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Objective. To compare the incidence of pelvic lymph node metastases in early stage cervical cancer patients
undergoing sentinel lymph node biopsy (SLN) to a matched cohort undergoing pelvic lymphadenectomy.

Methods. All patient data were entered prospectively into an ongoing cervical cancer database. Since April
2004, 87 patients with FIGO stage IA/B1 cervical cancer underwent SLN detection with identification of
bilateral SLN. This cohort (cases) was compared to a matched group of patients who underwent complete
pelvic lymphadenectomy (controls). The groups were matched 3:1 for tumour size (±5 mm), histology, depth
of invasion (±2 mm), and presence of capillary lymphatic space invasion (CLS). Descriptive statistics were
calculated for all variables of interest. The association between cases and controls and lymph node metastases
was carried out using a conditional logistic regression analysis.
Results. 81 women in the SLN cohort were matched with 1 control, 72 cases with 2 controls, and 65 cases
with 3 controls. Among cases, 14 (17%) had pelvic lymph nodes metastases vs. 15 (7%) in the controls
(p=0.0059, odds ratio= 2.8, 95% CI=1.3–5.9). Among the 14 cases of SLN metastases, 11 were detected by
frozen section and 3 were detected on final paraffin sectioning. All were detected by H and E stains. The size of
the SLN metastases ranged from less than 1 mm to 8 mm.

Conclusions. Sentinel lymph node biopsy in early cervical cancer is a more sensitive procedure in detecting
pelvic lymph node metastases compared to complete lymphadenectomy.
© 2009 Elsevier Inc. All rights reserved.
Introduction

Lymph node metastasis is one of the most important prognostic
factors in patients with cervical cancer [1–3]. Although lymph node
status is not part of the International Federation of Gynaecology and
Obstetrics (FIGO) staging, it is a major determinant of treatment.

The standard surgical lymph node assessment in early cervical
cancer is a systematic pelvic lymphadenectomy. This procedure is
associated with lymphocysts in up to 20%, lymphedema in 10–15% of
patients, and rarely neural or vascular injury [4]. Over the last decade
the sentinel node (SLN) procedure has been widely used in patients
with melanoma, breast and vulvar carcinomas [5-7]. In cervical
cancer, there is evidence to suggest that SLN biopsy is a feasible
method of lymph node assessment with a high detection rate, and low
false-negative rate [8]. Despite this, many clinicians are concerned
about potential false-negative rate.
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The most common cited benefit of SLN biopsy is the avoidance of a
complete pelvic lymphadenectomy and the associated sequelae listed
above. However, another benefit could be the increased detection of
lymph nodemetastases through ultrastaging, removal of sentinel lymph
nodes in aberrant locations (e.g. common iliacs) or by ensuring complete
removal of sentinel lymph nodes at the time of lymphadenectomy.

Improvement in lymph node metastases detection has been
reported in multiple malignancy sites. Significant nodal upstaging
was identified with SLN ultrastaging in a randomized study that
included 161 patients with colon carcinoma. SLN metastases rate was
38.7% in the conventional histopathologic examination and was
upstaged to 57.3% (p=0.019) in the group of patients that had
ultrastaging for the SLN [9]. In breast cancer, there is evidence to
suggest that the ultra staging of the Sentinel node increases the
detection rate in 15% [10]. Euscher et al. [11] demonstrated in their
series of cervical cancer patients a 25% increase in metastases
detection rate attributed to ultrastaging of SLN.

The objective of this study was to compare the incidence of pelvic
lymph node metastases in early stage cervical cancer patients
undergoing sentinel lymph node biopsy (SLN) to a matched cohort
undergoing pelvic lymphadenectomy. We hypothesized that the
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identification of metastatic lymph nodes would be higher in the
sentinel lymph node patients.

Methodology

From the introduction of SLN biopsies at our center in April 2004 to
December 2008, 99 patients with clinical FIGO stage IA/B1 cervical
cancer underwent SLN detection followed by surgical treatment of the
primary tumour based upon preoperative tumour characteristics and
(in some cases) the desire to preserve fertility after informed consent.
In cases of a positive lymph node on frozen section, surgical
management usually included an extended lymphadenectomy
including the para-aortics. Of these, 12 patients had only a unilateral
SLN detected (excluded from analysis), leaving 87 patients with
identification of bilateral SLN.

Since 1984, all the clinical and pathological data on radical surgery
performed for stage IA and IB cervical cancer by members of the
division of Gynecologic Oncology at the University of Toronto have
been recorded prospectively and entered into a computerized
database, which has the ongoing approval of the Institutional Review
Board. From this database of 1277 patients, a matched cohort group of
patients who underwent complete pelvic lymphadenectomy was
selected to compare outcomes with patients who underwent SLN
biopsy+/−pelvic lymphadenectomy. Pelvic lymphadenectomy was
performed with bilateral removal of all fatty lymph node bearing
tissue from the lower portion of the common iliac artery to the deep
circumflex iliac vein. The boundaries of the dissection were; psoas
muscle (lateral), ureter (medial), and obturator nerve (posterior).

The groups were matched for histopathologic factors that are
known to be associated with lymph node metastases; tumour size
(±5mm), histology, depth of invasion (±2mm), and the presence of
capillary lymphatic space invasion (CLS). By using these matching
criteria we were able to match 81 of the patients with one control, 72
patients with a second control and 65 patients with a third control. Six
patients with bilateral identification of sentinel lymph nodes were
unable to be matched using the parameters above; hence, our study
group consisted of 81 cases and 218 controls.

Sentinel node procedure

The SLN technique we used has been previously published [8]. SLN
was detected with technetium sulphur colloid and/or lymphazurin.
Two to 4 h preoperatively 0.1–0.2 mci of filtered sulphur colloid
technetium was injected submucosal into each of 4 quadrants of the
exocervix. Imaging was performed 20 min after injection. If bilateral
sentinel node were identified in the preoperative scintogram, no blue
dye was used. If however bilateral sentinel nodes could not be
identified, then 1 ml of lymphazurin blue dye was injected submuco-
sally at the beginning of the surgery into the exocervix in each quadrant.

Intraoperatively SLN was detected with a laparoscopic gamma
probe (Navigator GPS, Tyco Healthcare). Lymph nodes were
considered sentinel if they were “hot” (radioactive countN5×
background), or blue. The pelvic sidewalls, presacral area, and
paraaortic lymph beds were scanned entirely, and hotspots were
identified by the gamma probe and/or by visualization of blue
lymph channels and blue lymph nodes. Sentinel lymph nodes were
selectively removed and sent to pathology for intraoperative review.
After removal of the sentinel lymph nodes, the pelvis was rescanned
and considered negative if no further hot nodes were identified.

Histopathology

Sentinel node processing

Fresh tissue labelled as sentinel lymph nodewas deliveredwithout
fixation to pathology. Specimens were grossly examined to determine
the size and number of individual nodes received. After trimming the
perinodal fat, each lymph node was serially sectioned perpendicular
to its long axis at 0.2- to 0.3-cm intervals. All the nodal tissue was
frozen and one level stained with hematoxylin and eosin (HE) was
evaluated at the time of the intraoperative consultation. In cases with
artefactual limitations such as incomplete representation of the tissue
or folding, additional levels were obtained at the discretion of the
consultant pathologist. Upon completion of intraoperative consulta-
tion, the tissue was fixated in 10% buffered formalin and paraffin
embedded blocks were made. Three slides were prepared; two
sections taken at 40- to 80-micron intervals were stainedwith H and E
and a consecutive section to the deeper level was studied by
immunohistochemistry for pancytokeratin (AE1/AE3, Dako-Canada,
Ontario). The fibroadipose tissue accompanying SLN was processed in
its entirety and one H and E-stained section was prepared from each
submitted block.

Nonsentinel node processing

Any lymph nodes resected at the same surgical procedure that
were not labelled as sentinel lymph nodes were immediately fixed in
formalin, andwere not evaluated intraoperatively. These were serially
sectioned perpendicular to their long axis at 0.3-cm intervals, and
were entirely embedded. Lymph nodes smaller than 0.6 cm were left
uncut and embedded together in one block. One representative
section stained with HE was evaluated from each block.

All the patients, in which the frozen section was positive for
metastasis, underwent a complete ipsilateral pelvic and para-aortic
lymph node dissection.

In all the cases with positive sentinel lymph nodes, the frozen
section and permanent slides were reviewed by a pathologist and the
metastatic deposit measured.

Descriptive statistics were calculated for all variables of interest.
Continuous measures were summarized using means and standard
deviations, whereas categorical measures were summarized using
counts and percentages. Univariate analyses were carried out to test
for possible differences between groups on variables of interest.
Continuous measures such as age and depth of invasion were
compared using two sample two-sided tests, whereas categorical
measures such as CLS and histology type were compared using chi-
square tests. Statistical significance was defined as pb0.05.

The primary outcome was the association between pelvic lymph
node metastases and surgical procedure and was carried out using a
conditional logistic regression analysis which takes into account the
matching between cases and controls. Results were presented as odds
ratios and their associated 95% confidence intervals. All analyses were
carried out using SAS Version 9.1 (SAS Institute, Cary, NC, USA).

Results

A total of 87 patients underwent SLN biopsy with identification of
bilateral SLN followed by radical hysterectomy or radical trachelect-
omy between April 2004 and December 2008. Of them, 81 patients
were successfully matched using the tolerance levels described above
to 218 patients selected from the database of complete pelvic
lymphadenectomy followed by radical hysterectomy or radical
trachelectomy performed for cervical cancer (Control group).

Both cohorts were well balanced in terms of age and tumour
characteristics as summarized in Table 1. The surgical procedure
accompanying the nodal assessment was radical hysterectomy in 48%
of the cases and 84% of the controls. The next most common
procedure was radical trachelectomy that was performed in 43% of
the cases and in 15% of the controls. Other surgical procedures rarely
used: simple hysterectomy (in 4% of the cases and 1% of the controls),
cone biopsy (5% of cases). In 1% of the controls the surgical procedure
was aborted after the pelvic lymphadenectomy.



Table 1
Demographics.

SLN (n=81) Controls (n=218) p value

Mean age (years) 38.2 41.4 0.07
Mean tumour size (mm) 6.6 4.7 0.2
Histology (%) 0.47

Squamous cell carcinoma 42 47
Adenocarcinoma 42 42
AdenoSquamous carcinoma 16 11

Mean depth of invasion (mm) 6.8 6.4 0.59
Positive CLS (%) 43.2 41.7 0.82
Stage (%) 0.0001

IA 39 9
IB 61 91

Table 3
Location of SNL.

Site Number of hemipelvises
identified 162

Obturator 127 (78%)
External iliac 36 (22%)
Common iliac 18 (11%)
Internal iliac 7 (4%)
Paraaortic 1 (1%)
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Among the 81 patients of the study group, 14 (17%) had pelvic
lymph nodes metastases as compared to 15 patients (7%) of the
controls (p=0.0059, odds ratio= 2.8, 95% CI= 1.3-5.9). The size of
the SLNmetastases ranged from less than 1mm to 8mm (Table 2). All
of the SLN metastases were smaller than 1 cm, and 6 of them
measured less than 2 mm. In 2 cases there was extra nodal extension
of the tumour. None of the cases with negative SLN intraoperatively
showed malignant cells in the subsequent permanent sections
prepared from the non-nodal fibroadipose tissue. All of the sentinel
lymph node metastases were identified on H and E staining.
Immunohistochemistry confirmed, but did not identify any cases
not previously identified on H and E staining.

The most common site of the SLN was the obturator nodes
identified in 127 of 162 hemipelvises, followed by the external iliac
nodes (Table 3). Other sites of SLN were common iliac nodes, internal
iliac nodes and paraaortic nodes.

Eleven of the 14 SLN metastases were detected on frozen section
and 3 on the permanent H and E sections. These 3 negative cases on
frozen sectionwere further reviewed. In 2 of the cases, malignant cells
were not identified on the plane of frozen section even in retro-
spective review. After further sampling of the paraffin-embedded
lymph node and staining with H and E, malignant cells were seen in
the node. We categorized the failure of the frozen section to detect
metastases in these 2 cases as technical error since malignant cells
were indeed present deep in the embedded tissue but not in the plane
of section. In the third case in which the frozen section was read as
negative, malignant cells were found on the same section after
retrospective review. In this case the LN metastasis was less than
1mm, and this false-negative case was categorized as interpretational
error.

After a median follow up of 13 months and 59 months in the SLN
group and controls respectively, there were 5 recurrences and 16
recurrences, respectively (Fig. 1; Table 4) (p=0.72).
Table 2
Lymph node metastases detected in SLN group.

Intraoperative
diagnosis

Size of largest
metastasis (mm)

Error type

1 Positive 7
2 Negative b1 Interpretational
3 Positive 5
4 Positive 1
5 Negative 4 Technical
6 Positive b1
7 Positive 4
8 Positive b1
9 Negative 1.5 Technical
10 Positive 7
11 Positive 8
12 Positive 4
13 Positive 4
14 Positive 7
Discussion

The sentinel node procedure is a novel and promising method of
assessing pelvic lymph nodes in early stage cervical cancer. Most
authorities focus on its benefits in terms of reduction of morbidity. In
vulvar cancer, long-termmorbidity was less frequently observed after
removal of only the sentinel node compared with sentinel node
removal followed by inguinofemoral lymphadenectomy, with lym-
phedema of the legs in 1.9% vs. 25.2%, respectively (pb0.0001). [12].
SLN biopsy in breast cancer was found to be associated with a better
quality of life and less arm lymphedema compared with axillary
lymph node dissection [13]. Many surgeons focus on the concerns
about false-negatives, which have been shown to be low [8, 14]. A
series of 36 cervical cancer patients who had negative bilateral SLN
had no lymph node metastases on the non-SLN after thorough
ultrastaging by both H and E and immunohistochemistry. This yields a
false-negative and negative predictive value of 0% and 100%,
respectively [15].

An ideal comparison between the two methods of pelvic lymph
node assessment would be a randomized controlled trial with patient
survival as an outcome. However, such comparison is not feasible due
to the large sample size needed to detect small changes in outcome.
Practically, there are not enough qualified surgeons familiar with the
SLN technique and lastly, survival will be affected by the use of
adjuvant therapy which is commonly prescribed for cervical factors
that are known to be associated with lymph node metastases.
Therefore, the most “meaningful” endpoint seems to be pelvic
lymph node metastases.

Our data suggest that the detection rate of lymph node metastases
is more than 2 fold higher when using the SLN technique as compared
to complete lymphadenectomy. One explanation for the increased
metastases detection rate is the extensive sectioning that is
performed on the SLN. Marchiole et al. [16] reported that multilevel
sectioning in conjunction with immunohistochemical analysis identi-
fied 5 out of 26 patients (19%) who had micrometastases in the pelvic
lymph nodes that were not detected in routine pathologic examina-
tion. Differences in SLN pathology protocols have lead to differences in
surgical strategy in breast cancer. In hospitals where only 3 levels of
the sentinel lymph nodewere examined themetastases detection rate
was significantly lower than in a hospital in which 7 additional levels
were assessed in the SNL. The addition in metastases detection was
attributed mainly to single tumour cells. This lead to more than
double the number of completion axillary lymphadenectomy in the
latter group [17]. In vulvar cancer, Knopp et al reported positive
cytokeratin staining was found in 25/421 (6%) of the lymph nodes.
Table 4
Location of first recurrence.

SLN (n=81) Controls (n=218 )

Central 3 7
Sidewall 1 1
Central+ sidewall 0 3
Pelvis+ distant 0 2
Distant 1 3



Fig. 1. Recurrence-free survival. PLND-pelvic lymphadenectomy cohort. N=218.
SLND-sentinel lymph node cohort. N=81. p=0.72. ticks represent censored events.
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Occult lymph node metastases were found in 17/75 (23%) of the
patients [18]. In cervical cancer patients a 25% increase in metastases
detection rate has been attributed to ultrastaging of the SLN [11]. In
one of the cases, the metastasis consisted of a single cell and was
detected solely by immunohistochemistry. In our study, the SNL was
sectioned every 2–3 mm. This allows detection of metastases that
would otherwise be missed due to size (too small) or the metastasis
was not in the sampled plane. Such intense sectioning is not feasible
when pathology receives 25–30 lymph nodes, as ultrastaging is costly
and labour intensive.

An interesting finding in our results is that all of the SLN
metastases were smaller than 1 cm, and 6 of them measured less
than 2 mm. Lymph node micrometastases is a prognostic risk factor
in other sites of malignancies such as breast, gastric and colorectal
[19-21]. The prognostic impact of micro metastases in cervical
cancer has been reported as compromising recurrence rate [22] and
progression free survival [23]. It has also been found to be an
independent prognostic factor of survival in a recent study with a
23% reduction in overall survival in the patients with micrometas-
tases as compared to those with negative nodes [24]. It therefore
seems intuitively important to thoroughly analyse the SLN. As with
other disease sites, the clinical significance of finding isolated
tumour cells in this setting is yet to be determined.

Another possible explanation for the higher detection rate of
lymph node metastases in SLN procedures is related to aberrant
pathways and unusual locations of the sentinel lymph node. In our
cohort, 19 hemipelvises had a SLN located either in the common iliacs
or paraaortics. These nodes would not typically be removed in a
standard pelvic lymphadenectomy.

Even if the sentinel node is located within the lymph node
dissection area, it could theoretically be missed by the surgeon. A
better acquisition is expected when the desired node is either ‘hot’ or
blue in which case the surgeon is focused on taking the specific node
out as opposed to ‘cleaning’ a nodal bearing area.

This study enlightens an efficacy advantage of the SLN procedure
in cervical cancer. This procedure results in a higher metastatic yield
than a classical lymphadenectomy with routine histopathologic
examination. It also shows its higher potential to detect micrometas-
tases. To our knowledge this is the first time that this is reported in
cervical cancer.

In our view, the paradigm of “complete lymphadenectomy” as a
gold standard for lymph node assessment in cervical cancer is
challenged. While some question the false-negative rate of the SLN
procedure, we believe that the real question is: what is the false-
negative rate of a complete pelvic lymphadenectomy? Given the data
presented, it is likely that omitting the SLN procedure and subsequent
ultrastaging of the sentinel lymph nodes, incorrectly defines a
significant number of patients as node negative.
This may translate to a paradigm shift in our understanding of
cervical cancer and prognostic factors, particularly in so-called high
risk, node negative patients. Perhaps the explanation why node
negative patients with deep invasion, and vascular space involvement
have high recurrence rates (up to 40%) is due to the fact lymph node
metastases were missed in a significant proportion [25]. Such changes
would require duplicating previous trials to determine if this
hypothesis is valid, and the effect of adjuvant therapies in such
patients. The result could have a positive effect on survival.

In conclusion, we have shown that SLN procedure in early cervical
cancer carries a higher detection rate of lymph node metastases. This,
in conjugation with the presumed reduction of morbidity, and low
false-negative rate makes this procedure the procedure of choice for
pelvic lymph node assessment in early cervical cancer, and should
become the gold standard for comparison of lymph node metastases
detection methods.
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