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Objectives. Sentinel lymph node (SLN) biopsy is a surgical procedure proposed in early cervical cancer. This
technique yields the potential interest to reduce the morbidity of complete lymphadenectomy, which could
then be performed only in case of positive SLN. Intraoperative examination has a major per-operative role
in predicting nodal involvement and preventing a second step procedure. The aim of this study was to assess
the diagnostic value of intraoperative examination with frozen section (FS) or imprint cytology (IC) of SLNs in
early cervical cancer.

Methods. Prospective study in 7 centers (01/2005–06/2007) including patients with stage IA1 and lympho-
vascular space involvement to IB1 cervical cancer (squamous cell carcinoma, adenocarcinoma or adenosqua-
mous carcinoma). SLNs were detected with a combined method (Tc99m+blue dye) and then removed
laparoscopically. Intraoperative examination (FS or IC) was not systematically performed but recommended
in case of macroscopical nodal enlargement in 5 centers. Results of intraoperative examination were com-

pared with final histology performed by Hematoxylin–Eosin–Safran staining and immunohistochemistry.
The diagnostic value of intraoperative examination was calculated.

Results. One hundred and thirty-nine patients were analyzed in the study. The combined detection rate
was 97.8% per patient, with 454 detected SLNs. One hundred and two patients (73.4%) had an intraoperative
examination (97 patients with FS and 5 with IC). Among patients with intraoperative examination, 5
SLNs were positive (all with macrometastasis at final histology), as compared with 22 metastatic nodes at
final result. The 17 false negative SLNs were: 4 macrometastasis, 4 micrometastasis and 9 isolated tumor
cells. Sensitivity of the intraoperative examination per node was 20.7% [95%CI: 7.8%–45.4%] and the negative
predictive value 93.0% [95%CI: 89.0%–95.9%].

Conclusions. Intraoperative examination of SLNs by FS and IC has a poor diagnostic value. This ismainly relat-
ed tomicrometastasis and isolated tumor cells, which are not detected by intraoperative techniques. Other tech-
niques, like new molecular assays, should be investigated to improve intraoperative assessment of SLNs.

© 2011 Elsevier Inc. All rights reserved.
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Introduction

The sentinel lymph node (SLN) biopsy is a diagnostic method which
aims at sampling a targetednode, the SLN,whichwould be representative
of loco-regional lymph nodes status. One of the interests of the procedure
is to reduce the morbidity of complete lymphadenectomy. This concept
has been developed in penile cancer [1], malignant melanoma [2], breast
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cancer [3,4] and vulvar cancer [5]. Early cervical cancer appears to be
a good candidate for this technique, in so far as lymph node involvement
is themajor prognostic factor [6] andat this stage less than20%of patients
havemetastases. The SLN technique is currently under assessment in cer-
vical cancer.

Many studies have demonstrated the feasibility of the technique
with high detection rate, including a laparoscopic approach [7–12].

The SLN biopsy yields a good diagnostic value, with a sensitivity of
92% for the combined technique [13]. It appears to be the most sensitive
diagnostic technique for evaluating lymph node involvement in early
cervical cancers comparedwithpositron emission tomography,magnetic
resonance imaging and computed tomography [14].

Intraoperative assessment of nodal status is highly important for
the immediate surgical management, as radical surgery should not
be given to pN1 patients, who are usually treated by concomitant
radio-chemotherapy [6]. Frozen section (FS) and imprint cytology
(IC) are usually used for intraoperative examination; however, as
SLN biopsy procedure is not yet the rule, validation studies of intrao-
perative examination are lacking.

The aim of this study was to determine the diagnostic value of
intraoperative examination by FS and IC for the diagnosis ofmetastatic
pelvic SLNs in cervical cancer, compared with final histologic result.

Material and methods

Material

We conducted a prospective, observational, multicenter study be-
tween January 1st, 2005 and June 30th, 2007.

Inclusion criteria were: FIGO stage IA1with lympho-vascular space
involvement to IB1 cervical cancer, adenocarcinoma or squamous cell
carcinoma or adeno-squamous (proven by cervical biopsy and/or
knife cone biopsy, clinical examination by a gynecologist, pelvic mag-
netic resonance imaging or computed tomography). Non-inclusion
criteria were: lack of staging or stageN IB1, down-staging after
chemo or radiotherapy, contra-indication for drug products (docu-
mented allergy to blue dye or rhenium sulfide), severe allergicmedical
history (history of angioedema, anaphylactic shock), ageb18 years and
pregnancy. Patients whose imaging showed the presence of suspicious
lymphnodeswere not considered for the study. A pre-operative brachy-
therapy was allowed in cases of tumor diameter greater than 2 cm.

Patients were consecutively enrolled in seven gynecologic oncologic
centerswith experience in laparoscopy and SLNbiopsy in cervical cancer.

Written informed consentwas obtained fromeachpatient. The study
was approved by an institutional review board (Comité de Protection
des Personnes, HEGP – Broussais, Paris).

SLN procedure

Included patients received an injection of radioactive colloid the
day before or the morning of surgery, at the four cardinal points of
the cervix (colloidal rhenium sulfide marked by the 99 metastable
technetium (99mTc-nanowires®): 60 or 120 MBq, according to time
of injection). A lymphoscintigraphy was performed before surgery.
The lymphoscintigraphic data were transmitted to the surgeon. Dur-
ing surgery, blue dye (2 ml of blue dye, 2.5% diluted in 2 ml of saline)
(Blue Patente V sodium Guerbet, Roissy, France) was injected into the
four cardinal points of the cervix.

The intraoperative detection research consisted of lymph vessels or
colored and/or radioactive lymph nodes. The number of SLNs was
noted, aswell as their anatomical locations, according to the classification
proposed by Marnitz et al. [15].

The researchwas carried out before and then after opening the perito-
neum and pararectal and paravesical spaces to provide access to parame-
ters. Blue nodes, nodes with blue afferent channel and radioactive nodes
were defined as SLNs; they were electively sampled. The radioactivity of
each SLN before and after extraction was noted. The absence of residual
radioactivity was checked. Finally, a systematic pelvic lymphadenectomy
was performed, as well as the lymphadenectomy of any territory with at
least one SLN. SLN detection and pelvic dissectionwere performed by the
same surgeon.

Pathologic evaluation and intraoperative management

Intraoperative examination of SLNs or non-SLNs was recommended
to be performed only on per-operative macroscopic suspicious nodes in
2 centers and systematically in 5 centers. FS was performed in 6 centers
and IC in a single center. SLNs sent for FS examination were cut in half
along their long axis. One of the two parts was then examined in FS in
one level after staining with Hematoxylin–Eosin–Safran (HES). The
other half of the node was immediately fixed. For IC, excised SLNs
were sent immediately to the pathology department. The SLNs were
bisected and a touch preparation was performed with a glass slide on
both sides of the cut. One imprint from each pair was air-dried and
stained with Diff-Quick. After imprinting, the SLNs were immediately
placed in ethanol. All examinations were performed by senior patholo-
gists. The results were then reported to the surgeon as positive (meta-
static) or negative.

In cases of pelvic lymph node metastasis, a paraaortic lymphade-
nectomy was performed (and then further processed by concomitant
radio-chemotherapy). In all other cases, hysterectomy was performed
by laparoscopy.

Each nonmetastatic SLN with or without FS was cut off completely
each 200 μm. At each level, one section was stained with HES and
used to study immunohistochemistry with anti pan-cytokeratin
AE1–AE3 (DAKO, Trappes, France) in case of negative standard colora-
tion. The non-SLNs received a standard study on one section stained
by HES. SLNs and non-SLNs were analyzed in each center by the same
pathologist, without centralized replay. All pathologists were trained
in the analysis of SLNs in breast, cervix and endometrium.

ITCs were defined as cells or masses of cells with a size of≤0.2 mm,
micrometastases as tumors with a size greater than 0.2 mm but
≤2 mm, and macrometastases as tumors of size N2 mm [16]. SLNs
were recorded as positive when they contained macrometastases,
micrometastases, or isolated tumor cells (ITC). Finally, the results of
intraoperative examination were compared with the final histologic
results.

Statistical analysis

We performed a per-protocol analysis by excluding patients with
major protocol deviation. The characteristics of the population were
described with usual statistics: median with interquartile range
(IQR) for continuous variable and number with percentages for dis-
crete variables. The diagnostic value of intraoperative examination
by FS and IC was evaluated by calculating the sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), pos-
itive likelihood ratio (LR+), and negative likelihood ratio (LR−)
using the SLN as unit of analysis, and the histologic result from the
pelvic and/or para-aortic lymphadenectomy as reference standard
method. Diagnostic value per patient was not estimated since half
of patients with an intraoperative examination did not have investi-
gation on all SLNs. All 95% CIs for proportions were estimated using
the exact binomial distribution. The SAS statistical software (release
9.1, SAS Institute Inc., Cary, NC, USA) was used for all analyses.

Results

Patients

We enrolled 145 patients. Two patients had a history of cancer,
and four patients left the study before the SLN detection procedure,



Table 2
False negative cases of intraoperative examination.

Case FS/
IC

ITC/micrometastasis/
macrometastasis

Final histology
(HES or IHC)

Histologic type LVSI

1 FS Macrometastasis HES Adenocarcinoma No
2 FS Micrometastasis HES SCC No
3 FS ITC HES SCC No
4 FS ITC HES SCC No
5 FS ITC IHC SCC No
6 FS ITC IHC SCC No
7 FS ITC IHC SCC No
8 FS ITC IHC Adenocarcinoma No
9 FS Macrometastasis HES SCC No
10 FS Micrometastasis HES SCC No
11 FS Micrometastasis HES SCC No
12 FS ITC IHC SCC No
13 FS Micrometastasis IHC SCC No
14 FS ITC IHC Adenocarcinoma No
15 FS Macrometastasis HES SCC No
16 FS Macrometastasis HES SCC No
17 FS ITC IHC SCC No

FS: frozen section.
HES: Hematoxylin–Eosin–Safran.
IC: imprint cytology.
IHC: immunohistochemistry.
ITC: isolated tumor cells.
LVSI: lymphovascular space involvement.
SCC: squamous cell carcinoma.
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which left 139 patients in the modified intention-to-diagnose popula-
tion. The general data such as detection and diagnostic value of SLN
biopsy were reported in a previous article [17].

One hundred and two patients (73.4%) had an intraoperative exam-
ination of 247 SLNs: 97 patients had a FS examination (233 SLNs) and 5
an IC (14 SLNs).

Characteristics of total population and patients with intraoperative
examination and tumor characteristics are summarized in Table 1. The
median age of patients with intraoperative examination was 43 years.
Most of the patients had FIGO stage Ib1 (87.3%). Mean tumor size was
15 mm.

SLN detection and pathologic examination

SLNs were detected in 136 (97.8%) of the 139 patients [95%CI:
93.8%–99.6%]. Detection was bilateral in 76.5% of the patients
(104/136).

The sensitivity of the SLN biopsy method for detection of metastasis
was 92.0% [95%CI: 74.0–99.0] and the negative predictive value was
98.2% [95%CI: 93.8–99.8], with three false negative cases.

A total of 454 sentinel lymphnodeswere identified (mediannumber
per patient: 3 (IQR: 2–4)) and 2060 non-sentinel lymph nodes (median
number per patient: 13 (IQR: 10–18)).

Twenty-eight sentinel lymph nodes were metastatic in 23 patients
(16.9%of patientswith SLN).Nine SLNcontained ITC, 8micrometastases
and 11 macrometastases.

Diagnostic value of intraoperative examination

Intraoperative examinationof SLNwas performed in 102patients and
247 SLNs. Out 5 centers which intended to do systematic intraoperative
examination, only 2 centers performed it in all patients (23 patients)
whereas 3 performed it in 80.8% of patients (63/78). Intraoperative ex-
amination was performed in case of enlarged nodes in 16 out of 35 pa-
tients (2 centers). A median number of 2 SLNs (IQR: 1–3) received
intraoperative examination.

Among patients with intraoperative examination, 22 SLNs were
metastatic in 20 patients.

Intraoperative examination concluded to metastatic involvement
for 5 SLNs; all of them exhibited macrometastases.

Seventeen cases of false negatives were observed in 15 patients. The
final diagnosis was ITC or micrometastases in 12/14 patients (13/16
SLNs, with 4 micrometastases and 9 ITC). Tables 2 and 3 describe the
false negative and true positive cases. Table 4 reports the diagnostic
value of intraoperative examination per node. The sensitivity, specificity,
Table 1
Demographic data and tumor characteristics of the total population (n=139 patients) and

Total population
n=139a

Age (median, range) 43 (34–52)
BMI (kg/m2) (median, range) 22 (20–26)
Histology (n, %)

Squamous cell carcinoma 103 (74.1%)
Adenocarcinoma 34 (24.4%)
Adeno-squamous carcinoma 2 (1.4%)

Maximum tumor diameter (MRI) mm (median, range)b 13 mm (0–26)
FIGO stage FIGO (n, %)

Ia1 with LVSI 5 (3.6%)
Ia2 12 (8.6%)
Ib1 121 (87.1%)
IIA 1 (0.7%)

History of cone biopsy 62 (44.6%)

MRI: magnetic resonance imaging.
LVSI: lymphovascular space involvement.

a In the modified intention-to-diagnose analysis (excluding six of the 145 enrolled pa
intervention).

b By magnetic resonance imaging.
positive predictive values and negative predictive valuewere respective-
ly 22.7% [95%CI: 7.8%–45.4%], 100% [95%CI: 98.4%–100%], 100% [95%CI:
47.8%–100%] and 93.0% [95%CI: 89.0%–95.9%]. The LR+ was infinite
since there were no false negative diagnoses. The LR− was 0.8 [95%CI:
0.62–1.00] traducing that when the intraoperative result was negative
it was 1.25 times more likely that the SN was a metastasis-free SN
(i.e. a true negative according to histologic result) than a metastatic SN
(i.e. a false negative).

The sensitivity, specificity, positive predictive values and negative
predictive value for the diagnosis ofmacrometastaseswere respectively
55.6% [95%CI: [21.2%–86.3%], 100% [95%CI: 98.5%–100.0%], 100% [95%CI:
47.8%–100.0%] and 98.3% [95%CI: 95.8%–99.5%]. The LR+ was infinite
since there were no false negative diagnoses. The LR− was 0.4 [95%CI:
0.2–0.9].

Table 5 reports the diagnostic value of FS and IC per node. The sen-
sitivity of FS was 19.1 [95%CI: 5.5%–41.9%] and the specificity 100%
[95%CI: 98.3%–100.0%]. For the diagnosis of macrometastases, they
were respectively 50% [95%CI: 15.7%–84.3%] and 100% [95%CI:
98.4–100%]. Fourteen point seven percent (15/102) of patients with
the patients with frozen section and imprint cytology (n=102).

Intraoperative examination
n=102

Frozen section
n=97

Imprint cytology
n=5

43 (35–53) 43 (35–53) 42 (35–43)
22 (20–26) 22 (20–26) 21 (21–23)

75 (73.5) 70 (72.2) 5 (100.0)
26 (25.5) 26 (26.8) 0 (0.0)
1 (1.0) 1 (1.0) 0 (0.0)

16 (0–26) 16 (0–28) 0 (0–16)

1 (1.0) 1 (1.0) 0 (0.0)
11 (10.8) 10 (10.3) 1 (20.0)
89 (87.3) 85 (87.6) 4 (80.0)
1 (1.0) 1 (1.0) 0 (0.0)

43 (42.2) 42 (43.3) 1 (20.0)

tients, who had an endometrial cancer, a prior cancer, or no sentinel lymph node



Table 3
True positive cases of intraoperative examination.

Case FS/
IC

ITC/micrometastasis/
macrometastasis

Final histology
(HES or IHC)

Histologic type LVSI

1 FS Macrometastasis HES SCC No
2 FS Macrometastasis HES Adenocarcinoma No
3 FS Macrometastasis HES SCC No
4 IC Macrometastasis HES SCC No
5 FS Macrometastasis HES SCC No

FS: frozen section.
HES: Hematoxylin–Eosin–Safran.
IC: imprint cytology.
IHC: immunohistochemistry.
ITC: isolated tumor cells.
LVSI: lymphovascular space involvement.
SCC: squamous cell carcinoma.

Table 5
Results of frozen section (n=233) and imprint cytology (n=14) of sentinel nodes
compared with final histology.

Nodes Positive final histology Negative final histology

Frozen section Positive FS 4 0
Negative FS 17 212

Imprint cytology Positive IC 1 0
Negative IC 0 13

FS: frozen section.
IC: imprint cytology.
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intraoperative examination had a false negative SLN (12 among 15
had had intraoperative examination of all SNs). In 37 patients without
intraoperative examination, 6 (16.2%) had a positive SLN.
Discussion

In this multicentre prospective trial, we report the largest cohort of
patients with early cervical cancer and intraoperative examination of
SLN. We found poor sensitivity of this procedure, particularly with FS.
Micrometastases and ITC were the main pitfalls. Furthermore, part of
these resultswas obtained innodemacroscopic suspicionof involvement,
whichwould have beenmore likely to be diagnosed. Butmacroscopic ex-
amination of sentinel nodes appears to be of a poor interest.

Lymph node involvement is the main prognostic factor in early
cervical cancer. As preoperative imaging exams provide insufficient
and unreliable data, pelvic lymphadenectomy is the gold standard
for evaluation of lymph node involvement. However, less than 20%
of patients with cervical cancer≤stage IB1 will exhibit nodal involve-
ment and so, really benefit from lymphadenectomy [6]. As a result,
most of patients will only be exposed to potential complications,
such as lymphocele or lower limb edema [18]. The SLN biopsy was
thus developed in cervical cancer to reduce initial extensive dissec-
tion and has proved its feasibility [7–12]. Furthermore, this procedure
yields a high diagnostic value with a very low false negative rate [13];
it is therefore reasonable not to perform a complete lymphadenect-
omy in case of negative SLN.

Lymph node status determines further immediate surgical manage-
ment, as well as medical treatment. The results of intraoperative exam-
ination then take all its importance to not achieving a hysterectomy in
cases of positivity and offer the patient concurrent chemoradiation.
On the contrary, in case of negative SLN, hysterectomy should be carried
out [19].

Surgical procedure thus relies on intraoperative examination tools,
whose accuracy is so of paramount importance. SLN can be examined
intraoperatively by either FS or ICs, the two routine techniques used
by pathologists. However, our results reveal their poor diagnostic
values, and are consistentwith the two studieswhich specifically inves-
tigated intraoperative assessment of SLN status in cervical cancer
[20,21].
Table 4
Results of intraoperative examination of sentinel nodes compared with final histology (n=

Nodes Metastasis Final histology

No Macromet

Intraoperative examination Yes 0 5
No 225 4

225 9
Barranger et al. evaluated intraoperative IC for detection of SLN in-
volvement in patients with cervical cancer [20]. Eight patients in 36
had a total of 12metastatic SLNs (4macrometastatic, 5micrometastatic
and 3 with ITC). Only 1 metastasis was identified and no false-positive
findings were obtained. The overall sensitivity, specificity, accuracy,
and positive and negative predictive values of IC were 8.3%, 100%,
85.7%, 100%, and 85.5%, respectively, highlighting limits of IC technique
for intraoperative examination.

Similarly, Fader et al. showed that intraoperative evaluation by FS
and IC, performed simultaneously in all nodes, correctly identified
lymph node metastasis in only 33.3% of cases [16].

Accuracy of FS and ICwas also documented by a few studies, although
they were not specifically designed for determining intraoperative ex-
amination accuracy [22–30]: it is striking that their sensitivity were
widely reported from 20 to 100%.

The diagnostic value of IC in our study seems rather good, but this
observation is limited by the fact that there were only 5 cases. We
chose to aggregate FS and IC results, because this multicentre trial
aimed to reflect real life practices, that is, variety of use of either FS
or IC, according to the center. There is not enough data on comparison
of FS or IC for intraoperative assessment of SLN in cervical cancer. On
the contrary, this has been performed in breast cancer, where SLN
intraoperative examination is the rule: FS appears to be most accurate
than IC for intraoperative analysis [31].

The poor sensitivity is likely due to the frequency ofmicrometastatic
SLN and ITC. Our population consisted in strictly selected early stage pa-
tients (small tumor size, previous MRI without visible node). In our 16
false negative cases, there were 12 cases with micrometastases and
ITC. Immunohistochemical analysis of SLNs contributed to better detec-
tion of micrometastases and ITC, with final histology as the gold stan-
dard. For most patients with a positive SLN, the SLN will be the only
metastasis detected [32]. SLN metastases are usually small (3.9 mm
for Gortzak-Uzan et al. and 1.5 mm for Euscher et al.) [30,32], so ultra-
staging of the SLN allows detection of metastases that would otherwise
be missed due to size (too small) or the metastasis was not in the sam-
pled plane. But immunohistochemical techniques are expensive and
time-consuming and consequently cannot be performed easily intrao-
peratively. Serial sectioning of FS could be another option to improve
intraoperative examination of SN.

In their study, Gortzak-Uzan et al. reported 14 cases of SLN metas-
tases and 11 of them were detected by frozen section. Each lymph
node was serially sectioned perpendicular to its long axis at 0.2- to
0.3-cm intervals. The pathological sectioning technique may explain
their good results compared to our procedure [30].
247).

astasis Micrometastasis Isolated tumor cells

0 0 5
4 9 242
4 9 247
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Our findings, in agreement with prior investigations, have impor-
tant clinical implications. Intraoperative examination by FS or IC
might not be performed to decide the following surgical procedure,
due to the unacceptable false negative rate. Nevertheless, most of
false negative cases had ITC or micrometastases and the controversy
on their prognostic impact has to be clarified to draw such a
conclusion.

Several biological techniques have been proposed to improve the
accuracy of intraoperative histology, such as RT-PCR and tissue arrays.
Cytokeratin 19 expression is related to clinicopathologic features [33].
So new molecular techniques might have a particular interest in
intraoperative assessment of SLNs using CK19 expression in micro-
metastases [34]. Furthermore, SN HPV typing could play a supportive
role to reduce the false-negative rate of SN biopsy [27].

However, further studies are required to validate them and to de-
termine their cost-effectiveness relative to the usual FS or IC methods.

Even if performed in a large cohort, some limitations of our study
deserve careful consideration. First, there was no centralized reading
and rereading of SLNs, which could have led to underestimate the in-
cidence of micrometastases and ITC. However, all the participating
centers had high expertise in reading the SLN in breast and pelvic
cancers and histological criteria had been clearly defined in this pro-
spective study. Furthermore, centralized reading could have been
performed for final histology but not for intraoperative examination.
Second, out of 5 centers which intended to perform systematic intrao-
perative examination, only 2 did it in all patients, which reflect real-
life practice. Intraoperative examination was performed in case of
suspicious macroscopic appearance in 2 centers. We may thus specu-
late that prevalence of metastatic SLNs was high and that the diagnos-
tic value of intraoperative examination was then overestimated. It is
very likely that if we had performed intraoperative examination on
every SLN, its diagnostic value would have been much poorer. How-
ever, cone biopsy may change the macroscopic aspect of SLNs.
Third, we did not draw a comparison between FS and IC because
the number of patients in the IC group was too low. To note, we
obtained good results with IC, but interpretation is greatly limited
by the limited number of cases. Finally, we decided to aggregate FS
and IC results, because this multicentre trial aimed to reflect real life
practices, that is, variety of use of either FS or IC, according to the cen-
ter. Nevertheless, this point constitutes another potential bias of our
study.

Conclusion

Intraoperative examination of SLNs has a poor diagnostic value,
mainly related to micrometastasis and ITC detection, which involve
immunohistochemistry techniques that are usually not performed
intraoperatively. We wonder if FS and IC of SLNs should really be per-
formed. However, efforts must be continued to design improved
methods of SLN disease detection and to develop intraoperative man-
agement strategies for patientswith preliminarily-negative SLNs. New
molecular techniquesmight have a particular interest in per-operative
assessment of SLNs.

A two-step strategy could also be another option to consider: a
systematic assessment of all SLNs including ultrastaging would be
performed at a first procedure followed later on by radical hysterecto-
my in case of negative nodes.
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