy is the preferred method for assessing
axillary nodal histopathologic status in patients with breast cancer
stages I and II. This technique has been recommended following the
publication of the results of several recent randomized clinical trials
showing the low morbidity in breast cancer patients performing
sentinel node biopsy versus axillary lymph node dissection. However,
this approach is not recommended by the American Society of Clinical
Oncology (ASCO) in the following situations: large or locally
advanced breast tumors (T3 and T4), signs of inflammatory breast
cancer, tumor diagnosed during pregnancy, or the presence of
palpable axillary lymph nodes. NCCN (National Comprehensive
Cancer Network) guidelines recommend sentinel node biopsy in
patients diagnosed with breast cancer without clinically evident
axillary lymph nodes [12].

In breast cancer, the identification of sentinel nodes with a dye-
based technique is considered inferior to gamma radiation technique.
Cox et al. reported a sentinel node identification rate of 80.3% with the
dye technique, 88.6% with gamma radiation method, and 96.7% when
both techniques were used [13]. Kim et al. reported a detection rate of
83.1%, 89.2% and 91.9% for the dye method, y radiation-based
technique, and combined technique, respectively, with a false-negative
rate of 10.9%, 8.8%, and 7.0%, respectively [14].

In a study of 374 breast cancer patients in which sentinel node
biopsy was performed using dye (indigo carmine, 2-4 mL injected
around the primary tumor and periareolarly), followed by surgery
with radical intent, the sentinel node was identified in 362 patients
(96.8%). In 54 patients sentinel node metastases were identified for
which axillary lymph node dissection was performed. Sensitivity in
detecting lymph node metastasis in final histopathology was 96.4%
with a specificity of 100%. The accuracy of sentinel node biopsy for the
detection of metastatic disease was 98.1%. The intraoperative diagnosis
of sentinel node metastasis was confirmed in 362 patients by final
histopathology, with a false-negative rate of 12.9% (8 patients) [15].
Vulvar cancer is a good target for sentinel node detection because the
tumor can be easily injected with radiocolloid substances or vital dye
and the lymphatic drainage is predictable in one or both inguinal areas.
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In a study by Levenback et al. on a series of 452 patients diagnosed
with vulvar cancer, in 418 at least one sentinel node was identified.
Sensitivity of sentinel node testing was 91.7% [16].

Hauspy et al. reported in a study of 41 patients with vulvar cancer
stages I and II in which following sentinel node assessment a complete
inguinofemoral lymphadenectomy was performed, a detection rate for
at least 1 sentinel lymph node per patient of 95%, and bilateral sentinel
nodes detected in 46% of patients [17].

Another study evaluated postoperative morbidity in patients with
vulvar cancer who underwent sentinel node biopsy (29 patients)
versus inguinal sentinel lymph nodes dissection (46 patients). The
reported results showed that inguinal sentinel lymph node dissection
was associated with a shorter operation time, a reduced rate of
inguinal seromas, wound breakdown and infection, fewer days of
inguinal drainage, and reduced postoperative lymphatic secretion [18].

Sentinel Lymph Node Cervical Cancer

Dissemination can occur directly (isthmus, parametrium, vagina,
urinary bladder and/or rectum), through the lymphatic system
(parametrium, internal iliac, external iliac, common iliac, obturator
lymph nodes and rarely in the inferior gluteus, superior gluteus,
superior rectum, sacrum, aortic lymph nodes) and through the
circulatory system (lung, mediastinum, bones, liver). The incidence of
pelvic lymph node invasion varies with FIGO stages. The literature
reports an incidence of 11-21% in stage IB and of 39-43% in stage IIB.
The incidence of paraaortic lymph nodes invasion ranges from 2-4%
stage IB to 7-17% in stage IIB [19,20]. In stage I cervical cancer the risk
of lymph node dissemination depends on tumor size, depth of stromal
invasion, and presence of lymph-vascular space invasion.

In stage I cervical cancer the presence of lymph node invasion is the
most important prognostic factor. If lymph node metastases are
present at the time of surgery, the 5-year survival rate decreases from
85% to 50% [21,22]. The alternative explorations of nodal status in
cervical cancer (including imaging techniques) were disappointing.

Cervical cancer is a type of cancer in which sentinel node technique
can be used for several reasons; literature data report an incidence of
lymph node metastasis of 0-16% in patients with cervical tumors not
exceeding 2 cm and of 15-31% in patients with FIGO stage IB [23]
anatomically, uterine cervix is characterized by a complex lymphatic
drainage, the following lymph node stations being described:

Station I includes the lymph node groups located anterior to a
transverse plane crossing the bifurcation of the common iliac vessels,
represented by: Lucas-Championniere lymph nodes (near the junction
of uterine vessels and ureter), internal and external iliac nodes. During
station I lymph node dissection it is important to recognize and
remove the following lymph nodes: Cuneo-Marcille (situated at the
bifurcation of the iliac vessels) and obturator nodes described by
Thoma Ionescu and Leveuf-Godard (actually belonging to the medial
external iliac lymph node chain, located between the inferior medial
margin of external iliac vein and obturator nerve) [24]

o Station II, represented by the common iliac, promontoral, and
lateral and presacral lymph nodes

o Station III, represented by inframesenteric aortic lymph nodes
o Station IV, intrarenal aortic lymph nodes.
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In 2010, Cibula et al. reported a proposal for a new classification
system of types of pelvic lymph node dissection. The four types are:

o Type sentinel lymph node: only the sentinel lymph nodes detected
in the pelvic basin are removed.

o Type I dissection: external iliac region: removes lymph nodes
anterior and medial to the external iliac vessels, ventrally up to the
deep circumflex iliac vein. Obturator region: removes obturator
nodes above the obturator nerve. Common iliac region: removes

nodes anterior (superficial common iliac region) up to the mid
common iliac vessels.

o Type II dissection: this is a type I dissection which also includes all
of the following steps:

External iliac region: removes nodes between the external iliac
vessels and psoas muscle after vessel mobilization and complete
skeletonization; removes distal nodes caudal to deep circumflex iliac
vein.

Internal iliac region: exposes the internal iliac vein and removes
internal iliac nodes. Obturator region: removes nodes below obturator
nerve.

Presacral region: complete removal of presacral nodes.

Type III dissection: type II dissection which also includes all of the
following steps:

Common iliac region: removal of superficial common iliac nodes
up to the aortic bifurcation;

Complete medialization of the common iliac vessels and removal of
deep common iliac nodes between the lateral aspect of the common
iliac vein and the psoas muscle exposing lumbosacral trunk [25].

The literature shows a one-side sentinel node detection rate of over
90% (range 55% to 100%). This detection rate is not influenced by the
surgical approach (laparotomy or laparoscopy). Also, bilateral sentinel
node was detected at a rate ranging from 31% [26] to 94% (Pijpers et
al.,, 2004) [27].

In 2000, Medl et al. were the first to report the sentinel node
concept in cervical cancer. They studied only 3 patients in which
sentinel node was identified by using a blue substance during radical
hysterectomy. In all 3 cases the sentinel node was positive [28].
Another study conducted at the University of Texas on 21 patients
identified the sentinel node in 60% of them by injecting isosuflan blue-
based substance into the cervix [29].

In 2003, Dargent et al. recommended laparoscopic sentinel node
biopsy for cervical cancer staging and determining the therapeutic
management: surgical or neoadjuvant treatment [30].

Recently, some authors have evaluated preoperative and
intraoperative lymphoscintigraphy for sentinel node detection
(detection rate 84-100%) [7]. Verheijen et al. [31] used a combined
technique (vital dye and lymphoscintigraphy) in a group of 10 patients
and reported an 80% sentinel node detection rate in cervical cancer.

A systematic review of the literature on the benefit of sentinel node
biopsy in the assessment of lymph node status in cervical cancer and
which technique is best (vital dye, Tc -99m or combined method) was
conducted and the results were presented in an article that included
842 patients. Data were collected from international databases
(Medline and Embase).
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Finally, 23 studies were selected with a sentinel node detection rate
of 97% for the combined approach versus 84%(p<0.0001) for dye and
88% (p<0.0018) for Tc -99m [32].

Optimization of sentinel node technique refers to the use of method
that is inexpensive, feasible for cervical cancer patients, and has a high
detection rate. Colorimetric technique based on the peritumoral
injection of 2-4 ml methylene blue 10-360 minutes preoperatively was
studied in 77 patients who underwent abdominal radical hysterectomy
and pelvic lymphadenectomy. Results of the study showed that
methylene blue is a useful tracer to detect sentinel nodes the ideal dose
being 4 ml injected 60-90 minutes prior to surgery [33].

In the assessment of lymph node status in patients diagnosed with
cervical cancer by the use of sentinel node technique, regardless of the
method, colorimetric, radioisotopic or combined, laparoscopy plays an
important role in determining the subsequent treatment [34-36].

Another study provided information on radical surgery,
emphasizing that parametrial resection can be minimized in patients
with cervical tumors and negative sentinel node. Inclusion criteria for
the study group were: patients with stage IA1 cervical cancer and
lymphovascular space invasion, IB1 with tumor size below 2 cm and
stromal invasion detected by imaging below 50%. The 60 patients
underwent laparoscopic sentinel node mapping. All patients with
positive nodes also had positive sentinel node [37].

Like many other studies in the literature, Roy et al. compared the
two methods of sentinel node detection in cervical cancer: colorimetric
method with isosulfan blue and radioisotopic method with Tc-99. The
study included 211 patients with early stage cervical cancer, in which
surgery was performed laparoscopically to identify and remove the
sentinel node, followed by systematic pelvic lymphadenectomy with or
without paraaortic lymph node sampling. The colorimetric method
was used in 152 patients, and the radioisotopic method in 166 patients.
The authors concluded that sentinel node mapping using the
radioisotopic technique had a higher detection rate (96.9%) compared
with the use of dye (92.8%). The most frequent locations of the
sentinel node (85%) were the bifurcation of the iliac vessels and/or
obturator fossa. It should be mentioned that complete pelvic
lymphadenectomy can be performed in patients in whom sentinel
nodes were not detected [38].

In order to minimize the need for pelvic lymphadenectomy,
sentinel node technique seems to be a good option for assessing nodal
status in early stage cervical cancer. A prospective study by Cormier et
al. based on colorimetric and radioisotopic techniques reported similar
results on sentinel node detection with those previously published in
the literature. At least one sentinel lymph node was identified in 93%
of cases (114 of the 122 study patients), while optimal (bilateral)
mapping was achieved in 75% of cases (91/122). Moreover, the authors
believe that this procedure accompanied by sentinel node ultrastaging
is an effective technique to increase the detection rate of lymph node
metastases by 3.5% [39].

The studies recommend the use of sentinel node technique in early
stage cervical cancer.

Where to Look for the Sentinel Node?

Bader et al. reported that in cervical cancer patients with only one
positive node, this is most frequently located in the external iliac artery
and obturator fossa or parameterium. Thus, sentinel node should be
first looked for in these regions. If only one node is positive, the
location of the other invaded nodes is hard to predict. However,
dissemination of tumor cells to paraaortic lymph nodes is rare [40].
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Di Stefano et al. in a study on a series of 50 patients with FIGO stage
IA2 - TIA cervical cancer concluded that sentinel node detection using
vital dye is a feasible procedure with important role in surgical staging
of patients with small cervical tumors. The described method was based
on dye injection 5-10 mm into the cervix at 3, 6, 9, 12 hours (dye
injection directly into the tumor was avoided). Once the abdomen was
opened, blue lymph nodes were detected in the pelvis in no less than 15
minutes and no more than 70 minutes the reported results indicated a
sentinel node detection rate of 90%, unilateral and bilateral sentinel
nodes being detected in 72% and 60% of the cases, respectively.

Topographically, sentinel nodes were found in the external iliac artery
in 55% of cases and obturator fossa in 38% of cases, with only 5 sentinel
nodes isolated in the common iliac region [23].

Similar results were published and Diaz et al. in a prospective study
that included 81 patients with early stage cervical cancer (FIGO stages
IA1-IIA) with indication for surgical treatment. All patients received
intraoperative injection of vital dye. Sixty-three patients who
underwent preoperative lymphoscintigraphy also received a 99m Tc
sulfur colloid injection and imaging assessment one hour after the
injection at tumor periphery in all four quadrants of uterine cervix.
Sentinel node mapping was successful in 77 (95%) of the 81 patients.
The total number of sentinel nodes evaluated was 316, with an average
of 3 nodes per patient. The three locations of sentinel node were:
external iliac (35%), internal iliac (30%), and obturator fossa (20%)
[41].

Sentinel lymph node mapping in early stage cervical cancer (IA1 -
ITA) was once again a topic debated by Darlin et al. in a study on 105
patients. The technique described for obtaining the results was based
on radioactive tracer injection (1.5 mL of Tc99 nanocolloid human
albumin) in the four cervical peritumoral quadrants 18 hours before
surgery, dynamic scintigraphy (15 minutes after tracer injection up to
45-60 minutes), and use of intraoperative gamma probe. During
surgery (robot assisted laparoscopic approach-da Vinci Surgical
System in 90 patients, laparotomy or laparoscopy in the remaining 25
patients) the detection rate of at least one sentinel node was 90%
(94/105 patients), and 94% in patients with tumor size equal or less
than 2 cm. Bilateral nodes were detected in 62 of the 105 patients. The
authors concluded that sentinel node technique may be useful in
patients with cervical tumors not exceeding 2 cm. However, complete
pelvic lymphadenectomy has to be performed in cases with unilaterally
positive sentinel node [42].

Diagnostic Accuracy of Sentinel Node

The question is whether sentinel node has significance in locally
advanced cervical cancer. Barranger et al. gave some answers in a
study on 33 patients, 23 with early stage cervical cancer who
underwent complete laparoscopic pelvic lymphadenectomy after
sentinel node assessment (combined vital dye- radioisotope) and 10
with locally advanced cervical cancer who underwent laparoscopic
pelvic and para-aortic lymphadenectomy. The results of this study
showed that sentinel nodes were detected in 86.9% of early-stage
cervical cancer cases and in 80% of the locally advanced cervical cancer
cases. Since the cervix is a middle organ in the pelvis, another
important aspect approached by the study was the unilateral or
bilateral involvement of the sentinel node. It is therefore impossible to
predict the preferential side of lymphatic drainage in these cases. The
false-negative rate of sentinel node biopsy was 0 in the early stage
group and 20% in the group with locally advanced cervical cancer.
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When the side of dissection was analyzed, the false-negative rate
reached 42.9% in patients with locally advanced cancer and remained 0
in the early-stage group (p = 0.038) [43].

Many authors report, in addition to sentinel node detection rate,
the false-negative rate (defined as negative sentinel node but presence
of neoplastic dissemination to other nodes in the region), which seems
to be the most important performance index.

A retrospective multicenter study evaluated the false-negative rate of
sentinel lymph node ultrastaging in patients with FIGO stages I-IIB
cervical cancer. 645 patients were included in the study, and sentinel
lymph nodes were detected bilaterally in 72% of cases and unilaterally
in only 28%. The authors reported a sensitivity of the technique (using
either vital dye alone or in combination with radioisotope) of 97%with
a false-negative rate of 1.3% for patients with bilaterally detected
sentinel nodes. The most important contribution of sentinel lymph
ultrastaging in the management of cervical cancer is to improve
detection of lymph node metastases, including micrometastases
(deposits of 0.2 to 2 mm) and isolated tumor cells (deposits not
exceeding 0.2 mm, including the presence of single, non-cohesive
cytokeratin-positive tumor cells) [44].

Another challenge that arises in many studies is that of complete
lymphadenectomy in cervical cancer and why sentinel node seems to
be a better solution in the pretherapeutic staging of these patients.
Therefore, a study by Gortzak-Uzan et al. provided information about
node metastatization and therapeutic management of early stage
cervical cancer. The results showed that lymph node metastasis
detection rate was two-times higher when using the sentinel node
technique as compared to complete lymphadenectomy. The authors
believe there are two explanations: one attributed to extensive
histological examination (ultrastaging) of sentinel node, and the
second explanation is that lymph node metastases in sentinel node
procedures are related to aberrant pathways and unusual locations
(e.g., common iliac or paraaortic regions). Since postoperative
morbidity can be reduced and the negative rate is quite low in many
studies, sentinel node procedure is adequate for assessing lymph node
status in early stage cervical cancer [45].

Discussions

Lymph node involvement in cervical cancer is the main prognostic
factor. Lymph node assessment can be done by imaging methods before
treatment, but the data are insufficient or inaccurate; therefore, the
most accurate method is pelvic lymphadenectomy, but it is also
associated with complications described in the literature. Sentinel node
concept has become the topic of many studies aimed at investigating
the feasibility of this technique in early cervical cancer.

Lymphatic mapping and sentinel node identification are procedures
used in almost all solid tumors, and sentinel node status has become
part of the staging criteria in both breast cancer and malignant
melanoma.

At the present time, sentinel lymph node is still investigational and
not standard of care in cervical cancer. The overall sentinel lymph
node identification is around 90%, with a sensitivity of 92%, and an
approximately 8% false negative rate, with a negative predictive value
of 97%. Challenges to adoption include the sensitivity of frozen
section, availability of pathologic expertise, uniformity of technique,
surgical experience, and clinical impact of tumor size [46].
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Conclusion

Sentinel lymph node biopsy is a technique that can be used to assess
nodal status in early stage cervical cancer patients, mentioning that
complete pelvic lymphadenectomy minimizes postoperative
morbidity. A fast and accurate image of the lymph nodes allows the
correct selection of therapeutic approach: concomitant neoadjuvant
chemoradiotherapy or radical hysterectomy.

However, there are questions that need answers and optimal results
for the introduction of sentinel node procedure in cervical cancer
treatment. For example, which is the acceptable false-negative rate?
What does the learning curve for this technique involve? If the sentinel

node is negative, is it oncologically safe to abandon pelvic
lymphadenectomy? What is the role of micrometastases and isolated
tumor cells in pelvic recurrences?
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